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1 Purpose 

This document has been prepared to support an application for a Works Approval for the Cocos 
(West) Island Wastewater Treatment Plant (WWTP). 

2 Premises and Applicant Details  

2.1 Occupier Details 

Water Corporation operates and maintains the Cocos (West) Island WWTP under a service 
delivery arrangement with the Australian Government, administered by the Department of 
Infrastructure, Transport, Regional Development, Communications and the Arts (DITRDCA). 

Water Corporation is a statutory entity and was established by Section 4(1) of the Water 
Corporations Act 1995 (WC Act). The Corporation is a body corporate (Section 4 of the WC Act) 
and as such does not have an ASIC company extract. 

Water Corporation provides water, wastewater and drainage services to Perth and hundreds of 
towns and communities spread over 2.5 million square kilometres of Western Australia. Water 
Corporation holds many licences for WWTPs with the Department of Water and Environmental 
Regulation (DWER).  

Water Corporation operates to an environmental management system certified to ISO 14001, 
which enables the systematic identification of environmental risks, setting of targets and 
development of environment improvement plans to reduce risks and ensure its activities are 
sustainable. The environmental management system is guide by the Corporation’s Environment 
Policy (Attachment A). 

2.2 Premises Details 

2.2.1 Premises location 

The Cocos (Keeling) Islands are a group of 27 coral islands located in the Indian Ocean. They are 
situated approximately 3000 km north-west of Perth 3,700 km west of Darwin and 900 km south-
west of Christmas Island.  

The Cocos (West) Island WWTP is a Category 85 prescribed premises under the Environmental 
Protection Regulations 1987. This plant is a registered plant by DWER since January 2006 
(R1841) and is currently assessed at 53 kL/day treatment capacity. The wastewater is treated to 
secondary standard via an Intermittently Decanted Extended Aeration (IDEA) process. Treated 
wastewater is decanted from the aeration tank to the balance tank before being disinfected by 
Ultraviolet (UV) radiation.  

Cocos (West) Island WWTP consists of the following treatment infrastructure: 

• Inlet works macerator and flow monitoring 

• Aeration tank with three sink air aerators  

• Decant system to transfer Treated Wastewater (TWW) to the balance tank 
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• Balance Tank for storage of treated wastewater 

• Effluent discharge pumps 

• UV Disinfection Treatment 

• Waste activated sludge pumps from aeration tank to the Drying Beds, with leachate return 
system 

• Drying beds for solids/sludge management  

• Lab/Control Room  

As per the registration (R1841), treated wastewater is discharged to the Indian Ocean via the 
outfall pipeline approximately 400m offshore and at a depth of 10m. Sludge management is by 
manual wasting into covered drying beds. 

DITRDCA have a lease arrangement with the Shire of Cocos Island for the West Island WWTP 
premises. Water Corporation is currently under a Service Delivery Arrangement with the Australian 
Government: Indian Ocean Territories, which authorises the Water Corporation to operate the 
WWTP infrastructure on behalf of the Australian Government. A copy of the lease is attached in 
Appendix B. 

2.2.2 Prescribed Activity  

The premises will continue to operate under registration (R1841) category 85 sewage facility, there 
will be no change to treatment capacity as a result of improvement works described by this works 
approval application. The current design capacity is greater than 20 cubic metres per day, but less 
than 100 cubic metres per day as shown in Table 1. 

However, as described in Section 8, there will be a temporary increase to treated effluent 
discharge from West Island WWTP for a proposed 2 to 3-year period. This is to accommodate a 
temporary worker’s camp associated with Defence runway upgrade on Island.  

Wastewater from the camp will be treated by a standalone WWTP that will be operated and 
maintained by the camp facility contractors. West Island WWTP will receive this treated effluent for 
storage in the existing balance tank, and then disposed via the outfall pipeline 

It is expected that Defence contractors will submit an application to DWER for works approval and 
any licencing requirements of this standalone treatment plant. 

Therefore, the treatment capacity and design capacity of the West Island WWTP is unaffected and 
remains at 53kL/day. However total disposal of the 2 waste streams will be 70kL/day for this 
temporary period. This total discharge volume is within the Premise Category 85 threshold.  
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3 Proposed Activities 

This application is to outline the improvements to existing assets at the Cocos (West) Island 
WWTP, for the purpose of improving the reliability and control of the plant, and to replace assets at 
the end of life. The proposed improvements will provide a mechanical and electrical upgrade to the 
treatment plant and will not increase treatment capacity or change the treatment process.  

