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Dear Stuart 

 

Sea Dragon Project – Forsyth Creek and Alligator Creek Bank Erosion 
Assessment 

 

The following letter report details the preliminary desktop assessment of the existing and potential 
future bank erosion at the intake point of Forsyth Creek and discharge location on Alligator Creek. It 
is our understanding that a preliminary assessment is required to establish the potential for the banks 
on Forsyth Creek and Alligator Creek to continue their observed erosion patterns in the short term 
(i.e. 5-10 year) and impact the efficiency and stability of the intake and discharge structures. 

1. SCOPE OF WORK 

The desk top assessment of bank stability has been undertake for two locations within the project Sea 
Dragon development site: 

 At the proposed intake location on Forsyth Creek, 

 At the proposed discharge location on Alligator Creek. 

The scope of work associated with this assessment has included the following: 

 Collation of available imagery, including recent photogrammetry, historical aerial 
photography, LandSat imagery and LiDAR data of the site; 

 Identification of the riverbank location and the rate of change; 

 Determination of the main driver of change and the frequency, i.e. episodically, specific 
event based or a constant rate of change; 

 Identification of potential failure methods using LiDAR and empirical bank stability formulae; 
and 

 Projected future change, based on the dominant driver of current bank erosion change 

Each of these tasks are discussed in the following sections. 
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2. DATA COLLATION 

2.1 Topographic Data 

Landsat Satellite imagery from multiple Landsat satellites of Forsyth and Alligator creek study areas, 
from one source: 

 1972 – 2015 U.S. Geological Surveys EarthExplorer 

Photogrammetric survey of Forsyth and Alligator creek study areas, available from one source: 

 November 2015, PhotoMapping Services, Photogrammetric survey 

Aerial LiDAR (Light Detection and Ranging) survey is available for the Forsyth and Alligator creek study 
areas from one source: 

 April 2015, PhotoMapping Services, LiDAR survey 

Aerial Imagery survey of for the Forsyth and Alligator creek study areas from one source: 

 1967 Aerial, image provided by Photomapping Service 

Key metadata for the Aerial LiDAR, Landsat Satellite imagery and the Photogrammetric Survey 
Resolution is given in Table 2-1. The Landsat Satellite imagery is a course 30 – 60 metre resolution.  
Resolution of the imagery with regard to the erosion analysis is discussed in Section 3. 

Table 2-1 Key metadata for data sets 

Dataset Source Date of 
Capture 

Resolution Vertical Accuracy 
(1sigma) 

Landsat 7-8 Satellite Imagery 1999-2015 30m N/A 

Landsat 1-5 Satellite Imagery  1972-1999 60m N/A 

PhotoMapping 
Photogrammetry 

Photogrammetry Nov 2015 0.4m N/A 

PhotoMapping LiDAR 
survey 

LiDAR April 2015 1m 0.1m (assumed) 

Aerial Imagery Aerial imagery 1967 1m N/A 

 

2.2 Sediment Data 

Bank sediment data was collected at the Forsyth Creek and Alligator Creek sites in January 2016. 
Samples were collected at the top, middle and bottom of the bank profile, as shown in Figure 2-1.  The 
results for both sites indicate that 91% to 98% of the bank material is within the clay-silt range, with 
the remainder made up of fine to coarse sand sized particles. 

The moisture content of the banks ranged from 20% to 30%. 
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Figure 2-1 Photos showing bank profile and sediment at Forsyth Creek intake location 

Observations from site (Elise Lawry pers. comm.) suggest that the bank material typically fine grained 
(silt to clay range) with a more resistance surface layer, partially stabilised by vegetation, with softer 
more erodible material beneath.   

The following images show the bank profile at each site and for locations upstream and downstream. 

 

  

Figure 2-2 Bank sediment and profiles along Forsyth Creek – views looking upstream of intake 
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Figure 2-3 Bank sediment and profiles along Alligator Creek 

3. ASSESSMENT APPROACH  

3.1 Imagery Comparison 

To analyse the bank displacement over time, aerial and satellite imagery was collected from 1967-
2015 at low tide for as many years as deemed necessary or possible. Images used are only as accurate 
as the resolution available, with early Landsat images having a resolution of ~60m (1972-1999) and 
later Landsat images having a resolution of ~30m (1999-2015). With the use of an aerial image from 
1967 and photogrammetric image from 2015 the uncertainties can be reduced with a resolution of 1 
and 0.4 metres respectively (Table 4-1).  

