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1. Introduction 

1.1 Project background 

The Government of Cook Islands is in the process of upgrading Rarotonga’s water supply 

system (Te Mato Vai project), with the goal of delivering reliable and safe drinking water to its 

people. Once the construction of the upgraded water supply network is completed, treated 

drinking water will be cleaner as debris, rock and sediment will be removed before entering the 

piped network. Disinfection, which will eliminate bacteria and viruses, has been included in the 

water treatment plant plans as a further treatment option, though the implementation of 

disinfection has not been confirmed at this stage. 

The project involves the upgrade of 10 water intakes, creation of additional storage capacity, 

construction of treatment plants, replacement of trunk mains, ring mains and distribution to the 

boundaries of all properties serviced by the current water network.  

Stage 1 of the Te Mato Vai project involved the improvement of the trunk and ring mains with 

Stage 2 (underway) involving the installation of new water treatment processes. The treatment 

process includes coagulation, flocculation and potential disinfection of stream water. 

Polyaluminium chloride (PACl) and/or calcium hypochlorite (chlorine) will be used to treat the 

water before it’s released to the network. Wastewater from the water treatment process will 

occasionally be discharged to the stream and as such an Environmental Impact Assessment 

(EIA) is required. 

GHD Limited New Zealand (GHD) has been engaged by the Cook Islands Ministry of Finance 

and Economic Management to undertake an aquatic ecology assessment to inform the EIA. The 

objective of this aquatic ecology assessment was to describe the existing aquatic values at the 

water intake and discharge locations and assess the potential impacts of PACI and chlorine 

discharge on the existing environment. 

1.2 Description of water treatment plant process 

One water treatment plant has been constructed on each of the upstream reaches of 10 

catchments on Rarotonga. The water treatment plant process involves the following steps: 

1. Sedimentation (settling): Water is collected at the intake where it is piped to the settling 

tank. Gravity is utilised to remove solids (dirt and leaves) from the water. The solids settle 

on the bottom of the tank.  
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Plate 1-1 Sedimentation pond on the Tupapa catchment 

2. Coagulation/flocculation: PACl (a flocculent) is added to the settled water in a slow mixing 

process which clumps particles of dirt together to allow faster settling at the bottom of the 

tank. Wastewater is removed from the bottom of the tank to scour ponds. 

3. Filtration: Water is filtered through sand using rapid gravity filters which aids in the removal 

(together with the flocculation step) of protozoa. Filtered water is collected from the bottom 

of the tank. Wastewater is removed from the top of the tank to scour ponds. 

 

 

Plate 1-2 Sand filter on the Avatiu catchment 

4. Disinfection: Chlorine is added to the water to disinfect against viruses and bacteria. 

Disinfection via chlorine is not currently part of the water treatment process but 

infrastructure has been constructed for its possible future use. 

5. Discharge: The scour ponds are designed to let wastewater settle before being released 

back to the waterway, however there is no active control for this. Scour ponds will decant 

through pipes to the waterway once the water level is high enough. In extreme cases such 

as high rainfall, scour ponds may also overtop in to the waterway. 



 

GHD | Report for Cook Islands, Ministry of Finance and Economic Management - PMU Services Contract Extension, 

12504023 | 3 

 

Plate 1-3 Scour pond on the Ngatoe catchment 

1.3 Purpose of this report 

The purpose of this report is to describe the existing aquatic ecological values of the 10 intake 

and discharge sites and assess potential impacts of the water treatment plant operations on 

these values. This report includes: 

 Introduction – Provides background information on the project including a description of the 

water treatment plant operations. 

 Environment of Rarotonga – Provides a desktop review of the existing condition of 

waterways on Rarotonga. 

 Methodology – Details the field survey and impact assessment methods used to identify the 

existing environmental values and determine the potential risk of PACl and chlorine. 

 Field survey results – Verification of desktop review findings and interpretation of field 

survey results. 

 Impact assessment – Discusses the potential impacts of PACl and chlorine use and 

determines the likely risk to the environmental values of the waterways. 

 Summary and conclusion – Provides an overview of the findings. 

1.4 Assumptions and limitations 

This report has been prepared by GHD for Cook Islands, Ministry of Finance and Economic 

Management and may only be used and relied on by Cook Islands, Ministry of Finance and 

Economic Management for the purpose agreed between GHD and the Cook Islands, Ministry of 

Finance and Economic Management as set out in Section 1.3 of this report. 

GHD otherwise disclaims responsibility to any person other than Cook Islands, Ministry of 

Finance and Economic Management arising in connection with this report. GHD also excludes 

implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 

specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 

encountered and information reviewed at the date of preparation of the report. GHD has no 



 

GHD | Report for Cook Islands, Ministry of Finance and Economic Management - PMU Services Contract Extension, 

12504023 | 4 

responsibility or obligation to update this report to account for events or changes occurring 

subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 

made by GHD described in this report. GHD disclaims liability arising from any of the 

assumptions being incorrect. 

The opinions, conclusions and any recommendations in this report are based on information 

obtained from, and testing undertaken at or in connection with, specific sample points. Site 

conditions at other parts of the site may be different from the site conditions found at the specific 

sample points. 

Investigations undertaken in respect of this report are constrained by the particular site 

conditions, such as the location of buildings, services and vegetation. As a result, not all 

relevant site features and conditions may have been identified in this report. 

Site conditions (including the presence of hazardous substances and/or site contamination) may 

change after the date of this Report. GHD does not accept responsibility arising from, or in 

connection with, any change to the site conditions. GHD is also not responsible for updating this 

report if the site conditions change. 
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2. Environment of Rarotonga 

2.1 Location 

The Cook Islands is a collection of 15 islands situated between Tonga, Samoa and French 

Polynesia in the South West Pacific Ocean (Island Friends 2004). These islands are split in to a 

northern and southern group of islands. Rarotonga is a member of the southern group and has 

an approximate latitude of 21° S and longitude of 159° W (Ministry of Marine Resources 2011).  

2.2 Climate 

The climate is typical of a tropical maritime island with the wet season occurring from November 

to April. Mean annual rainfall is approximately 2000 mm with temperature typically ranging from 

20°C to 29°C (Time and Date 2020).  

2.3 Physical environment 

Rarotonga has a land area of 67.4 km2, a circumference of 32 km and elevation of 652 m 

(Parakoti & Davie 2007). The central part of the island consists of mountains with narrow valleys 

covered in tropical vegetation. Surrounding this is a flat coastal ring which has been developed 

for residential, commercial and agricultural purposes. Fringing the island is upraised coral reef 

and lagoons. 

The interior upland sediment is basaltic volcano bedrock which produces dark red clay-rich 

sediments through the process of weathering (Parakoti & Davie 2007). These sediments are 

generally less fertile due to nutrient deficiencies. Conversely, sediment of the coastal ring is 

nutrient rich due to the naturally high concentrations of phosphorus.  

There are twelve water catchments in Rarotonga, however no large rivers or lakes exist (Nath. 

et al. 2006). These catchments comprise only of streams, wetlands and a few small freshwater 

lakes. The three major streams on Rarotonga are Takuvaine, Avana and Avatiu. 

2.4 Landuse 

Landuse is primarily residential, commercial or marginal lands (including sloping lands and 

wetlands) (Island Friends 2004). Of this land, the majority is considered marginal land not 

suitable for development. The remaining land (4.6 km2) on the island is located within the 

coastal ring and used for agriculture, in particular piggeries, tomatoes, corn, peppers and taro 

farming and (Island Friends 2004; Parakoti & Davie 2007). 

2.5 Environmental values 

There are no legislated environmental values for the Cook Islands, however, based on the 

landuse, economy and culture the following environmental values are considered to be 

applicable:  

 Aquatic ecosystems 

 Agriculture (farm supply/use, irrigation, stockwater, aquaculture) 

 Tourism (primary recreation, secondary recreation, visual recreation) 

 Human consumer 

 Cultural and spiritual values. 

For the purposes of this report, only aquatic ecosystems were considered. 
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2.6 Water quality 

Water quality (bacteria, nutrients, dissolved oxygen) of the streams on Rarotonga has been 

consistently poor from 2006 to 2013 (George et. al. 2007; Ministry of Marine Resources 2011, 

2012, 2013). Bacteria (enterococci) concentrations are extremely high, often reading >500 

cells/100 mL (George et al. 2007; Ministry of Marine Resources 2011, 2012, 2013). The high 

concentrations are likely due to adjacent landuse practices, where waste from pig, goat and 

poultry farms are washed in to the streams during farming processes and/or heavy rain. 

Nutrient concentrations have been consistently elevated in most streams (George et al. 2007; 

Ministry of Marine Resources 2011, 2012, 2013). This is likely due to farming and the naturally 

high concentrations of phosphorus from the volcanic geology of Rarotonga. 

Dissolved oxygen concentrations are variable amongst the streams depending on flow 

characteristics (George et al. 2007; Ministry of Marine Resources 2011, 2012, 2013). Faster 

flowing streams have a higher dissolved oxygen concentration whereas slower or stagnant 

water typically have much lower concentrations. 

Water clarity has been consistently good with total suspended solids predominantly less than 

6 mg/L (George et al. 2007; Ministry of Marine Resources 2011, 2012, 2013). 

