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This report is dedicated to the memory of Dr Susan Williams,
Distinguished Professor of Evolution & Ecology at the University of 

California's Bodega Marine Laboratory. 

Dr Williams gave her time generously to help us understand the 
seaweed issues in Muri Lagoon, and she is missed by all those who 

worked with her in Rarotonga. 
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1. Introduction
Extensive environmental investigations have provided good quality data to help us identify 
and develop the best solution to the environmental problems in Rarotonga. 

The Mei Te Vai Ki Te Vai environmental investigations were a collaborative effort between 
the Project Management Unit (PMU), the Cook Islands Government ministries and specialist 
sub-contracted consultants. These partners included the Cook Islands Ministry of Marine 
Resources (MMR), Southern Cross University (SCU), University of New South Wales 
(UNSW) and GNS Science. 

Completed in 2017 -2018, the investigations covered a wide range of areas including 
geology, hydrogeology (groundwater) and water quality, lagoon ecology, the lagoon’s 
physical characteristics and oceanography. 

The investigations were designed to close the gaps in existing information, and: 

• Identify why the Lagoon quality has degraded and what we can do to help, in the
short and long term

• Support an Environmental Impact Assessment (EIA) for improvements to the Muri
sanitation system

• Assess the feasibility of wastewater disposal options

• Support a longer-term monitoring programme to assess wastewater impacts on the
Rarotonga environment, including performance monitoring for sanitation system
changes.

Above: Locals attend a workshop to learn how to operate one of the water testing stations. 
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2. Muri Environmental Investigations
In 2017-2018, the Project Management Unit (PMU), the Cook Islands Government ministries 
and specialist consultants completed comprehensive environmental investigations to assess 
nutrients in the Muri environment. Specialist consultants included experts in geoscience, 
marine water hydrographic monitoring, modelling and oceanography.   

We used a combination of field investigations and desk-top modelling to assess the extent to 
which nutrients from on-site wastewater systems within the catchment contribute to seaweed 
growth in Muri Lagoon.  

In addition to helping us assess nutrients, our deep drilling investigations also added to 
Rarotonga’s geological record. Although our investigations were only in the Muri area, the 
results tell us about the geology of the island as a whole. This is because what we saw at 
Muri is likely to be repeated elsewhere around the island. In addition, the drill core (soil and 
rock) from our investigation can also be used for further research, such as carbon dating. 

In summary, our investigations have helped us to understand: 

• Where seaweed is growing in Muri Lagoon, and why

• Where the nutrients feeding the seaweed growth come from

• How these nutrients get into Muri Lagoon

• What’s changed over time to trigger this problem

• What we need to do to help.

What kind of research did the team do? 

Investigations Purpose 

Drones to map Muri Lagoon and the Muri 
catchment area 

Map water temperature and detailed land 
contours 

New weather station Monitor local rainfall and weather patterns 
more accurately 

Geophysical surveys Identify geology and groundwater properties 

Collect water and sediment samples from 
Muri Lagoon 

Measure nutrients in water and better 
understand the influence of different 
sediments 

Temporary and permanent monitoring wells For groundwater monitoring, including near 
some typical wastewater systems 

Stream sampling at Te Vai Amama, Vai Te 
Renga and Parengaru 

Note: We did not sample the Avana river 
because it flows into the Avana Harbour near 
the Avana Passage, so has no effect on the 
lagoon’s water quality 

To increase our understanding about water 
from streams and swamps and how nutrients 
get into the lagoon 
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Sediment testing in Muri Lagoon To understand what contribution sediment 
may be having on nutrient levels in the 
lagoon 

Isotope analysis to measure the age of the 
groundwater aquifers 

To understand more about the nature and 
origin of the groundwater 

What were the key findings? 
The environmental investigations have greatly improved our understanding of the lagoon, 
and the influence wastewater has on it.  

Key findings include: 

• Seaweed grows in sensitive areas of the lagoon where the water is still, rather than
free-flowing.

• Nutrients from wastewater systems get into groundwater that discharges to these
sensitive, still areas of the lagoon.

• Deep groundwater in the basalt rock is isolated from wastewater systems. Water from
this basalt aquifer, and deeper parts of the phonolite aquifer, carries higher quantities
of nutrients from natural sources. Despite this, it has a lower effect on the
environment because it discharges into the lagoon’s outer area, where it mixes with
lower-nutrient water.

• Rarotonga’s streams are connected to groundwater and contribute phosphorus to the
lagoon.

