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Figure 3-25  Locations at which simulated profile data were sampled to produce the curtain transects. Location were the same as the those identified in MMMP (Water Corporation 2013). 



Perth Desalination Plant Discharge Modelling: Model Scenarios 47 

Discharge signatures  
 

 

G:\Admin\B22253.g.dab.CockburnSoundDSPModelling\R.B22253.004.03.ReferralScenarios.docx   
 

 

 

Figure 3-26  Curtain plots of median salinity at increasing distances from the discharge location for ambient conditions in Feb-Mar 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: 
Scenario 2A. 
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Figure 3-27  Curtain plots of median salinity at increasing distances from the discharge location for ambient conditions in Apr 2013. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 
2A. 
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Figure 3-28  Curtain plots of median salinity at increasing distances from the discharge location for ambient conditions in Apr 2013. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 
2C. 
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The median for scenario 1A noDESAL in Feb-Mar 2008 ambient condition presented no salinity 

stratification (Figure 3-26), whilst the Apr-2013 (Figure 3-26) displayed some level of salinity 

stratification, which reflects the less favourable mixing conditions over the periods.  The 2013 period 

also showed relatively lower salinity in comparison to 2008.  

For the desal scenarios (1A, 2A and 2C), the two simulated periods exhibited higher salinities within 

the confinements of Stirling Channel. Contrastingly, as the plumes inserted further into the deep 

basin, their salinity approached the scenario 1A noDESAL baseline levels.  Inside the channel the 

thickness of the plume was between 5 and 6 metres.  The interface at the plume was also much 

sharper for scenario 2A in comparison to scenarios 1A and 2C. 

Differences between the simulated ambient conditions and desalination scenarios were at times 

marked. For example, once in the deep basin the thickness of the plumes, as displayed by the 

median salinity, reduced and indicated a shorter incursion into the deep basin with the improved 

mixing conditions in Feb-Mar 2008 (Figure 3-26).  Whilst the median salinity plume was generally 

arrested within 1000 m of the channel exit (i.e. ~Ring B) for scenario 1A, conditions for Scenario 2A 

show the plume between 1500 m (Feb-Mar 2008, Figure 3-26) from the channel exit to approximately 

2,300 m (Apr 2013, Figure 3-27).  The salinity increases were however relatively small, of the order 

of 0.2 or less. Scenario 2C in April 2013 showed a less sharp interface and smaller incursions than 

Scenario 2A to approximately 800 m from the channel exit. 

3.3.2 Temperature  

To illustrate the temperature discharge signatures, the approach adopted was also to compare the 

results from simulations including the PSDP discharges (i.e. scenarios 1A, 2A and 2C) with 

simulations without any of the PSDP discharges (i.e. scenarios 1A noDESAL).  To this effect, contour 

maps and timeseries are presented. Again, note that Scenario 2C results are only available for the 

Apr 2013 and Autumn 2008 simulation periods. 

3.3.2.1 Contour Maps 

Contour maps were based on point to point difference between the discharge scenario (1A, 2A and 

2C) to the baseline (1A noDESAL) simulations.  Similarly to salinity, the median depth-averaged 

temperatures were calculated between 0.0 and 0.5m from the seabed for all the scenarios. The 

differences between the discharge scenarios and the baseline were then mapped. Temperature 

increase contour lines (varying between each season) were then obtained and mapped where 

applicable. The maps for the different simulation periods are shown in Figure 3-29 to Figure 3-42. 
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Figure 3-29  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Feb-Mar 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 1.5°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 

  

Figure 3-30  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Feb-Mar 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 1.9°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 



Perth Desalination Plant Discharge Modelling: Model Scenarios 52 

Discharge signatures  
 

 

G:\Admin\B22253.g.dab.CockburnSoundDSPModelling\R.B22253.004.03.ReferralScenarios.docx   
 

 

Figure 3-31  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Apr 2013. Left panel: Scenario 1A. Centre panel: Scenario 2A. Right panel: Scenario 2C. The 
thick black contour line (if applicable) shows the 2.6°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 

  

Figure 3-32  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Apr 2013. Left panel: Scenario 1A. Centre panel: Scenario 2A. Right panel: Scenario 2C. The 
thick black contour line (if applicable) shows the 4.0°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 
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Figure 3-33  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Autumn 2008. Left panel: Scenario 1A. Centre panel: Scenario 2A. Right panel: Scenario 2C.  
The thick black contour line (if applicable) shows the 2.6°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 

  

Figure 3-34  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Autumn 2008. Left panel: Scenario 1A. R Centre panel: Scenario 2A. Right panel: Scenario 2C. 
The thick black contour line (if applicable) shows the 4.0°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 
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Figure 3-35  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Winter 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 1.6°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 

  

Figure 3-36  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Winter 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 3.6°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 



Perth Desalination Plant Discharge Modelling: Model Scenarios 55 

Discharge signatures  
 

 

G:\Admin\B22253.g.dab.CockburnSoundDSPModelling\R.B22253.004.03.ReferralScenarios.docx   
 

 

Figure 3-37  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Spring 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 2.7°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 

  

Figure 3-38  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Spring 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 3.7°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 
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Figure 3-39  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Summer 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 1.5°C temperature increase. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 

  

Figure 3-40  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Summer 2008. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour line (if 
applicable) shows the 1.9°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 
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Figure 3-41  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Mar 2008 – Mar 2009. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour 
line (if applicable) shows the 1.5°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 

  

Figure 3-42  Median temperature increases with respect to the baseline (Scenario 1A noDESAL) for ambient conditions in Mar 2008 – Mar 2009. Left panel: Scenario 1A. Right panel: Scenario 2A. The thick black contour 
line (if applicable) shows the 1.9°C temperature increase contour. The thin black lines show the PSDP1 and PSDP2 diffuser locations. 
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From these contour maps, it was predicted that no significant increases to median temperature 

across the simulated periods and in general, median near bed temperature increases were below 

1oC across the entire model domain for all scenarios. 

3.3.2.2 Timeseries 

Similarly to salinity, near-surface (i.e. 0.5 m from the surface) and near bed (i.e. 0.5 m from the 

seabed) timeseries at the four locations in Figure 3-22 are presented to compare temporal variations 

in temperature across different scenarios. The difference between near surface and near bed 

temperature are also shown in these plots, so potential increases in temperature stratification 

duration and strength could be inspected. 
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Figure 3-43  Temperature timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 
(Feb-Mar 2008) 
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Figure 3-44  Temperature timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 
(Apr 2013) 
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3.3.2.2.1 February to March 2008 

In the deep basin, increases in temperature were minimal in comparison to S2 and also between the 

discharge scenarios. As a result, the discharges induced little change to deep basin temperatures, 

resulting similarly in no appreciable changes to temperature stratification during this period.  