2.7 Aquatic flora 

There are eight species of freshwater aquatic plants known or expected to occur on Rarotonga 

(Table 2-1). Four of these species (Azolla filiculoides, Nymphaea capensis cvs., Pistia stratiotes 

and Eichhornia crassipes) are considered to be invasive weed species. There are no threatened 

freshwater aquatic plant species recorded on Rarotonga. 

Table 2-1 Freshwater aquatic plants known or expected to occur in 

Rarotonga 

Common name Species name 

Native 

Dense waterweed Egeria densa 

Spike rush Eleocharis geniculata 

Polygonum Polygonum glabra 

Arrowhead Sagittaria sagittifolia leucopetala 

Invasive / Weed 

Azolla water-fern Azolla filiculoides 

Cape blue water-lily Nymphaea capensis cvs. 

Water lettuce Pistia stratiotes 

Water hyacinth Eichhornia crassipes 

McCormack (2007) Cook Islands Biodiversity Database 

 

  



 

GHD | Report for Cook Islands, Ministry of Finance and Economic Management - PMU Services Contract Extension, 

12504023 | 7 

2.8 Aquatic macroinvertebrates 

There is currently limited published knowledge on aquatic macroinvertebrate communities of 

Rarotonga. Currently, there are nine classes and 23 families known to or expected to occur in 

the area (Table 2-2). There are no pollution sensitive taxa currently known from Rarotonga. 

Table 2-2 Freshwater macroinvertebrate species known or expected to 

occur in Rarotonga 

Class / Family Class / Family 

Coleoptera (beetle) Epiproctophora (dragonfly) 

 Dytiscidae  Aeshnidae 

 Hydrophilidae  Corduliidae 

Decapoda (crustacean)  Libellulidae 

 Atyidae Zygoptera (damselfly) 

 Palaemonidae  Coenagrionidae 

 Grapsidae Gastropoda (snail) 

Diptera (true fly)  Neritidae 

 Tipulidae  Thiaridae 

 Culicidae  Planorbidae 

 Simuliidae Hemiptera (true bug) 

 Psychodidae  Mesoveliidae 

 Chironomidae  Veliidae 

 Stratiomyiidae  Gerridae 

 Ephydridae Nematoda (round worm) 

Oligochaeta (worm)  Metastrongylidae 

McCormack (2007) Cook Islands Biodiversity Database 

2.9 Fish community 

Due to the remoteness of Rarotonga, the diversity of freshwater fish species is very low. There 

are 11 native species and four introduced species of freshwater fish known to occur in the area 

(McCormack 2007) (Table 2-3). Of the native species, only three of the 11 are considered to be 

common or very common, whereas three of the four introduced species are commonly found. 

One endemic species of goby has been recorded on Rarotonga. However, desktop review 

confirms that there are no threatened freshwater fish species on Rarotonga. 
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Table 2-3 Freshwater fish species known to occur in Rarotonga 

Common name Species name Prevalence 

Native 

Giant longfin eel Anguilla marmorata Uncommon 

Polynesian longfinned eel Anguilla megastoma Uncommon 

Pacific shortfinned eel Anguilla obscura Very common 

Eyespot goby Awaous ocellaris Rare 

Dusky sleeper Eleotris fusca Uncommon 

Shorttail river pipefish Microphis brachyurus Rare 

Striped mullet Mugil cephalus Present 

Peppered goby Redigobius bikolanus Rare 

Red-tailed goby Sicyopterus lagocephalus Common 

Brokeline goby Stiphodon elegans Common 

Latticed goby Stiphodon n.sp.watson Rare; endemic (new species) 

Introduced 

Western mosquitofish Gambusia affinis Common 

Mozambique tilapia Oreochromis mossambicus Very common 

Shortfin molly Poecilia mexicana Uncommon 

Guppy Poecilia reticulata Common 

McCormack (2007) Cook Islands Biodiversity Database 
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2.10 Turtle community 

The diversity of freshwater turtle species is very low due to the island’s isolated location. Only 

two introduced species of freshwater turtle have been recorded on Rarotonga (McCormack 

2007) (Table 2-4). The common long-necked turtle (Chelodina longicollis) was previously 

introduced to the island but is now extinct. The red-eared slider turtle is introduced and has the 

potential to become invasive but is currently rare. Desktop review confirms that there are no 

threatened freshwater turtle species present on Rarotonga. 

Table 2-4 Freshwater turtle species known to occur in Rarotonga 

Common name Species name Prevalence 

Introduced 

Common long-necked turtle Chelodina longicollis Extinct 

Red-eared slider turtle Trachemys scripta elegans Rare 

McCormack (2007) Cook Islands Biodiversity Database 
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3. Methodology 

3.1 Field survey 

A field survey was undertaken to describe the existing aquatic ecological values at the water 

intake sites and discharge locations (refer to Section 3.1.1). The field survey was conducted 

from the 20th to 25th January 2020. 

To understand the current conditions, environmental values and the potential impacts of the 

water treatment plant processes the following indicators were assessed: 

 Aquatic habitat 

 In-situ water quality 

 Aquatic flora 

 Aquatic macroinvertebrate communities 

 Fish communities 

 Turtle communities. 

A detailed description of the methodology used for each assessment, and the analyses applied, 

is provided in Sections 3.1.2 to 3.1.6.  

3.1.1 Survey locations 

The aquatic baseline study was undertaken at 10 water intake sites, each within a different 

catchment on Rarotonga (Table 3-1; Figure 3-1). Upstream sites were sampled upstream of the 

water intake with the exception of TKV-US, MTV-US and TRG-US which were sampled 

downstream of the water intake due to access limitations. An upstream site for the Papua 

catchment was not assessed due to access limitations and no suitable site identified 

downstream of the water intake. 

Table 3-1 Coordinates for the sites surveyed in January 2020  

Site name Catchment Easting 1 Northing 1 

AVT-US Avatiu  417838 7652183 

AVT-D Avatiu 417650 7652545 

TKV-US Takuvaine 419798 7652620 

TKV-D Takuvaine 419865 7652890 

TPP-US Tupapa 421341 7652552 

TPP-D Tupapa 421437 7652657 

MTV-US Matavera 422188 7652147 

MTV-D Matavera 422346 7652306 

TRG-US Turangi 422369 7651059 

TRG-D Turangi 422458 7651133 

AVA-US Avana 421243 7649538 
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Site name Catchment Easting 1 Northing 1 

AVA-D Avana 421433 7649509 

TKU-US Totokoitu  419805 7649256 

TKU-D Totokoitu 419625 7648929 

TPA-US Taipara 419168 7649368 

TPA-D Taipara 419105 7649000 

PPA-D Papua 418250 7649439 

NGT-US Ngatoe 417635 7650307 

NGT-D Ngatoe 417674 7650203 

1 Datum: UTM Zone 4K 
US = upstream site 
D = downstream site 
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3.1.2 Aquatic habitat assessment 

Habitat assessments were undertaken at each site to describe the existing habitat values and 

rate the condition of key aquatic habitat features and overall condition of each site. The 

assessments were conducted in accordance with recognised standards for tropical river 

systems (DES, 2018; DNRM, 2001). Photographs of each site were taken as an additional 

record of habitat conditions at the time of the survey. 

A general description of the observed values was developed for each site, and an overall score 

calculated to provide an account of conditions during the survey. The scoring system was 

adapted from the standardised Australian Rivers Assessment System (AusRivAS) methodology. 

The scores were then compared between sites to identify patterns within the data and provide 

an ecologically relevant interpretation of the results. 

Table 3-2 River bioassessment program: habitat assessment score criteria 

Habitat variable Poor Fair Good Excellent 

Bottom substrate 0 - 5 6 - 10 11 - 15 16 - 20 

Embeddedness 0 - 5 6 - 10 11 - 15 16 - 20 

Velocity and depth category 0 - 5 6 - 10 11 - 15 16 - 20 

Channel alteration 0 - 3 4 - 7 8 - 11 12 - 15 

Bottom scouring and deposition 0 - 3 4 - 7 8 - 11 12 - 15 

Pool/riffle, run/bend ratio 0 - 3 4 - 7 8 - 11 12 - 15 

Bank stability 0 - 2 3 - 5 6 - 8 9 - 10 

Bank vegetation and stability 0 - 2 3 - 5 6 - 8 9 - 10 

Streamside cover 0 - 2 3 - 5 6 - 8 9 - 10 

Total 0 - 38 39 - 74 75 - 110 111 - 135 

Source: Department of Natural Resources and Mines (2001) 

3.1.3 Water quality 

In-situ water quality measurements were recorded at each site using a YSI 556 multi-parameter 

water quality meter. The meter was calibrated as per manufacturer’s requirements prior to use. 

Measurements included: 

 water temperature (°C)  

 pH (pH unit)  

 electrical conductivity (µS/cm) 

 dissolved oxygen (% saturation and mg/L). 

