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1 Introduction 

DHI has been supporting the Water Corporation with the development of the Alkimos 
Seawater Desalination Plant (ASDP), in particular through hydrodynamic modelling to 
understand the fate and transport of water discharged from both the ASDP and the Alkimos 
Wastewater Plant (WWTP).  

Recent submission to the EPA by the Water Corporation resulted in a question regarding 
potential cumulative impacts and interaction of the discharge plumes from the ASDP and the 
WWTP. This report considers this potential interaction based on the modelling completed for 
the ASDP and reported in DHI (2019). 

All analysis included herein is based on the location of the ASDP infrastructure indicated in 
Figure 1-1. An alternative option for the ASDP outfall location is being considered, further 
away from the WWTP diffuser. This nearer location, and thus the results presented herein, are 
thus conservative with respect to plume interaction for such alternative locations. 

 
Figure 1-1 Map indicating locations of measurement instrumentation (Fugro, Gardline) 

installed on behalf of Water Corp. WWTP diffuser, and WWTP regulatory zones 
and candidate ASDP intake and outfall locations also shown. Bathymetry 
shown is 5m resolution. 
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2 Plume Interactions 

2.1 Cases 

There are four potential cases of plume interaction between the ASDP and WWTP outfalls. 

We first define the following: 

• Near-field: the spatial region where the plume transport and dilution is primarily controlled 
by the engineering design of the outfall. This is typically within 10’s of metres of the outfall 
location. 

• Far-field: the spatial region where the plume transport and dilution is primarily controlled by 
environmental factors. This is typically from 10’s of metres of the outfall location. 

The transition between near-field and far-field regions is not fixed in space or time, and is a 
function of discharge rates, currents, waves and wind conditions.  

Interaction between the two plumes can occur in both the near-field, far-field, and 
combinations of each, as outlined in Table 2-1. Given the ASDP and WWTP outfalls are over 
1000m apart, plume interaction in the near-field of both will not occur and is not included in 
this analysis. 

Case A defines the case where the near-field plume of the ASDP interacts with the far-field 
plume of the WWTP, hereafter referred to as the Treated Wastewater (TWW) plume . Case B 
is the opposite, where the near-field TWW plume interacts with the far-field plume of the 
ASDP. Case C considers the interaction of the two far-field plumes. Each case is described in 
more detail in the following sections. 

For each case, impacts could be on either plume. For example, interaction of the near-field 
ASDP plume and the far-field TWW plume could affect both the near-field ASDP plume and 
the far-field TWW plume. This report only considers impacts on the ASDP plume, either in the 
near-field or far-field. Impacts on the TWW plume are reported in DHI (2022).  

Table 2-1 Modes of plume interaction 

 
TWW 

Near-field Far-field 

ASDP 
Near-field N/A Case A 

Far-field Case B Case C 

2.2 Potential Consequences 

Modelling and permitting of the discharges has not considered, thus far, the potential for 
interaction other than that which eventuates within the far-field model (Case C). The 
predictions of dilution provided by the near-field models of the ASDP and WWTP thus may 
differ when interaction is considered.  

Other potential consequences relate to new transport pathways of the far-field plumes. For 
example, Case A could potentially result in a new transport pathway of material from the 
diluted far-field TWW plume to the bed, possibly resulting in benthic impacts due to the 
presence of the ASDP diffuser that have not been considered thus far, or only considered in a 
region closer to the WWTP outfall. Additionally, Case B could result in far-field ASDP water 
being entrained higher up into the water column in the vicinity of the WWTP outfall.  
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3 Case A: Near-field ASDP plume interacting with 
far-field TWW plume 

Work thus far has assumed the ASDP plume entrains water from an ambient that is unaffected 
by the far-field TWW plume.  

To determine whether there would be an appreciable effect of the presence of the TWW far-
field plume on the dilution resulting from the ASDP discharge in the near-field, we consider a 
theoretical solution developed for a negatively buoyant discharge into a two-layer stratification, 
as described in Ansong et al (2011). This is the best available theoretical model available in 
the literature to describe this process. 

