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Disclaimer 

While reasonable efforts have been made to ensure that the contents of this document and the 

associated maps are factually correct, the authors , Griffith University, and SEQwater does not 

accept responsibility for the accuracy or completeness of the contents, and shall not be liable for any 

loss or damage that may be occasioned directly or indirectly through the use of, or reliance on, the 

contents of this report or the associated maps. 



1. Executive summary 

The Mid-Brisbane River extends 61km from Wivenhoe Dam to the Mount Crosby Water Treatment 

Plant (WTP). It acts as conduit for water supply between Wivenhoe Dam and the Mount Crosby 

Water Treatment Plant. Much of the rivers riparian areas are poorly vegetated with banks at high 

angles making them susceptible to erosion. Significant erosion was observed to have occurred during 

the recent flooding in 2011 and subsequent dam releases. This study provides an assessment of the 

erosion along this reach of river and forms part of a program of research aimed at developing a 

strategy for stabilising and strengthening the channel banks so they are better able to perform its water 

supply function while improving its ecological and rural water supply values. 

The channel condition has been assessed using the Rapid Geomorphic Assessment approach. Nine 

different characteristics of the channel are used to infer dominant channel processes and the 

magnitude of channel instability. Each criterion is ranked from zero to four, and all values summed to 

provide an index of relative channel stability. The higher the number, the greater the instability; for 

example sites with values greater than 20 exhibit considerable instability, stable sites generally rank 

10 or less, while intermediate values indicate reaches of moderate instability. Rapid geomorphic 

assessments were undertaken in September 2011 over four days along the entire 61km river section, 

starting from Wivenhoe Dam and finishing at the Mt Crosby weir pool. Travelling downstream by 

boat, 56 reaches were assessed, approximately every 1 km.  Along the survey length 80% of the 

reaches assessed scored between 18 and 25, indicating moderate to high bank instability. At 70% of 

the sites surveyed the dominant erosion process was mass wasting on both banks. Overall riparian 

vegetation condition was generally poor; more than 50% of both banks over the 61km having less 

than 10% established riparian woody cover. 

The type and extent of erosion has been assessed using repeat LiDAR surveys captured before and 

after the 2011 flood. The before-flood LiDAR was commissioned by the Department of Environment 

and Resource Management (DERM) and was captured in 2001, while the after-flood LiDAR was 

commissioned by the current project and was captured in 2011. To ensure the two LiDAR derived 

Digital Elevation Models (DEMs) were comparable twenty three points were digitised at areas of 

fixed elevations, such as sealed roads, throughout the LiDAR extent of the coverage. Elevation values 

from the 2001 and 2011 LiDAR derived DEMs were then extracted to the points and compared. The 

mean of the difference in elevation of these points was -0.037m and the median was -0.033m, which 

is within the error of the LiDAR capture. The 2011 LiDAR derived DEM was then subtracted from 

the 2001 DEM to determine the change in river morphology (above the water level) between these 

dates. In total 244 bank failures were identified throughout the Mid Brisbane, with a total volume 

change of approximately 430, 000 m3. The largest failure accounted for 22% (approximately 90, 000 

m3) of the total volume, while the largest five accounted for 35% (approximately 150, 000 m3) of the 



total volume. Two forms of failure were evident:  slump failures with limited linear extent and longer 

planar failures. Many of the larger slump failures have a semi-circular lobate form which is suggestive 

of wet earth flow. It is possible that at these locations the banks were sufficiently wetted to overcome 

soil cohesive strength. Fifty-five (23%) of the 244 mapped failures were categorised as planar failures 

considered to be the result of direct fluvial erosion. These accounted for approximately 180,000 m3 

(40%) of the estimated volume change, and include the two largest failures. These types of failure 

were largely located on the tighter river bends. 

At this early stage of the study our recommendation is that stabilisation activities focus on 

revegetation of channel banks in the areas identified in the low erosion class. These area will not 

require extensive earthworks and revegetation can begin without further geomorphic or geotechnical 

assessments. It is suggested that sites be selected for demonstration purposes. 