There are no published guidelines for water quality in the Cook Islands. Therefore, surface 

water quality data was compared against the guideline ranges given in the Australian and New 

Zealand Guidelines for Fresh and Marine Water Quality 2000 (ANZECC 2000) – Tropical 

Australia Upland River. These guidelines were chosen as a comparison for these sites as the 

Rarotongan environment closely resembles that of tropical Australia. 
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3.1.4 Aquatic macroinvertebrates 

Macroinvertebrate community sampling was conducted in accordance with international 

standard techniques for surveying macroinvertebrates within tropical rivers (DES, 2018; DNRM, 

2001). 

Where possible, one sample was collected from each of two habitat types – edge and 

composite pool-bed. Sampling of the habitats was undertaken by sweeping a 250 µm mesh net 

in an upwards direction, perpendicular to the bank along a 10 m stretch. Each 

macroinvertebrate sample was collected from a series of sweeps within habitat at each site. For 

edge samples, areas of overhanging or submerged habitat (e.g. logs, leaf litter, tree roots) were 

targeted. Aquatic vegetation was avoided to maintain consistency between samples.  

For each macroinvertebrate sample, the collected material was placed into a sorting tray and 

the macroinvertebrates were picked for 15 minutes using forceps and pipettes. If no new taxa 

(not previously detected in the sample) were found within 5 minutes of the time limit, then 

processing ceased. If new taxa were found, the sample was processed for a further 10 minutes. 

Samples were preserved in 70% methylated spirits, and were clearly labelled with site, habitat 

and date. 

Aquatic macroinvertebrates were identified in the field to order level, but where possible to 

family level. Further microscopic identification within a laboratory was not available on the 

island.  

Taxa richness was calculated for all sites. Richness refers to the number of different taxa 

contained in a sample. In general, the higher the richness scores, the better the ecological 

health, although, some exceptions do apply to this rule. For example, occasionally taxa richness 

may be higher in modified habitats where modifications have increased habitat supply or 

diversity, or increased food supplies. Therefore, the interpretation of taxa richness data occurred 

on a case-by-case basis, with consideration of multiple lines of evidence.  

Macroinvertebrate taxa are also assigned a SIGNAL (Stream Invertebrate Grade Number) score 

which indicates the level of sensitivity to pollution, where one is the lowest (most tolerant) and 

ten is the highest (most sensitive). This information is used to determine the health of an 

ecosystem. Where a diverse community of high scoring taxa were present, this would indicate a 

healthy ecosystem. 

The macroinvertebrate community data was also analysed to explore any spatial trends in the 

data.  

Macroinvertebrate samples were not collected from sites AVA-US and PPA-US due to access 

limitations. 

3.1.5 Fish community 

Habitat suitability for fish species was recorded at each site and any fish opportunistically 

observed during sampling were identified where possible. Additional information on the existing 

fish community present at each site was obtained though discussions with the local 

communities regarding fish sightings and fishing activities.  

3.1.6 Turtle community 

Habitat suitability for turtle species was recorded at each site and any turtles opportunistic 

observed during sampling were identified where possible. Additional information on the existing 

turtle community present at each site was obtained though discussions with the local 

communities regarding turtle sightings and fishing activities. 
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3.2 Impact assessment 

An impact assessment was conducted to identify the potential impacts of the water treatment 

plan operation on the existing aquatic ecological values at the intake sites and downstream of 

the discharge locations. The assessment involved: 

 Identifying the nature of the potential risks from the water treatment plant operations 

 Describing the sensitivity of the receiving environment based on the existing ecological 

values. 
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4. Field survey results 

4.1 Survey conditions 

In the one week prior to and during the week of the January 2020 survey, Rarotonga received 

heavy rainfall which caused a rise in water levels and velocity. It is likely that macroinvertebrate 

and fish communities were reduced at each site under these conditions. Temperature was in the 

high 20s °C to low 30s °C and humid.  

Due to high flow conditions prior to and during the survey, data collected on aquatic fauna may 

not represent the breadth of aquatic fauna typically present in each catchment. However, based 

on species known to occur on Rarotonga and survey data that was gathered, confidence in the 

description of environmental values and impact assessment is retained. 

4.2 Aquatic habitat 

Aquatic habitat and environmental values of the waterways between the 10 catchments were 

similar (Table 4-1). Each waterway consisted of a relatively narrow irregularly meandering 

channel with flowing, clear, shallow water. The exception to this was AVA-US which was turbid 

and deep due to recent heavy rainfall. Water flow alternated between areas of faster runs and 

riffles and slower pools. During the dry season, water flows within the majority of catchments is 

expected to cease and the waterways exist as a series of isolated pools interspersed with dry 

river bed. The wetted width of these waterways varied from approximately 0.5 m to 4 m and had 

a variable depth of 0.1 m – 0.5 m. Land use adjacent to the survey sites was the water 

treatment plant infrastructure, pig farming, residential and native forest.  

The bed was stable with the substrate primarily composed of boulders, cobbles, pebbles with 

varying proportions of bedrock, gravel, sand and silt/clay.  

Riparian vegetation was moderately to highly disturbed due to the intrusion of exotic species 

and clearing. The longitudinal extent of riparian vegetation was predominantly semi-continuous 

to continuous and provided overhanging and trailing bank vegetation for cover.  

In-stream habitat consisted of shallow and deep pools, shallow fast runs and riffles, occasional 

bars, terrestrial leaves and twigs, tree roots and aquatic macrophytes. Aquatic macrophytes and 

filamentous algae were occasionally scattered along the water’s edge and bank. The 

macrophytes would support small bodied fish species such as the guppy. 

Waterway barriers were present at most sites in the form of multiple existing weirs and the 

newly constructed water intakes. These barriers restrict flow and the movement of aquatic fauna 

until they are overtopped. Of the 15 species of fish known to occur on Rarotonga, three species 

of eel and the shorttail river pipefish (Microphis brachyurus) are catadromous, meaning they 

migrate between freshwater and marine water as part of their lifecycle. Waterway barriers can 

restrict this movement, however, eels are known to climb weir walls and can leave the water to 

avoid barriers if there is wet dewy ground adjacent to the waterway (Thomas 2004). The 

shorttail river pipefish inhabits the lower reaches of freshwater streams (below existing 

waterway barriers and the new water intakes) and is considered rare on Rarotonga. The water 

intakes are small and are likely to be overtopped frequently restoring fish passage. So it is 

expected that the waterway barriers would not pose a risk to these species. 

At the time of the survey, most sites were overtopping with the exception of TPA-US and TPP-

US. At site TPA-US, the intake weir wall is approximately 2 m higher than the water level. At 

present, water is allowed to bypass under the weir wall through pipes, however, once 

construction at this site has been completed, these pipes will be decommissioned. At site TPP-
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US, the water intake is collecting all water which is then released further downstream leaving a 

series of isolated pools between these points. 

All catchments were in either ‘good’ or ‘excellent’ condition with habitat assessment scores 

ranging from 93 to 116 (Table 4-2).  

  

  

  

Plate 4-1 Top to bottom, left to right; pig farming on the bank of Takuvaine 

catchment; overhanging riparian vegetation; deep pool habitat; 

riffle habitat; tree roots providing habitat; waterway barrier; water 

intake at site TPA-US 
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Table 4-1 Habitat descriptions for each site during the January 2020 survey 

Site Habitat description Upstream photo Downstream photo 

AVT-US 

Avatiu catchment 

Channel pattern: irregular meanders 

Mean wetted width: 3 m 

Mean water depth: 0.2 m 

Flow conditions: at watermark; 0.05 m/s 

Substrate: boulder (10%); cobble (20%); 
pebble (30%); gravel (30%); sand (5%); 
silt/clay (5%) 

Riparian vegetation: native canopy / 
native and exotic understorey; semi-
continuous with occasional clumps 

In-stream habitat: high – shallow and 
deep pool, run, riffle and undercut banks 

Disturbance rating: moderate 

Waterway barriers: water intake and old 
weir downstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora, and fauna (fish and 
macroinvertebrates) 

AVT-D 

Avatiu catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2 m 

Mean water depth: 0.15 m 

Flow conditions: < watermark; 0.2 m/s 

Substrate: boulder (3%); cobble (20%); 
pebble (40%); gravel (15%); sand (15%); 
silt/clay (7%) 

Riparian vegetation: exotic canopy / 
exotic understorey; semi-continuous with 
occasional clumps 

In-stream habitat: moderate – shallow 
pool, run and riffle 

Disturbance rating: high 

Waterway barriers: water intake and 
other weir upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora and fauna (fish and 
macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

TKV-US 

Takuvaine catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2.5 m 

Mean water depth: 0.25 m 

Flow conditions: at watermark; 0.25 m/s 

Substrate: bedrock (5%); boulder (5%); 
cobble (10%); pebble (30%); gravel 
(30%); sand (10%); silt/clay (10%) 

Riparian vegetation: native canopy / 
exotic understorey; continuous to 
occasional clumps 

In-stream habitat: moderate – shallow 
and deep pool, run and riffle 

Disturbance rating: moderate 

Waterway barriers: old weir and new 
water intake at site 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora and fauna (fish and 
macroinvertebrates) 

TKV-D 

Takuvaine catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2 m 

Mean water depth: 0.2 m 

Flow conditions: at watermark; 0.05 m/s 

Substrate: boulder (25%); cobble (10%); 
pebble (40%); gravel (10%); sand (10%); 
silt/clay (5%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous 