• The water flow patterns in the lagoon have not changed significantly over the last 30
years.

• Removing coral debris on the reef will not provide any significant improvement to the
lagoon conditions in the still water zones, and would create other harmful effects.

• We believe nutrients in lagoon sediments contribute to seaweed growth, but it’s not
practical to simply remove all these sediments through dredging. This is because the
affected areas are large, and the removal process could cause other problems.

• The swamps reduce stream discharges, so play a critical role in protecting the
lagoon.

• Decommissioning on-site wastewater systems will help reduce the amount of
nutrients going into the lagoon, in particular into the sensitive, still areas where
seaweed has become a problem.

Where seaweed is growing and why 
The work by the Ministry of Marine Resources (MMR) showed two zones of seaweed growth 
in Muri Lagoon (see Figure 1 on page 4). Each zone has a particular mix of seaweed. These 
seaweed growths are in areas where the shallow ‘coral sands aquifer’ groundwater 
discharges, feeding the seaweed with wastewater nutrients. 

These nutrients have a big impact in these areas because the water is still rather than free-
flowing – in other words, it’s not mixing and being diluted by lower-nutrient water.

Both nitrogen and phosphorus are essential elements for seaweed growth, but it needs about 
12 times more nitrogen than phosphorus. Figure 1 on the following page shows the areas of 
seaweed growth, and the water sources flowing into the lagoon. 
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Figure 1: Groundwater discharge zones, streams and areas with seaweed growth 
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To calculate the daily average ‘nitrogen to phosphorus ratio’ of nutrients flowing into the 
lagoon, we compared the total nitrogen and phosphorus inputs. This is shown in Table 1 on 
the following page. 

Table 1: Total inorganic nitrogen (TIN) to dissolved reactive phosphorus (DRP) ratios 
in the inputs to Muri Lagoon 

Pathway N:P Ratio 

Surface water 7 

Shallow coral sands aquifer 31 

Subterranean estuary 31 

Phonolite aquifer south of Parengaru > 2441

Phonolite aquifer north of Parengaru 3 

Basalt aquifer 7 

Lagoon 

Note: As no inorganic phosphorus data was available, we 
used total phosphorus result instead. This includes organic 
phosphorus as well as inorganic. 

4 

The ratios in Table 1 show us that surface water going into the lagoon is low in nitrogen (i.e. 
rich in phosphorus).  The average groundwater quality was also generally low in nitrogen, as 
was the lagoon water. The exception was groundwater significantly impacted by wastewater 
and agriculture, as these activities have created high nitrogen levels.     

Nutrients to feed seaweed growth can also come from lagoon sediments. While most 
seaweed species take up nutrients from the water, the Caulerpa species found at Muri can 
take up nutrients directly from the sediment.  

The specialist team at Southern Cross University found that overall, the sediment in Muri 
Lagoon released both nitrogen and phosphorus into the water. This nutrient release was 
especially high in patches of seaweed with sediment that was rich in organic matter. We 
believe this organic matter is decayed seaweed, so the patches of seaweed are also 
generating nutrients to feed more seaweed growth. In this sense, the seaweed is feeding 
itself. 

Where the nutrients come from 
We know from our investigations that: 

• On-site wastewater systems impact the quality of shallow groundwater flowing into
the lagoon.

• The groundwater in the shallow phonolite south of the Parengaru is also likely to be
affected by nutrients from agricultural sources.

• The basalt aquifer carries nutrients from further up the catchment, which is from
natural sources.
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• The deep basalt aquifer is protected from the wastewater by a natural buried ash and 
soil barrier. The water in the basalt only enters further up the catchment, in areas 
where the housing density is either low or zero. 

• The basalt water is more than 100 years old and the shallow phonolite aquifer is an 
average of 15 years old. The shallow aquifer within the coral sands is between 10-35 
years old.  

• The age of the groundwater aquifers helps us understand more about the water in it. 
For example, we think the shallow phonolite groundwater includes inputs from the 
period in the 1960s–1980s when there was a lot of agriculture in Rarotonga with high 
fertiliser use. The younger water in the shallower aquifers includes rainfall that’s 
landed on soils closer to the lagoon, where there is a higher density of on-site 
wastewater systems. 

How nutrients get into the lagoon  
We have found that nutrients from the land flow to the lagoon in four ways:  

1. in surface streams 

2. in shallow groundwater within the coral sands 

3. in a deeper volcanic rock layer called phonolite; and  

4. in the basement basalt volcanic rock. 