  



2. This document 

This document reports on progress in the first stage of the Mid-Brisbane Stabilisation Strategy, a 

project being conducted on behalf of Seqwater as part of the research agreement with Griffith 

University. It is delivered as part of Research Program 2: Optimising Multi Barrier Treatment. The 

aim for this program is to understand processes within Seqwater catchment‘s (source, store, supply) 

that influence water quality, and to identify ways to assess, investigate and improve treatment barriers 

for enhanced water quality outcomes. The study is part of sub-project 2 with the overall objective: 

Understand the spatial sources and active erosion processes (e.g. extent of channel erosion) which 

generate sediments under events of varying magnitudes and under differing dam management 

scenarios, and understand how these sources and processes may influence future sediment delivery to 

reservoirs and water treatment plants.    

This report delivers on milestone 1: Stage 1: preliminary progress report and maps on the rapid 

geomorphic assessment and LiDAR analysis for the  Mid-Brisbane (Wivenhoe Dam to Mt Crosby) 

identifying some of the major erosion processes and reaches of low medium and high risk,  and 

identification of options for stabilisation of the reaches of low risk in the mid-Brisbane channel 

3. Background 

The Mid-Brisbane River extends 61km from Wivenhoe Dam to the Mount Crosby Water Treatment 

Plant (WTP). It acts as conduit for water supply between Wivenhoe Dam and the Mount Crosby 

Water Treatment Plant. Much of the rivers riparian areas are poorly vegetated with banks at high 

angles (~20O) making them susceptible to erosion. Significant erosion was observed to have occurred 

during the recent flooding in 2011 and subsequent dam releases. This erosion has increased sediment 

loads in the river and raised questions about the condition of the channel and how it will respond 

under future floods and dam releases. The objective of this study is to provide an understanding of the 

erosion process occurring along this reach of river and to develop a strategy for stabilising and 

strengthening the channel banks so that it is better able to perform its water supply function while 

improving its ecological and rural water supply values.  

4. Overview of the study and methods 

The study has five stages: 

Stage 1: An assessment of the geomorphic condition of the channel, and the type and extent of erosion 

along the 61kms between Wivenhoe Dam to the Mount Crosby water treatment plant. This is to 

include identification of sites for “low risk” rehabilitation activities.  The channel condition has been 



assessed using the Rapid Geomorphic Assessment approach (Simon 2011). Nine different 

characteristics of the channel are used to infer dominant channel processes and the magnitude of 

channel instabilities.  The type and extent of erosion has been assessed using repeat LiDAR surveys 

captured before and after the 2011 flood. The before-flood LiDAR was commissioned by DERM and 

was captured in 2001, while the after-flood LiDAR was commissioned by the current project and was 

captured in 2011.  

Stage 2: An assessment of geomorphology and historical channel change in the Brisbane River. 

Historical records, aerial photographs, and historical maps will be used to assess changes to the 

channel of the Brisbane River since European settlement. This will provide the historical context for 

any rehabilitation activities and assess whether the current erosion processes and extent of erosion are 

related to clearing of channel vegetation post European settlement. 

Stage 3: An assessment of the geotechnical characteristic of the channel banks and the associated 

riparian vegetation. Stream bank failures generally result from a combination of hydraulic processes 

that undercut the base of the bank and geotechnical processes causing bank collapse by gravity 

(Simon et al 2010). Therefore, in order to effectively control bank erosion, we need to understand and 

quantify the underlying processes: bank shear strength (geotechnical processes), bank toe erodibility 

(hydraulic processes) and the effects of stabilisation on these processes (Simon 2011). These variables 

and processes that control streambank erosion need to be accurately predicted to evaluate bank 

stabilisation designs that will be effective in the long term under a range of conditions. Geotechnical 

surveys of the channel banks will be conducted and the data incorporated into the Bank Stability and 

Toe Erosion Model (BSTEM): a mechanistic bank-stability model specifically designed for alluvial 

channels and to inform bank stabilisation works.  

Stage 4: Assessing channel stabilisation options. A combination of flow modelling and channel bank 

stability modelling will be used to assess different channel stabilisation options. 

Stage 5: A channel stabilisation plan for the Mid-Brisbane River. Information from the previous 

stages will be used in consultation with the local landowners and Seqwater to develop a channel 

stabilisation plan for the mid-Brisbane River. 