S2 showed an increase in temperature above the baseline in the bottom waters for Scenario 1A (up 

to 0.8°C) and for Scenario 2A (up to 1.2°C). The increase in bottom temperature for both Scenario 

1A and Scenario 2A resulted in periods where the temperature stratification was inverted (i.e. near 

bed temperatures higher than near surface temperatures). This occurred with more frequency and 

intensity in Scenario 2A, where salinity increases dominated density profiles (and allowed therefore 

temperature inversions to occur). 

3.3.2.2.2 April 2013 

In the deep basin, results were consistent with the Feb – Mar 2008 simulation showing modest 

temperature changes across discharge scenarios and sites. Results at S2 show an increase in 

bottom temperature for 1A, 2A and 2C in comparison to the baseline (up to 1°C). There was little 

difference in near bed temperatures for scenarios 1A, 2A and 2C. In some instances, an inversion in 

the temperature profile could again be observed at S2 (i.e. near bed temperatures higher than near 

surface temperatures), due to salinity dominating density.  

3.3.2.2.3 March 2008 to March 2009 

The temperature timeseries for each season are shown in Appendix B. Results for all periods were 

consistent with the results from the above simulations. The surface and near bed temperatures for 

Scenario 1A, 2A and 2C were comparable to the baseline for all deep basin locations. 

Results at S2 showed there was little difference in surface water temperatures and some increases 

in near bed temperatures for both discharge scenarios in comparison to the baseline. The autumn 

and winter results showed a more substantial increase above the baseline for Scenario 1A and 

Scenario 2A (also Scenario 2C for autumn 2008) of up to 2°C. In comparison to the baseline, the 

near bed temperatures presented little increase for Spring and Summer 2008-09. 

3.3.3 Effluent Tracer 

The same numerical passive tracer was added to both PSDP1 and PSDP2 discharges at a 

concentration of 1 (arbitrary units). The tracer had no salinity, temperature or dissolved oxygen 

signature of its own, but simply acted as a tag to identify waters discharged from the PSDP1 and 

PSDP2 diffusers.  The tracer was therefore distributed across the model domain around the diffuser 

along with the injected brine as a tag, using the nearfield linkage method described in BMT (2018a).   

The tracer concentrations were then used for an analysis of the far field fate of the combined 

desalination plants’ discharges and their potential for accumulation in Cockburn Sound. To this end, 

tracer fluxes across the northern entrance of the Sound and through the Causeway were extracted 

from model results along the lines shown in Figure 3-45. The fluxes were then integrated over time 

and compared to the total effluent fluxes from both diffusers.  Doing so allowed an understanding of 

where the brine discharged from PSDP1 and PSDP2 travelled and its propensity, or otherwise, to 

accumulate within the Sound. 
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This analysis was undertaken for the simulation between March 2008 and March 2009 for Scenario 

2A only. 
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The mass flux across the northern entrance and the Causeway, as well as the corresponding 

combined mass exchange, are shown in Figure 3-46. The mass fluxes were also filtered using a 3-

month moving-average window to remove the effect of short-term fluctuations and to therefore 

highlight seasonal trends.  

 

Figure 3-46  Tracer mass flux across Cockburn Sound boundaries 

As expected, much of the tracer flux occurred across the northern entrance, as already highlighted 

in the previous work of DEP (1996) and D’Adamo (2002).  Whilst the raw mass flux timeseries in 

Figure 3-46 shows short term instances in which they were negative (i.e. into the Sound), the fluxes 

were generally positive (i.e. out of the Sound). The 3-month moving-averaged series was always 

positive. 

The combined mass flux across the Sound boundaries was also compared with the combined 

effluent mass flux from PSDP1 and PSDP2 (Figure 3-47). Note that the discharge flux was constant 

over the entire simulation period. 
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Figure 3-47  Combined tracer mass flux across Cockburn Sound boundaries and from 
PSDP1 and PSDP2 discharges 

Whilst the combined raw flux timeseries at the Causeway and Northern entrance (blue line) fluctuated 

around the constant discharge fluxes, the moving average was generally approximately equal to the 

effluent flux. The reduced values in the tail ends of the moving average were not truly representative, 

as the averaging process was curtailed at both start and end of the series.   

An exception to this approximate influx / efflux balance occurred around August 2008, where effluxes 

across the boundaries of Cockburn Sound were less than the combined PSDP influxes, for a 

sustained period. This was a period that coincided with the heaviest rainfall events in 2008 (see e.g. 

BMT 2018a).  Thus, when rainfall is sufficiently large, freshwater flows are driven from the Swan 

River mouth towards Cockburn Sound (see e.g. D’Adamo 2002, BMT 2018a). As a result, these 

inflows momentarily arrest waters inside the Sound, and curtail efflux of the desalination plant brine. 

The effect of this arrest on the cumulative tracer mass efflux (based on the raw time series) is 

illustrated in Figure 3-48. The figure shows that fluxes out of the Sound and from the desalination 

plant approximately balance each other throughout the simulation period (i.e. their cumulative totals 

overlay and are parallel). There is however, a brief reduction in the cumulative flux across the 

boundaries associated with the increased flows of the Swan River (as measured at Walyunga station 

in the figure) in August 2008. This is consistent with the Swan flows blanketing the Sound and 

constraining mixing and exchange.  After approximately six weeks, the cumulative influx and efflux 

rates again align indicating a return to balance between the two (the red desalination plant cumulative 

influx line in the figure is duplicated and offset to illustrate this realignment). Therefore, with exception 

of times under increased influence of the Swan River flow, fluxes out of the Sound are predicted to 

balance the flux of effluent from the desalination plant discharges. 



Perth Desalination Plant Discharge Modelling: Model Scenarios 66 

Discharge signatures  
 

 

G:\Admin\B22253.g.dab.CockburnSoundDSPModelling\R.B22253.004.03.ReferralScenarios.docx   
 

 

Figure 3-48  Cumulative tracer mass flux across Cockburn Sound boundaries and from 
PSDP1 and PSDP2 discharges.  The lower desal influx line resets the effluent cumulative 

flux to same values of the boundary fluxes on 01 Dec 2008. 

3.3.4 Dissolved Oxygen 

To illustrate the discharges’ DO signatures, maps of DO saturation and DO saturation occurrences 

were produced.  In addition, timeseries of DO concentrations and DO saturation, as well as 

histograms of DO saturation occurrence were also prepared. Again, the processes adopted in the 

production of maps, timeseries and histograms were in line with requirements of environmental 

assessments. The production methods and results are presented below. Again, note that Scenario 

2C results are only available for the Apr 2013 and Autumn 2008 simulation periods. 