Our investigations highlighted the extensive interaction between surface water and 
groundwater in the Muri catchment.  

Swamps (wetlands) play an important role in protecting the lagoon, by moderating water 
flows and retaining nutrients and sediment. The three streams we sampled typically only flow 
continually in the wet season. In the dry season they get most of their water from 
groundwater. In the sandy soils close to the lagoon, water from the streams seeps into the 
groundwater.  

Results from monitoring the groundwater wells we installed close to on-site wastewater 
systems confirmed that these systems impact groundwater quality. 

We measured distinct plumes of nutrients (nitrogen and phosphorus) in the shallow 
groundwater that flows from wastewater systems toward the lagoon.  

By sampling the streams and groundwater in summer and winter 2018, we have been able to 
calculate the relative contribution each nutrient pathway makes to the nitrogen and 
phosphorus going into the lagoon. These inputs are summarised in Tables 1 and 2 below. 

Table 2: Estimated annual inorganic nitrogen inputs to Muri Lagoon from surface 
water and groundwater 

Pathway Inorganic Nitrogen 
(kg/year) 

Percentage of 
Total Input (%) 

Surface water 853 18 

Shallow aquifer 347 7 

Subterranean estuary 76 2 
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Shallow phonolite aquifer 
south of Parengaru  

356 7 

Phonolite aquifer north of 
Parengaru 

59 1 

Basalt aquifer 3180 65 

Total 4,871 100 

 
Table 3. Estimated annual inorganic phosphorus inputs to Muri Lagoon from 
surface water and groundwater 

Pathway Inorganic 
Phosphorus (kg/year) 

Percentage of Total 
Input (%) 

Surface water 100 16 

Shallow aquifer 36 6 

Subterranean estuary 2 < 1 

Shallow phonolite 
south of Parengaru 

< 0.15 < 1 

Phonolite aquifer north 
of Parengaru 

18 < 3 

Basalt aquifer 488 76 

Total 645 100 

 

The impact aquifers have on the lagoon  
When looking at the results in Tables 1 and 2, it might seem that the nutrients from 
wastewater (shallow aquifer) are relatively minor. But in fact they have a disproportionately 
high influence on the lagoon, because of the part of the lagoon they flow into.  

The basalt aquifer carries nutrients from further up the catchment. The basalt flows are very 
large because the rock is fractured and allows water to move freely.  

Although the basalt aquifer contributes a higher percentage of nutrients, it has a lower impact 
on the seaweed growth because it discharges toward the outer reaches of the lagoon. 

The discharge zones of the three aquifers are shown in Figure 1. 

Influences on lagoon flows 
The specialist UNSW oceanographic team assessed lagoon flows, and the potential of 
dredging to improve them.  

UNSW compared their 2018 lagoon surveys with historical surveys to evaluate whether 
changes to the lagoon over the last 30 years have influenced the way water moves in the 
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lagoon. These changes include coral rubble build-up on the ledge of the fringing reef and the 
shallow area of channel between Aroko and the islands (motu) of Oneroa and Motutapu.  

They found that the coral rubble has very limited influence on the way water moves within the 
lagoon.  

Lagoon flows are largely controlled by the general arrangement of the motu and channels, 
and are likely to be very similar now to what they were decades ago.  

Water flow in the lagoon is controlled by a gradient established by waves breaking over the 
reef and creating higher ‘perched’ water within the lagoon. The lagoon water flows inwards 
from the reef and then north, parallel to the beach toward the Avana Passage. The water 
level is lower in Avana passage because there is no wave set up in the deep water of the 
passage.  

Flows are increased when waves breaking on the reef are larger, and when the gradient is 
increased at high tide. Lagoon drainage is restricted by the shallow ridge in the main channel 
at the northern end of Oneroa.  

The wave direction in the ocean influences the pattern of flow within the lagoon, as shown in 
Figure 2. The arrows show the flow direction and typical velocity (metres per second). The 
striped areas show low flow zones for each flow mode. These can be compared with the 
discharge zones and seaweed growths shown in Figure 1. 

Figure 2: Lagoon flows 

Left: Typical flows with wave direction from the south (between SW and SE) 

Right: Uncommon flows with wave direction from the northerly hemisphere (W, N, E) 

Under normal conditions shown in Figure 2 (left), waves come from the south and generate a 
larger wave setup across the reef. The less common wave direction is from the northerly 
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hemisphere. These conditions, shown in Figure 2 (right), generate a lower amount of wave 
set up across the reef. 