Note that this project is being conducted in conjunction with SEQcatchments Ltd and the local 

landowners; who are responsible for implementation of any future stabilisation options. To date two 

meetings have been held with these groups briefing them on progress. 

  



5. Rapid Geomorphic Assessments 

5.1 Background 

Rapid Geomorphic Assessment (RGA) using the Channel Stability Ranking Scheme is an efficient 

means of characterising and evaluating channel bank stability conditions and stage of channel 

evolution across multiple river reaches. RGA use nine different criteria of channel form to infer 

dominant channel processes and the magnitude of channel instabilities (Simon 2011) (Figure 1).  Each 

criterion is ranked from zero to four, and all values summed to provide an index of relative channel 

stability. The higher the number, the greater the instability; for example sites with values greater than 

20 exhibit considerable instability, stable sites generally rank 10 or less, while intermediate values 

indicate reaches of moderate instability (Simon 2011).  

 
 

Figure 1: An example of the Rapid Geomorphic Assessment form using the channel stability 
ranking scheme 

 



5.2 Methods 

Rapid geomorphic assessments were undertaken in September 2011 over four days along the entire 

61km river section, starting from Wivenhoe Dam and finishing at the Mt Crosby weir pool. Travelling 

downstream by boat, 56 reaches were assessed by RGA, approximately every 1 km (Figure 2). Each 

site location was recorded on GPS and photographs were taken looking upstream, downstream and of 

the left and right banks. In addition to scores, notes were taken on possible management actions that 

could be taken along the reach. These actions will be finalised, however, once all other analyses have 

been completed. Mass failures, slumping and any other erosion features were also marked with a GPS 

and photos taken.  

Note: assessments were based on aftermath of the flood.  

 

Figure 2: Map of Mid-Brisbane River; red dots indicated sites of rapid geomorphic assessment. 



5.3 Results 

Along the survey length 80% of the reaches assessed scored between 18 and 25, indicating moderate 

to high bank instability (Figure 3). At 70% of the sites surveyed the dominant erosion process was 

slumping on both banks, indicating that mass movement of large amount of material is the main 

method of bank erosion.   

 

 

Figure 3: Scores for rapid geomorphic assessment at 56 sites on the Mid-Brisbane River.  



Slumping is closely related to soil moisture and the effects of drawdown on the bank material when 

flows recede (Knighton 1984). Bank slumping (Figure 4a) and steep eroding bank faces (Figure 4b) 

were common features and around 80 large slump failures were recorded along the length of the river. 

Approximately 25% of the reaches had between 25 to 50% of the total bank area for that reach as 

failing. Riparian condition was overall generally poor; more than 50% of both banks over the 61km 

scored as having less than 10% established riparian woody cover. Vegetation along the toe of the bank 

consisted of Callistemon/Melaleuca; these had sustained substantial damage from the flooding and 

despite some recovery, many of the trees along the toe of the banks were dead.  

 

 

 

Figure 4a: Bank slumping on the Mid-Brisbane River  



 

Figure 4 b: Eroding bank face on the Mid-Brisbane River 

Approximately 60% of the reaches were classed as stage V channel evolution (aggradation and 

widening); the rest were classed at stage VI (quasi equilibrium) (Figure 5). Reach 7 scored as stage 

IV, indicating incision and active channel widening. In this reach the main channel appears to have 

been diverted through a new course; historical aerial photos will be able to confirm when this initiated 

(Figure 6). Scores for each reach are attached in the Appendix 1.  

Three reaches (19, 32, and 36) had significant longitudinal bank failures extending from the top to the 

toe of the bank (Figures 7, 8 and 9). These sites will likely be key candidates for further geotechnical 

assessments.  



 

Figure 5: Six stages of channel evolution from Simon and Hupp (1986) and Simon (1989) 
identifying Stages I and VI as ‘reference’ channel conditions (See Table 1 for explanation of 
stages) 

Table 1 – Summary of conditions to be expected at each stage of channel evolution 

Stage Descriptive Summary 
I Pre-modified – Stable bank conditions, no mass wasting, small, low angle bank slopes. 