The Australian Government and Water Corporation are proposing the following  
 
• Installation of an inlet screening platform and mechanical screening sieve to remove rags and 

solids from the incoming flow. Existing inlet grinder (muncher) will remain as standby treatment.  
• Replacement of the existing Sinkair aerators to new Xylem Jet Aerators. 
• Existing Waste Activated Sludge (WAS) pumps reconfigured to become Returned Activated 

Sludge (RAS) pumps.  
• Improvements to sludge drying, installing polymer dosing system for dewatering, construction 

of a slab for geobags and modifications to the existing sludge drying bed to accommodate five 
geobags.  

• Three new prefabricated buildings installed including: new Motor Control Centre (MCC) 
switchroom, new control room and ablutions, new laboratory and polymer preparation room. 

• Realignment of the Sydney Highway fence line to align with the premises boundary and lease. 
• Decommissioning existing lab/control room office and storage shed. 
• Realignment of the underground effluent pipeline to enable clearance from new site buildings. 
 

The existing gas-locked siphon decanter in the Intermittent Aeration Tank (IAT) will remain with 
improvements to solenoid valves only. The existing treated water disposal pumps and UV 
disinfection system will not be modified. 
 
All proposed works will be contained within the existing registered premises boundary (R1841). 
 
The activities covered by this application include construction, commissioning, and operation of the 
above improvements. 

 

3.1 Description of works 

The proposed improvements will provide a mechanical and electrical upgrade to the treatment 
plant and will not increase treatment capacity or change the treatment process.  

Table 3 describes the key components of the proposed works to improve the reliability and control 
of the plant, and to replace assets at the end of life to ensure the asset operates in an 
environmentally sound manner. 

Figure 2 details the Cocos (West) Island process, and Figure 4 details the site layout.   
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3.2.3 Operational Activities 
Operation of the proposed upgrades can occur immediately following commissioning without 
interruption to the wastewater treatment process.  

The existing monitoring program undertaken as part of the plant process requirements will confirm 
the upgrade has not changed the characteristics of the treated wastewater. 

The Cocos (West) Island WWTP will continue to discharge treated wastewater into the marine 
environment. 

 

3.3 Management of Emissions  

3.3.1 Construction and Commissioning emissions 

Construction and commissioning emissions will be managed through a standard construction 
environmental management plan (CEMP). This management plan will include the following 
controls:  

- During the construction phase, noise levels will be similar to those associated with normal 
construction projects involving the use of construction plant, equipment and power tools;  

- Works will be conducted in accordance with the Environmental Protection (Noise) 
Regulations 1997; 

- Construction will be undertaken during the hours of 6am-6pm 7 days per week, (noting 
Sundays would likely require approval of noise management plan from Local Government)  

- however, should works be required outside these times Water Corporation will seek 
relevant approvals from DWER and the Local Government authority, prepare a Noise 
Management Plan and undertake community consultation in accordance with the 
Environmental Protection (Noise) Regulations 1997; 

- Vehicles and equipment will be fitted with appropriate noise controls;  

- All plant, equipment and vehicles will be regularly inspected and maintained; 

Operational noise has been considered during this assessment and is expected to result in a 
minimal change.  
 

3.3.2 Final effluent discharge  
The Cocos (West) Island WWTP will continue to discharge treated wastewater into the marine 
environment though the existing outfall pipeline. No changes to effluent quality is expected as an 
outcome of these works. 

See Section 8 for details on the temporary increase to treated effluent discharge as part of the 
Department of Defence project. 
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4 Regulatory Context and Approvals 

4.1 Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act) 

The project involves only minor improvements or replacement of aging equipment. No changes to 
discharge volume or quality will result from this works, and therefore no referral to EPBC is 
required. 

4.2 Environmental Protection Act 1986 – Part IV 

Cocos (West) Island WWTP discharges into Marine environment utilising an existing outfall 
discharge pipeline.  

The upgrade will not change the water quality in the discharge to the marine environment.  

4.3 Environmental Protection Act 1986 – Part V 

The Cocos (West) Island WWTP is currently registered by DWER (R1841). 
 

5 Existing Environment  

The prescribed premises (0.25 ha) is located on the Western side of Cocos (West) Island. The land 
use surrounding the Cocos (West) Island WWTP is predominately planted coconut vegetation and 
industrial use. The proposed future West Island Seawater Reverse Osmosis Water Treatment facility 
is adjacent to the WWTP. 