A definition sketch is shown in Figure 3-1, demonstrating source parameters for the 
desalination discharge (subscript 0), lower layer density ρ1 and thickness H, and upper layer 
density ρ2. We consider the lower-layer (subscript 1) to be described by the ambient condition, 
with the upper layer (subscript 2) described by the TWW far-field plume. 

We consider a range of different layer densities (ρ1, ρ2) and lower layer thicknesses (H) to 
determine the effect on dilution of the ASDP near-field plume when it returns to the bed (at 
Xg2) and the percentage of upper layer water (derived from the TWW far-field plume) that it 
contains.  

 
Figure 3-1 Definition sketch of the ASDP outfall, with consideration of impacts of TWW 

far-field plume on the background stratification. 

 

It is important to consider the character of the TWW far-field plume at the ASDP outfall 
location to constrain the parameters to be investigated. We consider the location of the outer 
ASDP rosette (Figure 1-1), as it is the closest location to the WWTP outfall and thus 
represents the conservative case. It should also be noted the far-field TWW plume is for the 
80 ML/d outflow rate and is therefore also conservative for the near-term. 

Tracer and thermotolerant coliforms (TTC) are shown in Figure 3-2 and Figure 3-3, 
respectively, derived from the TWW far-field plume. These indicate the upper layer is relatively 
thick at the location of the ASDP outfall typically covering approximately the upper 13 metres 
of the water column. Given the ASDP discharges upwards through the majority of this water 
column (by design, to maximise dilution), we can expect that a substantial percentage of the 
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water entrained into the ASDP near-field plume actually contains water from the substantially 
diluted TWW far-field plume. 

Using the method described in Ansong et al (2011), we determined the percentage of TWW 
far-field plume water in the ASDP near-field plume when it hits the bed (at Xg2, Figure 3-1) as 
a function of the upper layer thickness (due to the presence of the TWW far-field plume) 
(Figure 3-4). This indicates that approximately 40 – 80% of the ASDP near-field plume, when it 
returns to the bed, contains water from the TWW far-field plume when the latter is present 
above the ASDP rosettes. This percentage is not a strong function of the dilution of the TWW 
far-field plume, but is a strong function of the TWW far-field plume thickness. 

The Ansong et al (2011) model considers a vertical trajectory, rather than one angled at 60° as 
used in the ASDP concept design, however dilutions predicted by the two models are 
sufficiently similar (in the range of 27 – 45 times) for the two-layer theoretical model to be 
useful for this purpose. We therefore consider the impacts on the initial dilution of the ASDP 
plume due to the presence of the TWW far-field plume to be minimal and that previous 
modelling of the fate and transport of the ASDP will hold.  

A second consideration is the effect of the potential entrainment of far-field TWW plume water 
containing TTC into the near-field ADSP discharge. The TWW plume has two criteria: 

1. Consumption of seafood (Zone S2): median thermotolerant faecal coliform bacterial 
concentration not to exceed 14 CFU / 100mL. This is to be assessed within 50cm of the 
bed. 

2. Primary or secondary recreational contact (Zone S3): maximum pooled Enterococci spp. 
must not exceed the NHMRC ‘category A’ guidance value of 40 Enterococci spp. MPN / 
100mL. This is to be assessed within 50cm of the surface. 

The second criteria (recreational contact) is not relevant to this Case A, however the first 
criteria (seafood) potentially is. 

Application of the Zone S2 criteria, based on the data presented in Figure 3-3, indicates the 
median TTC concentration is effectively zero (< 0.01 CFU/100mL), so despite this potential 
entrainment the S2 criteria is met in the vicinity of the ASDP discharge. 

To reach the criteria of 14 CFU/100mL at the bed, an upper layer concentration in the range 
17.5 – 35 CFU/100mL is required. From Figure 3-3, these are approximately the 90th 
percentile concentrations, which means this is expected to occur approximately 10% of the 
time. This is well below the Zone S2 median criteria.  

