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1

Introduction
This Appendix details the field and laboratory data obtained for this study. It does not necessarily
detail the data available for the study that was obtained by others, but this is referenced, although
it may define the assumptions adopted from existing data necessary for the study. The appendix is
structured as follows:
Chapter 2 Geography and Bathymetry describing the geomorphology of the study area
Chapter 3 Water Levels
Chapter 4 Tidal Currents
Chapter 5 Waves including offshore and nearshore to Portsea Front Beach
Chapter 6 Sediments describing particle size distributions and sediment transport
Chapter 7 References.
All data obtained for this study has been lodged with the Department.
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2

Geography and Bathymetry
2.1

Geographic Features of Port Phillip Bay

The key geographic features of the Great Sands region, as pertains to Portsea are as follows (refer
to Figure 1):
The Entrance is a relatively narrow opening through Port Phillip Heads and is dredged
periodically to maintain a minimum declared depth of 17 m for commercial shipping. Most of The
Entrance has a natural depth greater than 14 m. A horseshoe shaped canyon (“The Deep”), which
wraps around Nepean Bank (a submarine extension of Point Nepean), has maximum reported
depths in the region of 75 m (AUS Chart 00143) and is reported anecdotally to have maximum
depths extending to 100 m. The seaward end of The Entrance is bounded by Rip Bank, which
extends to less than 20 m below the surface. Due to the constricted entrance, tidal flow through
the entrance is rapid with strong turbulence due to the rapidly changing water depths. Interaction
of these tidal currents with waves propagating from Bass Strait occasionally can cause very rough
wave conditions.
The Great Sands region is further subdivided to regions, extending west to east, called ‘West
Sand’, ‘William Sand’, ‘West Middle Sand’, ‘Great Sand’ (which includes Mud Islands), ‘Middle
Ground’ and ‘South Sand’. The major features of the channels and shallow banks in the Great
Sands have been relatively stable over time.
South Channel occupies the naturally deeper water through the Great Sands and is dredged
periodically to maintain a minimum navigable depth for commercial shipping. Within South
Channel the relatively strong tidal currents increase in strength toward the Entrance Deep, with
large, mobile sand waves occurring a short distance north of Nicholson Knoll. The South Channel
in the region of Portsea, Nicholson Knoll and Popes Eye Bank is known to experience mobile bed
features in the form of migrating subaqueous dunes and sand waves, which migrate in the region
of a few tens of meters per year
Sorrento Channel is an ebb-tidal channel running approximately parallel to the shore,
immediately seaward of Portsea and Sorrento. It is located to the south of South channel, and is
separated from South Channel by a system of shallow sand banks. The general depth of the
channel is in the region of 15 to 20 metres, and peak tidal current speeds within the channel are in
the order of 1 m/s.
Nicholson Knoll is a system of large sandbanks located approximately 1.5km North-west of
Portsea Front Beach. The sand banks of Nicholcons Knoll have extensive sand wave fields that
migrate, indicating an active sediment transport regime.
Locations along the Nepean Peninsula and bathymetric features of the South Channel region are
presented in greater detail in Figure 2
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Figure 1 Major morphological features of The Great Sands and the Entrance of Port
Phillip Bay. From Cardno (2011).

Figure 2 Locations along the Nepean Peninsula. Adapted from Cardno (2011).
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2.2

Bathymetry

General information on sea floor levels within Port Phillip Bay have been derived from Australian
Hydrographic Service navigation chart AUS00143, which amalgamates historical depth soundings
across Port Phillip Bay at a spatial scale of 1:100,000. Depth accuracy is in the region of 1 m, plus
2% of ambient water depth. Depth soundings obtained from AUS00143 were reduced to meters
below Australian Height Datum (AHD) through available conversion between Chart Datum (CD)
and AHD (taken as MSL) at ports within Port Phillip Bay.
Detailed bathymetric information on the Great Sands area and adjacent coastline is provided by a
Laser Airborne Depth Sounding (LADS) surveys undertaken in May 2010 and January 2012. This
survey data has been reduced to a digital terrain model with a spatial resolution of 6 m, and has
been reduced to a vertical datum of AHD. LADS data is captured by aerial survey in a similar
manner to LiDAR, with the difference that the laser signal can generate reliable returns from the
sea floor down to depths of about 30 m, depending on water clarity and ambient current field. The
LADS survey data provides bathymetric and topographic information between approximately
-30 m and +20 m AHD. Each data point in the digital terrain model is an average of signal returns
obtained within a defined area measuring 6 m by 6 m. Figure 3 shows the LADS survey data used
as a basis for constructing the mode bathymetry.
Figure 4 shows bathymetric features within the southern Great Sands area and the general
vicinity of Portsea Front Beach.

Figure 3 Digital Terrain Model (DTM) of January 2012 LADS bathymetric survey of Great
Sands region.
Advisian Appendix A Field and Laboratory Data
301015-03540-Appendix A Field and Laboratory Data - Rev 0.docm

Page 4

Department of Environment, Land, Water & Planning, Victoria
Appendix A
Field and Laboratory Data

Portsea
Hole

Portsea Pier

Figure 4 January 2012 LADS bathymetric survey. Upper panel: Survey data for Port
Phillip Heads. Lower panel: Detail of bathymetry at Portsea. -5m AHD contour is shown.
Note the northward extending shelf at -10m AHD immediately offshore of Portsea, and
offshore bank comprising Nicholson Knoll approximately 1.5km NW of Portsea Pier.

The detailed LADS surveys provide high resolution data from which the large sand wave features
could be defined and compared to inform sediment transport assessments.
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3

Water Levels
The Port of Melbourne Corporation maintains a network of six operational tide gauges within Port
Phillip Bay. Locations are displayed in Figure 5 and summarised in Table 1. The amplitude and
phase of the five principal components of the astronomic tide derived from each tide gauge are
given in Table 2 and Table 3.
Table 1 List of tide gauges operated by the Port of Melbourne Corporation
Tide Gauge

Abbreviation

mE (GDA 55)

mN (GDA 55)

Williamtown

WT

316849

5807199

Fawkner Beacon

FB

317866

5797864

Hovel Pile

HP

316325

5755796

West Channel Pile

WC

303538

5770398

Queenscliff

QC

295647

5761500

Point Lonsdale

PL

291583

5759137

Lorne*

LN

237461

5729144

* Outside of model domain.

Figure 5 Locations of tide gauges operated by Port of Melbourne Corporation, used in the
validation of the hydrodynamic model
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The M2 tidal component is governed by the periodicity of the moon’s orbit and earth’s rotation.
Generally it contributes the greatest to the tidal range within the open ocean.
The S2 component is governed by the periodicity of the earth’s rotation relative to the sun. The
S2 constituent would give the solar tide if the sun was always in the earth's equatorial plane and
the earth's orbit was a perfect circle. Combination of the M2 and S2 components give rise to the 14
day spring-neap tidal cycle.
The N2 constituent involves the non-circularity of the moon's orbit. During the month the moon
describes an ellipse, and the tides are higher when it is near its perigee (nearest the earth) and
lower when it is near its apogee (farthest). Combination of the M2 and N2 components give rise to
an additional cycle on the order of 29 days. This causes some spring tides to be higher than other
spring tides.
The diurnal constituents K1 and O1 take into account the inclination of the earth's equatorial
plane with respect to the plane of the moon's orbit. During a month, the moon spends about two
weeks above the equator, and then two weeks below. In Australia, when the moon is below the
equatorial plane the high tide when the moon is visible will be higher than the next tide (when the
moon is below the earth), and vice-versa when it is below the equator. This effect is called the
diurnal inequality. Twice a month, when the moon crosses the equator, the two tides are roughly
equal.
Table 2 Tidal-harmonic amplitudes (m) obtained from analysis of sea level observations
following the completion of entrance dredging (October 2008).
Constituent

WT

FB

HP

WC

QC

PL

LN

M2

0.244

0.248

0.210

0.214

0.262

0.453

0.618

S2

0.057

0.059

0.048

0.050

0.072

0.130

0.198

O1

0.071

0.072

0.069

0.071

0.085

0.105

0.146

K1

0.102

0.104

0.100

0.100

0.114

0.150

0.211

N2

0.042

0.043

0.037

0.036

0.052

0.091

0.122

Table 3 Tidal-harmonic phase lags (deg UTC) obtained from analysis of sea level
observations following the completion of entrance dredging (October 2008).
Constituent

WT

FB

HP

WC

QC

PL

LN

M2

130.1

129.1

127.3

125.6

49.1

036.3

028.0

S2

256.4

253.4

255.0

250.4

169.7

156.3

146.2

O1

315.7

315.1

314.7

313.1

281.0

259.2

245.9

K1

342.1

341.3

340.4

339.8

302.6

280.8

266.4

N2

092.7

092.0

088.9

089.3

010.8

359.6

349.5
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4

Tidal Currents
4.1

Pre-existing Data

Published observations of current speeds around the entrance to Port Phillip Bay is available from
Cardno (2010a). Figure 6 gives the locations. The data is obtained from deployments of AWAC
(Acoustic Wave And Current) recorder for the period December 2009 to March 2010. These
periods correspond to post-CDP monitoring. Measurements are 20 minute averages from burstsampled data obtained from a portion of the water column generally within about 2 meters of the
ocean surface. According to Cardno (2010), the measurements obtained from the AWAC
deployments are a reasonable approximation of the depth-averaged value.