5.1 Specified Ecosystems 

In accordance with the DWER Guidance Statement: Environmental Siting (DER, 2016) the 
following specified ecosystems do not occur adjacent to the premises: 

- Not within a Public Drinking Water Source Area (PDWSA). 

- No mapped risk of Acid Sulphate Soil (ASS) occurring. 

- No mapped hydrographical features within or nearby the site. 

Figure 8 shows the premises location in relation to sensitive receptors.  

5.2 Land Use and Sensitive Receptors 

The current land use of the site is a wastewater treatment plant.  

The Cocos (West) Island WWTP is located approximately 3km North of the main residential area. 
The old quarantine station is approximately 300m to the south of the WWTP, however this site is not 
occupied on a permanent basis currently. 

A protected matters search has identified 13 places on the Australian Heritage list on Cocos 
(Keeling) Island. No impact to Heritage listed places is anticipated from these works, as all works 
will be contained within the Cocos (West) Island WWTP premises boundary.
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5.3 Flora, vegetation, and fauna 
The proposed works will be undertaken on previously cleared areas, within the prescribed premises 
boundary. 

5.4 Groundwater 
The groundwater resource on West Island consists of a series of freshwater lenses, directly 
recharged via rainfall infiltration. West Island freshwater is approximately 1-2m below ground level.  

The freshwater lenses consist of two layers or zones. The upper surface of the freshwater lens is 
the water table and the lower surface is a boundary between freshwater and saline water. The lower 
boundary, or interface, is a transition zone. Within the transition zone the water salinity increases 
from freshwater to seawater over a number of meters.  

The main freshwater lens and the current public drinking water supply is located under the airfield 
more than 3km from the WWTP. A secondary freshwater lens is located to the North of West Island 
referred to as the Northern Lens. The WWTP not located in either the airfield or northern freshwater 
lens boundaries on West Island. 

A new drinking water source is currently being investigated approximately 600m to the north of the 
WWTP with five seawater bores drilled in late 2022. and the seawater bores are screened at a depth 
between 9.4 - 24m below ground level. This new source does not draw from the 
groundwater/freshwater layer. 

5.5 Geology  
The geological conditions on Cocos Island consist of an upper layer of coral sands and gravels laid 
down in the Holocene period and a lower layer of older coral limestone laid down in the Pleistocene 
period.  
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Figure 8 - Site Location 

 

6 Proposed Monitoring Program 

The Cocos (West) Island WWTP effluent is comprehensively monitored as per the process control 
plan, and diving operations to monitor condition of the pipe occur approximately every six months. 
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8.1 Monitoring and Operational Measures 
The current monitoring requirements outlined in Section 6 will continue throughout the period of the 
DoD project delivery. The below items are proposed in addition to the current monitoring to allow 
better control and response to adverse effluent quality events. 

- Increased operator presence on site 
o Water Corporation has recently increased the local workforce capacity in the civil 

and treatment space for supporting this works. An additional Civil Operator is 
trained in Wastewater Treatment and will be responsible for the day-to-day 
operation of the site. 

- Specialist Treatment expertise team quarterly site visits 
o Water Corporation has treatment experts that provide additional monitoring and 

support to treatment plant operations. Site visits will be coordinated on a quarterly 
basis at a minimum to support the local operations team the DoD project delivery 
phase. 

- Flow monitoring and quality monitoring of the construction camp effluent received at the 
balance tank to ensure quality and flow meet expected requirements. Frequency of this 
monitoring will align with current operations for the West Island WWTP 

- Camp facility management will also be required to provide effluent quality data and flow 
monitoring records to evidence compliance with Water Corporations criteria on a monthly 
basis.  

- DoD contractors are also expected to undertake any regulatory approvals for the 
construction and operations of this WWTP, and inform Water Corporation of the conditions 
of any regulatory instrument issued.  

8.2 Ocean Outfall Dispersion Modelling 
Water Corporation commissioned RPS in 2023 to model the near-field dispersion of TWW from 
the ocean outfall, accounting for the geometry of the discharge (outlet diameter and angle), 
depth of discharge, and prevailing current speeds and ocean density profiles. 

The key aim of this investigation was to understand the rates of near-field dilution of TWW that 
can be expected from the TWW discharge in normal operating mode, and when discharge 
volumes increase as a result of the defence project & construction camp  

Modelling indicates that there is no significant change expected in TWW constituents on 
surfacing of the plume during the period of the runway project. 