3.3.4.1 DO saturation contour maps 

DO saturation contour maps were produced for both baseline and discharge scenarios. The maps 

were constructed to support environmental assessments according to the following procedure: 

(1) The near bed (depth-averaged between 0 and 0.5 m from the bed) temperature, salinity and 

DO concentrations were obtained from the simulation results; 

(2) DO saturation was then computed according to Riley and Skirrow (1974); 

(3) Successive 7-day rolling medians were calculated for the DO saturation, discarding all DO 

saturation values between 18:00 and 06:00 of the subsequent day. 

(4) The minimum of all the diurnal 7-day rolling medians (hereafter referred to as median only in 

the context of DO saturation) at each of the cell points was then mapped.   
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(5) Finally, contour lines were extracted for the 80% and 90% DO saturation levels. 

The resultant median DO saturation maps are shown in Figure 3-49 to Figure 3-60 for each of the 

simulation periods. 
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Figure 3-49  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Feb-Mar 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: 
Scenario 2A. The red line shows the median 90% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 

 

Figure 3-50  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Feb-Mar 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: 
Scenario 2A. The red line shows the median 80% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Figure 3-51  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Apr 2013. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower left 
panel: Scenario 2A. Lower right panel: Scenario 2C. The red line shows the median 90% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Figure 3-52  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Apr 2013. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower left 
panel: Scenario 2A. Lower right panel: Scenario 2C. The red line shows the median 80% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Figure 3-53  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Autumn 2008. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower 
left panel: Scenario 2A. Lower right panel: Scenario 2C. The red line shows the median 90% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Figure 3-54  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Autumn 2008. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower 
left panel: Scenario 2A. Lower right panel: Scenario 2C. The red line shows the median 80% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Figure 3-55  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Winter 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: 
Scenario 2A. The red line shows the median 90% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 

 

Figure 3-56  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Winter 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: 
Scenario 2A. The red line shows the median 80% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Figure 3-57  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Spring 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: 
Scenario 2A. The red line shows the median 90% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 

 

Figure 3-58  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Spring 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: 
Scenario 2A. The red line shows the median 80% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Figure 3-59  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Summer 2008-09. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right 
panel: Scenario 2A. The red line shows the median 90% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 

 

Figure 3-60  The minimum of the 7-day daylight near bed dissolved oxygen saturation rolling median for ambient conditions in Summer 2008-09. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right 
panel: Scenario 2A. The red line shows the median 80% DO saturation contour line. The black lines show the locations of PSDP 1and PASDP2 diffusers. 
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Common to all median DO saturation contour maps was the similarity between scenario 1A noDesal, 

and the discharge scenarios (1A, 2A and 2C), particularly throughout the deep basin.  The 

desalination plant discharge cases also generally presented higher DO saturation in the shallow 

basin, particularly within the channels and the KBT swing basin, as well as in the transition between 

the basins at the exit of the Stirling Channel. This was an effect of the discharge saturation levels 

(see e.g. BMT 2018a) and is particularly evident in the 80% DO saturation contour line in Figure 

3-52. 

In the shorter simulations and autumn period (and to a lesser extent winter) (Figure 3-49 to Figure 

3-56), however, scenarios 1A, 2A and 2C, in comparison to the baseline, presented larger areas with 

DO below 80% and 90% towards the northern end of the shallow basin, more prominently in the 

navigation channels (Jervoise and Medina), and in the AMC harbours and swing basin. Note the 

case without desal also presented low DO around those areas. The area enclosed by the 80% 

saturation contour lines in the Feb-Mar 2008 period (Figure 3-50) did not cover the entire deep basin 

as in Apr 2013.  

As expected, the largest areas with low DO concentrations were in autumn. These low DO conditions 

were driven by the reduced wind stress exacerbating density stratification and curbing DO re-aeration 

below the pycnoclines (see e.g. BMT 2018a). 

3.3.4.2 DO Concentration Timeseries 

DO concentration near-surface (i.e. 0.5 m from the surface) and near bed (i.e. 0.5 m from the seabed) 

timeseries at the four locations are presented in Figure 3-61 to Figure 3-62 and in Appendix C. The 

results compare temporal variations in DO concentration across different scenarios (1A no Desal, 

1A, 2A, 2C). The difference between near surface and near bed DO concentrations are also shown 

in Figure 3-61 to Figure 3-62.  
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Figure 3-61  Dissolved Oxygen concentration timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth 
Buoy South and S2 (Feb-Mar 2008) 
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Figure 3-62  Dissolved Oxygen concentration timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth 
Buoy South and S2 (Apr 2013) 
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3.3.4.2.1 February to March 2008 

Near-surface and near-bed DO concentrations in the deep basin (North Buoy, Central Buoy and 

South Buoy) were predicted to be very similar across the different simulations (Figure 3-61). There 

were some short periods (1-2 days) where scenario 2A presented near bed DO concentrations above 

both the baseline and 1A (up to 0.3mg/L).  

At S2, near surface DO concentrations were similar across all scenarios. Near bed DO 

concentrations for scenarios 1A and 2A had extended periods of concentrations lower than the 

baseline (up to 3 days), with 2A results showing instances of lower DO concentrations than 1A (up 

to 1.2 mg/L on 03 March, but generally not significantly lower). 

3.3.4.2.2 April 2013 

Similar near surface DO concentrations were observed for all sites, with some small fluctuations 

between scenarios (Figure 3-62).  

At the deep basin sites, the decreasing near bed DO concentration for the discharge scenarios were 

similar to the baseline during the first 10 days of the simulation. The subsequent periods, however, 

DO concentrations for both baseline and discharge scenarios increased, responding to more 

favourable wind-mixing conditions (Figure 3-62).  On 22 Apr, at Perth Buoy North and Central, the 

discharge Scenarios 2A and 2C presented a higher rate of concentrations recovery than the baseline 

and by 23 Apr DO conditions considerably improved at these stations, particularly for Scenario 2A.  

At Perth Buoy South, very similar behaviour of DO recovery was observed between scenarios. 

At S2, the near bed DO concentrations for the discharge scenarios remained above that of the 

baseline for the initial 10 days and resumed to similar levels following the re-aeration period around 

20 April. 

Over the Apr 2013 period, which is representative of low DO conditions, the simulated DO 

concentrations in the discharge scenarios alternated between higher and lower concentrations in 

comparison to the baseline. When lower concentrations were observed, these were typically less 

than 0.5 mg/L lower than the baseline. 

3.3.4.2.3 March 2008 to March 2009 

Appendix C shows the DO concentration results from the seasonal simulations over Mar 2008 to Mar 

2009. The deep basin (North, Central and South Buoy) showed little variation of DO concentrations 

between scenarios for each of the seasons. The near bed DO concentrations were also similar 

across all simulations during the spring and summer periods.  