The low flow zones in the southern foreshore of Muri, and Oneroa and Motutapu bays persist 
under both these lagoon flow modes. Fine organic-rich sediments tend to accumulate in low 
flow zones, and these can retain nutrients that feed seaweed growth.  

Because nutrient-rich groundwater discharging into the Muri foreshore is not flushed by 
lagoon currents, it spends longer in this area. This means there is also more opportunity for 
seaweed to feed on its nutrients. 

What’s changed over time to trigger this problem 
The information above tells us that lagoon flows are very similar to what they were decades 
ago, so changes in lagoon flows are unlikely to be causing Muri Lagoon’s environmental 
issues.  

One change that contributes to seaweed growth in the lagoon is the accumulation of fine, 
organic-rich sediments in the still water zones. This sediment (either resulting from changes 
in climate or combined with certain climatic conditions) can provide an ongoing source of 
nutrients for seaweed.   

Agricultural fertiliser inputs to the catchment have decreased since they peaked in the 
1960s to 1980s, suggesting agriculture does have some part to play, but is not likely to be 
the sole cause of seaweed growth. However the shallow groundwater currently flowing to 
the lagoon is younger than this and has been receiving an increasing nutrient load from 
wastewater. 

Nutrient contributions to the lagoon from wastewater and agriculture (shallow aquifer) are 
relatively minor compared to other natural sources of nutrients, but are believed to be 
having a disproportionately high influence on seaweed growth. This is because the part of 
the lagoon they flow into is a sensitive environment, with relatively low water flow.  

Therefore, our environmental investigations enable us to conclude that the increase over 
time of on-site wastewater systems is the key change most likely to have triggered the 
recent seaweed issues in Muri Lagoon.  

What we need to do to help 
The UNSW team considered potential interventions to increase lagoon flushing, including 
lowering the ridge in the main channel north of Oneroa, and removing rubble along the 
inland side of the reef crest, at the outer edge of the lagoon. 

They concluded that neither of these options are feasible because: 
• Lowering the ridge in the main channel would require large-scale dredging likely to

harm the environment. It is also not expected to improve the flow of still water areas,
and could cause additional erosion near Nukupure Park

• Removing rubble along the inland side of the reef crest would only improve flows in
outer areas of the lagoon that are already well flushed.

UNSW did not assess the effects of near shore dredging in the sediment delta extending in 
a fan from Vai Te Renga, which was completed in March 2019 as short term intervention 
measure. Based on the two flow modes presented by UNSW, it is expected that the 
sediment removal in this area will assist in maintaining the rate of the water flow along the 
shore. Sediment deposition processes are likely to re-establish this delta over time.

We have not assessed whether dredging to remove nutrient-rich sediment from the lagoon  
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is feasible. This is because the size of seaweed growths indicate that a minimum area of 8 
hectares would need to be dredged. Dredging of this scale could reduce the already limited low 
of water in these zones, and also cause direct adverse effects on the lagoon environment. 

Installing a reticulated wastewater system in the Muri catchment will provide more 
environmental benefits than dredging. This is because wastewater systems would no 
longer be putting nutrients into the shallow aquifer, and there would be fewer nutrients 
flowing into the zones where seaweed is growing. 

Harvesting the seaweed will help remove nutrients from the environment, because it will 
reduce the amount of organic material in the lagoon.  

We will also need to look at how we protect and enhance Rarotonga’s swamps, as they 
help protect the lagoon by reducing stream discharges. 

3. Feasibility investigations

Land-based option assessment 
In mid-2018, the Project Management Unit (PMU) called for expressions of interest (EOI) 
from landowners on Rarotonga to provide parcels of land for construction of future 
wastewater and sanitation infrastructure. This will help us to evaluate the feasibility of land-
based disposal for treated wastewater – one of the two options we’re considering for 
wastewater disposal. 

If land disposal is chosen, two parcels will be needed – one for the construction of treatment 
works, and another for disposal of treated wastewater to land. Further land will be required 
for similar solutions as wastewater infrastructure is extended around the island.  

Ministry of Finance and Economic Management (MFEM) received just a handful of 
responses to the EOI. The PMU is currently reviewing these, including visiting each property. 

Oceanographic research 
Coastal engineers from the University of New South Wales (UNSW) gathered data on 
nearshore ocean currents, and mixing processes in the ocean off Rarotonga. This work will 
help us to evaluate the feasibility of an ocean outfall for treated wastewater – one of the two 
options we’re considering for wastewater disposal. 

