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Figure 1-2 Sea level rise for planning purposes in Western Australia (based on DoT, 2010 and IPCC, 2021). 

1.3 Overview of the CHRMAP Process 

The key policy governing coastal planning in WA is the State Planning Policy No. 2.6: State Coastal Planning 
Policy (Western Australian Planning Commission [WAPC], 2013a) (SPP2.6). SPP2.6 recommends that 
management authorities develop a CHRMAP, using a risk mitigation approach to planning, that identifies the 
hazards associated with existing and future development in the coastal zone. SPP2.6 and the State Coastal 
Planning Policy Guidelines (WAPC, 2013b) contain prescriptive details, for example in relation to scales of 
assessment, storm event types and SLR allowances. 

The WAPC (2019) has also developed the Coastal hazard risk management and adaptation planning 
guidelines (the CHRMAP Guidelines) which are less prescriptive in terms of technical assessment of coastal 
processes, but are aimed to ensure that planning is carried out using a risk-based approach. This includes 
paying due regard to stakeholder engagement, community consultation and education, and requires that a full 
range of adaptation options is considered.  

Coastal planning in accordance with SPP2.6 also needs to take into consideration the requirements of other 
planning policies, including Statement of Planning Policy No. 2: Environment and Natural Resources Policy 
(WAPC, 2003) and Statement of Planning Policy No. 3: Urban Growth and Settlement (WAPC, 2006). 

1.4 Purpose of this Report 

The purpose of this report is to document the Risk Identification for the PRH CHRMAP, in accordance with the 
CHRMAP Guidelines (WAPC, 2019). The PRH CHRMAP is being developed in a staged approach (Figure 1-
3), with various stages documented in standalone technical chapter reports. These reports are structured as 
follows: 

- Establish the Context: Stage 1 (Water Technology, 2022) 

- Risk Identification: Stage 2 

- Risk Analysis and Evaluation: Stages 3 & 4 

- Adaptation Planning: Stages 5, 6 & 7 

- Final CHRMAP 

The key purpose of this stage is to undertake the coastal hazard risk identification for present day (2022), 
2030, 2047, 2072 and 2122 planning timeframes. This document also includes coastal hazard mapping and 
the identification of assets that may be impacted by coastal hazards over the next 100 years. 



Risk Identification 
Princess Royal Harbour Coastal Hazard Risk Management and Adaptation Plan 

CW1200123 | 16 May 2022 4 

 

Figure 1-3 CHRMAP methodology summary (Water Technology, 2022) 
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major portions of the harbour in its south (e.g. Shoal Bay) and north-west (e.g. between Rushy Point and the 
Woolstores). The bathymetry of PRH is presented in Figure 4-1. An overview of the geological units of PRH 
is provided in Figure 2-2 (summarised from GSWA, 2001).  

2.8.2 Wind 

Albany has a variable wind climate in terms of both direction and strength. Strong winds can be experienced 
year-round, though the windiest period is during winter (June to September). Wind direction during this period 
is predominantly westerly to north-westerly. During the summer months (November to March), winds are lighter 
and predominantly easterly to south-easterly (Bureau of Meteorology, 2022). Seasonal wind rose within King 
George Sound are provided in Figure 2-1. 

 

Figure 2-1 Seasonal wind rose in King George Sound, data period from 1979 through 2022 (CSIRO) 

2.8.3 Rainfall 

Albany experiences rainfall year-round with an annual average of 925 mm. The lowest rainfall month is 
February, averaging 23 mm, and the highest rainfall month is July, averaging 143 mm (Bureau of Meteorology, 
2022).  
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Figure 3-2 Albany Waterfront Marina and Port of Albany captured in November 2016 (image source: airviewonline, 2022) 

 

Figure 3-3 Hardened shoreline (seawall) between Point Frederick and Melville Point captured in January 2022 (image source: City 
of Albany, 2022) 
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SBEACH 

The current risk of storm erosion was examined using the SBEACH (Storm-induced BEAch CHange) numerical 
model. SBEACH is an empirically based two-dimensional model used to examine the short-term response to 
beach, berm and dune profiles during storm events (Larson and Kraus 1998). The model has been widely 
applied at sites all over the world and has demonstrated good levels of calibration. The model can simulate a 
temporally varying breakpoint which produces offshore bar migration under acute storm wave events. 