Figure 6 Location of AWAC instruments. From Cardno (2010)a.

4.2

Field Data Obtained for this Study

Tidal currents were measured offshore of Portsea Front Beach in the campaign to collect data on
sediment transport, as described in 6.1 Field Data.

Advisian Appendix A Field and Laboratory Data
301015-03540-Appendix A Field and Laboratory Data - Rev 0.docm

Page 8

Department of Environment, Land, Water & Planning, Victoria
Appendix A
Field and Laboratory Data

5

Waves
5.1

Offshore Data

Wave Boy data collected by the Port of Melbourne Corporation (PoMC) has been made available
for this study for the purposes of model validation. Locations of measured data are shown in
Figure 7.

Figure 7: Locations of measured wave data exterior to Port Phillip Bay and within the Great
Sands.
Incident swell and wind-generated sea conditions have been measured by a wave buoy at Port
Phillip Heads by Port of Melbourne Corporation (PoMC) since 1993. Two deployment periods
have been made available for this investigation.
Integral wave parameters for the incident wave field (Hm0, Tm02, Tp, MWD, PWD and directional
spreading) have been measured at approximately hourly intervals, intermittently between
December 1993 and April 2001. Wave parameters for the total incident wave field were also
partitioned in to swell and wind-sea components. The wave buoy was located in relatively deep
water a short distance south of Point Lonsdale. Descriptive bulk statistics of the wave climate are
given in Lawson and Treloar (1998).
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Integral wave parameters (Hm0, Tm02, Tp, MWD PWD and directional spreading, among
others) have been collected at half-hourly intervals by PoMC since January 2003. Data has been
made available to this study for the period January 2003 to December 2012.
Figure 8 shows summary statistical attributes of data measured at the offshore wave buoy for the
period 2003 – 2012. The dominant swell wave period is 12 seconds, with approximately 90% of
the incident swell wave climate occurring between 10 and 15 seconds. The incident wave climate is
tightly focussed, with approximately 80% of the wave energy occurring between 195° and 215°.
The mean wave height is 1.5m, although wave heights of 6.5m are observed. The larger waves are
associated with wave periods in excess of 10 seconds.

Figure 8: Summary statistical attributes of offshore wave buoy, 2003 – 2012.

5.2

Inshore Wave Data

5.2.1

Pre-existing Data

Wave data has been collected at several locations within the entrance to Port Phillip and the South
Channel area of the Great Sands. These are summarised below:
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Rip Bank Outer Centre Line (RBOCL), Rip Bank Centre Line (RBCL) and Nepean Bank Centre
Line (RBCL): Integral wave parameters (Hm0, Tp) were collected by Cardno Lawson Treloar
across multiple AWAC deployments occurring between 2006 and 2008. An analysis of wave
height coefficients at each instrument location for various tidal states is reported in Cardno
(2010b) and compared with model results.
Popes Eye Bank (PEB), Nicholson Knoll (NK): Integral wave parameters (Hm0, Tp) were
collected by Cardno Lawson Treloar at approximately bi-hourly intervals, across multiple
instrument deployments between 1995 and 1998. Integral wave parameters for the total incident
wave energy are partitioned in to swell and wind-sea components.
The wave data has been analysed to derive wave height coefficients for slack-water, ebb tide and
flood tide. For the purpose of the analysis, flood tide was defined as the rising tide obtained from
predicted astronomical tide, derived from hydrodynamic simulation results at the instrument
locations. Ebb tide was defined as the falling tide. Slack-water encompassed both high water and
low water, and was defined where the rate of change in water level was less than about 5cm per
0.25 hours. In practice this corresponds to water levels approximately 30 minutes either side of
low or high water.
Figure 9 and Figure 10 show how swell wave heights at the instruments compare with the incident
swell wave height at Port Phillip Heads for each state of the tide. A linear least-squares regression
is fitted to the data. The slope of the line corresponds to the best-fit wave height coefficient. The
R2 value indicates the level of scatter associated with the data.
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Figure 9: Inshore wave heights at Popes Eye Bank plotted against incident wave height at
Port Phillip Heads, and associated wave height coefficients calculated by least-squares
linear fit (Data source Cardno, 2010b).
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Figure 10: Inshore wave heights at Nicholson Knoll plotted against incident wave height at
Port Phillip Heads, and associated wave height coefficients calculated by least-squares
linear fit (Data source Cardno, 2010b).
Portsea Front Beach (PSFB): Integral wave parameters (Hm0, Tp) were collected at the 6.5 m
isobath between 10th September and 13th October 2010. Water levels were averaged over 10
seconds and sampled every 15 minutes. The wave spectra were burst sampled at 4Hz for 1024
samples every 15 minutes. An analysis of the wave climate to obtain wave height coefficients is
reported in Water Technology Ltd (2010).

5.2.2

Data Collected under this Study

Nearshore wave data were collected at two locations (Table 4, Figure 11), each for 3 months,
offshore of Portsea Front Beach. These data were obtained for the purpose of calibrating the
hydraulic and wave transformation models.
Table 4 Locations of nearshore wave data acquisition sites

Site
AWAC-1

Latitude
-38.31717

Longitude
144.71336

Depth
6.0m

AWAC-2

-38.317031

144.716253

6.1m
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Figure 11 Locations of nearshore wave data acquisition
Further details of the deployments including seabed descriptions are in the report of Professional
Diving Services in Appendix B.
The acquired data are summarised in Figure 12 and Figure 13.

Figure 12 Time series of wave and water level data from AWAC-1 deployment
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Figure 13 Time series of wave and water level data from AWAC-2 deployment
Further analysis of the wave data collected for this study is presented in Appendix C.
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6

Sediment Transport
6.1

Field Data

6.1.1

Acquisition

In conjunction with the Water Research Laboratory (WRL) of the School of Civil and
Environmental Engineering at UNSW Australia field investigations offshore of Portsea Front
Beach were undertaken to characterise sediment transport dynamics on the offshore sand banks.
Investigations were undertaken over a three day period, 21st to 23rd April 2015. Day one (21st
April) was a trial day to test all equipment and prove methodology. Day two (22nd April) and day
three (23rd April) were utilised to undertake targeted measurements at different offshore
locations. More details of the work are appended in the letter report Ref: WRL2015024 DSR:WCG
L201500821.
The primary aim of the field study was to better characterise the suspended sediment dynamics at
locations offshore of the Portsea Front Beach. The targeted field investigations aimed to:
§
§
§
§

Measure tidal currents at various locations throughout the water column
Measure sand in suspension above the bed (i.e., bed load transport)
Determine particle size distribution of bed sediments and suspended sediment samples
Assess sediment transport rates over multiple transects (about 100 m long) across the study
area offshore of Portsea Front Beach.

Tidal current speeds were measured using an Acoustic Doppler Current Profiler (ADCP) along
transects and at stationary locations, where suspended sediments were collected also, depicted in
Figure 14.

Figure 14 ADCP transects and stationary locations
Seabed sediment samples were taken at the locations shown in Figure 15.
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Figure 15 Location of seabed sediment samples
A diary of the field work operations is in Table 1.
Table 5 Diary of field data acquisition events

Date

File Name (location, #, date, hhmmss)

Action

22/04/2015

Quarantine Bank_0_000_15-04-22_070139

Circle

22/04/2015

Quarantine Bank_0_001_15-04-22_070904

Transect

22/04/2015

Quarantine Bank_0_003_15-04-22_083910

Stationary

22/04/2015

Quarantine Bank_0_004_15-04-22_102158

Stationary

22/04/2015

Quarantine Bank_0_005_15-04-22_103937

Stationary

22/04/2015

Quarantine Bank_0_006_15-04-22_114017

Stationary

22/04/2015

Portsea Day 2 PM WRL 006_0_001_15-04-22_131836

Stationary

22/04/2015

Portsea Day 2 PM WRL 006_0_002_15-04-22_142339

Stationary

22/04/2015

Portsea Day 2 PM WRL 006_0_003_15-04-22_160225

Transect

23/04/2015

Portsea day 3_0_000_15-04-23_075027

Circle

23/04/2015

Portsea day 3_0_001_15-04-23_075230

Circle

23/04/2015

Portsea day 3_0_002_15-04-23_075726

Transect

23/04/2015

Portsea day 3_0_003_15-04-23_081642

Stationary

23/04/2015

Portsea day 3_0_004_15-04-23_092434

Stationary

23/04/2015

Portsea day 3_0_005_15-04-23_102849

Stationary

23/04/2015

Portsea day 3_0_006_15-04-23_113101

Stationary

23/04/2015

Portsea day 3_0_007_15-04-23_125134

Stationary

23/04/2015

Portsea day 3_0_008_15-04-23_135948

Stationary

23/04/2015

Portsea day 3_0_009_15-04-23_144703

Stationary

23/04/2015

Portsea day 3_0_010_15-04-23_151010

Stationary

23/04/2015

Portsea day 3_0_011_15-04-23_153319

Stationary

23/04/2015

Portsea day 3_0_012_15-04-23_161220

Transect
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The WRL report presents the techniques and methods used to obtain the data, and times and
locations of all measurements collected. Data include:
§
§
§
§

Processed ADCP files (as Matlab tables)
Suspended sediment concentrations as collected and analysed
Bed sediment particle size analysis
Matlab code to integrate ADCP data and calculated sediment concentration data to assess
sediment transport rates.