Established woody vegetation, convex upper bank, concave lower bank. 
II Constructed – Artificial reshaping of existing banks. Vegetation often removed, banks 

steepened, heightened and made linear. 
III Degradation – Lowering of channel bed and consequent increase of bank heights. Incision 

without widening. Bank toe material removed causing an increase in bank angle. 
IV Threshold – Degradation and basal erosion. Incision and active channel widening. Mass 

wasting from banks because bank heights exceed the critical conditions (geotechnical strength) 
of the bank material. Leaning and fallen vegetation. Vertical face may be present. 

V Aggradation – Deposition of material on bed, often sand. Widening of channel through bank 
retreat; no incision. Concave bank profile. Filed material re-worked and deposited. May see 
floodplain terraces. Channel follows a meandering course. 

VI Restabilization – Reduction in bank heights, aggradation of the channel bed. Deposition on the 
upper bank therefore visibly buried vegetation. Convex shape. May see floodplain terraces. 

  

 

. 

 



 

Figure 6: Aerial image of Reach 7 indicating diversion of river from main channel.  

 

 

Figure 7: Left bank reach 18 



 

Figure 8: Right bank reach 32 

 

 

Figure 9: Right bank reach 36 

 



6. Analysis of LiDAR data and aerial photography  

6.1 Background 

The type and extent of erosion has been assessed using repeat LiDAR surveys captured before and 

after the 2011 flood. The before-flood LiDAR was commissioned by DERM and was captured in 

2001, while the after-flood LiDAR was commissioned by the current project and was captured in 

2011. A 1m x 1m DEM was created from the LiDAR surveys. 

6.2 Methods 

LiDAR surfaces of the Mid Brisbane River have been captured before and after the 2011 flood. The 

before-flood LiDAR was commissioned by DERM and was captured in 2001, while the after-flood 

LiDAR was commissioned by the current project and was captured in 2011. Details of the LiDAR 

captures are outlined below, before a description of how the captured layers were used to identify 

bank erosion.  

The DERM LiDAR was captured in May 2001 by Gunn Resources Pty Ltd using an Optech Airborne 

Laser Terrain Mapper (ALTM) 1020 system. A flying height of 400m and a swathe width of 150m 

were used. The accuracy of the capture was ±0.25m in the z direction and ±0.4m in the x and y 

directions. The accuracy of the digital terrain model (DTM) was verified through survey data 

collected in the field. The results of this comparison showed that the DTM was accurate to within 

30cm for at least 80% of the data. 

Terranean captured LiDAR on the 4th of June 2011 using a Toposys Harrier 68i/G1 LiDAR system. A 

flying height of 700m and a swathe width of 730m were used. The accuracy of the capture was 

±0.15m at one sigma (67% confidence level). In lieu of a ground survey, the DERM DEM was used 

to validate the LiDAR accuracy and provide additional adjustment values. Orthophotography was 

captured simultaneously with the LiDAR using the scanner’s integrated camera. 

6.3 Comparison of LiDAR Surfaces 

Twenty three points were digitised at areas of fixed elevations, such as roads, throughout the area 

covered by LiDAR (see Figure 10). Elevation values from the 2001 and 2011 LiDAR derived DEMs 

were then extracted to the points and compared. The mean of the difference in elevation of these 

points was -0.037m and the median was -0.033m, which is within the error bounds of the LiDAR 

capture. The 2011 LiDAR derived DEM was then subtracted from the 2001 DEM to determine the 

change in river morphology (above the water level) between these dates (see Figure 11). 



 

Figure 10: Location of DEM Comparison Points in the Mid Brisbane River 

 

 

Figure 11: Example of Orthophotography and DEM Difference Layer. In the DEM Difference 
Layer erosion is shown in red; deposition in blue.  

  



6.4 Mapping of Slump Failures 

There is substantial variation in geomorphic forms along the 61km Mid Brisbane River, and it was 

necessary to have a clear definition of the features of interest in the fluvial system to focus the 

analysis. The definition used is summarised in Figure 12, and uses the macro and active channels to 

separate in-channel and channel bank erosion. The bank slumps of interest to the current analysis have 

been defined as those occurring from the banks of the active channel up the banks of the macro 

channel. Occurrences of bank failures were digitised throughout the Mid-Brisbane Catchment by 

comparison of the hillshaded 2001 and 2011 LiDAR DEMs, the DEM difference layer and the 

orthophotography. The zonal statistics tool was then used in ArcGIS 9.3 to estimate the total volume 

change between the 2001 and 2011 LiDAR captures.  

