
 

LANDCORP 

 

Albany Waterfront Development 
Preliminary Study on Circulation and Flushing 

302/09903/a02 

30-Apr-07 

 

 

 

 

 

 

 

 
Infrastructure 
Level 6, QV1 Building 
250 St Georges Terrace 
Perth  WA  6000  Australia 
Tel:  +61  8  9278 8111 
Fax:  +61  8  9278 8110 
www.worleyparsons.com 
WorleyParsons Services Pty Ltd  
ABN  61 001 279 812 

© Copyright 2007 WorleyParsons Services Pty Ltd 



 

LANDCORP 
ALBANY WATERFRONT DEVELOPMENT 
PRELIMINARY STUDY ON CIRCULATION AND FLUSHING 

 
PROJECT 302/09903/A02 - ALBANY WATERFRONT DEVELOPMENT 

REV DESCRIPTION ORIG REVIEW WORLEY- 
PARSONS 
APPROVAL 

DATE CLIENT 
APPROVAL 

DATE 

A Issued for internal review  
A West 

 
 

N/A 
 

20-Apr-06 N/A 
 

 

 

1  Issued for internal review  
A West 

 
M Burling 

 
 

30-Apr-07 N/A 
 

 

     
  

 
  

 
  

   
 

  

     
  

 
  

 
  

   
 

  

   

 

Disclaimer 

This report has been prepared on behalf of and for the exclusive use of Landcorp, and is subject 
to and issued in accordance with the agreement between Landcorp and WorleyParsons Pty Ltd.  
WorleyParsons 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 Landcorp and WorleyParsons Pty Ltd is not 
permitted. 
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1. INTRODUCTION 

WorleyParsons Services Ltd was appointed by LandCorp to undertake a numerical modelling study to 
assess the flushing characteristics of the proposed Albany Waterfront Development. The waterfront 
development includes extension of the western breakwater, land reclamation and dredging. 

The Danish Hydraulics Institute Mike3 FM model suite, a state of the art numerical model was used 
for the flushing analysis. The effect of the Albany waterfront development on circulation 
characteristics was determined by relative comparison of model results between the existing 
conditions and the proposed development. Flushing times were estimated through initialising the 
harbour with a dye tracer, and recording the time taken for the concentration to reduce to 37% (or 
rather 1/e) of the initial concentration, which is commonly termed an e-folding time.  

WorleyParsons has carried out a previous assessment of the impact on circulation of a proposed 
waterfront development at the same location for the Department of Planning and Infrastructure in 
2004. Thus, the current assessment is based on the previous work.  

For the previous modelling, the EFDC (Environmental Fluid Dynamics Code) model developed by the 
University of Delaware was used. Comparison of the Mike 3 model and the EFDC model for the 
existing case showed that both models predict the same circulation patterns. However, the Mike 3 
model was selected for this assessment as it has many advantages such as the use of a flexible 
mesh. 
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2. METHOD AND MODEL SETUP 

2.1 Method  

The results of the model study with Mike 3 were based on a relative comparison between the 
simulated “existing” case and the proposed development case during typical summer, autumn and 
winter conditions. Flushing characteristics of the existing harbour and of the modified harbour and 
waterfront were compared, and in particular the flushing times.  

The flushing time-scale can be defined by the time it takes for the concentration of an introduced 
substance (such as a contaminant or tracer) to decrease to a proportion of 1/e or 37 % of its initial 
concentration. This time is known as the e-folding time. In order to estimate the flushing of the main 
harbour area enclosed by breakwaters was initialised with a dye tracer with a nominal value of 100 %.  

In addition, circulation of the tug harbour was also considered separately by introducing another dye 
tracer for this area, also with a nominal value of 100 %. This way flushing characteristics of the tug 
harbour could be investigated independently. 

2.2 Model Description 

The flushing potential for the proposed waterfront development has been assessed with the three 
dimensional finite volume flexible mesh Danish Hydraulic Institute (DHI) Mike 3 FM model. The model 
simulates three dimensional free surface flows and includes advection and dispersion. Due to the 
flexible mesh, the model is particularly useful in assessment of coastal circulation and mixing in 
complex water bodies, such as Princess Royal Harbour.     

2.3 Bathymetry and Computational Domain 

From previous studies it has been identified that wind induced forcing is a significant driver of 
circulation within Princess Royal Harbour. Accordingly, the model domain includes all of Princess 
Royal Harbour. The tidal forcing is imposed at the entrance of Princess Royal Harbour, which is the 
boundary of the model domain (see Section 2.3). 