In-stream habitat: moderate – shallow 
pool, run and riffle 

Disturbance rating: high 

Waterway barriers: old weir and water 
intake upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

TPP-US 

Tupapa catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2 m 

Mean water depth: 0.1 m 

Flow conditions: at watermark; 0.25 m/s 

Substrate: bedrock (20%); cobble (15%); 
pebble (30%); gravel (10%); sand (10%); 
silt/clay (15%) 

Riparian vegetation: native canopy / 
exotic understorey; semi-continuous to 
continuous with occasional clumps 

In-stream habitat: moderate – shallow 
and deep pool, run and riffle 

Disturbance rating: high 

Waterway barriers: water intake blocking 
waterway; no flow immediately 
downstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (macroinvertebrates) 

TPP-D 

Tupapa catchment 

Channel pattern: irregular meanders 

Mean wetted width: 1 m 

Mean water depth: 0.1 m 

Flow conditions: at watermark; 0.15 m/s 

Substrate: boulder (15%); cobble (15%); 
pebble (30%); gravel (20%); sand (10%); 
silt/clay (10%) 

Riparian vegetation: native canopy / 
native understorey; continuous 

In-stream habitat: moderate – shallow 
and deep pool, run and riffle 

Disturbance rating: moderate 

Waterway barriers: water intake 
upstream 

  

Aquatic values:  

Water quality, riparian vegetation 
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Site Habitat description Upstream photo Downstream photo 

MTV-US 

Matavera catchment 

Channel pattern: irregular meanders 

Mean wetted width: 1.5 m 

Mean water depth: 0.1 m 

Flow conditions: at watermark; 0.2 m/s 

Substrate: bedrock (4%); boulder (2%); 
cobble (4%); pebble (30%); gravel (30%); 
sand (10%); silt/clay (10%) 

Riparian vegetation: native canopy / 
exotic understorey; semi-continuous 

In-stream habitat availability: high – 
shallow and deep pool, run, riffle and 
undercut banks 

Disturbance rating: high 

Waterway barriers: water intake 
upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora and fauna (fish and 
macroinvertebrates) 

MTV-D 

Matavera catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2 m 

Mean water depth: 0.15 m 

Flow conditions: at watermark; 0.2 m/s 

Substrate: boulder (15%); cobble (30%); 
pebble (30%); gravel (15%); sand (5%); 
silt/clay (5%) 

Riparian vegetation: native canopy / 
exotic understorey; semi-continuous 

In-stream habitat: moderate – shallow 
and deep run and riffle 

Disturbance rating: high 

Waterway barriers: water intake and 
cascade upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora and fauna (fish and 
macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

TRG-US 

Turangi catchment 

Channel pattern: regular meanders 

Mean wetted width: 2 m 

Mean water depth: 0.4 m 

Flow conditions: > watermark; 0.15 m/s 

Substrate: boulder (5%); cobble (10%); 
pebble (10%); gravel (50%); sand (15%); 
silt/clay (10%) 

Riparian vegetation: native canopy / 
exotic understorey; semi-continuous 

In-stream habitat: high; shallow and 
deep pool, run, riffle and macrophytes 

Disturbance rating: moderate 

Waterway barriers: weir wall at site, 
water intake upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora and fauna (fish and 
macroinvertebrates) 

 

TRG-D 

Turangi catchment 

Channel pattern: regular meanders 

Mean wetted width: 0.5 m 

Mean water depth: 0.2 m 

Flow conditions: at watermark; 0.2 m/s 

Substrate: bedrock (2%); boulder (2%); 
cobble (35%); pebble (35%); gravel 
(20%); sand (5%); silt/clay (1%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous to 
continuous 

In-stream habitat: moderate – shallow 
run, riffle and LWD 

Disturbance rating: moderate 

Waterway barriers: culvert at site and 
water intake upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

AVA-US 

Avana catchment 

Channel pattern: regular meanders 

Mean wetted width: 3 m 

Mean water depth: 0.5 m 

Flow conditions: > watermark; 0.15 m/s 

Substrate: boulder (20%); cobble (5%); 
pebble (30%); gravel (30%); sand (10%); 
silt/clay (5%) 

Riparian vegetation: native canopy / 
exotic understorey; continuous to 
occasional clumps 

In-stream habitat: high – shallow and 
deep pool, run, riffle and macrophytes 

Disturbance rating: moderate 

Waterway barriers: water intake at site 
and bed level crossings downstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora and fauna (fish and 
macroinvertebrates) 

 

 

AVA-D 

Avana catchment 

Channel pattern: regular meanders 

Mean wetted width: 4 m 

Mean water depth: 0.4 m 

Flow conditions: > watermark; 0.3 m/s 

Substrate: bedrock (2%); boulder (10%); 
cobble (35%); pebble (15%); gravel 
(15%); sand (15%); silt/clay (8%) 

Riparian vegetation: native canopy / 
exotic understorey; semi-continuous to 
continuous 

In-stream habitat: moderate – shallow 
and deep run, riffle and macrophytes 

Disturbance rating: high 

Waterway barriers: bed level crossing at 
site and water intake upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic flora and fauna (fish and 
macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

TKU-US 

Totokoitu  catchment 

Channel pattern: mildly sinuous 

Mean wetted width: 1 m 

Mean water depth: 0.2 m 

Flow conditions: at watermark; 0.1 m/s 

Substrate: boulder (15%); cobble (10%); 
pebble (30%); gravel (25%); sand (15%); 
silt/clay (5%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous to 
continuous 

In-stream habitat: high – shallow and 
deep pool, run, riffle and LWD 

Disturbance rating: moderate 

Waterway barriers: water intake 
upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (fish and macroinvertebrates) 

 

 

TKU-D 

Totokoitu catchment 

Channel pattern: mildly sinuous 

Mean wetted width: 3.5 m 

Mean water depth: 0.25 m 

Flow conditions: at watermark; 0.2 m/s 

Substrate: boulder (5%); cobble (10%); 
pebble (30%); gravel (25%); sand (20%); 
silt/clay (10%) 

Riparian vegetation: native canopy / 
exotic understorey; semi-continuous to 
continuous 

In-stream habitat: low – shallow run and 
riffle 

Disturbance rating: moderate 

Waterway barriers: water intake 
upstream 

  

Aquatic values:  

Water quality, riparian vegetation, fauna (macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

TPA-US 

Taipara catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2 m 

Mean water depth: 0.2 m 

Flow conditions: at watermark; 0.2 m/s 

Substrate: bedrock (5%); boulder (10%); 
cobble (5%); pebble (40%); gravel (10%); 
sand (10%); silt/clay (15%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous to 
continuous 

In-stream habitat: moderate – shallow 
and deep pool, run and riffle 

Disturbance rating: moderate 

Waterway barriers: culvert through water 
intake at site 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (fish and macroinvertebrates) 

 

 

TPA-D 

Taipara catchment 

Channel pattern: irregular meanders 

Mean wetted width: 0.25 m 

Mean water depth: 0.5 m 

Flow conditions: at watermark; 0.25 m/s 

Substrate: boulder (15%); cobble (20%); 
pebble (20%); gravel (20%); sand (15%); 
silt/clay (10%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous to 
continuous 

In-stream habitat: moderate – shallow 
and deep run, riffle and undercut banks 

Disturbance rating: moderate 

Waterway barriers: water intake 
upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

PPA-D 

Papua catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2 m 

Mean water depth: 0.2 m 

Flow conditions: at watermark; 0.3 m/s 

Substrate: boulder (5%); cobble (10%); 
pebble (30%); gravel (40%); sand (10%); 
silt/clay (5%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous to 
continuous 

In-stream habitat: moderate – shallow 
run, riffle and undercut banks 

Disturbance rating: moderate 

Waterway barriers: waterfall upstream 

  

Aquatic values:  

Water quality, riparian vegetation 
 

 

NGT-US 

Ngatoe catchment 

Channel pattern: irregular meanders 

Mean wetted width: 1.5 m 

Mean water depth: 0.2 m 

Flow conditions: at watermark; 0.1 m/s 

Substrate: cobble (20%); pebble (40%); 
gravel (30%); sand (5%); silt/clay (5%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous to 
continuous 

In-stream habitat: high – shallow and 
deep pool, run and riffle 

Disturbance rating: moderate 

Waterway barriers: water intake at site 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (fish and macroinvertebrates) 
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Site Habitat description Upstream photo Downstream photo 

NGT-D 

Ngatoe catchment 

Channel pattern: irregular meanders 

Mean wetted width: 2.5 m 

Mean water depth: 0.15 m 

Flow conditions: at watermark; 0.15 m/s 

Substrate: boulder (15%); cobble (10%); 
pebble (40%); gravel (20%); sand (10%); 
silt/clay (5%) 

Riparian vegetation: native canopy / 
native understorey; semi-continuous to 
continuous 

In-stream habitat: moderate – shallow 
run, riffle, undercut banks and LWD 

Disturbance rating: moderate 

Waterway barriers: water intake 
upstream 

  

Aquatic values:  