6.1.2

Results

Summaries of the reduced “raw data” from two stationary locations are presented in Figure 16.
The data are analysed and presented in detail in Appendix C.

Figure 16 Summary of field data at two stationary locations for depth-averaged current
speeds (top) and sediment transport rates (bottom) for 22 April 2015 (left) and 23 April
2015 (right).
As shown in Figure 14 and Table 5, similar field data were obtained along several transects.

6.2

Particle Size Distribution and Fall Velocity

6.2.1

Introduction

Sediment transport is function, inter alia, of sediment grain size, sorting and fall velocity. For
calibration of the sediment transport modelling, seabed sediment samples were collected over the
sand shoals at locations shown in Figure 15 and were analysed for grain size, sorting and fall
velocity at the University of Auckland, New Zealand.

6.2.2

Sample Preparation

Samples arrived at the School of Environment, University of Auckland on 24/06/2015 after being
inspected and released by New Zealand customs. All sample bags were inspected for damage, no
damage was found. Sample WP822 was still wet on arrival, was washed in fresh water and dried
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for 12 hours at 60°C. All samples were split into sub samples for analysis (<25 grams) using a
riffle splitter. Multiple sub-samples from some samples were produced to allow repeated testing.
All remaining sediment has been retained.

6.2.3

Settling Analysis

The textural characteristics of sediments were defined using the Rapid Sediment Analyser (RSA)
at the School of Environment, the University of Auckland (Figure 1). The RSA settles sediment
through a 1.8 m long 0.3 m diameter tube (Figure 17 left) recording a time series of the weight of
material reaching a plate at the base of the water column (Figure 17 right).

6.2.4

Results

Results are converted to an equivalent grain-size distribution using the equations of Gibbs et al.
(1971) by applying a density of 2,650 kg/m3. Summary statistics of the size distribution were
calculated using the moment method and are presented in Table 6.
Table 6 Results of sediment grading analysis

1

Sample

Mean Dia.
(phi)1

Mean Dia.
(microns)

Sorting
(phi)

Sorting
(des.)

Set. Vel
(cm/s)

Bed002_A

1.72

302.91

0.27

very well sorted

4.38

Bed002_B

1.73

300.82

0.28

very well sorted

4.30

Bed003_A

1.92

263.47

0.44

well sorted

3.59

Bed003_B

1.95

259.00

0.28

very well sorted

3.61

Bed004_A

1.92

264.21

0.30

very well sorted

3.65

Bed004_B

1.91

265.96

0.35

very well sorted

3.68

Bed005_A

1.07

475.43

0.51

mod. well sorted

7.16

Bed005_B

1.15

449.83

0.49

well sorted

6.85

Bed006

1.53

347.08

0.36

well sorted

5.10

Bed007

1.40

379.89

0.47

well sorted

5.67

Bed008

1.54

343.54

0.42

well sorted

5.00

Bed009_A

1.90

267.70

0.33

very well sorted

3.73

Bed009_B

1.88

271.65

0.32

very well sorted

3.80

Bed009_C

1.91

266.05

0.30

very well sorted

3.72

Bed009_D

1.94

261.39

0.34

very well sorted

3.60

WP822_A

0.93

526.38

0.58

mod. well sorted

8.03

WP822_B

1.17

443.70

0.91

mod. well sorted

6.44

WP822_C

1.02

493.25

0.41

well sorted

7.48

WP822_D

1.05

482.88

0.59

mod. well sorted

7.28

The Krumbein phi (φ) scale, a modification of the Wentworth scale created by W. C. Krumbein (1937), is a

logarithmic scale computed by the equation φ=-log2D/D0 where φ is the Krumbein phi scale, D is the diameter of
the particle in mm and D0 is a reference diameter, equal to 1 mm (to make the equation dimensionally consistent).
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Figure 17 Top and bottom sections (left) and sample container, trigger and balance
(right) of the Rapid Sediment Analyser (RSA) at the School of Environment,
University of Auckland, showing the 180 cm long, 30 cm diameter settling column.
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Sean O'Rourke
Engineer
Ports and Marine Terminals
Worley Parsons

This is to certify that under the direction of Sean O'Rourke of
Worley Parsons, Professional Diving Services recovered and
reinstalled an AWAC unit off Portsea. The works were completed
23 October, 2014. The following report presents the findings of
the works.

Professional Diving Services forwards this report without favour
or prejudice.
This report presents a true and accurate
representation of the findings. There were no reports of accident
or injury during the works and all Victorian Work Safe, AS/NZS
2299.1: 2007 and Professional Diving Services operational and
safety requirements have been complied with.

Kate Pritchard
Operations Manager
Professional Diving Services

Riverbed

1 Introduction
Professional Diving Services had installed an AWAC unit off Portsea 22 July, 2014.
Professional Diving Services was commissioned by Worley Parsons to recover this AWAC
unit and redeploy it to a new site.
Professional Diving Services completed the works on 23 October, 2014. The diving was
carried out by Professional Diving Services staff Jamie Zeigler, Jazz Albert, Chris Brown and
Craig Griffiths. The diving operations were conducted from PDS vessel, in Transport Safety
Victoria survey, MV Jazz 1, skippered by George Jansons.

2 Methods
The divers recovered the AWAC from site ‘PS_2’. Divers removed the marine growth from
the unit and cleaned down the mooring system. The unit was handed to Worley Parsons
personnel who serviced the unit. Following servicing the divers redeploy the AWAC to a new
provided by Worley Parsons, site ‘PS_3’.

Table 1. List of sites and coordinates.
Site

Latitude

Longitude

Depth

PS_2

-38.31717

144.71336

6.0m

PS_3

-38.317031

144.716253

6.1m

AWAC Redeployment

October 2014
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Figure 1. Map showing the sites.

AWAC Redeployment

October 2014
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3 Major Findings

3.1 Site PS_2
Location:
Date:
Maximum depth of dive:
Visibility:

Lat-38.31717 Lon 144.71336
23 October 2014
6.0 m
10m

Information:

On inspection the instrument was found to be in the same position it had been installed. The
instrument had been strapped to a stainless base and set with chain out to stakes all still intact.
There was heavy marine growth on the frame, but minimal on the unit itself. The base plate
was sitting on the seabed and the chain was buried under the sand. The divers recovered the
instrument from the site. The site was predominantly flat sandy seabed with a profile of small
ripples.

3.2 Site PS_3
Location:
Date:
Maximum depth of dive:
Visibility:

Lat-38.317031 Lon 144.716253
23 October 2014
6.1 m
10m

Site description:

The site consisted of course sand over reef, the divers were able to probe 50mm to reef/hard
bottom. There was only a small area of flat bottom in the area that was suitable for the
placement of the instrument. Divers recorded seagrass beds surrounding the site and a up to a
3 metre gradient change over the area.
The instrument was strapped to a stainless base and set with chain out to stakes. Refer to
images below.

AWAC Redeployment

October 2014

Page 4 of 10

Figure 2. Site PS_2 showing area overview.

Figure 3. Site PS_2 showing AWAC.
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Figure 4. Site PS_2 showing AWAC.

Figure 5. Site PS_2 showing depth of 5.9m.
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Figure 6. Site PS_3 showing area overview.

Figure 7. Site PS_3.
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Figure 8. Site PS_3.

Figure 9. Site PS_3 AWAC on level seabed.
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Figure 10. Site PS_3.

Figure 11. Site PS_3 showing depth of 6.3m.
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Figure 12. Site PS_3 diver installing AWAC into frame.