 

Figure 12: Working Definition of In-Channel and Channel Bank Erosion Areas 

6.5 Results 

In total 244 bank failures were identified throughout the Mid-Brisbane, with a total volume change of 

approximately 430, 000 m3 between the 2001 and 2011 LiDAR captures (Figure 13). The largest 

failure accounted for 22% (approximately 90, 000 m3) of the total volume, while the largest five 

accounted for 35% (approximately 150, 000 m3) of the total volume. Two forms of failure were 

evident:  slump failures with limited linear extent and longer planar failures (Figure 14). Many of the 

larger slump failures have a semi-circular lobate form which is suggestive of wet earth flow (Watson 

and Basher, 2006). It is possible that at these locations the banks were sufficiently wetted to overcome 

soil cohesive strength. Fifty-five (23%) of the 244 mapped failures were categorised as planar failures 

considered to be the result of direct fluvial erosion. These accounted for approximately 180,000 m3 

(40%) of the estimated volume change, and include the two largest failures. These types of failure 

were largely located on the tighter river bends (Figure 13).  

  



 

Figure 13: The mapped bank failures derived from the difference between the 2001 and 2011 LiDAR derived DEMs. The symbol sizes proportional 

to their estimated volumes.  Slump failures are shown in yellow, and planar failures are shown in blue. 



 

 

 

Figure 14: A diagram illustration the two categories of bank failure on the Mid-Brisbane River 

long planar failures (left) and slump failures with limited linear extent (right)  

When sorted from largest to smallest in terms of slump volume, the pattern follows a negative power 

curve very closely (R2 = 0.9) (see Figure 15). 

 

Figure 15:  Distribution of Failure Volumes Sorted Largest to Smallest 
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To determine the most highly eroding sections of the river, it was divided into 61 1km reaches and the 

estimated failure volumes for each reach was summed. Based on this analysis the top ten eroding 

reaches accounted for approximately 255,000 m3 (59%) and the top twenty eroding reaches accounted 

for approximately 345,000 m3 (80%) of the total estimated erosion volume. These categories were 

used to create a map of high (11,000 - 90,000 m3), medium (5,500 - 11,000 m3) and low (0 - 5,500 

m3) erosion classes (Figure 16). 

 

Figure 16: The river has been divided into 1km reaches and the estimated total volume of 

erosion in each reach has been used to rank the section into high (11,000 - 90,000 m3), medium 

(5,500 - 11,000 m3), and low (0 - 5,500 m3) erosion classes



7. Implication for channel stabilisation 

While this study is in its early stage as part of this Stage1 report we are required to - “identify options 

for stabilisation of the reaches of low risk in the mid-Brisbane channel”. To do this we need to draw 

on some preliminary findings from Stage 2: An assessment of geomorphology and historical channel 

change in the Brisbane River (Kemp et al. in prep.). In this stage historical records, aerial 

photographs, and historical maps are being used to assess changes to the channel of the Brisbane 

River since European settlement. This will provide the historical context for any rehabilitation 

activities and assess whether the current erosion processes and extent of erosion are related to clearing 

of channel vegetation. 

Along the current channel overall riparian vegetation condition was assessed as generally poor, with 

more than 50% of both banks over the 61km having less than 10% established riparian woody cover. 

Early photographs and reports on the Brisbane River suggest that at the time of European arrival the 

channel was very well vegetated (see for examples Figure 17 and 18 – note we are still working to 

assess where on the Brisbane River these photographs were taken).  

Brisbane River upstream from Goodna: Passing up a Western Reach about 250 yds wide, and whose 

lower or secondary banks were clothed with Hibiscus heterophyllus, ... The River continued ..... 

having alternately brushy secondary banks and open forest land, clothed in many instances with ... the 

Angophora or apple tree. (1824, Cunningham) 

From near its source to where it meets the tide the Brisbane retains the same character having a wide 
gravelly bed with casuarina growing over all these parts not usually covered with water.   (1845, 
Surveyor Burnett)  

 

Figure 17: Photo of the Brisbane River 1884:  Trackson Family Photograph Albums. APE-21. 
John Oxley Library, State Library of Queensland. 