The autumn and winter periods, however, showed more variability between discharge and baseline 

scenarios (variation at the peaks ranged from 0.2 up to 2.0 mg/L). In the final month of the winter 

period (August), reduced near bed DO concentrations occurred in response to the stratification 

imposed by Swan River flows associated with a substantial rainfall event (see BMT 2018a, also 

Figure 3-48). As a result, simulations provided differences in DO concentrations between the 

noDesal and discharge scenarios across the different locations. For example, the responses at Perth 

Buoy North was similar across all scenarios, whilst at both Perth Buoy South and Central, DO 

recovery for scenario 2A was not observed on 15 August.  As a result, low DO conditions persisted 
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for approximately 2 to 3 days longer than those of scenarios 1A noDesal and 1A. Despite the more 

persistent low DO, concentrations did not decrease below 5 mg/L for any of the scenarios. 

At S2, the near surface DO concentrations was similar across all seasons. The near bed DO 

concentration, however, presented more accentuated seasonal variations between scenarios. In 

autumn the results for 1A, 2A and 2C were predominantly below that of the baseline (up to 0.7 mg/L), 

with scenario 1A responding more rapidly to mixing events, and then returning to the same DO levels 

as the baseline. In winter, results for scenario 2A were below the baseline throughout the period, 

with the exception of the inflow event in early August.  Whilst the less dense inflow inhibited near bed 

re-aeration at S2, the DO in the discharge produced conditions that fluctuated much less in 

comparison to the baseline. During spring and summer, scenario 2A presented instances of lower 

near bed DO concentrations in comparison to both the baseline and scenario 1A.  These differences 

were however modest, with maximum differences approximately equal to 0.5 mg/L. During Autumn, 

scenario 2C remained consistent with the results from scenario 2A with brief periods of increased 

mixing occurring for 2 to 3 days in the last week of March (i.e. differences between top and bottom 

reducing to approximately 0 mg/L in Scenario 2C, whereas remaining at approximately 0.5 mg/L in 

Scenario 2A).  

3.3.4.3 DO saturation timeseries 

DO saturation time series are also presented (Figure 3-63 to Figure 3-64, with results from the 

seasonal simulations presented in Appendix D). In this case, DO saturation was produced from the 

temperature, salinity and DO concentrations, following Riley and Skirrow (1974).  The 7-day rolling 

median saturations were then calculated. Again, the results show DO saturation timeseries for each 

of the scenarios (1A no Desal, 1A, 2A, 2C) across the different locations in Figure 3-22. 
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Figure 3-63  Dissolved Oxygen saturation timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth 
Buoy South and S2 (Feb to Mar 2008) 
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Figure 3-64  Dissolved Oxygen saturation timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth 
Buoy South and S2 (Apr 2013) 
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3.3.4.3.1 February to March 2008 

In this simulation period, near bed DO saturation for all simulations were similar across all deep basin 

sites, showing initially high values at around 92% followed by sustained period of decline over the 

first two weeks of March that saw values as low as 80% (Perth Buoy North and Central) and 85% 

(Perth Buoy South).   

At S2, the median near-surface DO saturation was similar across all scenarios, whereas for the near 

bed, scenario 2A presented saturation below the baseline (up to 3%) for most of the simulation. 

Scenario 1A, on the other hand, remained at baseline levels for the initial 10 days, before it decreased 

to similar saturation levels to scenario 2A. 

3.3.4.3.2 April 2013 

The near bed DO saturation for the Apr 2013 period reflected the DO concentration results presented 

earlier. At all deep basin sites, saturation was as low as 60% for Perth Buoy North and Perth Buoy 

Central, and as low as 65% for Perth Buoy South.  Whilst the discharge scenarios presented lower 

DO at Perth Buoy North, the baseline presented lower DO saturation at the other deep basin 

locations. These differences were however lower than 5%.   

The discharge scenarios also presented a quicker recovery from the DO depletion period at both 

Perth Buoy North and South (particularly scenario 2A and 2C). At S2, the DO saturation remained 

near constant for 1A, 2A and 2C, compared to the baseline which indicated reduced DO saturation 

levels (up to 20% between 16 and 20 April).  Subsequent to the depletion period, DO saturation 

levels were as high as 90% for the baseline whereas for the discharge scenarios recovery increased 

to approximately 85%. 

3.3.4.3.3 March 2008 to March 2009 

The DO saturations over the year-long simulation are presented in Appendix D. Generally, all deep 

basin sites showed similar results between scenarios, following similar seasonal variations across 

the different locations. Median near bed DO saturation differences between the scenarios were 

generally less than 5%.  Reductions in DO saturation were more obvious for autumn and winter than 

spring and summer. As discussed in BMT (2018a), poor mixing conditions and ingress of less saline 

water leads to the DO depletion events in autumn, whereas in winter, stratification induced by the 

Swan River flows creates conditions for dissolved oxygen depletion.  Near bed DO saturation during 

the Swan River flow events in winter could be as low as 75% (Perth Buoy North), whilst in autumn 

they were as low as 65% (desal cases). For spring and summer, median near bed DO saturation 

remained always above 90%. 

At S2, the median DO saturation levels were generally slightly lower than the baseline for scenario 

2A, 2C and 1A (less than 5% DO saturation difference between the scenarios). The periods 

associated with inflow events, however, showed lower DO saturation levels in the baseline. These 

were generally of relatively short duration, depending on the magnitude and duration of the event. 

For example, for the sustained event early in August, DO saturation in the baseline was lower than 

the desal scenarios for up to approximately 14 days. Again, these differences were generally below 

5%. Median near bed DO saturation levels at S2 were nevertheless always above 85%. 
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3.3.4.4 DO saturation occurrence maps 

The proportion of time over the simulation period at which the median DO saturation (depth-averaged 

between 0 and 0.5 m from the seabed) remained below 80% and 90% was also calculated and 

mapped.  These maps are shown in Figure 3-65 to Figure 3-76. 
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Figure 3-65  Percentage of occurrence of near bed DO saturation median below 90% for ambient conditions in Feb-Mar 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. 
Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 

 

Figure 3-66  Percentage of occurrence of near bed DO saturation median below 80% for ambient conditions in Feb-Mar 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. 
Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 
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Figure 3-67  Percentage of occurrence of near bed DO saturation median below 90% for ambient conditions in Apr 2013. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower left panel: Scenario 
2A. Lower right panel: Scenario 2C. Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 
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Figure 3-68  Percentage of occurrence of near bed DO saturation median below 80% for ambient conditions in Apr 2013. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower left panel: Scenario 
2A. Lower right panel: Scenario 2C. Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 
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Figure 3-69  Percentage of occurrence of near bed DO saturation median below 90% for ambient conditions in Autumn 2008. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower left panel: 
Scenario 2A. Lower right panel: Scenario 2C. Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 
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Figure 3-70  Percentage of occurrence of near bed DO saturation median below 80% for ambient conditions in Autumn 2008. Top left panel: Scenario 1A noDESAL. Top right panel: Scenario 1A. Lower left panel: 
Scenario 2A. Lower right panel: Scenario 2C. Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 
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Figure 3-71  Percentage of occurrence of near bed DO saturation median below 90% for ambient conditions in Winter 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. Thin 
black lines show the locations of PSDP1 and PSDP2 diffusers. 