For each of the available images that the bank line was mapped and compared to the 1967 and 2015 
bank lines. The location and rate of bank movement has then been measured. 

3.2 Bank Profile Analysis 

Bank profiles were extracted from the available LiDAR data (captured in April 2015) at a series of 
locations across the area of interest at both sites.  The accuracy to 1 sigma is assumed to be ~0.1m 
(Table 2-1). 
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4. EROSION AND STABILITY ASSESSMENT 

4.1 Channel Planform 

Forsyth Creek 

In general the planform of Forsyth Creek shows a meandering planform, comprising of a single main 
channel with dendritic tidal creeks joining the main channel along its length.  However, at the 
proposed intake location on Forsyth Creek the planform changes.  Over a distance of 3km, the single 
main meandering channel has split into a series of channels forming a more braided morphology along 
this section.  Then upstream the channel reverts back to a single meandering form.  In the braided 
section islands are forming which is continuing to alter flow patterns. The aerial images and 
preliminary hydraulic modelling results indicate asymmetric flood and ebb tide patterns in this section, 
with the main creek flow being increasingly directed towards the southern branch. 

 

Figure 4-1 Flow patterns in Forsyth Creek in and around the proposed intake location 

This can clearly be seen in the bathymetric data, Figure 4-3, where the south channel is significantly 
deeper than the central or northern channels and conveys the majority of the flood and ebb tide flows.  
The intake is located on the outside bend of the southern channel.  Within a bend flow is directed 
preferentially towards the outside bank which generates a vertical component of velocity resulting in 
scour of the bank.  This is shown schematically in Figure 4-2. 

Given that the bend is migrating in an upstream direction it appears that the flood tide condition is 
critical for erosion of the bend area. 

At the proposed intake location the bank has moved landward in line with the bend section of the 
south channel migrating upstream. As the south channel migrates the deeper section of the channel 
remains near the bank, while the inside of the bend tends to get shallower as sediment is deposited. 
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Figure 4-2 Flow through a bend (Raudkivi, 1998) 

 

Figure 4-3 Bathymetry of Forsyth Creek    

 

Alligator Creek 

Alligator Creek exhibits a more braided morphology compared to Forsyth Creek with a series of sub-
channels separated by braid bars that are flooded at high tide.  Observations from site indicate these 
sub-channels are highly dynamic with significant changes to their planform occurring over the course 
of a tidal cycle. The sub-channels appear to migrate across the full width of the creek, Figure 4-4. 

As at the Forsyth Creek site the proposed discharge site is on the outside bend of a sub-channel. 
However in this instance the sub-channel does not convey the main flood and ebb tide flows.  The 
scouring velocity in the bend is proportional to the flow in the sub-channel.  Once complete, analysis 
of the hydraulic modelling for the project would be able to identify if the flood or ebb tide is the 
dominant condition in the sub-channel near the bank. 

Outside Bend Location 
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Figure 4-4 Bathymetry of Alligator Creek 

4.2 Bank Profiles 

The morphology of the banks along Forsyth and Alligator Creeks varies spatially but does show similar 
forms.   Bank profiles along both creek systems has been extracted from the LiDAR dataset at locations 
indicated in Figure 4-5 and Figure 4-8. 

The profile data extracted from the LiDAR along each of these profiles in Forsyth Creek are shown in 
Figure 4-7. Profiles 4 and 5 are close to the proposed intake location. Most of the profiles shown a 
vertical (>65o) slope between -1m AHD and the top of bank. Profiles 4 and 7 exhibit a compound profile 
with steep and sloped sections, which is also visible in Figure 4-6 which was taken near the intake 
location.   

The benched profile shown in the photo possibly occurs as a result of wave action under different 
water level conditions.  During high tide conditions the wave action is able to impact the upper section 
of the banks, while under lower water levels the lower sections of the bank are exposed and wave 
action impacts at these lower levels. This is discussed further in the following section.  More broadly 
along the creeks, the local crenulated pattern along the top metre of so of the banks is also likely to 
be related to wave action. 