Water quality, riparian vegetation, aquatic fauna (macroinvertebrates) 
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Table 4-2 Habitat assessment scores for each site during the January 2020 survey 

Habitat variable Scale+ 
AVT-
US 

AVT-
D 

TKV-
US 

TKV-
D 

TPP-
US 

TPP-
D 

MTV-
US 

MTV-
D 

TRG-
US 

TRG-
D 

AVA-
US 

AVA-
D 

TKU-
US 

TKU-
D 

TPA-
US 

TPA-
D 

PPA-
D 

NGT-
US 

NGT-
D 

Bottom substrate 0-20 16 18 16 15 15 16 16 16 16 17 16 17 16 17 16 18 19 16 18 

Embeddedness 0-20 15 19 15 15 15 16 16 17 13 18 15 18 16 19 15 20 19 19 19 

Velocity and 
depth category 

0-20 16 13 15 15 14 15 17 15 15 15 15 15 15 14 14 15 12 16 15 

Channel 
alteration 

0-15 9 9 9 13 9 14 11 12 9 9 12 14 12 13 10 13 15 11 12 

Bottom scouring 
and deposition 

0-15 8 10 9 11 9 15 12 12 9 11 12 12 12 13 9 12 15 11 12 

Pool/riffle, 
run/bend ratio 

0-15 11 8 11 12 11 14 12 12 11 11 11 12 12 11 12 12 11 11 11 

Bank stability 0-10 9 6 8 9 7 8 8 9 6 9 7 8 6 6 5 7 8 8 6 

Bank vegetation 
and stability 

0-10 9 8 9 8 8 8 9 9 9 10 9 9 9 9 6 9 9 9 10 

Streamside cover 0-10 9 6 7 9 5 10 8 6 8 8 8 7 9 7 8 8 6 7 6 

Totals 0-135 102 97 99 107 93 116 109 108 96 108 105 112 107 109 95 114 114 108 109 

Habitat score 
category* 

  Good Good Good Good Good 
Excel
lent 

Good Good Good Good Good 
Excel
lent 

Good Good Good 
Excel
lent 

Excel
lent 

Good Good 
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4.3 Water quality 

Temperature was similar between upstream and downstream locations at each site, however, 

water temperature varied between catchments (Table 4-3 and Figure 4-1). The maximum water 

temperature was recorded at the downstream Taipara site (TPA-D 24.7°C). Whereas, the 

minimum water temperature was recorded at the upstream Turangi site (TRG-US 23.0°C). 

Water temperature was higher at the downstream site of each catchment with the exception of 

Totokoitu where the opposite was true and Avana which were equal. 

pH complied with the ANZECC 2000 guideline range at the majority of sites but was outside the 

guideline range at seven sites (Table 4-3). Of these non-compliant sites, five were located within 

the upstream reach of the catchment. pH was consistent between the catchments and ranged 

from 7.01 pH units at Avana (AVA-D) to 7.61 pH units at Takuvaine (TKV-US) (Table 4-3 and 

Figure 4-1). Median pH for all sites was circumneutral (7.45 pH units). 

Electrical conductivity complied with the guideline range at all sites. Electrical conductivity was 

similar between upstream and downstream locations at each site but were variable between 

catchments (Table 4-3 and Figure 4-1). The minimum electrical conductivity concentration was 

recorded at site AVA-US (80 µS/cm) with site NGT-US recording the highest electrical 

conductivity (196 µS/cm). Mean electrical conductivity for all sites was 147 µS/cm. 

Dissolved oxygen saturation was lower than the guideline value at eight sites but complied at all 

remaining sites (Table 4-3). Dissolved oxygen saturation was relatively consistent between sites 

and catchments and ranged between 77.4% saturation (NGT-US) to 96.4% saturation (TKU-D) 

(Table 4-3 and Figure 4-1). Mean dissolved oxygen saturation for all sites was 89.5% saturation, 

marginally below the guideline range. 

Table 4-3 In-situ water quality at each site in January 2020 

Site Temperature pH Electrical 

conductivity 

Dissolved 

oxygen 

Dissolved 

oxygen 

Units °C pH units µS/cm mg/L % saturation 

ANZECC – 6.0 – 7.5 20 – 250 – 90 – 120 

AVT-US 23.8 7.59 180 7.72 91.1 

AVT-D 24.1 7.49 191 7.88 93.8 

TKV-US 23.7 7.61 164 7.33 89.7 

TKV-D 24.4 7.23 170 7.02 82.0 

TPP-US 23.9 7.60 171 7.28 87.4 

TPP-D 24.4 7.52 172 7.73 92.4 

MTV-US 23.5 7.60 163 7.73 90.2 

MTV-D 23.9 7.45 166 7.66 91.0 

TRG-US 23.0 7.40 125 7.74 90.4 

TRG-D 23.2 7.39 130 7.94 93.0 

AVA-US 23.2 7.10 80 7.08 78.3 
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Site Temperature pH Electrical 

conductivity 

Dissolved 

oxygen 

Dissolved 

oxygen 

Units °C pH units µS/cm mg/L % saturation 

ANZECC – 6.0 – 7.5 20 – 250 – 90 – 120 

AVA-D 23.2 7.01 85 8.10 94.7 

TKU-US 24.3 7.33 125 7.55 89.5 

TKU-D 23.6 7.15 118 8.17 96.4 

TPA-US 24.0 7.30 111 7.90 93.9 

TPA-D 24.7 7.45 116 7.14 87.4 

PPA-D 24.2 7.54 144 7.46 88.9 

NGT-US 23.7 7.58 196 6.31 77.4 

NGT-D 24.0 7.47 187 7.83 92.5 
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Figure 4-1 In-situ water quality for each site in January 2020 
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4.4 Aquatic flora 

No threatened aquatic flora species were found at any site. Aquatic flora had limited diversity 

with three species (Cyperus involucratus – umbrella sedge, Azolla filiculoides – red water fern 

and Colocasia esculenta – taro) recorded at five catchments (Avatiu, Avana, Turangi, Matavera 

and Takuvaine) (Plate 4-2). Of these species, one (Azolla filiculoides) is considered to be an 

introduced species. However, Azolla filiculoides was only found in a bed within the scour pond 

at site TKV-D.  

Cyperus involucratus and Colocasia esculenta were often found isolated and scattered along 

the banks and water’s edge of the five catchments. 

Aquatic flora species and abundance was similar between the upstream and downstream sites 

at all sites. 

These aquatic plants provided some in-stream habitat for macroinvertebrates and fish, help 

stabilise bed and banks reducing erosion and sedimentation and improve water quality 

conditions.  

  

  

Plate 4-2 Umbrella sedge (Cyperus involucratus) (top left); taro (Colocasia 

esculenta) (top right); red water fern (Azolla filiculoides); Azolla 

filiculoides as a bed in a scour pond 

4.5 Aquatic macroinvertebrates 

Macroinvertebrate diversity was low with only eight orders and ten taxa groups present. All taxa 

found were considered to be tolerant of pollution with sensitivity scores of two to five. 

Of the groups present, Atyidae and Palaemonidae were the most common and abundant taxa 

found in edge habitat (Figure 4-2; Plate 4-3). Conversely, Lepidoptera and Oligochaeta were the 
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least commonly found taxa with only one record at the downstream Totokoitu and Avana sites 

respectively. The highest taxa richness was recorded at AVT-US and TPP-US sites with TPP-D 

and MTV-US recording the lowest taxa richness. Upstream sites tended to have higher or 

equivalent taxa richness to downstream sites. Macroinvertebrate communities varied 

considerably within the Avatiu catchment, with only one taxa (Palaemonidae) in common 

between the upstream and downstream locations. Differences in taxa richness between sites 

and locations (upstream and downstream) are likely due to site-specific habitat characteristics, 

such as flow, substrate composition and available cover. 

Within the bed habitat, Atyidae and Chironomidae were the most common and abundant taxa 

(Figure 4-3). Whereas, Veliidae, Tipulidae, Amphipoda and Lepidoptera were equally the least 

common taxa being present at only one site each. The highest taxa richness was recorded at 

sites TPP-US and TKU-D. Conversely, sites TPP-D and PPA-D did not record any 

macroinvertebrates. Taxa richness in upstream sites was generally higher than the respective 

downstream site with the exception of Turangi, Totokoitu and Ngatoe. The macroinvertebrate 

communities of the upstream and downstream Takuvaine sites differed, sharing no common 

taxa. 

 

 

Plate 4-3 Palaemonidae captured at site TPP-D within the Tupapa catchment 
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Figure 4-2 Taxa richness in edge samples at each site in January 2020 
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Figure 4-3 Taxa richness in bed samples at each site in January 2020 
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4.1 Fish community 

Fish diversity was limited throughout the catchments with only three species identified and small 

unidentified fish noted across eight of the ten catchments. Of these species, one was an 

introduced species (guppy – Poecilia reticulata) (Plate 4-4). Eels were observed at three of the 

catchments (Totokoitu, Taipara and Ngatoe) with local reports of eels at Takuvaine. Gobies 

were observed at two sites, TKV-US (Takuvaine) and AVA-US (Avana) (Plate 4-4). Guppy 

(Poecilia reticulata) was only confirmed at one site AVA-D on the Avana catchment. Schools of 

small unidentified fish were also observed within the Avatiu, Matavera and Turangi catchments. 

