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1. Introduction 

Background 

1. This report has been prepared in response to a request from the Queensland Floods 

Commission of Inquiry (the “Commission”) to provide information and opinion on: 

a) the general correlation between the rate of water releases from impoundments and the 

destabilisation or erosion of riverbanks downstream; and 

b) the likely impact on riverbank erosion, slumping and instability of a more gradual 

drawdown of Wivenhoe Dam from 9:00pm on 11 January 2011 onwards. 

Hydrological context 

2. Human occupation and development of stream margins and floodplains are often adversely 

affected by floods and by channel adjustment.  In response, flood mitigation schemes that 

include large reservoirs are conceived to reduce the frequency and duration of high flows in 

the downstream reaches.  These schemes can be very effective.  Work by Shields et al. 

(2000) on rivers in the United States shows a reduction in lateral channel migration rates by 

factors of three to six.  However, rivers respond to impoundment in a variety of ways over 

varying time-scales.   

3. Interpretation of short term channel adjustments resulting from particular flows (whether 

released from storage, produced from unregulated catchments, or combination) is 

confounded by the background longer-term adjustment to changes in the overall flow 

regime.  As seen in Figure 1, the higher flows (those exceeded 50% of the time) conveyed by 

the mid-Brisbane River have been moderated during the period of regulation.  Hence, taking 

a flood-by-flood view of channel change belies the complexity of the Brisbane River‟s 

ongoing adjustment to the closure of Wivenhoe Dam in 1984.  Moreover, interpretation is 

further complicated by the contribution of flow from tributaries.  Downstream from 

Wivenhoe Dam, the flow regime progressively reverts to that of the natural river as inflows 

from unregulated tributaries, particularly from Lockyer Creek and Bremer River, and local 

runoff contribute to the overall flow in the river.   
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Figure 1: Flow duration curves for Savages Crossing, pre (1962-1976) and post (1985-2011) 

Wivenhoe Dam. 

Outline of report 

4. In the following sections, background is provided on the variety and timing of responses to 

dam closures that have been observed in affected river reaches.  That information provides a 

backdrop to consideration of releases from impoundment and their geomorphological 

effectiveness in the mid-Brisbane River.  Following that is a theoretical consideration of 

riverbank mass failure mechanisms and the extent to which they are affected by fluctuations 

in river stage.  These considerations frame a view of the effect of the regulated drawdown on 

the mid-Brisbane River‟s banks in January 2011.   
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2. Effects of river regulation on channel form 

5. Leopold and Maddock (1953) provided geomorphological evidence for the existence of 

quasi-equilibrium states between channel morphology (width, depth and slope) and the 

independent variables of discharge and sediment load.  In natural rivers, discharge and 

sediment load constantly vary so that changes in channel morphology are balanced in a range 

about average energy conditions.  Disruption of the pre-existing balance between the 

hydrologic regime, channel morphology and sediment load can be expected to have far-

reaching and long term effects on the form of downstream channels (Petts and Gurnell, 

2005).  From the variety of responses to altered flow regimes that have been documented in 

the literature, it is fair to say that downstream channel morphology responds in a complex 

manner through time and space to the single trigger of dam closure (Petts, 1979; Benn and 

Erskine, 1994).   

6. Indeed, as Knighton (1988) correctly points out, it is very difficult to draw any broadly 

applicable conclusions from a particular regulated river with its individual release policy and 

catchment characteristics.  Moreover, past investigations into the downstream effects of 

reservoirs have rarely considered channel adjustments that might occur downstream from the 

confluence of the first major tributary, although there is evidence that the changes are quite 

significant (Andrews, 1986).  In general terms, the greatest changes are found in the first 5 

km below a dam (Williams and Wolman, 1984) with changes complete within a timeframe 

that may range from 10 to more than 500 years (Petts, 1984).  

7. According to Church (1995) the initial effect of dam closure is degradation downstream from 

the wall because the entrained sediment is no longer replaced by material arriving from 

upstream.  Depending on the relative erodibility of the streambed and banks, the degradation 

may be accompanied by either narrowing or widening of the channel.  However, empirical 

relationships between channel form, discharge and sediment load presented by Schumm 

(1969) suggest that local channel degradation is only the most immediate morphological 

impact of altered hydrology.  Over the long term, river regulation often initiates the complete 

readjustment of channel morphology throughout the length of a river system.  Petts (1979) 

argued that the magnitude and nature of adjustment ultimately depends upon the degree of 

flow alteration, the sediment load, the resistance of the channel perimeter, and the supply of 

water and sediment from tributary sources.   

8. Sherrerd and Erskine (1991) characterised the downstream effects of dams in terms of three 

orders of impacts.  First-order impacts determine the magnitude of river response and 

include the effects of dams on such environmental processes as streamflows and sediment 

loads.  Second-order impacts refer to the changes in channel form resulting from the first-
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order impacts.  Third-order impacts include the effects of the morphological changes upon 

channel ecology.  Feedback processes stabilise channel morphology after a complex 

response has been initiated by dam closure.  Bench and bar formation, as well as vegetation 

encroachment, promote long-term changes leading to river metamorphosis.   

Mid-Brisbane River  

9. The purpose of the foregoing is to highlight the need to consider the broader 

geomorphological adjustment trajectory when evaluating channel change following 

occurrence of a particular flood. 

