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EXECUTIVE SUMMARY

This addendum provides an update to the larval tracking studies of Doubell and James (2023).
New larval tracking results are presented to establish the possible effect of Stokes drift on
entrainment by desalination intakes in the region. In addition, an update to the original larval

tracking has been undertaken for a new intake site located near Billy Lights Point.

Following the approach and assumptions presented in Doubell and James (2023), the results
show that the inclusion of Stokes drift in combination with the constraining of particles to the
ocean’s surface layer could significantly alter the predicted particle trajectories but had negligible
effect on connectivity with intakes, with less <0.1% of the total number of particles released each

spawning season estimated to be entrained into an intake area with a radius of 25m.

For the new intake location near Billy Lights Point less than 0.1% of the total number of particles
released each spawning season were estimated to be at risk of entrainment into an intake area
with radius of 25m. At smaller spatial scales, connectivity mapping with source locations showed
that up to 0.6 % of particles released from locations within 2 km of the new intake location between
Billy Lights Point and Kirton Point may be at risk of entrainment. The risk of entertainment
decreased with distance from the intake, with the percentage of particles likely to be at risk of
entrainment from source regions across Proper Bay and Boston Bay estimated to be less than
0.4 %.

The additional results presented here are consistent with the levels of connectivity and

entrainment provided by Doubell and James (2023).

Keywords: hydrodynamic model, larval transport, desalination, dispersal, connectivity.
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1. INTRODUCTION

1.1.Background

Doubell and James (2023) modelled the connectivity of blue mussel larvae to better understand
the potential larval losses due to entrainment for several proposed desalination plant intake
locations. The biophysical modelling simulations provided the first study of blue mussel larval
transport pathways in the region. The estimated level of larval connectivity with the proposed
intakes was low, with less than 0.1% of the total number of particles released throughout the

spawning season estimated to be entrained in an intake area with radius of 25m.

Following the publication of Doubell and James (2023) concerns were raised by some critics that
the influence of surface wave-induced transport due to Stokes drift (e.g., Feng et al. 2011) may
significantly alter the entrainment estimates and were not considered. Although this would be
unlikely unless the larvae remained on the surface (acting essentially as a surfactant like an oll
slick), this addendum provides new larval tracking results to demonstrate effect of Stokes drift on
entrainment of particles by previously proposed intakes in the region for both passive and
surfactant examples. In addition, an update to the original larval tracking has been undertaken for

a new intake site located near Billy Lights Point (BLP) (Table 1-1, Figure 1-1).

Table 1-1. Location of desalination plant intakes investigated in this study.

Site Name Intake
Longitude (°E) Latitude (°S)
Billy Lights Point — inshore 135.8855 34.7558
Billy Lights Point — extension 135.8968 34.7484
Point Boston — inshore 135.9460 34.6158
Billy Lights Point — inshore new 135.8983 34.7468
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Figure 1-1. Map of the Port Lincoln region showing the location of the previously modelled proposed
intake locations (black markers) and the new intake location (red marker) near Billy Lights Point (BLP).
The oceanographic mooring was located at SAW1.
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1.2. Objectives

The project objectives were to:

1. Use the coupled hydrodynamic and larval transport model developed by Doubell and James
(2023) to establish the effect of Stokes drift on estimates of larval entrainment.

2. Use the coupled hydrodynamic and larval transport model developed by Doubell and James

(2023) to update the estimates of larval entrainment for a new intake location.
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2. METHODS

2.1. Ocean modelling system

In this study, a high-resolution three-dimensional hydrodynamic model was used for the Port
Lincoln region to drive a particle tracking model to understand the far-field connectivity of
planktonic mussel larvae with proposed intake locations. Details regarding the configuration and
validation of the hydrodynamic and particle tracking models were presented in Doubell and James
(2023). In summary, a 2-way nested high-resolution hydrodynamic model for Boston Bay
(HRBBM) was embedded within the 1.5 km resolution Two Gulfs model (TGM) for Spencer Gulf
and Gulf Saint Vincent using the open-source Regional Ocean Modelling System (ROMS,

https://www.myroms.org/). The HRBBM has a horizontal spatial resolution of 300m and 15 sigma

levels in the vertical. Lateral boundary conditions and interior solutions for the HRBBM are

exchanged with the TGM and the model was run with a time-step of 40 s.