An additional potential consideration is dissolved oxygen characteristics, whereby the ASDP 
near-field plume may entrain lower dissolved oxygen water from the diluted far-field TWW 
plume and transport it to the seabed. Analysis of the dissolved oxygen saturation simulated 
above the ASDP outfall (Figure 3-5) indicates that the median dissolved oxygen saturation is 
99.5% at this location. It is clear there is enough dilution and re-entrainment of oxygen into the 
far-field TWW plume that low dissolved oxygen does not present an issue. This was also 
indicated more generally for the WWTP discharge in DHI (2019).  

We thus conclude that although interaction may occur between the TWW dilute far-field plume 
and the near-field ASDP plume, this interaction is insufficient for either the assumed ASDP 
near-field plume physics to be substantially affected, or the TWW water quality criteria to be 
exceeded in the vicinity of the ASDP outfall due to the presence of the ASDP outfall. 
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Figure 3-2  Vertical distribution of WWTP tracer over the ASDP outfall diffuser, showing 

various percentile occurrences over the 12 month simulations.  
 

 
Figure 3-3 Vertical distribution of WWTP TTC over the ASDP outfall diffuser, showing 

various percentile occurrences over the 12 month simulations. 
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Figure 3-4 Percentage of WWTP far-field plume in ASDP near-field plume and bottom 

dilution as a function of upper layer thickness. 

 

 
Figure 3-5 Vertical distribution of dissolved oxygen saturation over the ASDP outfall 

diffuser, showing various percentile occurrences over the 12 month 
simulations. 
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4 Case B: Near-field TWW plume interacting with 
far-field ASDP plume 

Work thus far has assumed the TWW plume entrains water from an ambient that is unaffected 
by the far-field ASDP plume.  

The prevalence of the modelled ASDP far-field plume at location of the TWW outfall is shown 
in Figure 4-1. This indicates, in the median (simulated over 12 months) the ASDP far-field 
plume is approximately 1.5m thick with a salinity above ambient of approximately 0.1 ppt. This 
lower layer becomes progressively thicker and more saline for higher percentiles (ie lower 
frequency of occurrences). It should be noted the WWTP outfall is located approximately 1m 
above the bed. 

With regards to the far-field ASDP plume, the presence of the WWTP outfall acts as a point-
source mixing device that will provide additional dilution to the ASDP far-field plume. Design of 
the ASDP outfall aims to achieve a dilution in the near-field of approximately 30, whereas 
mixing in the near-field of the WWTP outfall is designed for dilution of more than 300 times. 
Any far-field ASDP plume entrained into the TWW near-field plume will thus be substantially 
diluted (> 300 times) as it inserts higher in the water column. The median salinity excess at 
this location due to the ASDP is 0.1 ppt (Figure 4-1), which when diluted to this extent will 
result in a salinity excess below detection (< 0.004 ppt). Given that the ASDP far-field plume is 
already substantially diluted at this location, plus the additional dilutive effects of the TWW 
near-field plume, the transport of far-field ASDP water into the near-field TWW plume and up 
into the water column thus does not appear to be a pathway of concern.  

The results presented in DHI (2019) with regards to the far-field ASDP plume extent and 
dilution can also be considered conservative with respect to these effects, as the presence of 
this vertical momentum source provided by the WWTP outfall will result in a marginally smaller 
ASDP far-field plume footprint than previously presented.  

 
Figure 4-1 Vertical distribution of the ASDP discharge at the mid-point location of the 

WWTP outfall over the 12 month simulations. 
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5 Case C: Far-field TWW plume interacting with 
far-field ASDP plume 

The modelling conducted explicitly considers both the far-field TWW and far-field ASDP 
plumes (DHI 2019). It is thus relatively straightforward to assess the interaction of these 
plumes by direct interrogation of the model results.  