Figure 13. Site PS_3 showing seabed profile.
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1. Introduction
This Appendix details the construction and validation of depth-averaged hydrodynamic models
for the simulation of tidal water levels and currents generally within Port Phillip Bay and, in
particular, in the region of Portsea Front Beach. This report details the validation of two
hydrodynamic model systems, which corresponded to distinct phases of this project with different
goals and requirements.
A first phase of this project involved the construction of a wave-current numerical model system
using MIKE21 Flexible Mesh. The design of the mesh (in particular the element resolution) was
controlled by the length scale of minimum resolvable features by a wave of period approximately
12 seconds. The requirement of this model system was to look at wave-current interactions and if
the tidal currents close to Port Phillip Heads are capable of changing patterns of wave refraction
and areas of wave focussing. The ‘Phase 1’ numerical model was validated against water levels
within Port Phillip Bay, but not current data. The model was used to design a field data
acquisition programme for sediment transport studies offshore of Portsea Front Beach.
A second phase of the project was initiated in February 2015, whereby sediment transport
processes at the location of the sand bank and shoal system approximately 1.5 km north-west of
Portsea was in focus, due to the apparent influence this bank has on wave transformation
processes and, hence, potential beach erosion at Portsea. This second phase utilised the opensource numerical model system, Delft3D, due to the sophistication of its sediment transport
formulae.
The ‘Phase 2’ model system used knowledge gained from the first phase on physical processes,
appropriate boundary conditions and numerical parameters, but underwent a more detailed
validation to reproduce tidal levels throughout Port Phillip and currents measured for this project
nearshore to Portsea Front Beach and on Quarantine Bank, a sand bank system to the northwest
of Portsea.
The ‘Phase 2’ hydrodynamic model was used to undertake sediment transport assessments at
Portsea (Appendix D).
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2. ‘Phase 1’ Model Construction
1.1

Model Description

MIKE 21 Flow Model FM is a modelling system based on a flexible mesh approach. The modelling
has been developed for applications within oceanographic, coastal and estuarine environments.
The modelling system is based on the numerical solution of the two-dimensional shallow water
equations; the depth-integrated incompressible Reynolds averaged Navier-Stokes equations. Thus,
the model consists of continuity, momentum, temperature, salinity and density equations.
The spatial discretization of the primitive equations is performed using a cell-centered finite
volume method. The spatial domain is discretized by subdivision of the continuum into nonoverlapping element/cells. In the horizontal plane an unstructured grid is used comprising
triangles or quadrilateral elements. An approximate Riemann solver is used for the computation
of the convective fluxes, which makes it possible to handle discontinuous solutions. For the time
integration an explicit scheme is used.

1.2

Flexible Mesh

A flexible mesh has been constructed for Port Phillip Bay, designed to optimize computational
requirements by providing spatially detailed simulation results in regions of interest and areas of
complex sea floor topography (where high resolution is required). The mesh was designed with
the following target element lengths:
§
§
§
§
§
§
§
§

≤2,000m offshore of Port Phillip Heads.
≤1,750m within the deep-water central basin area of Port Phillip Bay, in the region of Fawkner
Beacon.
≤1,000m along the eastern region of Port Phillip Bay, in the region of Frankston.
≤700m within north-west Port Phillip Bay, in the region of Geelong.
≤700m within north Port Phillip Bay, in the region of Williamstown.
≤250m within the Great Sands area (locally finer within the immediate vicinity of shallow
banks).
≤125m at the within region of Port Phillip Heads and Queenscliff. This area comprises the
entrance of Port Phillip Bay.
≤100m within the general vicinity of Portsea

Figure 2-1 shows the resultant triangular mesh for Port Phillip Bay and offshore area. Bathymetric
data has been interpolated linearly to the flexible mesh using the following datasets in order of
priority. For the Great Sands region, the 2012 LADS survey data was used to construct a
Triangulated Irregular Network (TIN). Regions not covered by the LADS survey were interpolated
from navigation chart data, converted to m AHD.Figure 2-2 shows the resultant TIN for Port
Phillip Bay. The spatial detail of the flexible mesh around Portsea is shown in Figure 2-3.
The ultimate choice in mesh design is a compromise between computation burden and ability to
capture the spatial detail of sea floor features. The mesh described within this report is also used
in the spectral wave (swell and wind-sea) simulations described in later reports. For practical
purposes, the maximum spatial resolution of the flexible mesh is governed by the inability of swell
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waves to interact with bathymetric features of a scale significantly smaller than the swell wave
length. For swell waves of 10 second period in 5 meters water depth, this corresponds to a
minimum practical element length of about 70 meters.
The ‘Phase 2’ model system improves this horizontal resolution at Portsea and adjacent sand
shoal system to 30 meters.

Figure 2-1 MIKE-21 flexible mesh of Port Phillip Bay
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Figure 2-2 Triangulated Irregular Network (TIN) of sea floor levels within Port Phillip Bay,
based on linear interpolation of 2012 LADS survey and navigation chart data obtained from
chart AUS00143. The TIN elevations are interpolated to node positions shown in Figure
2-1.
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Figure 2-3 Flexible mesh (upper panel) and bathymetry (lower panel) in the region of
Portsea.

1.3

Boundary Conditions

Boundary conditions were derived from Topex-Possoidon global altimetry. TPXO8-ATLAS is the
latest iteration of a Global Tide Inversion Model, which best-fits, in a least-squares sense, the
Laplace Tidal Equations and along track averaged data from TOPEX/Poseidon and Jason (on
TOPEX/POSEIDON tracks since 2002) obtained with OTIS. The tides are provided as complex
amplitudes of earth-relative sea-surface elevation for eight primary (M2, S2, N2, K2, K1, O1, P1,
Q1), two long period (Mf, Mm) and 3 non-linear (M4, MS4, MN4) harmonic constituents. The
spatial resolution is 1/6 arc-degree within ocean basins, and 1/30th arc-degree within the majority
of the world’s continental shelves.
Tidal harmonic constituents were obtained from TPXO8-ATLAS for location 38.445903°S,
144.534595°E, which corresponds to center-most location of the hydrodynamic boundary.
Advisian Appendix B Tidal Hydrodynamics
Client Reference: 301015-03540
301015-03540-Appendix B - Tidal Hydrodynamics - Rev 0 160115.docm

Page 5

Department of Environment, Land, Water & Planning, Victoria
Appendix B
Tidal Hydrodynamics

1.4

Numerical Parameters

1.4.1

Solution Technique

Spatial integration of the transport and convection terms by was undertaken by evaluating the
area/volume integrals at each cell using a mid-point quadrature rule. An approximate Reimann
solver (Roe, 1981) was used to solve the convective fluxes at the interface of the cells. Secondorder accuracy was achieved by employing a linear gradient-reconstruction technique (Jawahar &
Kamath, 2000) in the up-winding direction, with a TVD-MUSCL limiter applied to minimize
oscillatory effects.
To maintain numerical stability in the solution of the convective and transport terms, an adaptive
numerical time step was employed, limited between the upper and lower bounds of 0.01 and 30
seconds, to satisfy a maximum Courant-Friedrich-Lévy (CFL) number of 0.8.

1.4.2

Flooding and Drying

Flooding and drying of model cells was treated following the work of Zhao et al. (1994) and Sleigh
et al. (1998). The depth in each cell (element) is monitored and the elements are classed as dry,
partially dry or wet, and the element faces monitored to identify flooded boundaries.
An element face is defined as flooded if the water depth at one side is less than the specified
drying depth and the water depth at the other side of the face is larger than the flooding depth. An
element is dry if the water depth is less than the specified drying depth and none of the element
faces are flooded boundaries. This causes the element to be removed from the calculation. An
element is partially dry if the water depth is larger than the drying depth and less than the
specified wetting depth, or when the depth is less than the drying depth and one of the element
faces is a flooded boundary. The momentum fluxes are set to zero and only the mass fluxes are
calculated. An element is wet if the water depth is greater than the specified wetting depth. Both
the mass fluxes and the momentum fluxes are calculated.
The drying depth was specified at 0.005 m, the flooding depth at 0.05 m and the wetting depth at
0.1 m.

1.4.3

Eddy Viscosity

The horizontal eddy viscosity was calculated at each element at each time step using a
Smagorinsky formulation. The Smagorinsky approach calculates an effective sub-grid scale eddy
viscosity, which uses the concept of a characteristic length scale of turbulent motion to dissipate
turbulence on spatial scales smaller than the numerical mesh. Thus large vortices resolvable on
the mesh are included explicitly within the convective terms, with the turbulence model
dissipating energy on scales smaller than the mesh via an eddy viscosity term.
The value of the eddy viscosity is a product of the motion on scales resolved by the mesh and the
applied Smagorinsky coefficient which, for the simulations considered here, was taken at a
constant value of 0.28. Typically the Smagorinsky coefficient is selected on the ability of the
model to reproduce horizontal turbulence production and dissipation measured with a high
frequency current meter. Little information exists on an appropriate value for an environment
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such as Port Phillip Bay, so the default value is retained within the model. The precise value of the
Smagorinsky coefficient is more important in areas of very high current shear, such at The
Entrance. At Portsea and the immediately surrounding environment, where current speeds are
high but current shear is lower than at The Entrance, the precise value of the Smagorinsky
coefficient is less important in controlling the ability of the model to reproduce measured current
speeds.
To prevent numerical instability the eddy viscosity produced by the Smagorinsky turbulence
closure scheme was limited between the lower and upper bounds of 1.8x10-6 and 1.0x1011 m2/s.
The lower bound is chosen such that the eddy viscosity may not become locally less than zero
(negative dissipation). The maximum value is chosen as some arbitrarily large number that is
outside the bounds of that expected to occur within the prototype. In practice, the eddy viscosity
would not be expected to exceed either of these two values, which provide useful limits to
maintain numerical stability.