Both the TGM and HRBBM were forced with pressure, wind, humidity, heat-fluxes, and
precipitation from global atmospheric models provided by the NCEP Climate Forecast System
Reanalysis v.2 (Saha et al. 2014). Tidal forcing was provided by the global TPXO8 model
(Erofeeva & Egbert 2014). Lateral oceanic boundary conditions and initial fields for TGM (i.e.,
temperature, salinity, currents, and sea level) were provided by the 10 km resolution Ocean
Forecast Australia Model (OFAM). CSIRO'’s Blue Link Reanalysis 2020 (BRAN2020; Oke et al.,
2013) was used for modelling the period from July 2015 to June 2021. A six-month model spin-
up was run, using BRAN-derived initial conditions, from 1 July 2015 to 1 January 2016 to provide
artefact-free initial conditions for the hindcast simulations. The Smagorinsky scheme
(Smagorinsky, 1963) was used to calculate the horizontal eddy viscosity, and a constant
horizontal tracer diffusion of 2 m?s was used for temperature and salt. The k-profile
parameterisation of Large et al. (1994) was used for vertical diffusion and mixing. A quadratic
bottom stress formulation was assumed with a bottom roughness length of 2 cm. Improvement to
the model sea surface temperature (SST) was achieved by adjusting the heat-fluxes using remote
sensed SST provided by the Level 4 Multi-scale Ultra-high Resolution (MUR) SST Analyses (Chin
et al. 2017).


https://www.myroms.org/

Doubell, M. and James, C. (2024) Oceanographic modelling of larval connectivity in Boston Bay

2.2. Particle tracking modelling

Larval transport was simulated using the larval transport particle tracking model (LTRANS; North
et al. 2006; 2008). In summary, LTRANS uses hourly outputs from the ROMS hydrodynamic
model to track the trajectories of particles in three dimensions. As described by North et al. (2008),
LTRANS considers particle advection, vertical and horizontal turbulent particle motions and
applies reflective boundary conditions. Current predictions from the HRBBM were interpolated in
both space and time using an internal LTRANS time step of 120 seconds. Particle transport is
simulated using a 4th order Runge-Kutta scheme for advection and a random displacement model
to account for sub-grid scale turbulence on particle motions (Laurent et al., 2020). The horizontal
diffusivity was assumed to be constant and was set at 1 m? s. A logarithmic reduction in current

velocities is implemented to simulate the influence of bottom friction on currents.

2.3. Effect of Stokes drift

To examine the effects of surface wave-induced transport, an effect known as Stokes drift, on
particle trajectories and connectivity with desalination intakes model simulations with and without
Stokes drift for three consecutive spawning seasons (2016, 2017, 2018) were compared. Since
the waves in Boston Bay are almost entirely wind generated, with wave periods generally below
3 seconds and wave heights below 1 m (Figure 2-1), Stokes drift was applied using the wind-drift
method described in Callies et al., (2017) based on a direct wind-drag, equivalent to 0.6% of the
10m wind applied across the surface layer of the model.

Simulations without Stokes drift followed those presented in Doubell and James (2023) for purely
passive particles (i.e., neutrally buoyant, without vertical behaviour). Simulations with Stokes drift
included two scenarios. In the first scenario the particles were assumed to be purely passive and
could be mixed vertically throughout the water column. In the second scenario, since the effects
of Stokes drift on larval transport are limited to organisms located near the surface (e.g.,

Monismith and Fong, 2004), particles were kept on the surface for the entire simulation.

Following the method of Doubell and James (2023), for each scenario and spawning season (May
to September) particles were tracked until they exited the model domain or passed within a radius
of 1 km of the previously proposed desalination intake locations (Figure 1; BLP inshore, BLP
extension and Point Boston). The monthly spawning events lasted 5-days and involved the daily

release of 10 particles from the HRBBM grid cells within 1 km of the coast (Figure 2-2). To
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estimate the percentage of particles with connectivity to the different intake pipe locations with a
potential entrainment radius of 25 m, the total proportion of particles released during each
spawning season with connectivity to within 1 km of the intake was downscaled by adjusting for
the reduced cross-sectional area of the entrainment zone (i.e., 252 /m110002).
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Figure 2-1. Wave observations taken at Site SAW1 using wave monitoring ADCP.
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Figure 2-2. Initial distribution of particles corresponding to location model grid cells within 1 km of the coast.
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2.4. Connectivity with the new proposed intake location

The new proposed intake location provided by SA Water near Billy Lights Point is located
approximately 230 m north of the previously modelled Billy Lights Point extension location (Figure
1-1). The modelling approach followed that described in Doubell and James (2023), with
connectivity assessed over three consecutive spawning seasons (2016, 2017, 2018). Vertical
advection and turbulent mixing were improved using the values computed within the HRBBM.
Based on recent sensitivity studies (Mitchell et al., 2023) the number of particles released per day
in each grid cell was increased from 10 to 100 to improve the statistical confidence in the results
and to allow tracking to within 300m of the intake. In total, 883,500 particles were released during
each monthly spawning event, with a total of 4,417,500 released per spawning season, or

13,252,500 particles released over the three seasons.
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3. RESULTS

3.1. Effect of Stokes drift

The inclusion of Stokes drift resulted in differences in the predicted particle distributions, but only
when the particles were constrained to the ocean surface (Figure 3-1). Differences in patrticle
distributions between simulations with and without Stokes drift for passive particles were
negligible because only a small proportion of particles are in the surface layer at any given point
in time. Figure 3-2 shows that for all scenarios <0.1% of the total number of particles released
per spawning season were estimated to be entrained in an intake area with radius of 25 m. This
demonstrated that the inclusion of Stokes drift made negligible difference to the predicted levels
of entrainment. For the case of surface trapped particles, the inclusion of the Stokes wind-drift
led to decreased connectivity in 6 of the 9 cases, and significantly less connectivity in 4 cases
(Figure 3-2), presumably due to increased flushing by the wind-drift.