Note that the profiles show a horizontal line at around -2m AHD which is a due to the water level at 
the time of survey.  The survey cannot capture bed levels below the water surface. Photos taken at 
low tide suggest a more sloping profile below -2m AHD, Figure 4-6.  The tidal range in Forsyth Creek is 
around 9m, with mean low water springs (MLWS) at around -5 m AHD.  Therefore up to 3m of the 
bank profile was not captured in the LiDAR survey. 

 

Sub-channels 

Potential discharge 
location 
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Figure 4-5 Bank Profile Locations - Forsyth Creek 

 

  

Looking upstream towards intake site Looking downstream away from intake site 

Figure 4-6 Bank profile examples on Forsyth Creek 
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Figure 4-7 Bank profiles along Forsyth Creek 
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Figure 4-8 Bank profile locations - Alligator creek 

The bank profiles along Alligator Creek extract from the LiDAR are shown in Figure 4-9. The bank slopes 
shown in all the profiles are consider vertical (>65o).  Again, the profiles show a horizontal line at 
around -2m AHD which is due to the water level at the time of survey.  The survey cannot capture bed 
levels below the water surface. Photos taken at low tide also suggest a more sloping profile below -
2m AHD, as seen in Figure 4-11. 

  

  
Figure 4-9 Bank profiles along Alligator Creek 



 

M:\JOBS\3800-3899\3894_SEA_DRAGON_COASTAL_STUDY\DOCUMENTS\LETTER\3894-
L01V02_FORSYTHCREEKBANKEROSION_V1.DOCX 11 

QFORM-AD-10 REV4 

 

Figure 4-10 Alligator Creek looking upstream towards the discharge location 

 

Figure 4-11 Looking towards discharge location showing vertical upper bank profile 

  

Potential discharge 
location 
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4.3 Erosion Processes 

Waves 

In soft unconsolidated banks in a coastal or estuarine environment, the energy delivered to the bank 
toe and face by waves has been identified as an important driver of coastal recession.  It has been 
suggested (e.g. Hackney et al, 2013; Trenhaile 2011) that undercutting of the bank toe by wave action 
and subsequent mass failure is the mechanism by which most coastal cliffs or banks are eroded, 
regardless of lithology. 

In both Forsyth and Alligator Creeks the banks are exposed to wave action, although wave impacts are 
constrained by the macrotidal range and the duration of the high water conditions.  This limits the 
periods where water levels are high enough for waves to impact the upper sections of the bank.  
Waves impacting the upper bank at the Forsyth Creek site are shown in Figure 4-12. 

However, if sufficient wave energy occurs at lower water levels this can lead to wave erosion at the 
lower levels of the bank slope, as shown in Figure 4-13. 

 

 

Figure 4-12 Wave action on the upper bank face at Forsyth Creek intake site 
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Figure 4-13 Forsyth Creek near intake site showing vertical and sloping bank profiles 

 
Currents 

In these creek systems currents are generated longitudinally during the flood and ebb tide.  These 
currents can be significant due to the macrotidal conditions, which is evidenced by the dynamic 
movement of channels and intertidal areas that occurs in Alligator Creek in particular.  Erosion under 
these condition occurs along the channel or across the intertidal area but unless the currents are 
directed towards a bank, such as at a bend, the magnitude of any bank erosion would be limited. 

Both intake and discharge sites are located on outside bends where higher currents do occur and in 
the case of Forsyth Creek it does appear that these currents are directly impacting on the bank face 
and contributing to the erosion process.  Scour at bends is a key mechanism for channel migration and 
movement in both riverine and estuarine environments. Refer to Section 4.1 for further discussion. 

Bend scour appears to be the key mechanism for erosion at the two sites. 

Sub-Aerial Processes 

A range of sub-aerial processes contribute to erosion of low actively eroding banks including 
groundwater pore pressure and seepage, shrink-swell detachment, and chemical interactions with the 
soil material which contribute to slope failure through block or slumping type movements.   These 
failure mechanisms are more common for cohesive sediments (silts and clays). 