1.4.4

Bed resistance

Spatially constant bed resistance was specified as a free parameter in the validation simulations.
The bed resistance was specified as a Strickler coefficient (Ks, which is the reciprocal of the
“Manning’s n” coefficient) and was varied during the model validation between limits of 32 m1/3s-1
(higher bed resistance) and 40 m1/3s-1 (lower bed resistance).
The coefficient Ks varies from 20 (rough stone and rough surface) to 80 m1/3/s (smooth concrete
and cast iron). The Ks values used in these simulations correspond to Mannings n of between
0.025 and 0.031, which are approximately representative of rough hydraulic flow in the presence
of ripples and dunes (Simons, Li & Associates, 1985).
Table 2-1: Suggested values of Mannings Coefficient n for design of channels with fine to
medium sand beds. From Simons, Li and Associates (1985).
Bed Roughness Typical Range Recommended
value for flood
studies

Recommended
value for sediment
transport studies

Ripples

0.018 - 0.030

0.030

0.022

Dunes

0.020 - 0.035

0.035

0.030

Transition

0.014 – 0.025

0.030

0.025

Plane Bed

0.012 – 0.022

0.030

0.020

Standing Waves

0.014 – 0.025

0.030

0.020

Antidunes

0.015 – 0.031

0.030

0.025
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1.4.5

Coriolis Forcing

For large-scale geophysical f-lows, such as the movement of water in the ocean and in large bays,
the deflection of water by the earth’s rotation becomes important. Rather than flowing directly
from areas of high elevation to low elevation (as would be the case in a non-rotating system), tidal
currents are deflected to the left of this direction in the southern hemisphere. This gives rise to
phenomena such as asymmetric axial flow in estuaries and amphidromic points in shelf seas and
shallow bays.
The Coriolis forcing was included within the simulations as an additional source term acting
perpendicularly to the main direction of flow. The magnitude of the Coriolis terms is dependent
upon the latitude (increasing with increasing distance from the equator), and thus was
implemented in a spatially varying manner within the model.

1.4.6

Model Spin-up

Simulations were started assuming a uniform water level throughout the domain. To prevent the
generation of numerical shocks propagating in to the domain from the model boundary at the
start of the simulation, a linear scaling factor was applied to the boundary time series varying
from zero at the start of the run (i.e. no variation at the boundary) to 1 (full boundary conditions)
after a full tidal cycle.
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3

‘Phase 1’ Model Validation

3.1

Simulation Period and Free Parameters

Depth-average simulations were run through a 7 week period encompassing a week spin-up
period followed by a full 29 day lunar cycle. Various simulations were considered during this
initial model setup phase, of which the results of three are presented within this report. The free
parameters used to assess model sensitivity and compare general model performance against
measured data are:
§
§

Characterization of boundary conditions;
Choice of bed friction

Two choices in boundary condition were applied. Initially, simulations considered only a uniform
boundary condition obtained from TPOX8 altimeter data. Any slope in surface level due to the
propagation of the tide was ignored. As a sensitivity test, an alternative characterization of the
boundary was used where spatial gradients in water level were represented by splitting the
boundary in to two segments, which each segment controlled by tidal elevations predicted from
TPOX8 altimeter data. Thus, in this characterization, three time series were used at the western,
central and eastern intersections of the offshore boundary.
The results of thee simulations in particular are reported for the ‘Phase 1’
Table 3-1: Simulation names and free parameters used during initial ‘setup’ simulations.
SimulationBoundary condition

Coeff SmagBed friction (Ks)

‘Test 01’

Spatially non-variable (one boundary segment)0.28

32 m1/3 s-1

‘Test 03’

Spatially variable (two boundary segments)

0.28

32 m1/3 s-1

‘Test 04’

Spatially variable (two boundary segments)

0.28

40 m1/3 s-1

3.2

Comparison with Measured Water Levels

The following figures simulated and ‘measured’ tidal elevations at each tide gauge location shown
in Figure 3-1. ‘Measured’ tidal elevations were predicted from tidal constituents. Thus, only
elevations due to astronomical forcing were compared; meteorological processes were ignored.
Figure 3-2 compares simulation results against the predicted tide at Point Lonsdale. Figure 3-3
compares simulation results against the predicted tide at Queenscliff. Figure 3-4 compares
simulation results against the predicted tide at West Channel Pile. Figure 3-5 compares
simulation results against the predicted tide at Hovell Pile. Figure 3-6 compares simulation
results against the predicted tide at Fawkner Beacon. Figure 3-7 compares simulation results
against the predicted tide at Williamstown.
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Figure 3-1: Locations of water level validation points for ‘Phase 1’ and ‘Phase 2’ model
systems
Each figure shows time series of simulated and ‘measured’ tidal elevations, and the residual error
(model - measured).Simulation results are shown for the full 7 week period (upper panel), and
over a few spring tides (bottom panel). Only results from the best performing simulation are
shown, to give a general idea of model performance.
A quantitative analysis of model error at each tide gauge location and how this was found to vary
with choice of boundary conditions and bed friction is presented in Section 3.4.
Figure 3-2 shows simulated and predicted tidal elevations at Point Lonsdale. Visually a good
match is obtained between simulated and predicted tidal elevations. The timing of simulated low
water is slightly ahead of that obtained from the predictions, and the timing of simulated high
water is slightly behind. The greatest discrepancy between simulated and predicted water level
occurs shortly before low water, and around high water.

Advisian Appendix B Tidal Hydrodynamics
Client Reference: 301015-03540
301015-03540-Appendix B - Tidal Hydrodynamics - Rev 0 160115.docm

Page 10

Department of Environment, Land, Water & Planning, Victoria
Appendix B
Tidal Hydrodynamics

Figure 3-2 Measured and simulated water levels at Point Lonsdale for best validation
simulation (‘Test 04’). Upper panel: variation in water levels over a 6 week period
encompassing one full lunar cycle. Lower panel: Simulated and measured water levels
over four consecutive spring tides.
Figure 3-3 shows simulated and predicted tidal elevations at Queenscliff. A poor match is
obtained between simulated tidal elevation, which is contributed to the strong spatial gradients in
water levels experienced through Port Phillip Heads. The error is primarily due to the model overestimating the tidal range at Queenscliff. However, given the strong spatial gradients, a small
change in output location leads to a comparatively large change in simulated tidal range. Thus,
Queenscliff is not considered a good location to assess model accuracy.
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Figure 3-3 Measured and simulated water levels at Queenscliff for best validation
simulation (‘Test 04’). Upper panel: variation in water levels over a 6 week period
encompassing one full lunar cycle. Lower panel: Simulated and measured water levels
over four consecutive spring tides.
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Figure 3-4 shows simulated and predicted tidal elevations at West Channel Pile. In general the
model reproduces the predicted tide well. At spring tide the model tends to overestimate the level
of high water and underestimate the level of low water, although the degree of error varies over
the spring-neap cycle. In general the maximum absolute residual error is less than 0.1m.

Figure 3-4 Measured and simulated water levels at West Channel Pile for best validation
simulation (‘Test 04’). Upper panel: variation in water levels over a 6 week period
encompassing one full lunar cycle. Lower panel: Simulated and measured water levels
over four consecutive spring tides.
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Figure 3-5 shows simulated and predicted tidal elevations at Hovell Pile. In general the model
reproduces the predicted tide well. The residual model error varies over the spring-neap cycle, but
is in general less than 0.1m. The timing and level of high water tends to be captured well by the
model, but the level of low water is less adequately predicted. Therefore the model slightly underpredicts the tidal range at Hovell pile, although the absolute magnitude of the error is quite low.

Figure 3-5 Measured and simulated water levels at Hovell Pile for best validation
simulation (‘Test 04’). Upper panel: variation in water levels over a 6 week period
encompassing one full lunar cycle. Lower panel: Simulated and measured water levels
over four consecutive spring tides.
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Figure 3-6 shows simulated and predicted tidal elevations at Fawkner Beacon. In general the
model reproduces the predicted tide well. The residual model error varies over the spring-neap
cycle, but is in general less than 0.1m. The timing and level of high water tends to be captured well
by the model, but the level of low water is less adequately predicted. The model slightly underpredicts the tidal range at Fawkner Beacon for some phases of the lunar cycle, but less so for
others, although the absolute magnitude of the error is quite low.

Figure 3-6 Measured and simulated water levels at Fawkner Beacon for best validation
simulation (‘Test 04’). Upper panel: variation in water levels over a 6 week period
encompassing one full lunar cycle. Lower panel: Simulated and measured water levels
over four consecutive spring tides.
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Figure 3-7 shows simulated and predicted tidal elev*ations at Williamstown. In general the model
reproduces the predicted tide well. The residual model error varies over the spring-neap cycle, but
is in general less than 0.1m. The timing and level of high water tends to be captured well by the
model, but the level of low water is less adequately predicted, dependent on the phase of the 29
day lunar cycle. The model slightly under-predicts the tidal range at Williamstown for some
phases of the lunar cycle, but less so for others, although the absolute magnitude of the error is
quite low.