Passive Particles Passive Particles with Stokes Drift

5
®  Intake 1
O Intake 2 45
O  Intake 3
4 -

(Funssapnred)o 6o
°
w
&
{;wy/sapnied)o L 6oy
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Figure 3-1. Example snapshot the particle distributions (particle densities) on 7 May 2018, modelled under
different model scenarios (A) passive particles without Stokes drift, (B) passive particles with Stokes drift,
and (C) with particles constrained to the ocean surface with Stokes drift. Intake locations for Billy Lights
Point (BLP) inshore (intake 1), BLP extension (intake 2) and Point Boston (intake 3) are provided in the
legend.
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Figure 3-2. Comparison of the estimated percentage of particles (representative of larvae) released per
spawning season (2016-2018) which came within 25m radius of intakes for the three scenarios studies (i)
passive particles with no Stokes drift, (i) passive particles with Stokes drift and (iii) particles held in the
surface layer with Stokes drift. The intake locations corresponded to the Billy Lights Point (BLP) inshore,
BLP extension, and Point Boston locations shown in Figure 1-1.

3.2. Connectivity with the new intake location

Figure 3-3 shows a snapshot of the predicted particle distributions on 30 September at the end of
each spawning season for the years 2016-2018. Inter-annual differences in the local circulation
patterns driven by winds result in different spatial distribution of particles from year to year.
Regardless of these differences, for all seasons <0.1% of the total number of particles released

per spawning season was estimated to be entrained into an intake area with a radius of 25m.

The percentage of particles from each source location estimated to arrive within a radius of 25 m
of the new intake location for each spawning season, as well as the composite map averaged
over the three spawning seasons, is shown in Figure 3-4. Spatial connectivity with the intake is
estimated to be greatest within approximately 2 km of the intake and is concentrated on the region
between Billy Lights Point and Kirton Point. At these scales, approximately 0.6% of the total
number of particles released each spawning season were estimated to arrive within 25 m radius
of the new intake location. Small differences in the regional connectivity between the new intake
and Proper Bay and Boston Bay can be seen across years and are related to annual differences
in the wind driven circulation patterns. For example, connectivity with Proper Bay is reduced while
connectivity with Boston Bay is increased in 2018 compared to 2017. At spatial scales greater

than a few kilometres from the intake the levels of connectivity with source locations reduce with

10
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distance, with less than 0.4 % of the particles released from their source locations across Boston

and Proper Bay estimated to arrive within 25 m radius of the new intake location.
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Figure 3-3. Example snapshot of particle distributions (particle densities) on 30 September at the end of
each spawning season for (A) 2016, (B) 2017 and (C) 2018. (D) Estimated percentage of all particles
(representative of larvae) released per spawning season (2016-2018) that were within a radius of 25m

from the new intake location.
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Figure 3-4. Modelled connectivity of larvae with the new Billy Lights Point intake location showing the
percentage of larvae from each release point estimated to come within a 25m radius of the intake. A, B and
C show the mean distribution averaged over each monthly spawning events for the 2016, 2017 and 2018
spawning seasons, respectively. (D) The mean connectivity distribution averaged over the three spawning
seasons is shown in A, B and C. The black arrow in the top left plot (A) indicates the intake location.
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4. CONCLUSIONS

Updated biophysical modelling of planktonic blue mussel larvae based on the approach and
assumptions presented by Doubell and James (2023), indicated that less than 0.1% of the total
number of particles released each spawning season are likely to be at risk of entrainment by the
newly proposed desalination plant intake location near BLP. At smaller spatial scales, connectivity
mapping with source locations showed that up to 0.6 % of particles released from locations within
2 km of the new intake location between Billy Lights Point and Kirton Point may be at risk of
entrainment. The risk of entertainment decreased with distance from the intake, with the
percentage of particles likely to be at risk of entrainment from source regions across Proper Bay
and Boston Bay estimated to be less than 0.4 %.

Sensitivity studies investigating the effects of Stokes drift on entrainment levels showed the
inclusion Stokes drift in combination with the constraining of particles to the ocean’s surface layer
could significantly alter the predicted particle trajectories. However, the inclusion of Stokes drift
into the model had a negligible effect on connectivity with intakes, with less <0.1% of the total
number of particles released each spawning season estimated to be entrained in an intake area
with a radius of 25m.

The additional results presented here are consistent with the levels of connectivity and
entrainment provided by Doubell and James (2023).
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