 

Figure 3-72  Percentage of occurrence of near bed DO saturation median below 80% for ambient conditions in Winter 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. Thin 
black lines show the locations of PSDP1 and PSDP2 diffusers. 
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Figure 3-73  Percentage of occurrence of near bed DO saturation median below 90% for ambient conditions in Spring 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. Thin 
black lines show the locations of PSDP1 and PSDP2 diffusers. 

 

Figure 3-74  Percentage of occurrence of near bed DO saturation median below 80% for ambient conditions in Spring 2008. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. Thin 
black lines show the locations of PSDP1 and PSDP2 diffusers. 
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Figure 3-75  Percentage of occurrence of near bed DO saturation median below 90% for ambient conditions in Summer 2008-09. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. 
Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 

 

Figure 3-76  Percentage of occurrence of near bed DO saturation median below 80% for ambient conditions in Summer 2008-09. Left panel: Scenario 1A noDESAL. Centre panel: Scenario 1A. Right panel: Scenario 2A. 
Thin black lines show the locations of PSDP1 and PSDP2 diffusers. 
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As expected, the occurrence maps mimic the median DO saturation maps by displaying close 

similarity between the scenarios within each of the simulated periods.  Also, and again as expected, 

the Feb-Mar 2008, April 2013 and Autumn 2008 periods, in comparison to the other seasons, showed 

relatively longer occurrences of DO below the 80% and 90% saturation levels (Figure 3-65 to Figure 

3-70). An exception (i.e. relatively small areas), as also show in the median DO saturation contours, 

were the occurrences of DO saturation below 80% for the Feb-Mar 2008 (Figure 3-66). For all other 

seasons the median DO saturation was below 80% less than 20% of the time (Figure 3-71 to Figure 

3-76).   

The 2013 conditions produced the longest occurrences of DO saturation below 80% and 90% with 

most of the deep basin below 90% DO saturation for the entire time (Figure 3-67). The larger areas 

with 100% occurrences of DO saturation below 90% were observed for the desalination scenarios 

(1A, 2A and 2C), with larger areas for scenario 2A (Figure 3-67).  Interestingly, however, areas with 

100% occurrences of DO saturation below 80% were smaller for the discharge scenarios (Figure 

3-68). 

3.3.4.5 DO saturation histograms 

Histograms of the median near bed DO saturation occurrences were computed from the timeseries 

at the four representative locations in Figure 3-22. Figure 3-76 to Figure 3-82 show the occurrences 

in different bands of DO saturation (<50%, 50% to 60%, 60% to 70%, 70% to 80%, 80 to 90% and 

>90%). 
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Figure 3-77  Histograms of median near bed DO saturation occurrence across different DO saturation bands in Feb-Mar 2008 
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Figure 3-78  Histograms of median near bed DO saturation occurrence across different DO saturation bands in Apr 2013 
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Figure 3-79  Histograms of median near bed DO saturation occurrence across different DO saturation bands in Autumn 2008 
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Figure 3-80  Histograms of median near bed DO saturation occurrence across different DO saturation bands in Winter 2008 
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Figure 3-81  Histograms of median near bed DO saturation occurrence across different DO saturation bands in Spring 2008 
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Figure 3-82  Histograms of median near bed DO saturation occurrence across different DO saturation bands in Summer 2008-09 
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Figure 3-83 Histograms of median DO saturation occurrence across different DO saturation bands in Mar 2008 – Mar 2009 
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The DO saturation occurrence histograms reflect the occurrence maps, with the more frequent low 

DO occurring over the Apr 2013 and Autumn 2008 periods. Apr 2103 was the only case to present 

median DO saturations in the bands 50-60%. At Perth Buoy North and Central, conditions were 

below 70% DO saturation for more than approximately 50% of the time (all scenarios), whilst at South 

Buoy, occurrences on this band were just under 35% of the time.  The discharge cases presented 

marginally more occurrences of low DO in those saturation bands (i.e. 50-60% and 60-70% bands). 

At S2 in Apr 2013, the saturated discharge was sufficient to keep more oxygenated conditions for 

scenarios 1A, 2A and 2C in comparison to the baseline scenario.   

With the exception of the Apr 2013 period, the median DO saturation occurrences were more 

frequently in the bands higher than 80%, owing to the more favourable mixing conditions and, for 

winter and spring, lower sediment oxygen demand associated with the lower temperatures. 

For the end of summer and autumn simulations (i.e. Feb-Mar 2008, Autumn 2008 and Apr 2013), 

the median DO saturation was more frequently low in comparison to the other seasons.  Interestingly, 

the baseline scenario in Apr 2013 at S2 had more occurrences of lower DO than the discharge 

scenarios (scenarios 1A, 2A and 2C).  Also, more frequent low DO saturation occurrences were 

simulated for Perth Buoy North and Central in comparison to Perth Buoy South and S2.  The reason 

for lower concentrations at those deep basin stations was likely the naturally-occurring stronger 

stratification as lower density waters enter the Sound through the northern entrance, reducing the 

potential of surface re-aeration (see BMT 2018a). 

To highlight the relationship between lower density water incursions through the northern Sound 

entrance, the near bed DO saturation (in this case not the medians) for the conditions in Feb-Mar 

2008 was plotted in conjunction with near surface and near bed density differences (Figure 3-84 to 

Figure 3-85, see also Appendix E for the seasonal and year-long simulation results). The density 

differences were also subdivided into density differences due to salinity alone, and due to 

temperature alone.  