Figure 3-7 Measured and simulated water levels at Williamstown for best validation
simulation (‘Test 04’). Upper panel: variation in water levels over a 6 week period
encompassing one full lunar cycle. Lower panel: Simulated and measured water levels
over four consecutive spring tides.
In Summary, a simple visual comparison of simulated tidal elevations for various tide gauges in
Port Philip Bay shows that, in general, the hydrodynamic model reproduces the tide well. The
residual error at each location (with the exception of Queenscliff) is in the region of 0.1 m. At
Queenscliff, the simulated phase and range of the tide do not match predictions due to the strong
spatial gradients in tidal level experienced through Port Phillip Heads. Within Port Phillip Bay the
tide is reproduced well by the model, although dependent on the phase of the tide during the 29
day lunar cycle, the level of low water (and hence tidal range) is occasionally underestimated.
Section 3.4 presents a more qualitative analysis of the residual error on the tidal levels. Section
3.3 makes a simple visual comparison of predicted and measured tidal velocities through Port
Philip Heads.
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3.3

Predicted Tidal Currents

3.3.1

Spatial Variation in Tidal Currents through The Great Sands

Figure 3-8 to Figure 3-11 show the spatial variation of tidal currents and surface elevation within
the Great Sands and Port Philip Heads at times of peak flood and ebb tidal flow, for spring and
neap tides. Tidal currents through Port Phillip Heads at peak spring ebb tide exceed 2 m/s. The
pattern of flow through South Channel and Sorento Channel is shown. Peak spring tidal currents
(in the order of 1 m/s) extend close to the shore at Portsea Front Beach. During neap tides the
tidal flow at Portsea and adjacent channel areas is slower, in the order of 0.4 m/s. Further
quantitative analysis of simulated tidal currents within the Portsea region has been undertaken
with data recorded specifically for this project.
A simple, visual comparison of simulated and measured tidal currents at various locations
through Port Phillip Heads is given in Section 3.3.2.
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Figure 3-8 Depth-averaged tidal currents (upper panel) and surface elevation within the
Great Sands at peak ebb spring tide, as defined at Hovell Pile.
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Figure 3-9 Depth-averaged tidal currents (upper panel) and surface elevation within the
Great Sands at peak flood spring tide, as defined at Hovell Pile.
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Figure 3-10 Depth-averaged tidal currents (upper panel) and surface elevation (lower
panel) within the Great Sands at peak ebb neap tide, as defined at Hovell Pile.
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Figure 3-11 Depth-averaged tidal currents (upper panel) and surface elevation (lower
panel) within the Great Sands at peak flood neap tide, as defined at Hovell Pile.
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3.3.2

Comparison of Depth-Averaged Velocity against Measured Data

A simple, visual comparison of model predictions of depth-averaged tidal currents is given in
Figure 3-13 to Figure 3-15. The model is assessed against published AWAC data (Acoustic Waves
and Currents) (Cardno, 2010a). Both measured and simulated currents encompass at least one full
29-day lunar cycle, encompassing two spring and two neap periods. Figure 3-12 shows the
positions of the validation data, which correspond to the central axis of the dredge shipping
channel through The Entrance to Port Phillip Bay.

Figure 3-12: Locations of AWAC instrumentation for validation of simulated tidal currents
through The Entrance of Port Phillip Bay.

Figure 3-13 to Figure 3-15 compare visually measured and simulated current speeds at three
locations through the entrance to Port Phillip. From a purely visual basis, excellent agreement is
shown between measurements and simulations. The simulations reproduce both the pattern and
magnitude of currents at the three AWAC locations. While not a validation, these comparisons
demonstrate simply that the model is reproducing sensible and reliable patterns of tidal currents.
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Figure 3-13 Visual comparison of simulated currents at Nepean Bank Centre Line (NBCL).
Left panel: Measured currents, 20 minute averaging period. Red dots correspond to data
measured after Channel Deepening Project. Right panel: depth-averaged simulation
results.

Figure 3-14 Visual comparison of simulated currents at Rip Bank Centre Line (RBCL). Left
panel: Measured currents. Right panel, depth-averaged simulation

Figure 3-15 Visual comparison of simulated currents at Rip Outer Bank Centre Line
(RBCL). Left panel: Measured currents. Right panel, depth-averaged simulation
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3.4

Analysis of Residual Error in Simulated Tidal Elevation

Two approaches have been used in deriving a qualitative analysis of model performance.
In the first approach, the predicted tidal signal is decomposed to the principal diurnal and
semidiurnal components of the astronomic tide (constituents given in Table 3-2). Together these
components attributed 83 to 87% of the tidal signal through Port Phillip Heads (PL and QC), and
72 to 73% of the tidal signal within Port Phillip Bay (WC, HP, FB, WT). The remainder of the tidal
signal being a composite of other various harmonic constituents with periods in the order of days,
weeks and seasons.
Table 3-2: Main diurnal and semidiurnal tide constituents, in order of period.
Constituent

Name

Period (hours)

S2

Principal solar semidiurnal

12.00

M2

Principal lunar semidiurnal

12.42

N2

Larger lunar elliptic semidiurnal

12.65

K1

Lunar diurnal

23.93

O1

Lunar diurnal

25.82

The amplitude of each principal component for each of the simulations undertaken in this ‘setup
phase’ is given in Figure 3-16 (simulation ‘Test 01’), Figure 3-17 (simulation ‘Test 03’) and Figure
3-18 (simulation ‘Test 04’). The amplitude error of each principal component relative to the
values obtained from measured data is shown also.
Exterior to Port Philip Bay, at PL and QC, the tide is composed of M2 followed by a mixture of K1
and S2 diurnal and semidiurnal components, followed by a mixture of O1 and N2 diurnal and
semidiurnal components. The change in tidal amplitude is primarily controlled by changes in the
amplitude of the M2, K1, S2 and N2 components. The contribution from the O1 component
remains constant at both locations.
Within Port Phillip Bay the importance of the S2 component is reduced to approximately the
same amplitude as the O1 constituent. Whilst the amplitude of the tide at PL and QC was
controlled by modulation of the amplitude in all five principal components, at the tide gauges
within Port Philip Bay the tidal amplitude is controlled only by the M2 semi-diurnal; the
amplitude of the other tidal constituent remains constant across the tide gauges.
The ‘convergence’ of the model to least-error over the series of simulations considered is given in
Figure 3-19. The ‘y’ axis is the amplitude error of a particular simulation, for each tidal constituent.
The ‘x’ axis represents the three simulations considered in this ‘setup’ phase. ‘T01’ corresponds to
‘Test 01’, ‘T03’ corresponds to ‘Test 03’. ‘T04’ corresponds to ‘Test 04’. For specific variables used
in each simulation, refer to Table 3-1.
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Simulations ‘Test 01’ and ‘Test 03’ assess the sensitivity of the simulated tide at each tide gauge to
the representation of spatial gradients along the offshore boundary. ‘Test 03’ and ‘Test 04’ test the
sensitivity of the simulated tide to the value of bed friction used.
The results in Figure 3-19 show that exterior to Port Phillip Bay (PL and QC), there is only minor
sensitivity to the inclusion (or not) of spatial gradients in water level across the offshore model
boundary. The choice in boundary condition causes a variation in constituent amplitude of less
than 0.01m. At Point Lonsdale (PL), inclusion of spatially varying boundary conditions causes a
slight increase in the amplitudes of M2 and O1. Within Port Phillip Bay, the choice of
characterization in boundary condition made no difference.
Figure 3-19 shows that, in terms of water level, the model is most sensitive to the value of bed
friction selected. The amplitude error of M2, S2, O1 and N2 all reduced towards zero.
Interestingly, reducing the bed friction resulted in an increase in the K1 diurnal constituent for
tide gauges within Port Phillip Bay, but not at PL or QC.
Key error statistics for the complete tidal signal is given for the ‘best validation’ simulation, Test
04, in Figure 3-20.
The percentage error for the tidal amplitudes of each constituent is relatively low for each tide
gauge location, with the exception of Queenscliff (QC). Here the M2 error is approximately 25%,
whilst the S2 error approaches 50%, leading to significant errors in the predicted tidal amplitude
at the tide gauge location (Figure 3-20). The model error is attributed to large spatial gradients in
water surface level through Port Phillip Heads during flood and ebb tide. Thus a small change in
model output location will cause a relatively large change in simulated tidal range (and phase).
The nature of the tide also undergoes significant change through Port Phillip Heads, changing in a
relatively short distance from semidiurnal (dominated by M2 and S2 as at Lorne and Point
Lonsdale), to mixed diurnal and semidiurnal (dominated by O1 and K1, as at West Channel Pile).
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Figure 3-16 Simulated principal diurnal and semidiurnal tidal constituents within Port
Philip and associated error, for best-validation simulation ‘Test 01’. Upper panel:
Amplitude (m) of each constituent. Lower panel: Error (m) of each constituent relative to
values derived from time series of measured water level data at each location.

Figure 3-17 Simulated principal diurnal and semidiurnal tidal constituents within Port
Philip and associated error, for simulation ‘Test 03’. Upper panel: Amplitude (m) of each
constituent. Lower panel: Error (m) of each constituent relative to values derived from time
series of measured water level data at each location.
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Figure 3-18 Simulated principal diurnal and semidiurnal tidal constituents within Port
Philip and associated error, for best-validation simulation ‘Test 04’. Upper panel:
Amplitude (m) of each constituent. Lower panel: Error (m) of each constituent relative to
values derived from time series of measured water level data at each location.
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Figure 3-19 Amplitude error of simulated principal diurnal and semidiurnal tidal
constituents within Port Philip.
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Figure 3-20 Key statistical error metrics calculated from ‘best validation’ simulation (‘Test
04’)
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4 ‘Phase 2’ Model Construction
The purpose of the ‘Phase 2’ model system was to provide simulations of currents and water levels
around the sand-bank system to the north-west of Portsea. The open-source numerical model
system, Delft3D, was used due to the sophistication of its sediment transport formulae.
The ‘Phase 2’ model system used much of the knowledge gained from ‘Phase 1’ on appropriate
numerical parameters, physical processes, and boundary conditions, but was subject to more
detailed validation to reproduce tidal levels throughout Port Phillip Bay. Validation was carried
out also against observed currents at Portsea and on the sand bank system to the northwest of
Portsea.
The ‘Phase 2’ hydrodynamic model was used to undertake sediment transport assessments at
Portsea in Appendix D.