 

Figure 18: Brisbane River, ca. 1892. John Oxley Library, State Library of Queensland. 

 

7.1 Options for stabilisation of the reaches of low risk in the mid-Brisbane channel 

At this early stage of the study our recommendation is that stabilisation activities focus on 

revegetation of channel banks in the areas identified in the low erosion class (Figure 15). These area 

will not require extensive earthworks and revegetation can begin without further geomorphic or 

geotechnical assessments. It is suggested that sites be selected for demonstration purposes. 

7.2 The general principles of rehabilitation 

The general principles of rehabilitation are outlined below: 

Fencing to control stock access: The main channel should be fenced to control stock access and 

revegetated to control channel bank erosion and slow flow. Fencing is important because it not only 

protects riparian vegetation from the effects of livestock grazing and trampling, but also serves to 

keep stock away from areas susceptible to erosion. The location of fences along waterways is also 

important. Ideally the location should be determined using a combination of biophysical criteria (i.e. 

the fence should protect the entire extent of the riparian zone and its vegetation) and property 

management practicalities.  



Extensive planting of vegetation: Erosion control will not be achieved without extensive 

revegetation both natural and through planting. The planning process before undertaking any 

revegetation should include the compilation of a list of native plant species suitable for the area and 

consideration of the likely water supply. Revegetation activities should follow the fencing (to control 

stock access). Plants for riparian revegetation should be locally indigenous, either propagated from 

seed found near the area or species that are naturally found living in the area. The key to the 

successful recruitment of plants in a sustainable, low maintenance riparian area is awareness of 

appropriate species and their preferred niche across the riparian zone and adjacent upland. There is a 

need to choose plants that will offer the best bank stabilisation and that will develop sufficiently, not 

only to generate initial shading and supply of hard leafed organic matter, but also continue to supply 

woody debris to the river in the long term. Normally the width of planting on both banks should be at 

least 25 – 50 m. 

Off channel water points: When stock are reliant on a stream as their only source of water, it is 

inevitable that there will be significant damage caused by the concentration of their activity along 

fragile stream/river bank environments causing loss of riparian vegetation, habitat and erosion. 

Problems due to stock access are readily addressed by excluding stock by fencing. It is important the 

design provides off-stream livestock watering points.  

8. Species list-(including but not limited to) 

 
Casuarina cunninghamiana 
Eucalyptus tereticornis 
Lomandra hystrix  
Melaleuca viminalis 
Melaleuca bracteata 
Melaleuca linarifolia 
Waterhousea floribunda 
 
Note: It would be advisable to look at a structurally complete section on the river and identify the 
grasses, herbs, small-large shrubs, small-large trees to make up a more complete planting list. The 
species above are the dominant species in the 12.3.7 regional ecosystem that is mapped for the mid-
Brisbane. 
 
 
  



9. References 

Kemp, J, Olley, J., Pietsch, T., Croke, J., McMahon, J., Ellison, T. (in prep.)‘Geomorphology and 

historical channel change in the Brisbane River’ Stage 2 report 

Simon, A. 1989. A model of channel response in disturbed alluvial channels. Earth Surface Processes 

and Landforms 14, 11-26. 

Simon, A. Pollen-Bankhead, N. Thomas, R.E. 2010. Development and application of a deterministic 

bank-stability and toe-erosion model (BSTEM) for stream restoration.   

Simon A 2011 Lecture notes from Stream Restoration Short Course, July 2011, Whitsundays, QLD. 

Simon, A., and Hupp, C.R. (1986). Channel evolution in modified Tennessee channels. Paper 

presented at: Proceedings, Fourth Federal Interagency Sedimentation Conference, March 24–27 (Las 

Vegas). 