A copy of the Dispersion Modelling Report is provided in Appendix C 
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Appendix A Environment Policy 
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Appendix B Proof of Occupier Status  
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Appendix C Investigation of the Cocos Island WWTP 
Discharges – Dispersion Modelling Report 
(RPS,2023) 
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1 INTRODUCTION 

1.1 Background 

Water Corporation is responsible for the provision of water and wastewater services to the Cocos (Keeling) 
Islands under a Service Delivery Agreement with the Commonwealth Government. Existing water and 
wastewater infrastructure on West Island includes a wastewater treatment plant (WWTP), associated ocean 
outfall, infiltration galleries for private and public water sources, and a water treatment plant (WTP). Treated 
wastewater (TWW) is discharged to the sea via a 400 m long pipeline that traverses the reef shelf and 
terminates near the edge of a steep drop-off. 

The infiltration galleries sourced for potable water on the islands is under the existing aircraft runway and at 
risk of contamination and the Department of Defence is currently planning an upgrade to the runway on the 
Cocos (Keeling) Islands. This work will require a large temporary workforce on West Island, which will exceed 
the capacity of the existing WWTP. Defence has proposed to manage the excess by installing a temporary 
package treatment plant with TWW from that plant directed through the existing ocean outfall. In addition to 
the TWW that would be directed from the temporary treatment plant, Water Corporation anticipates an increase 
in the TWW that must be managed through the existing plant. 

Water Corporation commissioned RPS to model the near-field dispersion of TWW from the outfall, accounting 
for the geometry of the discharge (outlet diameter and angle), depth of discharge, and prevailing current 
speeds and ocean density profiles. 

RPS has previously assessed near-field dispersion of brine wastewater from a seawater desalination plant 
(SDP), which Water Corporation propose to discharge through the same outfall but with alternation of the brine 
and TWW discharges, hence with no co-mingling (RPS, 2022). Alternation of TWW and SDP discharge 
requires that the daily production of TWW must be discharged over a portion of each day. The existing practice 
is to pump out TWW over a 2-hour period each day. Discharge of the larger volume of TWW that must be 
disposed over the construction period would use the same pumping capacity, hence discharge rate as the 
existing practice, requiring a longer discharge period (~ 3.3 hours per day).  

The key aim of this investigation is to understand the rates of near-field dilution of TWW that can be expected 
from the TWW discharge. Because the same rate of discharge will occur through the same discharge facility 
over the period of the construction work by Defence, the calculations for nearfield dilution will apply to both 
conditions. The implication of the expected dilutions would differ among the existing and construction phase 
operations only with respect to any differences in the concentration of nutrients, suspended sediments, and 
enteric bacteria that are discharged. 

1.2 Regional setting 

The Cocos (Keeling) Islands are a group of 27 coral islands located in the Indian Ocean arranged around coral 
atolls. The atolls rise sharply from the surrounding seafloor where the water depth exceeds 1,000 m. The island 
group sits ~2,768 kilometres (km) north-west of Perth, 3,685 km west of Darwin, 900 km south-west of 
Christmas Island and 1,000 km south-west of Java and Sumatra. The islands are in a tropical zone and are 
affected by cyclonic conditions but are rarely in the direct path of cyclones; see Shire of Cocos (Keeling) 
Islands, 2020. 

The islands form portions of two large atolls. The northern atoll is not populated while the southern atoll has 
populations (some 600 persons as at 2022) divided among two islands: Home Island (~25%) and West Island 
(~75%). The southern atoll extends approximately 12 km in the east to west direction and 15 km north to south 
(Harper et al., 2001) and consists of a horseshoe chain of 26 islands of varying size arranged in a ring around 
a shallow central lagoon; see Shire of Cocos (Keeling) Islands 2020. 

The shallow, central lagoon of the southern atoll can be divided into two broad regions, the deeper (8-15 m) 
northern basin and the shallower (0-3 m) southern basin. The lagoon floor is a sandy plain with numerous 
mounds of coral rock. Eleven shallow passages (less than 2 m depth) connect the ocean and reef to the 
southern lagoon on the eastern and southern sides of the atoll (Kench, 1994) with the morphology of the atoll 
(i.e., shape and geographical distribution of islets) controlling circulation through the lagoon, which is 
dominated by tidal currents. Tidal current speeds of 0.16-0.31 m/s in the lagoon and 0.26-0.65 m/s in the deep 
passages have been previously measured (Kench, 1994,1998). 
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The outer coastlines of the islands and reefs are ringed by a narrow band of shallow (~ 10-12 m deep) reef 
platforms and shoals and are exposed to ocean swells and currents. 