4.1

Model Description

‘Phase 2’ simulations are using Delft3D, which is a fully integrated computer software suite for a
multi-disciplinary approach and 3D computations for coastal, river and estuarine areas. It can
carry out simulations of flows, sediment transports, waves, water quality, morphological
developments and ecology. A full description of the Delft 3D modelling suite is given in Deltares
(2014)
The FLOW module, which is used to simulate tidal and wind-driven currents, is a multidimensional (2D or 3D) hydrodynamic (and transport) simulation program which calculates nonsteady flow and transport phenomena that result from tidal and meteorological forcing on a
curvilinear, boundary fitted grid.
The Delft3D-FLOW model includes mathematical formulations that take into account free surface
gradients (barotropic effects), the effect of the Earth’s rotation, water with variable density,
horizontal density gradients, turbulence induced mass and momentum fluxes, transport of salt,
heat and other conservative constituents, tidal forcing, space and time varying wind shear-stress
at the water surface, space varying shear-stress at the bottom, space and time varying
atmospheric pressure on the water surface, drying and flooding of tidal flats, heat exchange,
evaporation and precipitation, vertical exchange of momentum due to internal waves, influence of
waves on the bed shear-stress, wave induced stresses and mass fluxes, flow through hydraulic
structures, and wind-driven flows including tropical cyclone winds.

4.1.1

Curvilinear Grid

A ‘domain decomposition’ approached has been used for the Delft3D simulations, whereby a
series of successively higher resolution rectilinear grids are dynamically nested within oneanother. Thus, the spatial resolution of the model transitions from 270m at the offshore boundary
(and within the wider environment of Port Phillip Bay), to 90m through The Entrance, to 30m
around the locality of Portsea and the sand shoal system to the immediate north-west.
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4.1.2

Boundary conditions

Boundary conditions were maintained as per ‘Phase 1’ simulations using MIKE21HDFM. That is,
tidal harmonic constituents were obtained from TPXO8-ATLAS for location 38.445903°S,
144.534595°E.
The phase and amplitude of the harmonic constituents were maintained between the ‘Phase 1’ and
‘Phase 2’ models.

4.2

Numerical Parameters

4.2.1

Flooding and drying

In a numerical model, the process of drying and flooding is represented by removing grid points
from the flow domain that become “dry” when the tide falls and by adding grid points that become
“wet” when the tide rises. Drying and flooding typically generates local oscillations in water levels
and velocities that can ultimately lead to numerical instability. The challenge of handling wetting
and drying in a numerical model is therefore to handle the transition of a grid cell from ‘dry’ to
‘flooded’ to ‘wet’ in a way that minimizes these oscillations during a tidal cycle.
The check for flooding and drying used mean depth values calculated at cell centers and faces. The
Threshold depth for flooding of a grid cell was set at 0.1m and the marginal depth was set such
that a cell would dry once the mean depth became zero. Between these two values the cell was
treated as ‘wet’. That is, the water level was set according to the upwind value in adjacent cells, but
flow velocities were set at zero.

4.2.2

Turbulence Closure Scheme and Eddy Viscosity

The turbulence closure models in Delft3D-FLOW are all based on the eddy viscosity concept,
which implies that the grid resolution and timestep used to solve the Navier-Stokes equations for
an incompressible fluid are too large to resolve all the turbulent scales of motion.
1.4.3 describes the importance of eddy viscosity to hydrodynamic simulations of Port Phillip Bay
in more detail. A Smagorinsky-type turbulence model was initially applied within Delft3D, but
required an impractically small timestep to maintain numerical stability.
After various testing, numerical stability was ultimately achieved by applying a simple mixinglength model with an assumed eddy viscosity of 10 m2/s. The value used was selected on the basis
of maintaining numerical stability rather than consideration of the model to reproduce turbulent
dissipation of large-scale current structures. Ultimately the applicability of the model to Portsea is
decided by the ability to reproduce observed current speeds and directions, which is discussed
further in Section 3.

4.2.3

Bed Resistance

Bed resistance was specified as a free parameter in the validation simulations by means of
specifying a representative Chezy coefficient (Chezy, 1776), which is commonly used in depthaveraged hydrodynamic models. In general the Chezy coefficient is a function of the flow
Reynolds number and the relative roughness of the flow. The relation is given by the form:
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Where v is the mean velocity (m/s), C is the Chezy coefficient (m1/2/s), R is the hydraulic radius
(to a first approximation, the local water depth) (m) , and i is the bottom slope.
Manning (1891) derived the following relation to C based on experiments:
ͳ
 ܥൌ ܴଵȀ
݊

In which C is the Chezy coefficient, R is the hydraulic radius (to a first approximation, the local
water depth), and n is the Mannings roughness coefficient.
In Deltf3D the bed shear stress induced by depth-averaged turbulent flow is assumed as a
quadratic friction law. The practical implications of applying a Chezy coefficient within Delft3D is
that the bed friction becomes a time-varying function of the local water depth, bed slope, and flow
velocity at the preceding time step.
Table 5-1 gives additional information on typical Manning ‘n’ values around the sand shoal system
for water depths of 10 and 20m. These may be related to the ranges of typical ‘n’ values
experienced for various bed types in Table 2-1 .

4.2.4

Coriolis Forcing

The Coriolis Effect was included within the simulations as an additional source term acting
perpendicularly to the main direction of flow. The magnitude of the Coriolis terms is dependent
upon the latitude (increasing with increasing distance from the equator), and thus was
implemented in a spatially varying manner within the model. Further description of the influence
of Coriolis on large-scale geophysical flows is given in Section 1.4.5.

4.2.5

Model Spin-Up

Simulations were started assuming a uniform water level throughout the domain. To minimize
the generation of numerical shocks propagating in to the domain from the model boundary at the
start of the simulation, a linear scaling factor was applied to the ocean boundary at the start of the
simulations, varying from zero at the start of the run (i.e. no variation at the boundary) to 1 (full
boundary conditions) after 24 hours.
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5 ‘Phase 2’ Model Calibration
The model was validated using field data collected for this project near Portsea. This validation
involved a comprehensive, detailed assessment of model sensitivity and the selection of realistic
parameter values to best represent tidal processes within Port Phillip Bay in general and Portsea
in particular.
The following data are used for the purposes of calibrating the depth-averaged flow model:
§
§
§

Water level data predicted from tidal constituents provided by Port of Melbourne Corporation.
Current observations measured by AWAC at the -5m AHD contour at Portsea.
Current observations measured by ADCP at two locations over the crest of the bank at
Nicholson Knoll.

Section 5.1 details the calibration of the model to water level data.
Section 5.2 details the calibration of the model to current data.

5.1

Calibration to Tidal Levels within Port Phillip Bay

Figure 5-1 gives the locations of the tide gauges within Port Phillip Bay used to calibrate the
hydrodynamic model to water levels. The simulations considered during the calibration process,
and the values of the calibration parameters, are given in Table 5-1. With the exception of Portsea,
tidal constituents for tide gauges within Port Philip Bay were supplied by Port of Melbourne
Corporation. Tidal constituents at Portsea were obtained by analysis of tidal elevation recorded
during AWAC deployments.