Watson, A. J. and Basher, L. R. (2006), Stream Bank Erosion: A Review of Processes of Bank 

Failure, Measurement and Assessment Techniques, and Modelling Approaches, Motueka Integrated 

Catchment Management Programme Report Series, Manaaki Whenua Landcare Research Nelson. 

  



10. Appendix 1: Rapid Geomorphic Assessment scores from September 2011 

Site 
# 

Lat  Long Pattern Primary 
bed 
material 

Bed/bank 
protection 

Degree of 
constriction 

Degree 
of 
incision 

Stream 
bank 
erosion 

Stream 
bank 
instability 

Establishe
d riparian 
wood veg 

Occurrence 
of bank 
accretion 

Stage of 
channel 
evolution  

Total  

        L  R L  R L  R L  R   
1 -27.40251 152.60542 Meandering 3 1 4 0 1 0 0.5 0 1.5 2 2 1 3 15 
2 -27.40774 152.60686 Straight 3 1 4 0 1 1 0 0 2 2 2 2 3 21 
3 -27.41577 152.60590 Straight 3 1 4 0 1 1 0 0 2 2 2 2 3 21 
4 -27.42251 152.60580 Straight 3 1 4 0 2 1 2 0 2 1.5 2 2 1.5 22 
5 -27.42868 152.60477 Straight 3 1 4 0 1 1 0 1 1.5 2 2 2 3 21.5 
6 -27.43518 152.60181 Straight 3 1 4 0 1 1 0.5 0.5 2 2 2 2 3 22 
7 -27.44106 152.59726 Straight 4 0 0 3 2 2 2 1.5 2 2 2 2 2 24.5 
8 -27.44292 152.59398 Straight 1 1 1 2 2 2 2 2 2 2 2 2 4 25 
9 -27.44936 152.59236 Straight 4 1 4 0 2 2 2 2 2 2 2 2 3 28 

10 -27.45393 152.59128 Straight 4 1 4 0 2 2 0.5 0.5 2 2 2 2 1.5 23.5 
11 -27.46108 152.59006 Straight 4 1 4 0 2 2 1 0 2 2 2 2 1.5 23.5 
12 -27.46964 152.59325 Meandering 1 1 4 1 1 2 0 1 2 2 0 2 3 20 
13 -27.46559 152.60226 Straight 4 1 4 0 2 2 1.5 1.5 2 2 2 2 3 27 
14 -27.45905 152.61238 Straight 4 1 4 0 2 1 1 0 1.5 2 2 2 3 23.5 
15 -27.44416 152.62726 Straight 2 1 4 0 2 2 1 1 2 2 2 2 3 24 
16 -27.43382 152.63528 Meandering 1 1 4 2 2 2 1 1 2 2 1 1.5 3 23.5 
17 -27.42962 152.64325 Straight 3 1 4 0 2 2 0.5 1.5 2 2 2 1.5 3 24.5 
19 -27.43080 152.65590 Meandering 1 1 4 0 2 2 2 0.5 2 2 0 2 3 21.5 
20 -27.43401 152.65628 Meandering 1 2 4 0 1 0 0 0 1.5 0.5 0 2 3 15 
21 -27.43560 152.66199 Straight 3 1 4 0 2 2 0.5 0 2 1.5 2 2 3 23 
22 -27.43866 152.66776 Meandering 1 1 4 0 2 1 0 0 2 2 2 2 3 20 
23 -27.44840 152.67459 Meandering 1 1 4 1 2 2 0.5 0.5 2 2 1.5 1.5 3 22 
24 -27.45162 152.68221 Straight 4 1 4 0 2 2 1 0 2 2 2 2 3 25 
25 -27.45879 152.68680 Straight 3 1 4 0 1 2 0 0.5 2 2 2 2 1.5 21 
26 -27.46469 152.69025 Meandering 2 1 4 0 2 1 0 0.5 2 1.5 1 1.5 1.5 18 
27 -27.46748 152.69949 Meandering 4 1 4 0 2 2 0.5 1 2 2 2 2 3 25.5 
28 -27.46660 152.70782 Straight 4 1 4 0 2 1 0.5 0 2 2 2 1.5 3 23 