Abundance of eels was low with only one to two eels observed per site. Whereas, goby had a 

higher abundance of upwards of 20 – 30 individuals per site. Guppy were sparse with only three 

individuals caught during macroinvertebrate sampling.  

Table 4-4 Fish observed or locally reported at each site during January 2020 

Site Catchment Small fish Goby Guppy Eel 

AVT-US Avatiu  X    

AVT-D Avatiu X    

TKV-US Takuvaine  X  X 

TKV-D Takuvaine    X 

TPP-US Tupapa     

TPP-D Tupapa     

MTV-US Matavera X    

MTV-D Matavera X    

TRG-US Turangi X    

TRG-D Turangi     

AVA-US Avana  X   

AVA-D Avana   X  

TKU-US Totokoitu     X 

TKU-D Totokoitu     

TPA-US Taipara    X 

TPA-D Taipara     

PPA-D Papua     

NGT-US Ngatoe    X 

NGT-D Ngatoe     
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Plate 4-4 Guppy (Poecilia reticulata) (left); goby species (right) 

4.1 Turtle community 

There were no turtles observed during the January 2020 survey. No suitable habitat was 

present for the red eared slider turtle as they prefer warm and still or slow flowing water where 

they can easily access the bank to bask. 
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5. Impact assessment 

5.1 Nature of potential risks 

5.1.1 Overview  

During the water treatment process, wastewater is discharged to the scour ponds to settle 

before being released back to the waterway. Water that has been discharged to the scour 

ponds has been treated with PACl (and in the future, potentially chlorine). Since the scour 

ponds are not actively controlled (instead relying on water level), there is a risk that wastewater 

that has not sufficiently settled will be discharged back in to the waterway. 

Potential risks to aquatic environmental values through the use of PACl and chlorine during the 

water treatment process are as follows: 

 Concentrations of PACl and chlorine may be higher than guidelines and/or toxicity levels 

when water is released thereby increasing the risk of harm to the aquatic values 

 Water quality variability within the waterways may influence the toxicity of PACl, and 

chlorine. 

A desktop review of the potential ecotoxicology potential of PACl and chlorine is provided in 

Sections 5.1.2 and 5.1.3 with potential risk to environmental values discussed in the Section 0. 

5.1.2 PACI 

Polyaluminium chloride (PACl) is a commonly-used prehydrolyzed conventional coagulant 

(Gebbie 2001). Generally it is prepared by slow base-feeding using NaOH [Sodium hydroxide] 

or Na2CO3 [Sodium carbonate] as the basification reagent (Gebbie 2001). PACl as an 

aluminium coagulant (ARC 2004) is used commonly as a flocculant in water purification and in 

the treatment of potable water and wastewater. In natural waters, aluminium occurs commonly 

in the form of soluble salts, namely chlorides, sulfates and nitrates (Jancula et al 2011). 

Globally, aluminium in the form of PACl has been incorporated into the treatment of freshwater 

bodies for the direct removal of cyanobacteria, or phosphorus (Jancula et al 2011). PACl is also 

used for the direct dosing of eutrophic lakes which has achieved significant reductions in 

suspended matter, nutrients, oxygen demand and turbidity (ARC 2004). When added to a body 

of water, aluminium quickly forms large precipitates of aluminium hydroxide that grow in size 

eventually sinking to the sediments. Aluminium coagulants can also bind small particles 

including algal and cyanobacterial cells into the flocks and thus, directly reduce biomass from 

the water column (Jancula & Marsálek 2012). 

The impact associated with the use of PACl in wastewater treatment is related to the 

bioavailability of aluminium in the receiving environment. Aluminium bioavailability is directly 

correlated with the concentration of the actively toxic form of aluminium (Al+3) in the discharged 

water. Factors such as pH, dissolved organic carbon (DOC), temperature and hardness 

regulate the solubility of Al+3 in water, with pH having the greatest influence on toxicity.  

The active toxic component of PACl, the free cationic aluminium ion (Al 3+), solubility drastically 

increases at a pH lower than 5.5. Solubility also increases when pH is greater than 9. However, 

solubility is very low when pH is between 5.5 and 9. This indicates that aluminium toxicity is 

especially dependent on the pH. Kennedy and Cooke (1982) studied the solubility of aluminium 

in water and concluded that regardless of the dose, dissolved aluminium remained below 

50 µg/L in the pH range 5.5 to 9. 
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The presence of DOC in the environment also reduces aluminium toxicity. DOC reacts with Al+3 

forming colloidal aluminium precipitates and reducing the bioavailability of aluminium. 

Aluminium speciation and solubility is also affected by temperature (Gensemer & Playle 1999). 

Higher temperatures have been observed to increase toxicity of aluminium in Atlantic salmon 

likely due to faster aluminium polymerisation and higher metabolic rate of the fish (Poléo et al. 

1991).  

Aluminium toxicity is also influenced by the water hardness, being more toxic in soft water (low 

in ions, particularly calcium and magnesium) <40 mg/L. Some toxicity to fish has been 

associated with the use of aluminium based flocculants being used in soft water lakes 

(Tandjung, 1982; WDNR, 2003). Tandjung (1982) studied the influence of hardness on 

aluminium toxicity for brook trout (Salvelinus fontinalis). The EC50 (the median effective 

concentration) values for aluminium at water hardness values of 2, 18 and 40 mg/L were 0.36-

0.39 mg/L, 2.8-4 mg/L and 6.2-7 mg/L respectively, indicating greater toxicity at low hardness 

levels.  

5.1.3 Chlorine 

Calcium hypochlorite (CH) is an inorganic compound with the formula Ca(CIO)2  (Vogt et al 

2010). It is the main active ingredient of commercial products such as bleaching powder, 

chlorine powder, or chlorinated lime, and commonly used for water treatment (Vogt et al 2010) 

due to its ability to kill algae, bacteria and viruses (Chem. Synopsis 1987 & Lyster, WJ 1916). 

CH can be manufactured in the form of a white powder, granule, or pallet with a strong chlorine-

like odor (Chem. Synopsis 1987).  

CH can be applied to water as chlorine gas, as sodium hypochlorite solution or as dry calcium 

hypochlorite, so that all three forms produce free chlorine in water (Garcia-Villanova et al 2010). 

For a number of years many small and medium-size water treatment plants (WTPs) have 

utilized the disinfectant properties of solid CH (Garcia-Villanova et al 2010). 

CH (gaseous or liquid) is the most economical and widespread inactivator agent of pathogenic 

organisms present in raw water such as rivers, lakes and groundwater, being very efficient in 

the sterilisation of bacteria and viruses (Agnelo et al 2020). As such CH and other new 

disinfectants have been topically investigated. Agnelo et al (2020) conducted a study which 

observed that the greater concentration of each disinfectant provided a significant increase in 

the metabolic potential of microorganisms.  

The chemistry of chlorine in natural water is complex. Free chlorine can be present in water as a 

molecular chlorine (Cl2), hypochlorous acid (HOCl) or hypochlorite (OCl-). When combined with 

ammonia, chlorine forms monochloramine or combined chlorine (NH2 Cl) (Cooke and Schreer 

2001). The sum of free and combined chlorine is referred as total residual chlorine (TRC). Most 

research studies have suggested that free chlorine is the most toxic form (Merkens 1958). For 

example, toxicity in rainbow trout, indicated by an avoidance response, was observed at 10 µg/L 

of free chlorine (Sprague and Drury 1969) but avoidance was not detected until concentration at 

50-100 µg/L for TRC (Schumacher and Ney 1980). 

Toxicity of free chlorine can be influenced by temperature. Several studies have found a greater 

effect on fish at higher temperatures (Bass and Heath 1977; Middaugh et at 1978; Cherry et al 

1977).  

Chlorine is very reactive but does not persist for a long period of time in water as it rapidly 

dissipates to the atmosphere when contact is made with air. 

However, the by-products created through the chlorination process can lead to the formation of 

hazardous substances that have the potential to persist in the environment (ANZECC 2000). 

These by-products, like trihalomethanes (THMs) and haloacetic acids (HAAs) are formed when 
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free chlorine reacts with naturally occurring organic matter (NOM) in water (Park et al 2016). 

While THMs and HAAs can be toxic for the aquatic organisms (Trabalka et al 1979), at the 

typical chlorine concentrations dosed in a wastewater treatment plant, THM and HAAs 

concentrations are considerably below the toxicity threshold levels observed for the aquatic 

organisms (Park et al 2016). These authors observed that a chlorine dose of 2 mg/L produced a 

maximum concentration of 15 µg/L of THM and HAAs, which was not toxic for the cladoceran 

species Daphnia magna, and is below the US EPA and European Union drinking water 

guidelines of 80 and 100 µg/L for total THM, respectively (Richardson 2005). 

5.2 Risks to the aquatic environment in Rarotonga  

5.2.1 Overview of aquatic values 

The key values identified within the Rarotongan waterways during the desktop review and field 

survey were water quality, riparian vegetation, aquatic flora and aquatic fauna. In particular, 

these environmental values are important because: 

 Good water quality promotes a healthy ecosystem by supporting biota. When water quality 

is degraded this reduces the diversity and abundance of biota.  