Surface runoff and rain impact can affect the stability of the bank face through mechanisms such as 
sheet flow across the surfaces or concentrated runoff which can deeply indent the bank surface.  

If the bank undergoes repeated wetting by salt spray or surface runoff, interspersed with periods of 
drying the heating weathering of the bank-material can occur.  This makes the bank more susceptible 
to erosion but weathering effects are normally overshadowed by wave or current erosion or slope 
failure. 

Vertical (> 65o) bank 

Sloping (<65o) bank 
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4.4 Results & Discussion 

4.4.1 Forsyth Creek 

A comparison of the edge of bank in the Forsyth Creek study area, based on satellite and aerial imagery 
from 1967-2015 is provided in Figure 4-14 and Figure 4-15. These images show a continued erosion in 
this section of the creek throughout the time period analysed. Movement of the edge of the bank has 
occurred for all years assessed and the rate of change is very consistent.  Interestingly downstream of 
this section to the entrance of Forsyth Creek there has been very little change in bank alignment over 
the period analysed. 

Based on the profile locations shown in Figure 4-5, Figure 4-16 and Figure 4-17 show the average and 
cumulative bank erosion (or accretion) in metres per year. Profile 4 shows the maximum change with 
an erosion rate of 14.5 meters per year, totalling 638 metres from 1967 to 2015. Profile 4 and 5 are 
located close to the proposed intake site. Based on the average rate of erosion, the estimated erosion 
distances over 5 and 10 years is shown in Table 4-1. 

These rates are indicative only and may vary depending on the overall scouring and movement of the 
southern channel.  The past erosion has been consistent, however ground conditions across the tidal 
flats may be variable and changes in soil composition may accelerate or slow down the rate of erosion. 

Profiles 1, 2, 7 and 9 are located outside the braided section and clearly show much less erosion over 
the 48 year period.  The negative values represents accretion of the bank. 

Table 4-1 Estimates of potential future bank erosion along Forsyth Creek at intake site based 
on historic erosion rates 

Location Average Erosion Rate 
(m/year) 

Estimated Erosion 
Distance over 5years 

Estimated Erosion 
Distance over 10 year 

Profile 2 2 10 20 

Profile 3 10 50 100 

Profile 4 15 75 145 

Profile 5 9 45 90 

Profile 6 5 25 50 
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Figure 4-14 Comparison of edge of bank, Forsyth Creek (2015-1999) 



 

M:\JOBS\3800-3899\3894_SEA_DRAGON_COASTAL_STUDY\DOCUMENTS\LETTER\3894-
L01V02_FORSYTHCREEKBANKEROSION_V1.DOCX 16 

QFORM-AD-10 REV4 

 

Figure 4-15 Comparison of edge of bank, Forsyth Creek (1992-1967) 



 

M:\JOBS\3800-3899\3894_SEA_DRAGON_COASTAL_STUDY\DOCUMENTS\LETTER\3894-
L01V02_FORSYTHCREEKBANKEROSION_V1.DOCX 17 

QFORM-AD-10 REV4 

 

Figure 4-16 Average rates of change in bank alignment per year for Forsyth Creek 

 

Figure 4-17 Cumulative bank erosion or accretion in Forsyth Creek 
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4.4.2 Alligator Creek 

A comparison of the edge of bank in the Alligator Creek study area, based on satellite and aerial 
imagery from 1967-2015 is provided in Figure 4-18. These images show significant change in the creek 
alignment since 1967. 

Figure 4-19 and Figure 4-20 shows the average and cumulative erosion at bank profile locations shown 
previously in Figure 4-8 respectively. Profile 10 is located near the proposed discharge location and 
shows substantial erosion has occurred over the 48 year period, in the order of 160m.  Less erosion is 
seen at adjacent Profiles 9 and 11. The top of bank at these locations is vegetated which appears to 
be stabilising the bank in these areas, whereas there is very limited vegetation present at Profile 10. 

Based on the average rate of erosion, the estimated erosion distance over 5 and 10 years is shown in 
Table 4-1.  These rates are indicative only and may vary depending on the overall movement of sub-
channels across the creek.  The vegetated island that is forming upstream of the proposed discharge 
location may modify the flow distribution along the northern bank and change the flow characteristics 
around the bend depending on where any new sub-channels form. 