1.3 West Island wastewater treatment plant and outfall 

Water Corporation is the service provider for water and wastewater services on the Cocos Islands under a 
Service Delivery Agreement with the Australian Government. Water Corporation operates a wastewater 
treatment facility located on the south-west corner of West Island with TWW discharged through a pipeline that 
extends approximately 400 m across a subtidal platform and truncates as an open pipe positioned at a depth 
of approximately 10 metres below sea level (BSL). The outfall pipe lies across a gently down-sloping seabed 
that is predominantly reef habitat composed of coral bomboras and reef-rubble, with some areas of bare sand 
habitat proximate to the shoreline. The end of the outfall pipe is positioned near the lip of the reef platform 
beyond which the seabed slopes steeply downwards to over 1,000 m BSL (Figure 1-1; Source: Navionics). 
Present operations result in discharge of an average of 44 kL of TWW per day with discharge over 
approximately two hours per day, indicating an average rate of approximately 22 kL/hr (22 m3/hr). 

When first installed, the terminal end of the outfall pipe was set up to point ~60 degrees from the horizontal, 
pointed toward the lip of the reef, but wave damage had realigned the terminal end when inspected in 2021. 
Assessment of the performance of the outfall for brine dispersal by RPS included the recommendation that the 
terminal end of the pipeline should be reinstated to assist the dispersal of brine. This study has assumed that 
the alignment would be restored before the construction period and that there would be no co-mingling with 
brine from the SDP. 

 

 

Figure 1-1 Location of the TWW outfall off the south-west coastline of West Island, Cocos (Keeling) Islands. 
The panel on the right shows the bathymetric setting. 
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2 CALCULATION FOR THE DILUTION AND GENERAL 
BEHAVIOUR OF THE TWW DISCHARGE 

2.1 General considerations 

The rate of dispersion (dilution) of water streams discharged from an outfall will depend, initially, on the 
geometry and hydrodynamics of the discharge jet, which induces momentum and turbulence, the relative 
buoyancy of the discharge, which affects whether the discharge will sink or rise, and the effect of the prevailing 
current upon the jet. Outcomes will also vary depending on the interaction of the plume with the seabed or 
water surface. 

The region where these processes dominate the dilution of the discharge is generally referred to as the “near-
field zone”, because processes affecting the plume can be characterised by variations over short time (seconds 
or tens of seconds to minutes) and space scales (centimetres to a few metres) near to the discharge point. 

As the momentum and buoyancy signatures of the discharge are eroded, the background, or ambient, 
processes become the dominant forces that will control the rate of dispersion of the remnant plume. Beyond 
the near-field and into the “far-field zone”, the dominant processes that will affect further dilution will include 
flushing and dilution induced by ambient currents as well as the level of turbulence that is generated in the 
water column by wave action and the flow of ambient current over the seabed. Mixing over this zone typically 
occurs at substantially longer time (tens of minutes to hours) and spatial scales (tens to hundreds of metres) 
further from the source. 

Due to the different space and time scales involved, different models are typically applied to each zone. For 
this study, the focus of the calculations was on the near-field mixing zone, requiring application of a near-field 
dispersion model. 

2.2 Selection of the dispersion model 

The near-field mixing and dispersion of TWW through the outfall was simulated using the three-dimensional 
flow model, CORMIX. CORMIX is a mixing zone model and decision support system for environmental impact 
assessment of regulatory mixing zones. CORMIX contains a series of elements for the analysis and design of 
conventional or toxic, single or multi-port, submerged or surface, buoyant or nonbuoyant, pollutant discharges 
into stratified or unstratified watercourses, with emphasis on the geometry and dilution characteristics of the 
initial mixing zone (Doneker & Jirka 1990). CORMIX has been validated in many independent studies 
(http://www.cormix.info/validations.php) and was therefore considered to be appropriate for this investigation. 
The model was previously applied to near-field dispersion modelling for brine from the WWTP outfall (RPS, 
2022). 

CORMIX is a collection of analytic solutions to the mathematical equations describing transport and dispersion 
of water borne constituents. Based on the inputs, the model defines the appropriate equations for the situation; 
for example, if the plume is positively or negatively buoyant relative to the receiving water. 