3.3.4.6 Density difference and near bead DO saturation 

The near bed and near surface density difference and near bed DO saturation are presented in 

Figure 3-84 and Figure 3-85, with seasonal simulation presented in Appendix E. The figures show 

the density difference for all scenarios (1A noDESAL, 1A, 2A, and 2C, noting scenario 2C is only 

available for Apr 2013 and Autumn 2008 simulations) and the components of the density difference 

that relate to temperature and salinity.   
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Figure 3-84  Near surface and near bed density differences in conjunction with near bed DO saturation for the ambient conditions in Feb-Mar 
2008. Top panel: Scenario 1A noDESAL. Middle panel: Scenario 1A. Lower panel: Scenario 2A. 
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Figure 3-85  Near bed and near surface density difference and near bed DO saturation timeseries comparisons for ambient conditions in Apr 
2013. Top panel: Scenario 1A noDESAL. Top middle panel: Scenario 1A. Lower middle panel: Scenario 2A. Lower panel: Scenario 2C. 
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For all locations, all scenarios show that the decrease in DO and increase in density difference are 

coincident. At S2, however, despite the larger density differences in the discharge scenarios, DO 

saturation was not as low as the baseline scenario.  Again, as explained earlier, this was a 

manifestation of the high DO in the discharges themselves. 

In the deep basin, effects of temperature and salinity on density at Perth Buoy North were similar for 

all scenarios.  For the Apr 2013 period, this was also the case for Perth Buoy South and Perth Buoy 

Central, whereas temperature had a more predominant effect on salinity in Feb-Mar 2008 period. 

Increases in density difference across scenarios were very modest and were due to the increased 

near bed salinity.  These density difference increases were however smaller than 0.05 kg/m3 at North 

Buoy and Central Buoy and practically inexistent at South Buoy. 

At S2, however, for the desal scenarios (1A, 2A and 2C), density differences due to salinity were 

generally larger than due to temperature, particularly for scenarios 2A and 2C. For the baseline 

scenario, salinity barely had an effect on density.  For scenarios 2A and 2C, the warmer discharge 

had in some instances a contrary effect on density (i.e. reducing density difference).  These were 

however very small in comparison to the salinity effects alone. 
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4 Intake Assessment 

The intake assessment comprises an evaluation of Pagrus auratus (snapper fish) eggs and larvae 

entrainment on the PSDP1 and PSDP2 intakes and its effects on viable larvae (i.e. those that survive 

and become fish at the end of the larvae life-cycle period).  This assessment was undertaken with 

the combination of TUFLOW FV’s particle-tracking module to simulate larvae movement and a 

stochastic approach to quantify larvae that entrain into the intakes. Details are described below. 

4.1 Period 

The simulation period was from September 2008 to January 2009 to mirror the spawning season in 

Cockburn Sound. The intake assessment was undertaken for scenario 2A only. 

4.2 Approach 

Movement of larvae was simulated using a particle tracking approach.  This approach assumes the 

larvae cannot swim and are dispersed by the action of the currents in Cockburn Sound. The terms 

particle and larvae will therefore be used interchangeably throughout this section.   

TUFLOW FV Particle Tracking Module (PTM) module was adopted for these simulations.  PTM is 

based on a Lagrangian tracking scheme and driven by three-dimensional currents. The Lagrangian 

PTM approach in TUFLOW FV allows for high resolution meshless representation of particles’ 

advection, dispersion, deposition and resuspension. For the current assessment, deposition and 

resuspension were not simulated.  

The movement of the Lagrangian particles includes a deterministic component derived from 

modelled currents in TUFLOW FV and a stochastic random walk component to represent vertical 

and horizontal dispersive processes due to unresolved turbulent scales. The particles remain in 

suspension throughout the model domain under the influence of tides and currents. 

4.3 Initial conditions 

4.3.1 Lateral distribution 

The temporal and spatial patterns of snapper spawning in Cockburn Sound have been well 

documented (Wakefield, 2006). Specifically, snapper have been found to aggregate in similar 

locations during the spawning season, albeit with some interannual variation. Surveys in 2001 to 

2004 found that the main spawning aggregations occur during October, November and December 

and rotate clockwise around Cockburn Sound from Woodman Point in October, to the north-west of 

James Point in November, and then near the centre of Cockburn Sound and toward Garden Island 

in December (Figure 4-1). From the aggregation patterns, generalised spawning patterns have been 

formulated. 

This generalised spawning pattern was adopted as release locations for the particles within 

TUFLOWFV (Figure 4-2). The water depths in these areas range from 4 to 23 m, with the average 

depth of the October and November sites from 11 to 14 m and the December site averaging 20 m 

depth.  
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Figure 4-1  Distribution of eggs during the four new moons with the orange areas representing a 
concentration of 40,000 – 80,000 per m³ and red above 80,000 per m³ (Wakefield, 2006) 
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Figure 4-2  Generalised spawning patterns assumed in the modelling 
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4.3.2 Temporal distribution 

The spawning of snapper in Cockburn Sound occurs when average surface water temperatures are 

19 to 20oC (Wakefield 2006, Figure 4-3). The average spawning numbers within Cockburn Sound 

are low in September and January, with peak spawning occurring in the month of November (the 

exception was 2002 when the peak occurred in December). For modelling purposes, it has been 

determined that the level of spawning during September and January is generally so low as to be 

negligible and therefore only simulate the release of eggs over October, November and December.  

 

Figure 4-3  Volume estimates of spawn rates per month on the full moon in Cockburn 
Sound. The mean water temperature on the surface is represented by the black circles 

(Wakefield 2006). 
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Snapper spawn bimodally with peak spawning following the new moon, and to a lesser extent, the 

full moon, during the night in the three hours following high tide (Wakefield 2006) (Figure 4-4). 

Therefore, the particle modelling included two releases during the month: one at the new moon, and 

another, less prominent, at the full moon.  In both events, spawning was simulated over three hours 

after high tide at night.   

 

Figure 4-4  Spawning fractions relative to the lunar cycle (Wakefield 2006) 

Moon phases in 2008 were determined from data obtained from the Perth Observatory. Table 4-1 

shows the new and full moon occurrences during the months of September to December 2008 and 

therefore the starting times for the spawning events assumed in the modelling. 

Flow conditions at the start of the TUFLOW FV PTM simulations were well established (i.e. they were 

not from cold starts) as they were based on re-starts from the seasonal runs presented in Section 3. 

Table 4-1 Occurrences of the new and full moon during the simulation period with the 
coinciding high tide time 

Date Moon Phases  High Tide Simulation  

29/09/2008 16:12 New Moon 29/09/2008 22:00 October New 

15/10/2008 04:02 Full Moon 15/10/2008 21:30 October Full 

29/10/2008 07:14 New Moon 29/10/2008 20:30 November New 

13/11/2008 13:17 Full Moon 19/11/2008 21:00 November Full 

28/11/2008 00:54 New Moon 29/11/2008 21:00 December New 

13/12/2008 00:37 Full Moon 13/12/2008 22:00 December Full 
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4.3.3 Depth distribution 

The depth of particles release was based on research and modelling of snapper eggs and larvae in 

Shark Bay, Western Australia, between 1997 and 2000 (Jackson 2007), which showed that in depths 

of 10 to 14 m, snapper spawning occurred between 3 and 5 metres below the surface. These release 

depths were applied across the entire release zones and spawning periods. 

