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SYNOPSIS

This technical report summarises the results fo hydrodynamic, wave, sediment transport, and light
modeling performed in support of the MPCOOP.

Disclaimer

This report has been prepared on behalf of and for the exclusive use of Alkimos Alliance, and is
subject to and issued in accordance with the agreement between Alkimos Alliance and
WorleyParsons Services Pty Ltd. WorleyParsons Services Pty Ltd accepts no liability or
responsibility whatsoever for it in respect of any use of or reliance upon this report by any third

party.

Copying this report without the permission of Alkimos Alliance and WorleyParsons Services Pty
Ltd is not permitted.
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1 INTRODUCTION

The Alkimos Aliance has engaged Worley Parsons Ltd. to provide assistance with a dredge
management plan associated with the construction of the Alkimos Outfall pipeline under the terms
defined in the proposal dated on 18 February 2008.

As outlined below, this document reports the following items of the detailed hydrodynamic and
sediment transport modeling, scoped in Task 1 of the proposal:

¢ Rework and refine the existing models to provide the integrated modelling framework using the
DHI Mike3 system

e Calibrate the wave and current models to early field data obtained from two wave and current
monitoring locations at the site

¢ Determine expected material characteristics for the dredging program, match with methodology
and define timing and progression

¢ Model the proposed dredging program under calibrated hydrodynamic conditions

¢ Model the light attenuation likely to result from the predicted suspended sediment
concentrations.



WorleyParsons OWATER Mhtkmos
resources & energy |f ‘

ALKIMOS ALIANCE
HYDRODYNAMIC, SEDIMENT TRANSPORT, AND LIGHT MODELLING OF DREDGE PLUME

2 MODELLING APPROACH

The modeling was designed to simulate the dispersion of sediments in response to the dredging
operations for the Alkimos outfall pipeline. The final goal of this modeling exercise was to provide
evolution maps (patterns) of dredged sediments in the water column (dispersion) and evolution maps
of dredged sediments deposition onto the sea bed. These results were ultimately used as a basis for
assessment of potential impacts of the dredged material to the light climate of the Alkimos reef region
(hereafter also referred as to the Alkimos Local Area).

The modeling framework consisted of a three-dimensional (3-D) hydrodynamic model and a 2-D
spectral wave model as drivers for a sediment transport model in the area adjacent to the pipeline
location, including the 50 Km? management area. To properly reproduce swell and storm conditions in
the local area, the wave model received an input from a larger scale wave model of the Indian Ocean.
A schematic of this approach is sketched in Figure 2-1.

Figure 2-1: Schematic of the modeling approach used in this work.

A subset of the DHI Mike Series models is used for the modeling. The Mike 3 MT module (hereafter
MT) was used to simulate the sediment transport in the Alkimos local area (DHI 2007a). In this study,
the MT model simulated the effects of transport, deposition, and re-suspension of the dredged
material. The suspension and movement of the dredged material in the water column is subject to the
effects of the water flow and turbulence as provided by the hydrodynamic and wave models. The
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ocean bed is idealized as having a layer that is susceptible to erosional processes. This layer may
have several fractions of sediment classes.

The 3-D hydrodynamic model, called Mike 3D FM, provides a numerical solution of the Navier Stokes
equations with a hydrostatic approximation for the vertical momentum equation (DHI 2007b). The
model simulates the water velocities and mass transport in a coastal area subject to wind stress tidal
forcing, and bottom drag. The water is considered homogeneous (there is no density stratification)
and a Smagorinsky and a k-e turbulence closure scheme is used to model the eddy viscosities in the
horizontal and vertical directions, respectively. Dispersive transport (used for the sediments) is scaled
with the viscosity results of the closure scheme (DHI 2007a). A flexible (unstructured) mesh in the
horizontal with a sigma vertical coordinate system is used to represent and discretise the domain,
allowing for better design of model resolution in the proximities of the pipeline and in the shallow reef
areas.

The spectral wave model Mike 21 SW is used for the simulation of the wave field in the local Alkimos
region and in the Indian Ocean Model (DHI 2007c). Mike21 SW solves the wave action conservation
equation using the directional-frequency wave action spectrum as the dependent variable. The model
simulates growth, decay and transformation of wind-generated waves and swells in offshore and
coastal areas. It includes non-linear wave-wave interaction, dissipation due to white capping, bottom
friction and depth induced wave breaking, and refraction and shoaling due to depth variation. The
mesh configuration for the Alkimos local region used in Mike 21 SW is the same mesh used in Mike
3D FM.

The light climate was modelled using the Hydrolight®© 4.3 model (Mobley 2006). This model calculates
the radiative transfer equation using an invariant imbedding technique to quickly compute radiance
distributions and quantities derived from those distributions for natural water bodies (Mobley et al.
1993). The inputs to Hydrolight include absorbing and scattering properties of the water body, sea
surface and bottom conditions, and the sun and sky radiance incident on the sea surface. The
absorbing and scattering properties of the water are based on the concentrations of the main optically
active constituents (chlorophyll, suspended sediments, and coloured dissolved organic matter).
Additional refinement comes from information about the properties of these constituents, such as
spectral absorbance and scattering dependence, particle size, and angular scattering distribution of
particles.
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3 MODEL SET-UP

3.1 Wave Model
3.1.1 Indian Ocean Model Domain and Simulation Parameters

The large scale model covers the Indian Ocean, part of the Southern Ocean, and the Timor, Arafura
and Arabian Seas. The western and eastern boundaries are at Port Elizabeth in South Africa, and the
Great Australian Bight. The model domain, mesh, and bathymetry are shown in Figure 3-1. Higher
resolution was assigned in the Alkimos local area as shown in Figure 3-2. The key model parameters
for the simulations used in the Indian Ocean are presented in
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Table 3-1. Results of the model were validated against directional wave measurements south of
Rottnest Island, sourced from the Department of Planning and Infrastructure (DPI).
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Figure 3-1: Indial Ocean Model domain, mesh and bathymetry.
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Figure 3-2: Zoom view of the Indian Ocean Model domain, mesh and bathymetry in the Perth
Metropolitan Coastline. Rott WB indicates the location of DPI directional wave measurements.
The rectangle shows the location of the domains used in the Alkimos local region wave and
hydrodynamic models.
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f approximately 90 km? (15.8 X 5.8 km) with the Alkimos
pipeline location located towards the south of the domain. The model domain, mesh, and bathymetry
are shown in Figure 3-3. To detail the flow and transport at the dredging location, a grid resolution of
100m was assigned along the pipeline bearing. In the 50 km? management area, a grid of resolution
no larger than 600 m was imposed (Figure 3-3). Outside this area the grid resolution was allowed to
increase up to approximately 700m. The key model parameters for the simulations used in the
Alkimos local model are presented in Table 3-2. Results of the model were validated against
directional wave measurements at station BO8 (Figure 3-3).












































































