Figure 5-1 Locations of tide gauges for ‘Phase 2’ model validation of hindcast water
levels.
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Table 5-1: Summary of calibration simulations and parameters varied during the
calibration process
Simulation

Number

Grid

of

resolution

domains

at Portsea

C0001

2

150m

C0002

2

C0003

2

Bed Roughness

Bed

Equivalent

Equivalent

roughness

‘n’ at 10m

‘n’ at 20m

value

depth

depth

Chezy

65 (default)

0.023

0.025

150m

Chezy

35

0.042

0.047

150m

Trachytopes

(variable)

(variable)

(variable)

(variable)

(variable)

(variable)

Descriptor

(Van Rijn 1986;
d50=0.25mm)
C0004

3

30m

Trachytopes
(Van Rijn 1986;
d50=0.25mm)

C0005

2

150m

Chezy

70

0.021

0.024

C0006

2

150m

Chezy

68

0.022

0.024

C0007

2

150m

Chezy

66

0.022

0.025

C0008

2

150m

Chezy

64

0.023

0.026

C0009

2

150m

Chezy

62

0.024

0.027

C0010

2

150m

Chezy

60

0.024

0.027

5.1.1

Error Statistics

The skill of each simulation in predicting morphological change is assessed using the Brier Skill
Score. Sutherland, Peet et al. (2004) showed that measuring the skill of a model (that is, its
performance relative to a baseline predictor) is a more critical test than the measuring it’s
absolute accuracy. The suggested classification of model performance for a given range of skill is
given in Table 5-2.The skill scores obtained for each simulation are summarized in Table 5-3.
Model skill consistently exceeded 0.9 at all PoMC tide gauges during the calibration process. The
quality of the model hindcast at Portsea, as measured by the skill score, was less than that
measured at the PoMC tide gauges. This is attributed to the quality of the water level data
recorded by the AWAC compared to that recorded by the PoMC tide gauges.
Model skill was almost linearly correlated with the selected Chezy coefficient. The best model
performance was obtained with Chezy coefifeint of 60, which gives a Mannings ‘n’ coefficient
roughly equivalent to those suggested for dunes and antidunes (Table 2-1). Figure 5-2 shows
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comparison of the model against tide gauge data over a 29 day lunar cycle for selected tide gauges.
Figure 5-3 correlates the simulated water levels with those from tide gauges for all calibration
points.
Table 5-2 Classification of model skill scores (Van Rijn et al. 2003)
Classification

Skill Score (SS)

Perfect

1.00

Excellent

0.99 – 0.80

Good

0.80 – 0.60

Reasonable/ Fair

0.60 – 0.30

Poor

0.10 – 0.00

Bad

≤0.00
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Table 5-3 Skill of model hindcast for each tide gauge location in Figure 5-1
Tide Gauge
Simulation
Hovel Pile

West Channel Pile

Portsea

Point Lonsdale

Fawner Beacon

Williamstown

C0001

0.9665

0.9649

0.9083

0.9190

0.9588

0.9512

C0002

0.9029

0.8997

0.7459

0.9227

0.8905

0.9022

C0003

0.9174

0.9107

0.5802

0.9331

0.9016

0.9127

C0004

0.9180

0.9110

-

0.9332

0.9017

0.9128

C0005

0.9574

0.9576

0.9098

0.9140

0.9515

0.9407

C0006

0.9612

0.9607

0.9101

0.9162

0.9546

0.9451

C0007

0.9648

0.9635

0.9092

0.9181

0.9575

0.9492

C0008

0.9681

0.9661

0.9071

0.9198

0.9601

0.9531

C0009

0.9711

0.9684

0.9038

0.9214

0.9623

0.9567

C0010

0.9737

0.9704

0.8994

0.9229

0.9643

0.9600
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Figure 5-2 Time series of simulated and predicted water levels at selected tide gauges,
Calibration run ‘C0010’.
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Figure 5-3 Correlation of simulated water levels against tide gauge data for ‘C0010’, (best
performing simulation) against tide gauge data.

5.2

Calibration to Tidal Currents

Tidal current data was collected by Advisian in the form of AWAC deployments at Portsea
between July 2014 and February 2015, and ADCP data at two locations along the crest of the sand
shoal in April 2015. Further details of the fieldwork are given in Appendix A.
Analysis of hindcast tidal currents of the ‘Phase 2’ model system showed that, with the friction
values used to calibrate the model to water levels, the model under-predicted consistently the
tidal currents measured at Portsea and over the sand shoals. Therefore, three additional runs
were made whereby the Chezy value was retained as per the calibration values for simulation
‘C0010’, but varied the Chezy coefficient within the 30 m domain corresponding to Portsea. Table
5-4 shows the model parameters used. The best results were obtained for ‘C1012’, the results for
which are described below. The accuracy of the model system is summarized in Table 5-5. Figure
5-4 shows the locations of the calibration data collected at the ADCP and AWAC locations.
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Table 5-4 Calibration parameters coefficients for hydrodynamic model to reproduce
currents at Portsea
Simulation

Number of
domains

Grid
resolution
at Portsea

Bed
roughness
descriptor

Bed
roughness
value
(270m
domain)

Bed
roughness
value (90m
domain)

Bed
roughness
value
(30m
domain)

C1005

3

30m

Chezy

60

60

70*

C1010

3

30m

Chezy

60

60

60*

C1011/
C1012

3

30m

Chezy

60

60

68*

*Corresponds to value over the shoals and at Portsea

Figure 5-4 Locations of flow observations for validation of tidal current hindcasts.
Underlying sea floor bathymetry also shown. Sites ‘AWAC-1’ and ‘AWAC-2’ correspond to
AWAC deployments between June 2014 and February 2015. Sites ‘ADCP Station Day 2’
and “ADCP Station Day 3’ correspond to ADCP observation sites over tidal cycles
established during sediment transport field work undertaken in April 2015.
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5.2.1

Nicholson Knoll

Figure 5-5 compares the simulated depth-averaged tidal currents against those obtained from the
ADCP data. Figure 5-6 shows the model error for the calibration run.
The skill of the model over the sand shoals is 0.75, which corresponds to ‘Good’ according to the
classification given in Table 5-2. The MAE is 0.15 m/s, which corresponds to about 10% error at
peak tidal flow.

Figure 5-5 Comparison of simulated depth-averaged current speed against ADCP data on
the crest of the sand bank at Nicholson Knoll.
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Figure 5-6 Error of simulated tidal currents over sand shoal system to north-west of
Portsea

5.2.2

Portsea Front Beach

Figure 5-7 compares the simulated depth-averaged current speeds and vectors at the two AWAC
locations. Figure 5-8 shows in detail time series of measured and simulated tidal currents at the
AWAC locations.
The mode skill at AWAC-1 and AWAC-2 is in the order of 0.45, which is “Reasonable / Fair”
according to the classification given in Table 5-2. The MAE of the simulations is in the order of
0.1 m/s and the bias is in the region of 0.05 m/s when averaged across both AWAC locations.
For an average flow velocity of 0.4 m/s in 6 m water depth and a sand bed with D50=0.34 mm, the
bed shear stress would be τb=0.18 Pa and the critical shear stress to begin sand movement would
be 0.19 Pa. If the bed is armoured with D90 = 0.8 mm, which, as shown in the photographs of the
seabed in Appendix A, would be the more likely situation, the bed shear stress would be 0.20 Pa
whereas the critical shear stress to begin sand movement would be 0.40 Pa. Hence, at these
relatively low tidal velocities nearshore to the beach, sand transport under tidal flow is likely to be
very small and a “Reasonable” correlation with measured tidal velocities is acceptable. That
sediment transport rates in the area are very low is borne out by the photographs of the seabed in
Appendix A, which show no bedform features indicative of bedload transport but shoew
considerable algal growth and seabed armouring with coarse shell.
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Figure 5-7 Validation of Delft3D model against depth-averaged current speed derived
from AWAC data.
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Figure 5-8 Detail of model hindcasts of depth-averaged velocity derived from AWAC
observations at Portsea. Upper Panel: AWAC deployment 1 (~6m water depth). Lower
Panel: AWAC deployment 2 (~6m water depth).

Table 5-5 Error metrics for observed current magnitudes
Bias

MAE

Location

R2

Skill Score

Observation
period

(m/s)

(m/s)

AWAC-1

-0.02

0.08

0.44

0.42

Jun 2014 –
Oct 2014

AWAC-2

0.09

0.12

0.36

0.49

Oct 2014 –
Feb 2015

0.10

0.15

0.8

0.75

23rd & 24th
April 2015

ADCP
(Both Stations)
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6

Summary and Conclusions
Numerical models have been constructed to simulate the propagation of the tide through the
entrance of Port Phillip Heads and within Port Phillip Bay.
Simulations of wave-current interaction were undertaken on a model system using a flexible mesh
approach (MIKE21FM) to optimize model resolution where it is required in areas of complex
bathymetry and within the general vicinity of Port Phillip Bay. This model system was useful in
describing the general hydrodynamics of the Great Sands region, and the influence of ebb and
flood tidal currents in modifying wave heights and refraction patterns around the entrance of Port
Phillip Bay.
A more detailed model was constructed using a curvilinear grid approach (Delft3D). The purpose
of this model system was to provide current fields for sediment transport estimates around sand
shoal system northwest of Portsea Front Beach. The model was calibrated against water level data
measured at various tide gauges around Port Phillip Bay, tidal currents measured adjacent to
Portsea front beach, and tidal currents measured along the crest of the sand shoal system.
The skill score of the calibrated hydrodynamic model exceeds 0.96 (“Excellent”) when averaged
across all tide gauges in Port Philip Bay. The skill of the model in reproducing depth-averaged
tidal currents over the sand shoal crest at Nicholson Knoll and Quarantine Bank was 0.75 (“Good”,
nearly “Excellent” [0.8]). The model was capable of reproducing currents to a Mean Average Error
(MAE) of 0.15 m/s, which corresponds approximately to a 10% error during peak tidal flow. The
skill of the model in reproducing depth-average tidal currents at the -5 m AHD contour adjacent
to Portsea Front Beach is 0.45 (when averaged across both AWAC sites), with a MAE of 0.05 m/s.
Here the sediment transport rates are very low to zero, so a lesser accuracy of the model here is of
little consequence.
The modelling system is sufficiently accurate for the simulation of sediment transport processes
over the model domain for this project.
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