4.2.3 SWAN Model Set-Up 

SWAN Grids 

The model grid system was prepared with the main objective of providing good resolution along the PRH 
coastline. As such, the SWAN model setup for this study has adopted a nested grid system and is comprised 
of two nested rectilinear grids of increasing grid cell resolution. The outermost grid has a resolution of 100 m 
and enables the complex bathymetric features and land masses within King George Sound to be adequately 
resolved. The outer grid also enables the investigation of swell propagation into PRH. Within this outer grid is 
nested a grid of 20 m resolution, covering PRH. The SWAN grid extents and model bathymetry are shown in 
Figure 4-1. The bathymetric data applied to the SWAN model has been derived from the following data 
sources, listed in order of highest to lowest precedence: 

- City of Albany LiDAR from 2021. 

- Navigation charts for coastal regions from the Australian Hydrographic Service. 

- Albany Port Authority Clearance Survey from May 2017.  

 

Figure 4-1 SWAN model domain & bathymetry 
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Figure 4-3 Metocean data locations 

Using the CSIRO modelled wave data, independent peak significant wave heights were identified, and a 
directional extreme value analysis was undertaken using the maximum likelihood method, fitting to the Weibull 
distribution. Independent events in each octant required 72 hours of separation between peaks. These 
techniques were used to estimate directional 100-year average recurrence interval (ARI) significant wave 
height for east through west south-westerly directional sectors.  Jointly occurring peak wave periods have been 
derived from a correlation analysis between significant wave height and peak wave period. The results of the 
extreme value analysis are presented in Table 4-2.  

The results from the extreme value analysis were subsequently applied to the boundary of a SWAN (Simulating 
WAves Nearshore) wave model, to investigate the propagation of swell waves into PRH. The significant wave 
height was extracted at four locations at the entrance of PRH (Location 1 to 4 in Figure 4-4). Based on the 
outcomes of the investigation, the propagation of swell waves into the harbour is predominantly confined to 
the protected shoreline within MU1. This is demonstrated in Figure 4-6 and Figure 4-7, which show the 
propagation of the 100-year ARI east south-easterly scenario, which resulted in the largest significant wave 
height at all four output locations. In addition to the five output locations, the significant wave height was also 
extracted in approximately 10 m of water depth offshore from the isthmus with MU5 (Location 5 in Figure 4-
4).  

The results of the swell penetration investigation were used to define the design storm for assessment of 
coastal erosion on the eastern side of the isthmus. This involved scaling the stipulated design storm (MRA, 
2018) to peak at the modelled 100-year ARI wave parameters at Location 6 in Figure 4-4. The timeseries was 
subsequently used to investigate short-term acute (storm-induced) erosion on the eastern side of the isthmus 
(see Section 4.2.7). An example of the pre-scaled is provided in Figure 4-5. 
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Table 4-1 Extreme significant wave heights within King George Sound (CSIRO 1 in Figure 4-3) 

Directional Sector 1 10 25 50 100 

Omni Hm0 (m) 6.4 7.5 7.8 8.1 8.4 

Tp (s) 16.2 16.4 16.5 16.6 16.7 

E (90°TN) Hm0 (m) 1.3 3.0 3.2 3.2 3.3 

Tp (s) 8.0 9.7 9.9 9.9 10.0 

ESE (112.5°TN) Hm0 (m) 3.0 4.2 4.7 5.1 5.5 

Tp (s) 10.0 10.3 10.4 10.6 10.7 

SE (135°TN) Hm0 (m) 3.1 4.9 5.6 6.1 6.6 

Tp (s) 10.5 10.7 10.8 10.9 10.9 

SSE (157.5°TN) Hm0 (m) 3.3 4.9 5.8 6.5 7.3 

Tp (s) 13.7 13.5 13.3 13.2 13.0 

S (180°TN) Hm0 (m) 4.1 5.9 6.7 7.4 8.0 

Tp (s) 14.2 14.0 13.8 13.7 13.6 

SSW (202.5°TN) Hm0 (m) 6.2 7.3 7.7 7.9 8.2 

Tp (s) 16.2 16.4 16.5 16.6 16.7 

SW (225°TN) Hm0 (m) 6.2 7.2 7.5 7.7 7.9 

Tp (s) 15.2 16.0 16.3 16.5 16.6 

WSW (247.5°TN) Hm0 (m) 3.6 4.6 5.0 5.2 5.5 

Tp (s) 12.8 12.7 12.6 12.6 12.6 
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Figure 4-4 Output locations for swell penetration investigation 

 

 

Figure 4-5 Pre scaled storm sequence at the location of the Albany Wave Buoy 

 



Risk Identification 
Princess Royal Harbour Coastal Hazard Risk Management and Adaptation Plan 

CW1200123 | 16 May 2022 25 

 









Risk Identification 
Princess Royal Harbour Coastal Hazard Risk Management and Adaptation Plan 

CW1200123 | 16 May 2022 29 

 

Figure 4-10 Representative storm sequences scaled to peak at the 100-year ARI wind speed and water level 