Many factors, including economic, engineering, environmental and social, will influence 
where the ocean outfall wastewater disposal option could be located. Alongside ocean 
disposal, we are also evaluating and preparing information on land-based wastewater 
disposal, to enable Government to consider both options before deciding on a preferred 
method. 

Oceanography is the branch of physical geography dealing with the ocean. The 
UNSW oceanographic studies included desk-top research and on-site 
investigations using a range of methods, including dye release and ocean current 
profiling. 
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What kind of research did the team do? 

The UNSW team both reviewed existing research and conducted new investigations to 
capture the wide range of information needed to help us evaluate the feasibility of an ocean 
outfall. This information is contained in three technical reports: 

1. Muri Oceanographic Assessment - Stage 1a Oceanographic Processes Summary

This report summarises available information on the oceanographic processes that
will influence a ‘wastewater plume’ - the treated wastewater that flows out of the
outfall into the ocean. These natural processes include wind, wave, ocean currents
and ocean depth.

2. Muri Oceanographic Assessment - Stage 1b Receiving Water Quality Guidelines

This report reviews eleven relevant international guidelines for water quality in
estuarine, coastal and marine environments that receive treated wastewater.

3. Oceanographic data collection – Stage 2 Investigations

This report outlines the findings from a one-off data collection program undertaken in
early July 2018. The team used knowledge gained from the two assessments (Phase
1) to target four sites along Rarotonga’s East coast. They gathered data from these
sites using a range of methods, including dye release and ocean current profiling.
The new information gathered has improved our knowledge of ocean currents along
the east coast of Rarotonga and how treated wastewater is likely to spread in and be
diluted by the ocean.

What were the key findings? 

• A wastewater outfall is feasible in a number of locations where ocean currents
generally move along or away from the coast, including the eastern coastline.

• The results of more site-specific investigations would be used to confirm the level of
wastewater treatment required to meet water quality standards.

• We will need to gather more site-specific information to confirm the level of
wastewater treatment required to meet water quality standards.
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Muri Oceanographic Assessment - Stage 1a 
Oceanographic Processes Summary 
This report summarises available information on the oceanographic processes that will 
influence a ‘wastewater plume’ - the treated wastewater that flows out of the outfall into the 
ocean. These natural processes include wind, wave, ocean currents and ocean depth. 

While Rarotonga’s wind and wave climatology are quite well documented, there is 
comparatively little information about ocean currents. The information that is available was 
completed in 1991 as part of investigations into an ocean outfall for wastewater disposal off 
the Avarua or Nikao coast. 

While this data is not directly relevant for Rarotonga’s south-eastern coast, it does highlight 
that ocean currents along the coast are quite localised. This means we will need do further 
investigations to understand the local ocean currents and their ability to move wastewater 
away from the coast. 

What we learned 

The key points we can take from this report are: 

• The available data for ocean currents suggests that the area off Avarua is unsuitable
for an outfall due to onshore currents. The area north of the airport generally has
currents that move away from the coast and would be more suitable. This is because
the Avarua currents would bring wastewater nearer to shore, but the northern area
currents are much more likely to move wastewater away from the reef and island.

• A wastewater outfall off Rarotonga’s south-eastern coastline is feasible, but would be
challenging to operate. This is because this area has high ‘wave energy’ compared
with the western and northern coastlines, and is also exposed to the south-easterly
trade winds that blow directly onshore for much of the year. If ocean currents were
not strong enough to move treated wastewater along or away from the reef, then
wave and wind processes could bring it toward the reef and into the lagoon.

• Along the eastern side of the island, there are two locations that are technically
feasible for an ocean outfall. These are off the Matavera/Tupapa area where there
are fewer waves and trade winds blow more parallel to the coast, and seaward of the
Avana Passage where currents leaving the lagoon generally move well offshore
before turning south or north.

• Every potential site has its own challenges to be overcome, so regardless of location,
we will need do further investigations to understand the local ocean currents, and the
impact of other factors including water temperature and salinity.

• If progressing an ocean outfall option, we would also need to ensure wastewater is
treated and diluted to the appropriate level before discharge, to achieve water quality
targets.