The strength of the Mike 3 FM model is that it allows a flexible mesh in the model domain, and thus 
important details such as the waterfront development can be resolved in detail. A great deal of 
Princess Royal Harbour, which is not of particular interest, can be resolved with larger triangles. In 
addition, use of triangles also makes it possible to resolve details better. In summary, the flexible 
mesh makes it possible to include detail and yet limit computational time.  
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The model bathymetry was developed using the digital format of the Port of Albany bathymetric chart 
(AUS 109), which was available through DHI’s Mike-C-Map data. The bathymetric data was imported 
into the model, and the water depths were checked to ensure that all features such as dredged 
channels were represented correctly. The model bathymetric mesh is shown in Figure 2-1 below.   

 

Figure 2-1: Model bathymetry and computational mesh for existing case. 

The model was set up using grid cells with sides of approximately 25 m within the harbour region, and 
with triangles with sides of approximately 250 m in the remainder of the model (Figure 2-1). The 
triangles increased in size with distance from the refined mesh of the harbour region. Figure 2-2 
shows the same bathymetry plot as above but zoomed in to show the detail in the harbour region. 
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Figure 2-2: Model bathymetry and computational mesh for existing case, zoomed in to harbour 
area. The harbour area is resolved with smaller triangles (grid cells) than the remainder of 
Princess Royal Harbour. 
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The model grid for the proposed Albany Waterfront Development was composed from information 
provided from AutoCAD drawing ‘Albany Waterfront Project Feature & Contour Base Plan, DWG 
2908-01’ (see Appendix). Modifications to the existing case were, extended western breakwater, land 
reclamation such as to the Northwest of the Tug Harbour, and partially dredged harbour basin. The 
model grid for the development layout is shown in Figure 2-3.  

 

Figure 2-3: Proposed Albany Waterfront Development, model bathymetry and computational 
mesh. Only the harbour area is shown. 

Vertically the model domain is divided into 6 layers proportionate to the water depth. Therefore, 
throughout the model domain the layer thickness varies (1/6 of local water depth). 
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2.4 Model Parameters 

A summary is provided of main input and output parameters 

• Horizontal Momentum Diffusivity, with Smagorinsky formulation, c = 0.28.  

• Vertical Eddy Viscosity/Diffusion, k-epsilon formulation 

• Time step of 0.5 s 

• Flexible mesh and thus grid dimensions varied from 25 m (area of interest) to 250 m 
(remainder of Princess Royal Harbour) 

• Dye tracer for main harbour and tug harbour was introduced. 

• Model output was generated at half hourly intervals for the full 3D fields of current velocities 
(u, v, w) and surface elevation. 

• Full 2D data that included depth averaged current speed, current direction, and surface 
elevation was recorded throughout the model domain also at time intervals of half an hour. 

2.5 Barotropic Forcing 

Wind data for the Albany Airport site for the period 1965 to 2001 was obtained from DPI and the 10 
years from October 1991 until October 2001 were extracted. The Albany Airport site lies inland and 
therefore the wind speeds are lower than experienced in Princess Royal Harbour. Western Power has 
a wind farm site called ‘Gun Club’ situated approximately 10 km to the west of Princess Royal 
Harbour. DPI passed on limited information from Western Power which indicated that wind speeds 
are 20 percent higher at Princess Royal Harbour than at Albany Airport and therefore a 20 percent 
loading (as advised) has been applied to the wind data. 

This data was sorted into each month of each year and the following statistics were compiled. 

• Maximum wind speed 

• Minimum wind speed 

• Mean wind speed 

• Standard deviation 

• Median wind speed 
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• 5, 20, 50, 80 and 95 percentiles 

An average wind speed for each month in the 10 year period was also compiled and the statistics 
from the entire sample were compared to the statistics of each year to determine typical periods for 
modelling.  Wind roses were also plotted for each year to check that wind directions were also 
representative in the model periods.  The following periods were selected for modelling typical 
summer, autumn/spring and winter scenarios: 

• Summer - January 1997 

• Autumn/Spring - April 1998 

• Winter - July 1994 

Tide data was also obtained from DPI for the period 1994 to 2003.  The tide data corresponding to the 
above periods were extracted and used in the model.  The forcing parameters used in the model are 
presented below for summer (Figure 2-4), autumn (Figure 2-5), and winter (Figure 2-6). 

 

Figure 2-4:  Tide and Wind Forcing, Summer (January 1997) 
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Figure 2-5: Tide and Wind Forcing, Autumn (April 1998) 

 

Figure 2-6: Tide and Wind Forcing, Winter (July 1994) 
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3. CIRCULATION PATTERNS  

Previous studies (Mills 1987, Mills & D’Adamo 1993) suggest that north to west winds drive 
anticlockwise circulation while south to east winds drive clockwise circulation. For previous modelling 
work with the EFDC model, a rough calibration was carried out by testing the model performance 
against conclusions from these previous studies. The model was setup to run with no tidal forcing and 
a constant wind (with constant speed and direction). The results obtained show the same circulation 
patterns as found in the previous studies. 