 

 

Figure 4-11 SWAN wave field modelled within the 20 m grid during the westerly storm event 

4.2.7 Storm Erosion Modelling 

Short-term acute (storm-induced) erosion across the study site was investigated using the SBEACH numerical, 
model as recommended in SPP2.6, for calculation of the S1 coastal processes allowance. A total of 20 shore-
normal beach profiles were applied in the simulation of S1 storm erosion within PRH, extending offshore to 
approximately the -0.5m AHD contour. Given the width of the isthmus, there is potential for erosion of the 
eastern and western shorelines to contribute to a breach of the feature. As such, 1 additional shore-normal 
beach profile was applied to simulate the S1 storm erosion on the eastern side of the isthmus. The location 
and length of each profile was based on an assessment of the study area, coastal topography, and nearshore 
bathymetry. The length of the SBEACH profiles have been minimised to allow time for wave refraction 
processes to be resolved in SWAN. The locations of the 21 SBEACH profiles are shown in Figure 4-12.  

Based on the results from the SWAN modelling, the critical storm event was identified for each shoreline MU. 
The critical storm event was defined based on the maximum modelled significant wave height at the offshore 
boundary of each SBEACH profiles.  
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The median sediment grain size (D50) used for the SBEACH modelling was based on sediment sampling 
undertaken during April 2021. Particle Size Distribution (PSD) analysis was undertaken on representative 
sediment samples collected at each of the four sections of coastline. Observations from the field, as well as 
results of the PSD analysis, showed in situ sediment in some locations comprised of two distinct sediment 
classes. This included fine to medium grain sand, as well as fragments of larger material, such as gravel, 
organic material, and shells. As a conservative approach, the PSD data has been filtered to remove large 
fragments of material, prior to characterising the D50. 

The results from the PSD analyses are generally comparable across the study area and to those documented 
in Seashore (2020). suggesting that there is low spatial and/ or temporal variability in sediment characteristics 
within PRH. While no PSD analyses is reported, Travers et al (2010) also suggests that sediments within PRH 
ranged from fine to medium (0.19 to 0.5mm).  

In accordance with SPP2.6, the representative storm sequences have been applied three times in succession, 
simulating the shorelines response to 72 hours of elevated wave and water level conditions. The storm was 
applied as being perpendicular to the coast at each profile, which is a conservative, however not unrealistic, 
assumption. The results of the SBEACH simulation for each profile were analysed in order to determine the 
HSD elevation and the S1 storm erosion allowance for each profile as per SPP2.6. Plots showing the results 
of the SBEACH simulation for each profile are presented in Appendix A. 

Table 4-4 Wave conditions and sediment sizing adopted for SBEACH modelling 

Profile Peak significant 
wave height, Hs (m) 

Peak wave period, 
Tp (s) 

Critical Storm 
Direction 

D50 (mm) 

T01 0.6 3.6 S 210 

T02 0.5 3.3 S 370 

T03 0.5 2.1 SE 370 

T04 0.6 2.3 SE 370 

T05 0.6 2.1 SE 270 

T06 0.5 2.5 E 270 

T07 0.5 2.5 NE 360 

T08 0.7 3.0 SE 380 

T09 0.6 2.7 N 360 

T10 0.9 2.7 SE 360 

T11 0.6 3.0 N 310 

T12 0.6 2.7 E 310 

T13 0.6 2.7 N 310 

T14 0.6 2.7 N 310 

T15 0.6 2.7 N 310 

T16 0.6 2.7 W 310 

T17 0.6 3.0 W 320 

T18 0.6 2.7 W 320 

T19 0.5 2.5 SW 210 

T20 0.7 3.3 W 210 

T21 1.6 10.8 ESE 350 





Risk Identification 
Princess Royal Harbour Coastal Hazard Risk Management and Adaptation Plan 

CW1200123 | 16 May 2022 32 

4.3 S2 Erosion Allowance 

An analysis of historical vegetation lines based on aerial photography has been undertaken in order to estimate 
the historical shoreline movement trends and thus an appropriate S2 erosion allowance, in line with the 
requirements of SPP2.6. This analysis method assumes the movement of the vegetation line is a valid proxy 
for shoreline movement. 

4.3.1 Analysis of Historical Shoreline Movement 

Analysis of historical shoreline movement has been undertaken based on historical aerial imagery for the 
following years: 1943, 1976, 1997, 2004, 2007, 2011, 2014, 2016 and 2021. The analysed vegetation line for 
each year covered varying proportions of the study area; some years covered the entire study area while many 
others covered only small sections. The position of the vegetation line for all years for which data was provided 
was analysed at 200 m intervals along the length of the study area (Figure 4-13). 