4.3.4 Number of released particles  

The information above has been used to generate the proportion of eggs released relative to the 

maximum average reported to occur in November (Wakefield 2010). The average release during 

November is estimated to be the order of 1,625 million eggs (Wakefield 2010).  From Wakefield 

(2010), a proportional number of eggs released per event was derived for modelling purposes (Table 

4-2). 

Table 4-2 Generalised abundance of eggs relative to peak average event (November new 
moon) based on Wakefield (2010) 

Moon Phase September October November December January 

New 0 34% 100% 58% 0 

Full 0 25% 75% 44% 0 

The numbers in Table 4-3 were then applied for a simulation within each of the spawning periods. 

Due to number of particles and the limitations in computational power, the total number of particles 

released in the model were scaled by a factor of 1,000. This meant that each particle in the model 

represents 1,000 larvae. 

Table 4-3 TUFLOW FV Particle Tracking Module release totals for each simulation 

Date Moon Phases Scale Factor Total Eggs Particles 

29/09/2008 16:12 New Moon 0.34 552,500,000 552,500 

15/10/2008 04:02 Full Moon 0.25 406,250,000 406,250 

29/10/2008 07:14 New Moon 1.00 1,625,000,000 1,625,000 

13/11/2008 13:17 Full Moon 0.75 1,218,750,000 1,218,750 

28/11/2008 00:54 New Moon 0.58 942,500,000 942,500 

13/12/2008 00:37 Full Moon 0.44 715,000,000 715,000 

4.4 Parameters 

Table 4-4 summarises the model parameters adopted for the simulations. 
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Table 4-4 TUFLOW FV PTM model parameters 

  

Particle scalar mass 0.001kg 

Horizontal dispersion 0.1 m2/s 

Vertical dispersion coefficient  1.0 

Settling model None (neutrally buoyant particles) 

Erosion model None (no erodible particles from the bed) 

4.5 Mortality  

The mortality of snapper eggs and larvae in the wild is affected by a range of variables i.e. predators, 

temperature, density, visibility. Partridge and Michael (2010) have estimated the daily mortality rate 

to be 21.3% for snapper eggs and larvae in the wild, before they become motile.  

Mortality was not accounted for in the TUFLOW FV PTM simulation. Rather, it was accounted for in 

the post-processing, using a random selection of particles (the randperm function in Matlab®) that 

were removed at each output time step (15 minutes). This way, using the same mortality rate, several 

permutations (or replicates, being equally valid given the random selection) of dead particles could 

be obtained. This provided some statistical bounds to the analysis, rather than reporting a single 

number only.  

It was assumed there were no areas of preferential mortality (i.e. due to predation). 

4.6 Entrainment 

Entrainment was also accounted for during post-processing following Largier et al. (2007), assuming 

it is a function of radial distance from the intake locations. This model assumes larvae that pass 

directly over the intake structure will have a high likelihood of being entrained, whereas larvae 

passing the intake at a distance have a lower likelihood, and beyond a certain distance there is no 

chance of entrainment.  The probability of entrainment of a particle is given by the distance from the 

intake 𝑟: 

𝑃(𝑟) = 𝑏 (1 −
𝑟

𝑟𝑜
) 

where 𝑃(0) = 𝑏 and 𝑃(𝑟𝑜) = 0.  A conservative assumption 𝑏 = 1 was adopted in the modelling. 𝑟𝑜 

can be defined by the following relationship (Largier et al. 2007): 

𝑟𝑜 = √
3∆𝑡𝑄0

𝜋𝑏ℎ
 

where ∆𝑡 is the time step, 𝑄0 is each of the intakes flow rates, and ℎ is the thickness of influence of 

the intake structure, here assumed to be 5.0 m for each of the intakes (2.5 m above and below the 

centre of the intake).  The model configuration for Scenario 2A was assumed in the simulations, 

leading to 𝑟𝑜 = 26.4 m for PSDP1 and 𝑟𝑜 = 26.5 m for PSDP2. 

For each time step, all particles within 𝑟𝑜 and the thickness of influence of the intakes were selected.  

The particles that effectively entrained into the intakes were calculated from random selection of 
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those particles assuming a probability given by 𝑃(𝑟).  These were then removed from the particle 

population for the next time step calculation.  Again, these allowed for several permutations or 

replicates to be undertaken for each of the spawning events.  Simulations assuming entrainment 

only at PSDP1, only at PSDP2, and at both intakes were run independently to isolate the entrainment 

of a single intake and the combination of both. 

4.7 Lifecycle 

After a period of 20-25 days, larvae become more developed and motile and as such, modelling of 

the particles was restricted to the more conservative period of 25 days.  In this case, it was assumed 

that after 25 days all live particles will amount to the viable larvae (i.e. those that turned into fish).  

Assuming a larger life span is conservative in the modelling, as it creates a larger effect of mortality 

on the final population numbers and allows a higher probability of larvae being entrained into the 

intakes. 

4.8 Position in water column and buoyancy 

Although others (e.g. Le Port et al. 2014) have found that in deeper waters, snapper larvae may be 

concentrated at different heights of the water column (hypothesised to be feeding on phytoplankton), 

Cockburn Sound is relatively shallow and well mixed, and as per Doak (2004) and Nahas et al. 

(2003), the eggs and larvae will be treated as neutrally buoyant and well mixed through the water 

column. This is likely a conservative assumption (i.e. produces higher intake entrainment rates), as 

the motility behaviour is likely to drive the particles away from the zone of intake influence. 

4.9 Results 

4.9.1 Particle movement 

For ease of presentation, the October 2008 full moon event has been chosen to illustrate the general 

movement of particles, as predicted by the TUFLOW FV PTM model. As such, a series of time 

stamped contour maps are presented in Figure 4-5. 
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Figure 4-5  Snapshots of a subset of the released particles (approximately 50,000) following the spawning event during full moon of October 2008. Particles are the black dots, whilst the colours represent the model 
bathymetry. Results from TUFLOW FV PTM without post-processing. 
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4.9.2 Viable and entrained larvae 

The number of entrained and viable larvae following post-processing of the TUFLOW FV PTM results 

are shown in Table 4-5 under the range of scenarios considered.  The “number of surviving larvae 

at the end of simulation” refer to the larvae that were neither entrained into the intake structures nor 

died within the 25 days of their release. 