Given that these plumes dilute on a continuum, and are thus present in the far-field at even 
extremely low (but non-zero) concentrations, limits need to be applied as to how the 
boundaries of both far-field plumes are defined. It is only then possible to define whether the 
plumes interact, at those dilution limits. 

For the purposes of this investigation, the far-field TWW plume was defined out to a dilution of 
400 times, and the far-field ASDP plume out to a dilution of 40 times. These criteria were 
provided by the Water Corporation. 

Applying these limits to the entire model domain, over a 12 month simulation, lead to zero co-
occurrences of the far-field TWW plume and the far-field ASDP plume. We thus conclude that, 
at these levels of dilution for each plume, the plumes do not interact.  
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6 Conclusions 

6.1 Interaction effects on ASDP plume 

The following conclusions can be drawn from the above analysis with regards to interaction 
effects on the ASDP plume: 

• The presence of the diluted far-field TWW plume at the ASDP outfall does not practically 
impact the physics of the ASDP near-field plume. 

• The ASDP near-field plume does entrain water from the diluted far-field TWW plume, such 
that approximately 40 – 80% of the near-field ASDP plume is water from the diluted far-field 
TWW plume. 

• In the vicinity of the ASDP outfall, this entrainment does not lead to exceedance of the 
seafood, recreational water quality or dissolved oxygen criteria that are applied to the TWW 
plume. 

• The presence of the ASDP far-field plume above the WWTP outfall will marginally decrease 
the footprint of the ASDP far-field plume, by acting as a local source of vertical mixing. This 
vertical mixing will not result in any appreciable ASDP plume signature higher in the water 
column in the vicinity of the WWTP outfall. Results presented thus far on the dilution and 
extent of the ASDP far-field plume can thus be considered slightly conservative with 
respect to this effect. 

• Interaction of both the far-field plumes does not occur at the dilution limits selected (400 
times for the TWW plume, 40 times for the ASDP plume). 

 

6.2 Interaction effects on TWW plume 

We include a summary of conclusions on a similar investigation into interaction effects on the 
TWW plume (DHI 2022), with the following conclusions drawn from that analysis:  

• The ASDP far-field plume is present at the location of the WWTP, forming a lower saline 
layer whose thickness and salinity increases with decreasing likelihood of occurrence.  

• The tests performed suggest that the presence of this lower layer generally imparts only 
small changes to the near-field dilution provided by the WWTP outfall.  

• The presence of this lower layer does modify the depth at which the near-field TWW plume 
inserts in the water column.  

• The presence of a thicker, more saline lower layer results in a thinner inserted near-field 
plume, however the thickness of these inserted plumes is such that there is significant 
(vertical) overlap between plumes experiencing different percentile lower layer 
characteristics.  

• The seafood water quality criteria associated with the WWTP is associated with bottom-
attached plumes. The presence of the ASDP far-field plume is likely to result in lower 
insertions of the TWW plume in the water column, potentially impacting these criteria. 
Earlier work (DHI 2019) shows compliance with these criteria. We do not expect this 
interaction effect to switch this to a non-compliant regime, but we are not able to quantify 
this without further modelling effort.  

• The recreational water quality criteria associated with the WWTP is associated with 
surface-attached plumes. The presence of the ASDP far-field plume is likely to result in 
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lower insertions of the TWW plume in the water column, making is less likely that these 
criteria is exceeded. We thus anticipate the results for the recreational criteria presented in 
DHI (2019) are conservative. We are not able to quantify this without further modelling 
effort.  

• The dissolved oxygen water quality criteria associated with the WWTP is associated with 
bottom-attached plumes. The presence of the ASDP far-field plume is likely to result in 
lower insertions of the TWW plume in the water column, potentially impacting these criteria. 
Earlier work (DHI 2019) shows a few localised regions of marginal non-compliance with 
these criteria. We do not expect this interaction effect to switch this to a substantially non-
compliant regime, but we are not able to quantify this without further modelling effort. 
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