 The presence of riparian vegetation (whether native of exotic) provides cover for aquatic 

fauna and helps to stabilise water temperature by providing shade. Riparian vegetation is 

also critical for maintaining bank stability, preventing erosion and sedimentation of 

waterways. 

 Aquatic flora provides habitat for macroinvertebrates and fish. Aquatic flora also helps to 

stabilise channel beds and influences water quality through filtering and oxygenation. 

 Aquatic fauna are a food source for birds, fish and the local population. 

Aquatic values for receiving environment sites on Rarotonga based on the desktop review and 

the aquatic ecology survey are presented in Table 5-1. 

Table 5-1 Aquatic environmental values for receiving environments 

Site Water quality 
Riparian 

vegetation 
Aquatic flora Aquatic fauna 

AVT-D X X X X 

TKV-D X X  X 

TPP-D X X   

MTV-D X X X X 

TRG-D X X X X 

AVA-D X X X X 

TKU-D X X  X 

TPA-D X X  X 

PPA-D X X   

NGT-D X X  X 
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Based on the known susceptibility of environmental values to elevated concentrations of 

aluminium or chlorine the expected potential impacts to the sites from contamination could 

include: 

 Degradation of water quality with these effects flowing through to riparian vegetation, 

macroinvertebrate assemblages and fish communities. 

 Riparian vegetation dieback, changes in community structure and composition, 

encroachment of weed species leading to bank destabilisation, erosion and sedimentation 

of waterways and degradation of water quality. 

 Loss of aquatic flora leading to an overall reduction in species diversity and abundance 

and decrease in availability of habitat for aquatic fauna. 

 Reduction in diversity and abundance of macroinvertebrate communities, potentially 

limiting their availability as a food source. 

 Increase in susceptibility of fish to disease, predation and death and overall reduction in 

fish species diversity and abundance. 

5.2.2 PACI 

Water quality within the catchments on Rarotonga was considered to be good with the majority 

of sites complying with guidelines. Considering that pH at all sites was circumneutral, any 

aluminium released to the waterways from the scour ponds is likely to have low toxicity. Further, 

at this pH there is a low risk of aluminium bioaccumulation because the bioavailability of ionic 

aluminium is very low. However, should pH conditions within the waterways change, the toxicity 

of aluminium may change. At pH values less than 5.5 or greater than 9, toxicity and 

bioaccumulation of aluminium will increase. This is supported by a study conducted by 

Cleveland et al (1986) who exposed brook trout to 0.3 mg/L aluminium at different pH values. 

Aluminium concentrations in fish were 112-398 mg/kg at pH 5.28 and only 12-33 mg/kg at pH 

7.7. 

Waterways on Rarotonga typically had a low proportion of organic matter (plant and animal 

material) with the exception of the occasional slow flowing pool such as at site TKV-US where 

organic matter accumulated. The presence of organic matter in these pools indicates that DOC 

is likely to be present in varying concentrations within the waterway. As discussed in Section 

5.1.2, DOC reduces the bioavailability of aluminium. 

The electrical conductivity of the waterways on Rarotonga ranged between 80-196 µS/cm 

indicating that it is possible that hardness is below 40 mg/L. As discussed in Section 5.1.2, 

aluminium is more toxic to aquatic organisms in soft water. In particular, the toxicity of 

aluminium to some fish species can increase considerably when hardness is less than 40 mg/L. 

However, there is currently no data available for hardness in the receiving environment to 

confirm aluminium toxicity in this respect. 

Aquatic macrophytes were predominantly isolated and scattered at four receiving environment 

sites on Rarotonga (AVT-D, MTV-D, TRG-D and AVA-D). Aluminium toxicity in aquatic plants is 

principally through interfering in the uptake of cations and nutrients (particularly calcium and 

phosphorous) which causes detrimental effects in leaves and roots (Rout et al 2001). This is 

supported by studies with freshwater algae which also pointed to the competition of aluminium 

with essential cations (principally phosphorous) as the principal cause of toxicity (Exley et al 

1993). For freshwater algae, the aluminium effect concentrations ranged from 50-6477 µg/L, 

with most effect levels below 1000 µg/L. Although studies of aluminium toxicity to macrophytes 

are limited, available data suggest that macrophytes are more tolerant to aluminium than 

freshwater algae.  
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Aquatic macroinvertebrate communities within the waterways of Rarotonga had limited diversity, 

were tolerant of pollution and had low abundance at all receiving environment sites. The 

mechanism for aluminium toxicity in macroinvertebrates is through disrupting the concentrations 

of principal anions, resulting in a loss of sodium (Hornstrom et al. 1984). Consequently, this 

affects the efficiency in respiration for some sensitive species (Sparling and Lowe 1996). 

Aquatic macroinvertebrates have reported a LC20 range of 29.5-6224 µg/L Al, and pH, 

hardness and DOC ranging from 5.1-8.7, 25-428 mg/L and 0.5-12 mg/L, respectively. Further, 

effective concentrations of PACl on crustaceans and zooplankton can differ markedly according 

to the conductivity of treated water (Jancula et. al 2011). 

Fish communities within the waterways had limited diversity and had a relatively low abundance 

at most sites in the receiving environment. Fish are generally more sensitive to aluminium than 

aquatic macroinvertebrates (Sparling et al 1997; Khan 2006). Aluminium is a gill toxicant for 

fish, as it coagulates the mucous on the gills and causes osmoregulatory and respiratory 

problems (Khan 2006). However, studies of dissolved aluminium have shown no effect on 

rainbow trout (Oncorhynchus mykiss) at concentrations below 50 µg/L (Freemen and Everhart 

1971). The range of LC20 values from three fish species (including Salmo Salar, Salvelinus 

fontinalis and Pimephales promelas) was 62-6,194 µg/L Al (USEPA 2018). These studies were 

conducted at very different conditions with pH, hardness and DOC ranging from 5.7-7.7, 12.3-

220 mg/L and 0.25-1.9 mg/L, respectively.  

International guidelines for the protection of environmental values from aluminium is presented 

in Table 5-2. The ANZECC 95% default guideline value (DGV), indicating the concentration at 

which 95% of species is expected to be protected, is 55 µg/L for aluminium. This guideline was 

derived based on studies with pH >6.5. Derivation hardness and DOC were not considered. The 

approach of the United States Environmental Protection Agency (USEPA) was to derive a 

dynamic guideline which could be adapted to the specific pH, hardness and DOC observed in 

the receiving environment (USEPA 2018). In this sense, the specific aluminium guideline that 

could be applied to the Rarotonga receiving environment with neutral pH, has been derived with 

a long-term criteria of 290-630 µg/L (Table 5-2). In a worst case scenario, where pH decreases 

within the receiving environment (i.e. to a minimum of 6.5) the criteria decreases to 78 µg/L. 

This concentration is slightly higher that the ANZECC 95% DGV, indicating that the ANZECC 

guidelines is considerably more conservative that the USEPA criteria.  
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Table 5-2 International criteria for aluminium 

International guidelines 
for aluminium 

Guideline type 
Trigger value for    
freshwater (µg/L) 

References 

Australia and New 
Zealand 

99% species protection 
(pH>6.5) 

27 

ANZECC 
(2000) 95% species protection 

(pH>6.5) 
55 

USEPA 

CMC 
pH=7 
Hardness=40 mg/L 
DOC= 1 mg/L 

730 

USEPA 
(2018) 

CCC 
pH=7 
Hardness=40 mg/L 
DOC= 1 mg/L 

330 

USEPA, adapted to 
receiving 
environment 

CMC 
pH=7-7.6 
Hardness=20 mg/L 
DOC= 1 mg/L 

570-1100 

CCC 
pH=7-7.6 
Hardness=20 mg/L 
DOC= 1 mg/L 

290-630 

USEPA, receiving 
environment, worst 
case scenario 

CCC 
pH=6.5 
Hardness=10 mg/L 
DOC= 0.5 mg/L 

78 

Notes: 
CMC: Criterion Maximum Concentration 
CCC: Criterion Continuous Concentration 

Overall, PACl is preferable to an alternative flocculent (alum) based on its effects on water 

quality. In an overview by the ARC (2004) it is stated that PACl is a less acidic product than 

alum which may be preferable to use at naturally acidic locations. Further, the effect of PACl on 

pH levels was also less in contrast to alum (ARC 2004), thus suggesting PACl would be more 

suitable for receiving waters within Rarotonga. 

PACl is generally dosed to reach concentrations within 7-8 mg/L on the inflow (Jia et al 2018), 

with residual aluminium concentrations in outflow observed in the range 10-84 µg/L. This 

indicates that at a typical dosage rate, the residual concentrations of aluminium would be below 

the derived long-term specific criteria for Rarotonga of 290 µg/L, and in most cases, also below 

the most conservative ANZECC 95% DGV of 55 µg/L. 

Overall, the risk of toxicity of PACl can be mitigated by controlling the dosage and by adjusting a 

dilution rate to keep the aluminium below the toxicity threshold concentrations in the receiving 

environment. However, at typical dosage rates, aluminium would be already below the guideline 

for environmental protection. During and immediately following very heavy rainfall events, 

discharge of water to the scour ponds or via the settlement tank’s high level overflow may 

immediately enter the waterways. The large volume of water present via overland flows and 

within the waterways would dilute aluminium concentrations such that no significant impact 

would be expected. 