The results are consistent across simulations, with the largest proportional difference in viable larvae 

due to entrainment being the December 2008 full moon spawning event (showing up to 1.3% decline 

in the number of available larvae). In general, the model predicts a larger proportion of total 

entrainment occurring at the PSDP1 intake.  

 

 



Perth Desalination Plant Discharge Modelling: Model Scenarios 115 

Intake Assessment  
 

G:\Admin\B22253.g.dab.CockburnSoundDSPModelling\R.B22253.004.03.ReferralScenarios.docx   
 

Table 4-5 Viable and entrained larvae for each of the spawning events 

Spawning Event 
Full Moon 

(October 2008) 
New Moon 

(October 2008) 
Full Moon 

(November 2008) 
New Moon 

(November 2008) 
Full Moon 

(December 2008) 
New Moon 

(December 2008) 

Number of larvae released (000’s) 406,280 552,745 1,218,100 1,625,560 715,150 942,585 

Number of permutations 100 100 100 100 100 100 

Number of surviving larvae at 
the end of simulation (range in 
000’s) 

Without entrainment 1942 2,647 5,826 7,773 3,418 4,510 

With PSDP1 entrainment only (range) 1935 – 1940 2,632 - 2,638 5,785 – 5,797 7,731 - 7,743 3,394 – 3,400 4,481 – 4,487 

With PSDP2 entrainment only (range) 1936 – 1940 2,636 - 2,641 5,798 – 5,805 7,741 - 7,751 3,397 – 3,406 4,484 – 4,494 

With PSDP1 and PSDP2 entrainment (range)  1931 – 1936 2,623 - 2,632 5,758 – 5,774 7,703 - 7,717 3,373 – 3,389 4,460 – 4,472 

Number of entrained larvae (in 
000’s) 

With PSDP1 entrainment only (range) 82 – 129 319 – 398 1,298 – 1,458 1,064 – 1,254 817 – 935 1,039 – 1,191 

With PSDP2 entrainment only (range) 96 – 144 237 – 331 1,130 – 1,263 735 – 853 617 – 718 759 - 881 

With PSDP1 and PSDP2 entrainment (range)  200 - 270 594 - 712 2,528 – 2,721 1,904 – 2,064 1,455 – 1,609 1,817 – 2,015 

Proportion of surviving larvae 
in the simulations with 
entrainment in comparison to 
simulation without entrainment 

With PSDP1 entrainment only (range) 0.10% – 0.36% 0.34% - 0.57% 0.50% - 0.70% 0.39% - 0.54% 0.53% - 0.70% 0.51% - 0.64% 

With PSDP2 entrainment only (range) 0.10% – 0.31% 0.23% - 0.42% 0.36% - 0.48% 0.28% - 0.41% 0.35% - 0.61% 0.36% - 0.58% 

With PSDP1 and PSDP2 entrainment (range)  0.31% – 0.57% 0.57% - 0.91% 0.89% - 1.17% 0.72% - 0.90% 0.85% - 1.32% 0.84% - 1.11% 
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Figure A-1 Salinity timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Autumn 2008) 
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Figure A-2 Salinity timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Winter 2008) 
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Figure A-3 Salinity timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Spring 2008) 
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Figure A-4 Salinity timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Summer 
2008) 
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Figure A-5 Salinity timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 in Mar 2008 – 
Mar 2009 
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Figure B-1 Temperature timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Autumn 
2008). 
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Figure B-2 Temperature timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Winter 
2008). 
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Figure B-3 Temperature timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Spring 
2008). 
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Figure B-4 Temperature timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South and S2 (Summer 
2008/09). 
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Figure C-1 Dissolved Oxygen concentration timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy 
South and S2 (Autumn 2008). 
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Figure C-2 Dissolved Oxygen concentration timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy 
South and S2 (Winter 2008). 
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Figure C-3 Dissolved Oxygen concentration timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy 
South and S2 (Spring 2008). 
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Figure C-4 Dissolved Oxygen concentration timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy 
South and S2 (Summer 2008/09). 
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Figure D-1 Dissolved Oxygen saturation timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South 
and S2 (Autumn 2008). 
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Figure D-2 Dissolved Oxygen saturation timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South 
and S2 (Winter 2008). 
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Figure D-3 Dissolved Oxygen saturation timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South 
and S2 (Spring 2008). 



Perth Desalination Plant Discharge Modelling: Model Scenarios D-5 

Dissolved Oxygen Saturation – Timeseries  
 

G:\Admin\B22253.g.dab.CockburnSoundDSPModelling\R.B22253.004.03.ReferralScenarios.docx   
 

  

  

Figure D-4 Dissolved Oxygen saturation timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South 
and S2 (Summer 2008/09). 
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Figure D-5 Dissolved Oxygen saturation timeseries comparisons for top and bottom waters at Perth Buoy North, Perth Buoy Central, Perth Buoy South 
and S2 in Mar 2008 – Mar 2009 



Perth Desalination Plant Discharge Modelling: Model Scenarios E-1 

Near bed DO and Density Difference  
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Perth Desalination Plant Discharge Modelling: Model Scenarios E-2 

Near bed DO and Density Difference  
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Figure E-1 Near bed and near surface density difference and near bed DO saturation timeseries comparisons at Perth Buoy North, Perth Buoy Central, 
Perth Buoy South and S2 (Autumn 2008) 



Perth Desalination Plant Discharge Modelling: Model Scenarios E-3 

Near bed DO and Density Difference  
 

G:\Admin\B22253.g.dab.CockburnSoundDSPModelling\R.B22253.004.03.ReferralScenarios.docx   
 

 

  

  

Figure E-2 Near bed  and near surface density difference and near bed DO saturation timeseries comparisons at Perth Buoy North, Perth Buoy Central, 
Perth Buoy South and S2 (Winter 2008) 



Perth Desalination Plant Discharge Modelling: Model Scenarios E-4 

Near bed DO and Density Difference  
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Figure E-3 Near bed  and near surface density difference and near bed DO saturation timeseries comparisons at Perth Buoy North, Perth Buoy Central, 
Perth Buoy South and S2 (Spring 2008) 



Perth Desalination Plant Discharge Modelling: Model Scenarios E-5 

Near bed DO and Density Difference  
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Figure E-4 Near bed  and near surface density difference and near bed DO saturation timeseries comparisons at Perth Buoy North, Perth Buoy Central, 
Perth Buoy South and S2 (Summer 2008/09) 



Perth Desalination Plant Discharge Modelling: Model Scenarios E-6 

Near bed DO and Density Difference  
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Figure E-5 Near bed  and near surface density difference and near bed DO saturation timeseries comparisons at Perth Buoy North, Perth Buoy Central, 
Perth Buoy South and S2 (Mar 2008 – Mar 2009)
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