Model runs with Mike 3 were completed for both the base case (existing) layout and the harbour 
layout currently being considered. The circulation patterns for each of the modelled periods have 
been further investigated and some typical snapshots of the current magnitude and directions around 
Princess Royal Harbour are shown below.   

As demonstrated in Figure 3-1 and Figure 3-2 below for the summer case, the harbour construction 
has little effect on the circulation patterns. The circulation in Princess Royal Harbour is generally 
clockwise in summer (associated with south to east winds) and anticlockwise in winter (associated 
with north to west winds).  Both the tidal cycle and the wind speed and direction affect current speeds 
and circulation patterns.   

 

Figure 3-1: Circulation patterns for the existing layout in summer (January 1997). Winds are 
generally South and East - note clockwise circulation. Colours indicate depth-averaged 
current speed and arrows indicate depth-averaged current direction, scaled to current speed. 
Figure on the left is for high tide (1.20 m CD), and figure on the right is for an ebbing tide (0.69 
m CD). 
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Figure 3-2: Circulation Patterns for Albany Waterfront Development in summer (January 1997).  
Winds are generally S and E. Colours indicate depth-averaged current speed and arrows 
indicate depth-averaged current direction, scaled to current speed. Figure on the left is for 
high tide (1.20 m CD), and figure on the right is for an ebbing tide (0.69 m CD). 

 

 

Figure 3-3: Circulation Patterns for Albany Waterfront Development in Autumn/Spring (April 
1998).  Winds are generally north and south.  Colours indicate depth-averaged current speed 
and arrows indicate depth-averaged current direction, scaled to current speed. Figure on the 
left is for ebbing tide (0.73 m CD), and figure on the right is for a flooding tide (0.9 m CD) just 
after low tide  
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Figure 3-4: Circulation Patterns for winter (July 1994) with generally northwest winds. Note the 
anticlockwise circulation pattern. Colours indicate depth-averaged current speed and arrows 
indicate depth-averaged current direction, scaled to current speed. Figure on the left is for 
ebbing tide (0.71 m CD), and figure on the right is for a flooding tide (0.79 m CD). 
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4. HARBOUR FLUSHING TIMES 

E-folding times were calculated throughout the harbour for all model runs.  Outer harbour flushing 
was considered by seeding the whole harbour with dye tracer, while flushing of the tug harbour was 
considered in isolation from the outer harbour.   

4.1 Flushing of Outer Harbour 

A summary of the flushing times is provided in Table 4-1, for the existing case and the proposed 
development.  

 

Table 4-1: Comparison of flushing times for existing and development case 

Month Existing e-folding time Post Development e-folding time 

 Main Harbour Tug Harbour Main Harbour Tug Harbour 

January 0.5 2.1 7.3 – 8.5 1.2 - 3.2 

April 0.7 1.6 6.8 – 9.5 1.2 - 2.7 

July 0.5 1.2 5.4 – 8.1 1 - 1.4 

 

For the development case the model was run for a full month for each season, with introducing the 
dye several times during the run to obtain more than one ‘flush’ of the harbour for each model run. 
This method ensured that results were obtained across several different tidal conditions, of particular 
interest given the short outer harbour flushing time-scales compared with the tidal cycle. Flushing 
results are outlined in Table 4-2 for each development case. 
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Table 4-2: Flushing times for simulations carried out for Albany Waterfront Development 

Simulation - month and description of wind and tidal 
conditions 

Post Development e-folding time 
(days) 

January Main harbour  Tug Harbour  

1. Typical summer conditions with predominantly south-
easterly winds with speed generally of 4 to 7 m/s. Tidal 
range varies between 0.5 m to 1.0 m. 

7.3 3.2 

2. Southerly winds for first two days (speed of 2 to 5 m/s) 
and then changing to stronger easterly winds (up to 10 
m/s). Low tidal range of 0.4 m to 0.7 m. 

8.5 2.4 

3. Easterly winds for first two days (speed 3 to 9 m/s) and 
then after varying direction between east and southwest. 
Tidal range of approximately 1.0 m. 

7.7 1.2 

April Main harbour  Tug Harbour  

1. Winds varying between north and west (speed up to 7 
m/s) for first three days, and then winds between south and 
east with speed up to 9 m/s. Tidal range of 0.4 m to 0.6 m. 