Site 
# 

Lat  Long Pattern Primary 
bed 
material 

Bed/bank 
protection 

Degree of 
constriction 

Degree 
of 
incision 

Stream 
bank 
erosion 

Stream 
bank 
instability 

Establishe
d riparian 
wood veg 

Occurrence 
of bank 
accretion 

Stage of 
channel 
evolution  

Total  

29 -27.47110 152.71074 Meandering 4 1 4 1 2 2 0 0.5 1.5 2 2 1.5 3 24.5 
30 -27.48045 152.70432 Meandering 2 1 4 0 2 2 0 0.5 1.5 2 1 1.5 3 20.5 
31 -27.48480 152.69783 Straight 3 2 4 0 1 2 0 1 1 2 2 1.5 3 22.5 
32 -27.48383 152.68465 Meandering 1 1 4 1 2 2 0.5 1 1.5 2 2 2 4 24 
33 -27.48785 152.67802 Meandering 3 1 4 1 1 1 0.5 1.5 1.5 1.5 0.5 2 3 21.5 
34 -27.49384 152.68083 Meandering 2 1 4 0 1 1 0.5 0 1.5 0.5 1 2 3 17.5 
35 -27.50056 152.69479 Meandering 2 1 4  2 2 0.5 0.5 1.5 2 1.5 2 3 22 
36 -27.49753 152.70181 Meandering 1 1 4 0 2 2 0.5 2 2 2 1.5 2 3 23 
37 -27.49852 152.70810 Meandering 2 1 4 1 2 0 1.5 0 2 1.5 2 0 3 20 
38 -27.50095 152.71182 Meandering 3 1 4 0 2 2 0.5 0 2 1.5 1.5 1.5 3 22 
39 -27.50481 152.71796 Straight 2 1 4 0 2 2 0.5 1 1.5 2 1.5 2 3 22.5 
40 -27.50809 152.71863 Meandering 1 1 4 2 0 0 0 0 1.5 0.5 2 2 1.5 15.5 
41 -27.50086 152.72705 Meandering 3 1 4 0 2 0 1 0 2 0.5 1.5 2 3 20 
42 -27.49612 152.72000 Meandering 2 1 4 2 0 2 0 0 1.5 1 0 0 1.5 15 
43 -27.49142 152.72426 Meandering 2 1 4 0 0 1 0 0 0 1.5 2 1.5 1.5 14.5 
44 -27.49572 152.73024 Meandering 4 1 4 2 0 1 0 0 1 0.5 1.5 2 1.5 18.5 
45 -27.50402 152.73898 Straight 1 1 4 0 2 2 0.5 0 1 2 1.5 2 1.5 18.5 
46 -27.51475 152.74480 Straight 2 1 4 0 2 2 0 0.5 0.5 0.5 1 2 1.5 17 
47 -27.51768 152.75280 Meandering 2 1 4 0 2 2 1.5 0 2 1 1.5 1.5 3 21.5 
48 -27.52497 152.75922 Meandering 2 1 4 0 0 2 0 0.5 1 2 0 0.5 1.5 14.5 
49 -27.52479 152.74916 Meandering 4 1 4 0 2 2 0 0 1.5 0 1 2 1.5 19 
50 -27.54261 152.74327 Straight 4 1 4 0 2 2 0 0 1.5 2 1.5 2 1.5 21.5 
51 -27.55309 152.74167 Straight 4 1 4 0 2 2 0.5 1 2 2 1.5 2 1.5 23.5 
52 -27.56682 152.74721 Meandering 2 0 4 0 0 2 0 1 1.5 1.5 1.5 2 3 18.5 
53 -27.56085 152.74992 Meandering 4 1 4 1 2 2 1 0 1.5 1.5 2 1 1.5 22.5 
54 -27.55334 152.75877 Straight 4 0 4 0 2 2 0.5 1 1 1.5 2 2 1.5 21.5 
55 -27.54500 152.76593 Meandering 4 1 4 0 2 2 0 0.5 1 1 1.5 2 1.5 20.5 
56 -27.53599 152.75916 Meandering 4 1 4 1 2 2 0.5 0 0.5 0.5 2 1 1.5 20 
57 -27.53635 152.78110 Straight 4 1 4 0 2 2 0 0 0.5 0.5 2 2 1.5 19.5 
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