Table 4-2 Estimates of potential future bank erosion along Alligator Creek at discharge site 
based on historic erosion rates 

Location Average Erosion Rate 
(m/year) 

Estimated Erosion 
Distance over 5years 

Estimated Erosion 
Distance over 10 year 

Profile 9 2 10 20 

Profile 10 3 15 30 

Profile 11 1 5 10 

Profile 12 3 15 30 
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Figure 4-18 Comparison of edge of bank, Alligator Creek (1967-2015) 
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Figure 4-19 Average rates of change in bank alignment per year for Alligator Creek 

 

Figure 4-20 Cumulative bank erosion in Alligator Creek 

 

5. SUMMARY 

The following report details the preliminary desktop assessment of the existing and potential future 
bank erosion at the intake point of Forsyth Creek and discharge location on Alligator Creek.  The 
information is required to establish the potential for the creek banks on Forsyth Creek and Alligator 
Creek to continue their observed erosion pattern in the short term (i.e. 5-10 year) and impact the 
efficiency and stability of the intake and discharge structures. 

Available historic and recent aerial imagery as well as LiDAR data was analysed to determine the rate 
of change of the bank form at the two locations over time and identify the key drivers of erosion at 
both sites.  
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The outcomes of the analysis are summarized below: 

Forsyth Creek 

 The channel section on Forsyth Creek in the vicinity of the proposed intakes has been 
undergoing significant change, especially erosion of the southern bank, over the period of the 
analysis (1967 to present). 

 The proposed intake is located on the outside bend of the southern bank which has eroded 
around 638m since 1967, at an average rate of 14.5 m/year. 

 The main driver of bank erosion processes at the intake site appears to be high currents on 
the flood tide.  Waves and sub-aerial processes can enhance this. 

 The highest erosion is associated with bend scour during flood tide conditions and the rate of 
erosion as remained consistent over time. 

 Based on the average erosion rate it could be expected that the southern bank near the intake 
location would continue to erode, in the order of 150m over the next 10 years.  The past rate 
of erosion has been consistent, however ground conditions across the tidal flats may be 
variable and changes in soil composition may accelerate or reduce the rate of erosion. 

 At the proposed intake location the bank has moved landward in line with the bend section 
of the south channel migrating upstream. As the south channel migrates the deeper section 
of the channel will migrate in line with the bank, while the inside of the bend will tend to get 
shallower as sediment is deposited. This means that the inlet section of the intake pipe may 
need to be moved over time to ensure it remains within the deeper section of the channel.  

 This assessment does not consider the impact of the intake pipe, pipe infrastructure or 
removal or addition of water and associated flows. 

Alligator Creek 

 The bed of Alligator Creek is highly dynamic with various sub-channels giving a braided 
morphology.   These sub-channels can undergo significant change in planform over the course 
of a tidal cycle and appear to migrate across the full width of the creek. 

 The proposed outtake is located on the outside bend of one of the sub-channels. 

 As with Forsyth Creek the main driver of bank erosion appears to bend scour, which can be 
enhanced by wave action and sub-aerial processes. 

 The erosion rate at the proposed discharge location is higher than at adjacent more vegetated 
sites. 

 The bank at the proposed discharge location has eroded approximately 160m since 1967 at a 
consistent rate of around 3 m/year.  

 Based on the average erosion rate is could be expected that the bank would continue to erode, 
in the order of 30m over the next 10 years.  However, the erosion rate may vary depending 
on the overall movement of sub-channels.  The vegetated island that is forming upstream of 
the proposed discharge location may modify the flow distribution along the northern bank 
and change the flow characteristics around the bend depending on where any new sub-
channels form. 

 

It should be noted that little is known about the soil structure in the vicinity of either the proposed 
intake or discharge structures and the rate of erosion may vary considerably if areas of lower clay 
content (i.e. more silty material) are exposed to the high current conditions.  
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If you have any queries about any aspect of this analysis please do not hesitate to contact me to discuss 
them further. 

 

Kind regards 

Christine Lauchlan Arrowsmith 
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