In conclusion, considering the expected residual aluminium in the discharge and current 

receiving environment conditions, the risks for the aquatic organisms associated to the use of 

PACl is considered low and acceptable. 
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5.2.3 Chlorine 

The chlorination of drinking water is designed to eliminate a large number of bacteria and 

pathogens typically associated with water. The presence of those pathogens in drinking water 

and the environment could be harmful for people and the aquatic communities and, hence, the 

beneficial effect of chlorination largely exceeds the disadvantages. The chlorine dosing point will 

be post settlement tank so it will not be discharged to the scour ponds and subsequently to the 

receiving environment. Nonetheless, the potential effects associated with the presence of free 

chlorine in the receiving environment are discussed below. 

Water quality in the receiving environment was good with most sites complying with guidelines. 

Temperature was consistent between downstream sites ranging between 23.2°C and 24.7°C. 

As discussed in Section 5.1.3, high water temperature can increase the toxicity of chlorine. 

However, as water temperature was not particularly warm, it is expected that chlorine toxicity 

would not be affected. Further, as these water temperatures were recorded during summer, it is 

likely that these will be maximum temperatures experienced, further demonstrating that chlorine 

toxicity is unlikely to be affected by temperature in the receiving environment. 

Organic matter throughout the catchments tended to be sparse with the exception of the 

occasional pool where organic matter such as leaves and twigs would accumulate. As 

discussed in Section 5.1.3, naturally occurring organic matter can increase the toxicity of 

chlorine by-products. Since organic matter was generally not prevalent, particularly in the 

receiving environment, the risk of increasing the toxicity of the chlorine by-products is low. 

Within the receiving environment of Rarotonga, aquatic macrophytes were predominantly 

isolated and scattered at sites AVT-D, MTV-D, TRG-D and AVA-D. The toxicity effects of 

chlorine and chloramine in phytoplankton is related to the interruption of nutrients intake, 

principally nitrate and ammonia (Hall 1981). Chlorine can also physically damage algal cells by 

causing cytoplasm leakage (Betzer and Kott 1969). This has the potential to cause mortality in 

aquatic plants at elevated concentrations. 

Macroinvertebrate communities in the catchments of Rarotonga have low diversity and are 

tolerant of pollution. Chlorine effects on aquatic macroinvertebrates are related to damage of the 

gills. Camargo (1991) observed detrimental effect in tracheal gills in a freshwater insect 

exposed to chlorine. However, macroinvertebrates confirmed to be present do not respire 

through gills and are therefore at a lower risk of harm. Some taxa such as Epiproctophora 

(dragonfly) and Zygopter (damselfly) do rely on gills for respiration and are known to be present 

on Rarotonga through desktop review. These taxa are at an increased risk of mortality where 

chlorine concentrations are elevated. 

Fish species diversity in the Rarotonga receiving environment sites was limited with only three 

species noted. Fish were only confirmed present at four sites (AVT-D, MTV-D, TRG-D and AVA-

D) during the January 2020 survey. The mechanisms of toxic action of chlorine in fish species is 

related to the gills (Block 1977) by creating internal hypoxia induced by gill hyperplasia and 

damage of lamellae epithelial cells. Other authors have found that alterations on fish 

haemoglobin, caused by chloramines, produced when ammonia is available, also causes 

hypoxia in fish (Grothe and Eaton, 1975). The effects of chlorine in freshwater fish species in 

terms of LC50 values ranges from 20 to 500 µg/L for the rainbow trout (Oncorhynchus mykiss) 

and smallmouth bass (Micropterus dolomieu), respectively (Bash et al, 1972 and Pyle, 1980). 

While species diversity was low, elevated chlorine levels may pose a risk to health for the fish 

that currently exist in the receiving environment. 

According to literature (Section 5.1), a concentration of 2 µg free chlorine/L would protect most 

fish species for acute and chronic effects. This is consistent with the ANZECC 95% DGV 

established at 3 µg/L(Table 5-3) .This guideline is derived to protect 95% of the species of the 

receiving environment and is conservative compared to the guideline derived by USEPA for 
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long-term exposures (CCC=11 µg/L). In the context of this report, the ANZECC 95% DGV for 

free chlorine has been considered sufficient to protect the environmental values (water quality, 

riparian vegetation, aquatic flora and aquatic fauna) in the receiving environment. Further, the 

dosing point of chlorine will be post settlement tank meaning that water discharged to the scour 

ponds and subsequently to the receiving environment will not contain chlorine. 

Table 5-3 International guidelines for chlorine 

International 
guidelines for 
chlorine 

Guideline type 

Trigger value for 
freshwater 

(µg/L) 

References 

Australia and 
New Zealand 

99% species 
protection 

0.4 

ANZECC (2000) 
95% species 
protection 

3 

USEPA 
CMC 19 

US EPA (2019) 
CCC 11 

Notes: 

CMC: Criterion Maximum Concentration 

CCC: Criterion Continuous Concentration 
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6. Summary and conclusion 

The Government of Cook Islands is in the process of upgrading Rarotonga’s water supply 

system (Te Mato Vai project), with the goal of delivering reliable and safe drinking water to its 

people. The project involves the upgrade of 10 water intakes, creation of additional storage 

capacity, construction of treatment plants, replacement of trunk mains, ring mains and 

distribution to the boundaries of all properties serviced by the current water network. 

Wastewater from the water treatment process will occasionally be discharged to the stream and 

as such an EIA is required.  

The objective of this aquatic ecology assessment was to describe the existing aquatic values at 

the water intake and discharge locations and assess the potential impacts of PACI and chlorine 

discharge on the existing environment. 

A desktop review and field survey in January 2020 were undertaken to confirm the 

environmental values of the receiving environment. The aquatic environmental values were 

considered to be water quality, riparian vegetation, aquatic flora and aquatic fauna. Results of 

the review and field survey with respect to the environmental values are as follows: 

 In-situ water quality was considered to be good with the majority of sites complying with 

guideline levels.  

 Riparian vegetation was moderately disturbed but consisted of dense vegetation providing 

structure, bank stability and limiting erosion. 

 Aquatic plants were typically either absent from sites or scattered/isolated in-stream and 

on the banks but in good condition. 

 Aquatic fauna (macroinvertebrates and fish) had limited diversity and abundance. 

An impact assessment of PACl and chlorine found that physico-chemical conditions of the water 

affect the toxicity of these chemicals. High temperature, acidic or alkaline pH and soft water 

increase the toxicity of aluminium in PACl, whereas, DOC decreases the toxicity. Low 

temperature and naturally occurring organic matter increase the toxicity of chlorine. Both of 

these chemicals interfere with ion and nutrient uptake pathways in aquatic flora and fauna often 

causing respiratory issues, including mucous coagulating on the gills of fish or causing damage 

to leaves and roots.  

Based on the known susceptibility of environmental values to elevated concentrations (i.e. 

concentrations that exceed guidelines for environmental protection) of aluminium or chlorine, 

the expected potential impacts to the sites from contamination could include: 

 Degradation of water quality with these effects flowing through to riparian vegetation, 

macroinvertebrate assemblages and fish communities. 

 Riparian vegetation dieback, changes in community structure and composition, 

encroachment of weed species leading to bank destabilisation, erosion and sedimentation 

of waterways and degradation of water quality. 

 Loss of aquatic flora leading to an overall reduction in species diversity and abundance 

and decrease in availability of habitat for aquatic fauna. 

 Reduction in diversity and abundance of macroinvertebrate communities, potentially 

limiting their availability as a food source. 

 Increase in susceptibility of fish to disease, predation and death and overall reduction in 

fish species diversity and abundance. 
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Neutral pH levels within the waterways of Rarotonga will result in low toxicity of any aluminium 

released from the scour ponds. Further, at this pH there is a low risk of aluminium 

bioaccumulation because the bioavailability of ionic aluminium is very low. The ANZECC 95% 

DGV for aluminium, indicating the concentration at which 95% of species is expected to be 

protected, is 55 µg/L. Consideration of the specific pH, hardness and DOC observed in the 

receiving environment within Rarotonga suggests environmental protection is likely up to 

concentrations of 290-630 µg/L (USEPA 2018). Overall, the risk of toxicity of PACl can be 

mitigated by controlling the dosage and by adjusting a dilution rate to keep the aluminium below 

the toxicity threshold concentrations in the receiving environment. However, at typical dosage 

rates, aluminium would be already below the guideline for environmental protection. In 

conclusion, considering the expected residual aluminium in the discharge and current receiving 

environment conditions, the risks for the aquatic organisms associated to the use of PACl is 

considered low and acceptable. 

The dosing point of chlorine will be post settlement tank meaning that water discharged to the 

scour ponds and subsequently to the receiving environment will not contain chlorine. In any 

case, the ANZECC 95% DGV for free chlorine has been considered sufficient to protect the 

environmental values (water quality, riparian vegetation, aquatic flora and aquatic fauna) in the 

receiving environment.  
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