Note: While the UNSW team’s report identified a number of technically feasible locations, 
other factors including economics, engineering, environmental and social concerns will also 
influence where the ocean outfall wastewater disposal option could be located. 
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Muri Oceanographic Assessment - Stage 1b Receiving 
Water Quality Guidelines 
This report reviews the following guidelines for water quality in estuarine, coastal and marine 
environments that receive treated wastewater: 

• Water Quality Protection Criteria for the South Pacific (SPREP, 1996)

• Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC, 2000)

• Water Quality Guidelines for the Great Barrier Reef Marine Park (GBRMPA, 2010)

• Queensland Water Quality Guidelines (DEHP, 2009)

• Marine Water Quality Objective for NSW Ocean Waters (DECNSW, 2005)

• Hawaii Administrative Rules Department of Health Water Quality Standards (HDOH,
2014)

• Guam Water Quality Standards (GEPA, 2001)

• American Samoa Water Quality Standards (ASEPA, 2005)

• Commonwealth of Northern Marina Islands Water Quality Standards (BECQ, 2014)

• Canadian Water Quality Guidelines for the Protection of Aquatic Life (CCME, 2001)

• Aquatic Animal Welfare Guidelines (NAC, 2005).

Water quality guidelines are generally developed to address specific water quality objectives. 
Guideline objectives outline the important principles and philosophical basis underpinning 
trigger values reported within the water quality guidelines.  

The UNSW team considered three key objectives in this review: 

• The health of aquatic ecosystems

• Recreation and aesthetics

• Aquaculture and human consumption of aquatic foods.

What we learned 

The UNSW team did an initial assessment to see what the likely results would be from a 
typical, economical wastewater outfall off the Muri coastline, with primary treatment only. 
They considered the likely primary treated wastewater concentrations to see if this type of 
outfall could achieve key water quality guideline targets.  

The results are summarised in the table below: 

Water quality targets likely to be achievable with primary 
treatment only? 

Enterococci Unlikely 

Ammonia Unlikely 

Total Nitrogen Likely 

Total Phosphorus Likely 

Suspended Solids Likely 
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While this analysis is not detailed, it enabled the UNSW team to conclude that: 

• Further investigations are needed, to better understand the environmental impact of a
wastewater outfall off Rarotonga’s south-eastern coastline and what would be
required to ensure it could meet water quality standards.

• Based on a simple outfall design and primary treatment only, an outfall located in the
less steep part of the reef rim may not meet all necessary water quality targets. This
validates our decision to consider higher treatment levels and means we may need to
consider disposal further from the reef edge.

Oceanographic data collection – Stage 2 Investigations 
As summarised above, the UNSW team’s two assessments (Stage 1a and 1b) indicated that 
a simple wastewater outfall located about 25 metres deep off Rarotonga’s south-eastern 
coastline may struggle to achieve water quality targets. In particular there was concern that 
the wastewater plume could be transported onshore as a result of wind and waves. However, 
there was no data available for currents along this section of the coastline. 

This report outlines the findings from a one-off data collection program at locations along the 
eastern coastline. The data will help us to better understand the environmental impact of a 
wastewater outfall off Rarotonga’s eastern coastline, and what would be required to ensure it 
could meet water quality standards. 

The team used knowledge gained from the Stage 1 research to target four sites along 
Rarotonga’s east coast between Matavera and Muri. They gathered data from these sites 
using a range of methods, including dye release and ocean current profiling.  

The team dropped dye at each location, and measured the movement of the dye for between 
30 minutes and one hour. They also undertook current profiling at each location, to 
understand current speed and direction, and how the currents vary at different depths. They 
also recorded the temperature at different depths to investigate vertical ocean water mixing. 

What we learned 

The new information gathered has improved our understanding of ocean currents along 
Rarotonga’s east coast, and how treated wastewater is likely to travel in and be diluted by 
the ocean after discharge. 
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The UNSW team completed dye tracing and ocean current profiling at three locations, and 
visual dye tracing at one location. At all locations, the investigations showed that (at the time 
of the investigation): 

• in areas outside of the 10 metre depth contour, currents typically move parallel to the
coast

• even close to shore (15 – 25 m water depth) the ocean currents running parallel to
the coast dominate, and the effects of waves and wind do not move a surface plume
toward the reef or into the lagoon

• ocean current speeds in the upper water column are about 0.3 – 0.4 metres per
second

• currents appear to operate in relatively small cells along the coast (sub 5km), and
vary in direction within these cells.

While we know the coastal currents vary in strength and direction under different conditions, 
the results demonstrate that, even with onshore wind/waves, surface plume movement is 
likely to be dominated by currents moving along the coast, and not pushed onshore by the 
wind/waves. 

This is an important conclusion as it shows that, with further evaluation, an outfall off the 
eastern coast of the island is feasible. The results of more site-specific investigations would 
be used to confirm the level of wastewater treatment required to meet water quality 
standards. 
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