Inputs to the CORMIX model include: 

• Height (above bed) and depth (below surface) of the discharge point. 

• Horizontal separation from a coast or channel edge. 

• Orientation relative to the seabed and prevailing current. 

• Number, dimensions and horizontal spacings of the port(s). 

• Discharge rate. 

• Temperature and salinity of the discharge. 

• The vertical profile of temperature and salinity within the receiving waters. 

• Ambient current speed and direction relative to the discharge direction. 

• Roughness of the seabed. 

CORMIX calculates a shape and centreline dilution for the discharge jet and subsequent evolution of the plume 
in response to density and ambient current. The centreline is defined by the points of maximum concentration 
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dilution rates considered in this study, and will be absent or low under conditions when waves approach from 
the east and under low swells; these calm conditions have been allowed for in the dispersion modelling as a 
conservative approach. 

 

3 RESULTS OF THE NEAR-FIELD SIMULATIONS 

3.1 Dilution calculations 

CORMIX modelling indicated that discharge at 6 L/s through a 110 mm port that is angled at 60°upwards from 
horizontal would generate a jet directed at 60° upwards from the seabed, following the alignment of the 
discharge pipe (Figure 3-1). An initial discharge velocity of ~7.6 m/s was calculated, as a cross-sectional 
average, but with higher velocity at the centreline and lower velocity at the edges. This jet velocity would be 
markedly higher than the prevailing current speeds, allowing the jet to propagate for some distance before the 
jet began to bend in response to the balance of forces contributed by residual buoyancy (forcing the residual 
plume upwards) and the prevailing current (forcing the plume to align with the current flow). The length of this 
jet phase will vary with the prevailing current speed. CORMIX indicated that discharge under the 5th % current 
speed would allow the jet to propagate to the water surface with little variation from the discharge angle.  
However, marked bending of the jet to align with the prevailing current was indicated after 3-4 m if discharge 
occurs across the 95th % current speed. These results indicate that the plume would tend to flag vertically with 
variation in the prevailing current. 

The initial jet phase would set up turbulent mixing with the ambient water to generate initial dilution of the 
plume. Further dilution would occur through entrainment of ambient water as the remnant plume rises under 
buoyancy. This dilution would also lower the relative buoyancy of the plume but surfacing of the plume to form 
a surface layer was indicated for the range of current speeds. However, the prevailing current is calculated to 
affect the time and distance over which the plume surfaces, hence the level of dilution that has occurred when 
the plume surfaces. 

Calculations for the expected rates of dilution at the water surface are provided in Table 3-1. Dilutions at 
surface indicates the dilutions at the centre of the plume when the plume reaches surface. Dilutions after 
buoyancy spreading are calculations for the dilutions at the centre of the plume after the remnant plume has 
spread out on the surface due to remnant buoyancy gradients. 

Under relatively weak cross-current, the plume is calculated to reach the surface with a width of the order of 
~2 m and then spread across- and down-current as a buoyant layer, then continue to dilute downstream until 
neutral buoyancy is achieved. Initial dilution rates of ~20-fold are calculated for the plume on reaching surface 
within ~4 m down-current of the discharge point, within ~7 seconds of discharge. Further dilution to ~52-fold 
is indicated due to buoyancy driven spreading over ~130 m downstream of the discharge. 

Increased speed of the cross-current is calculated to divert the plume further downstream before surfacing, 
resulting in higher rates of initial dilution and lower residual buoyancy. Under the median current, initial 
dilution to ~77-fold is indicated on surfacing of the plume around 8 m downstream of the source. The 
remnant buoyancy is then indicated to set up a phase of further dilution extending to ~ 130 m down-current. 

The stronger deflection set up by current speeds at the 95%ile was calculated to generate higher dilutions 
(~149-fold) by the longer time and distance over which the plume reaches surface. Spreading of the remnant 
plume under residual buoyancy is then indicated to result in dilution rates of ~410-fold.  
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Figure 3-1 Near-field behaviour of the buoyant TWW plume calculated for variations in the prevailing cross-
current. The examples are for the proposed discharge rate assuming a 60° angle on the discharge, 
directed across the current. The upper panel indicates the case of low current speed (5%ile). The 
lower panel illustrates the case of higher current speed (95%ile). Current is directed from the left of 
each panel. Grey shading indicates the water surface. Fawn shading indicates the seabed level. 
Plume colour indicates level of dilution. 