7.5 2.7 

2. Simulation was started at the middle of simulation 1. 
Wind direction varying between south and east for first 
three days. Wind is constantly from the south day 4 to day 
6, and then after constantly from the east. Wind strength is 
typically between 3 to 8 m/s. Tidal range of approximately 
0.5 m. 

6.8 1.2 

3. For first five days constant easterly winds (3 to 8 m/s), 
ending with a half day storm with wind speed up to 13 m/s. 
After storm, wind direction is southeast. Tidal range varies 
from 0.3 to 0.6 m. 

9.5 1.8 

July Main harbour  Tug Harbour  

1. North-westerly winds (typical for winter) with speed of 5 
to 7 m/s, and tidal range of approximately 0.8 m. 

5.4 1.4 
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Simulation - month and description of wind and tidal 
conditions 

Post Development e-folding time 
(days) 

2. Predominantly north-westerly winds with speed of 4 to 6 
m/s. However, simulation starts with wind speed up to 10 
m/s. Tidal range of 0.7 m. 

5.7 1.0 

3. First three days North-westerly winds (3 to 9 m/s) and 
low tidal variation of 0.4 m. Then, winds are lighter (2 to 3 
m/s) and vary between southeast and northeast, and tidal 
variation increases to 1.0 m. 

8.1 1.0 

 

The plots below show the flushing of the outer harbour for the existing and proposed development 
layout.  Currently the area of the outer harbour flushes in approximately a day (less than 1.3 days).  
Construction of the new harbour breakwaters restricts the flow of water through the area, resulting in 
an increased flushing time. 

The outer harbour is predicted to flush in less than 10 days throughout the year, with some parts of 
the harbour flushing in less than a day.  The results indicate that there is little variation between the 
seasons, due to the barotropic effects remaining similar in magnitude throughout the year.  Autumn 
appears to be slightly worse for flushing, perhaps because the winds are less persistent in direction. 
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Figure 4-1: Flushing sequence of harbour for a typical summer period (January - case 1). At 
the start of the simulation the harbour was initialised with a tracer with a nominal value of 100 
% (red). The e-folding time is reached after 7.3 days (concentration below 37 %).  
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Figure 4-2: Flushing sequence of harbour for an autumn period (April - case 1). At the start of 
the simulation the harbour was initialised with a tracer with a nominal value of 100 % (red).  
The e-folding time is reached after 7.5 days.  
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Figure 4-3: Flushing sequence of harbour for a typical winter period (July - case 1). At the start 
of the simulation the harbour was initialised with a tracer with a nominal value of 100 % (red). 
E-folding time is reached after 5.4 days. 
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4.2 Flushing of Tug Harbour 

The tug harbour currently flushes in less than 2.1 days. Construction of the harbour breakwaters is 
predicted to result in an increased flushing time of up to 3.2 days. The flushing times represent the 
time taken for the tug harbour water to flush out into the outer harbour. A summary of average 
flushing times is shown in Table 4-3 below. 

  

 

Table 4-3 Tug Harbour Flushing Times 

Month,  Existing e-folding time Post-development e-folding time 

Summer (January) 2.1 1.2 - 3.2 

Autumn (April) 1.5 1.2 - 2.7 

Winter (July) 1.2 1.0 - 1.4 

*July case 3 not yet completed XXXX 

The results indicate that there is little variation between the seasons, due to the barotropic effects 
remaining similar in magnitude throughout the year. Figure 4-4 illustrates flushing of the tug harbour 
for a summer scenario (January case 1).  
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Figure 4-4: Flushing sequence of tug harbour for January case 1. At the start of the simulation 
only the tug harbour (see Day 0, frame at top left) was initialised with a tracer with a nominal 
value of 100 % (red). E-folding time is reached after 3.2 days. Note that the tracer is flushed 
into the harbour. 
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5. RECOMMENDATIONS AND CONCLUSIONS 

5.1 Conclusions 

The maximum e-folding time for the harbour of the proposed Albany Waterfront Development is likely 
to be 9.5 days. The tug harbour located within the main harbour breakwaters is likely to have a 
maximum e-folding time of 3.2 days. 

5.2 Recommendations 

Flushing simulations conducted included solely the effect of tide and wind driven effects. Therefore, 
the flushing estimates are likely to be conservative as density driven effects are not included. In order 
to obtain a more realistic estimate of flushing times it is recommended that further detailed numerical 
modelling is conducted, which includes density driven currents caused by diurnal heating and cooling. 
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Appendix 1 – Albany Waterfront Development Layout 
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Appendix 2 – 09903a05 Additional Layout Results
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