In order to estimate the long-term average shoreline movement rate, the change in shoreline position was 
analysed between each of the selected years and a baseline time period, depending on the location. The 
historical shoreline movement distances are presented in Figure 4-14. Based on analysis of the average rates 
of shoreline change across the study area, an S2 rate of annual shoreline movement was derived. The 
selection of this rate has considered the various coastal controls along the length of the PRH coastline. As a 
conservative approach and in line with the recommendations of SPP2.6, the S2 erosion allowance was 
selected as zero for all areas where long-term accretion has been observed. 

Due to the presence of shoreline protection structures such as seawalls and revetments, vegetation lines are 
unable to be analysed for some sections of coastline. As such, an estimate of the likely long-term stability of 
the coastline has been undertaken based on the sections of shoreline immediately adjacent to these structures. 
It has been assumed that these protection structures are adequately maintained until the end of their estimated 
remaining serviceable life. 

The results from the historical shoreline movement analysis indicate PRH has remained relatively stable since 
1943. The most notable changes in the position of the shoreline include erosion along the Torndirrup and Little 
Grove foreshores (Ch. 4,900 to 6,000), however these observations appear to be attributed to discrepancies 
in interpretating the vegetation line. Other noteworthy areas of shoreline instability have been identified 
anecdotally and reinforced through the historical shoreline movement analysis. Such areas include the 
foreshore along Frenchman Bay Road (Ch. 4,000 to 5,000), Rushy Point (Ch. 6,000, to 6,4000), the foreshore 
along Harbour Esplanade Road (Ch. 7,000 to 7,300), and the Panorama Caravan Park foreshore (Ch. 7,600 
to 7,700). 

A comparison of recent aerial imagery and historical chart data dated 1814 (Figure 4-15), indicates that some 
changes in the position of the shoreline have occurred, without necessarily being reflected in the vegetation 
line mapping. These changes include accretion of land in the lee of the active sand feed at Torndirrup, and 
accretion of the sand spit at Rushy Point. Some erosion can also be observed along the eastern shoreline of 
Rushy Point. There also appears to have been some reclamation of land at and immediately south of the 
Woolstores. The recent erosion observed in this area may be attributed to the shoreline adjusting to a new 
state of equilibrium. Other areas of the PRH, such as the undulating shoreline along Big Grove appear to have 
remained relatively stable over the last approximately 200 years.  

The comparison of recent and historical chart data also indicates changes in the local bathymetry. Such 
changes include shallowing of the nearshore seabed between Ch. 2,000 and 4,000, Ch. 5,000 and 6,000, and 
Ch. 9,000 and 1,100. These changes could be attributed to the development along the northern shoreline of 
PRH.  
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Figure 4-14 Shoreline movement plot relative to baseline imagery 

 

 

Figure 4-15 Comparisons in recent aerial imagery (2022) and historical chart data (1814) 

4.4 S3 Erosion Allowance 

In line with the requirements of SPP2.6, for the 2120 planning timeframe, an S3 erosion allowance for projected 
future sea level rise of 94 m (100 times the adopted sea level rise value of 0.94m) was adopted across the 
study area. For the intermediate planning timeframes of 2047 and 2072, values of 15 and 35 m, respectively, 
were adopted (100 times the adopted sea level rise value at each timeframe). 

4.5 Coastal Erosion Allowances Summary and Mapping 

The coastal foreshore reserve allowances for coastal erosion have been calculated at present day, 2047, 2072 
and 2122. The total allowances were calculated for two scenarios; controlled and uncontrolled, as the sum of 
the S1, S2 and S3 components plus the uncertainty allowance of 0.2 m/year, as per SPP2.6.  The controlled 
scenario assumes that existing physical controls detailed in Table 3-1 are adequately maintained until the end 
of their remaining serviceable life. The uncontrolled scenario assumes the existing physical controls are 
removed immediately. The rate of shoreline change following removal of the existing physical controls has 
been estimated based on the sections of shoreline immediately adjacent to the control. The total coastal 
foreshore reserve allowances with and without coastal controls, are summarised in Table 4-5 and Table 4-6, 
respectively. The full results with each component value are presented in Appendix B. The significant range 
in the total allowance across profiles is mainly attributed to differences in the S2 component that can, in places, 
vary significantly over relatively short distances along the coast. 

The coastal erosion allowance at present day (2022), 2047, 2072 and 2122, with, and without coastal controls, 
was spatially mapped in order to demonstrate the areas that are potentially at risk from coastal erosion over 
the planning timeframes (Appendix C). The allowances were applied perpendicular (inland) to the HSD, which 
was determined from the results of SBEACH modelling (peak steady water level under storm conditions). 
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