10. Accordingly, it is considered that there is no general correlation between the rate of releases 

and geomorphological efficacy.  The effect of any discharge from the dam on downstream 

channel adjustment would vary markedly from one point to another downstream, or vary 

markedly through time during the period of transition from one state of quasi-equilibrium to 

another.  Because of this variation through time and space, each of the three descriptive 

variables of floods needs to be considered.  It is not just the magnitude of a flow that dictates 

geomorphological efficacy, a flood‟s frequency and duration are also prime considerations.   

11. The greater the flood‟s magnitude, the greater the area of inundation and the greater the 

shear stress exerted by the flow on inundated surfaces.  During normal floods, the discharge 

of any given release rate from the dam will be augmented (to greater, or lesser, degrees) by 

inflows from unregulated tributaries.  The longer the duration of the flood, the more time that 

surfaces are inundated and exposed to potential reworking by the flow.  Again, flow duration 

can be augmented by asynchronous flows arriving from tributaries.  The less frequent the 

flood, the more time there is between events (of similar size) for the channel to recover from 

the last flood.  The importance of this relaxation period will vary through the adjustment 

period following dam closure.   

12. Importantly, the effects of any flow on channel adjustment is moderated by the vegetation 

growing on the channel‟s margin, or riparian zone (Abernethy, 1999).  To this end, and as 

observed in an earlier related report (SKM, 2011), the generally degraded condition of the 

mid-Brisbane River‟s riparian zone was probably a higher-order contributing factor to the 

wholesale bank erosion of the mid-Brisbane, than was the flood itself.  Certainly, had the 

flood occurred in a naturally vegetated catchment, its impacts would have been far reduced.   
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3. Bank erosion processes 

13. For descriptive purposes, and process interpretation in the field, it is useful to consider bank 

erosion in terms of three broad categories:  

a) subaerial preparation of bank sediments;  

b) direct fluvial scour; and  

c) mass failure under gravity.   

In lowland floodplain reaches, such as those found below Wivenhoe Dam, riverbanks 

generally erode by a cyclical combination of processes from all three categories.   

14. Subaerial processes act externally to the river and operate on exposed riverbanks regardless 

of the presence of moving water in the channel.  In contrast, fluvial scour is entirely 

associated with channel flow hydraulics.  Mass failure is usually triggered when a critical 

stability condition is exceeded, either by reduction of the internal strength of the bank (via 

subaerial processes) or a change in profile geometry (via fluvial scour).  The rate at which 

material is transported away, or scoured, from a particular site ultimately controls the rate of 

bank retreat sustained over time (Thorne, 1982; Alonso and Combs, 1990).   

15. These processes have been the focus of numerous studies over the years and were presented 

in summary in SKM (2011).  Repeated here, though, is a longer account of the processes that 

give rise to mass failure and their interaction with recharge and discharge of water to and 

from the river banks.   

Mass failure 

16. Theories of slope stability state that a bank will collapse under its own weight if, for any 

assumed failure mechanism, the stress exerted by the weight of the bank material exceeds the 

internal strength of the bank material to resist that stress.  The stability of a bank section is 

usually evaluated to determine its factor of safety (Fs), with respect to mass failure.  The 

safety of the bank is generally expressed (after Sidle et al., 1985) as the ratio of the stresses 

resisting failure to the stresses required to bring the bank into a state of limiting equilibrium 

along a given failure surface: 

 


s
Fs   (1) 

where s is the shear strength of the soil and  is the shear stress acting along the failure 

surface.  The driving stresses result from the downslope component of weight of the bank 

material.  A safety factor of one would indicate imminent or incipient failure.  

17. In its simplest form the shear strength of a soil is described by the Mohr-Coulomb equation: 

  tan cs , (2) 
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where c is the soil cohesion,  is the total stress normal to the shear plane and tan is the 

coefficient of internal friction.  When water is present in the soil, and steady downslope 

seepage conditions prevail, the total normal stress is replaced by an effective stress ( - u) 

where u is the pore-water pressure (see review by Fredlund, 1987).  The shear strength is 

described by: 

     tanucs ; (3) 

the primes on c and  denote effective stress.   

18. Equation (3) indicates that in poorly drained banks, positive pore-water pressure weakens a 

bank by reducing its effective strength (Bradford and Piest, 1977; 1980; Simons and Li, 

1982).  However, the influence of bank geotechnical properties, with respect to mass failure, 

is a complicated topic and the simple form of Equation (3) belies the complexity of 

geotechnical research (see Fang, 1997). 

19. Failure usually occurs during „worst case‟ conditions when the strength of the bank materials 

is minimised and their weight is maximised (Thorne et al., 1988).  The literature argues 

consistently that worst case conditions are associated with drawdown in the channel.  At 

such times, positive pore-water pressures may be produced which weaken riverbanks.  

Pore-water pressure 

20. Exfiltrating seepage, following periods of high channel flow and/or heavy precipitation, has 

been linked to widespread bank instability on the Ohio River in the United States in a series 

of papers by Hagerty and others (e.g. Hagerty, 1991).  Seepage of water through the bank 

leads to leaching and softening or, in extreme cases, pipe erosion (Twidale, 1964).  Even 

where the seepage force is not great enough to result in pipe erosion, exfiltration reduces the 

shear strength of bank material and reduces its resistance to fluvial scour.  Excessive 

moisture also has implications for a bank‟s mass stability through increased pore-water 

pressure. 

21. Under normal low-flow conditions, the pore-water pressure of bank material above the water 

table is negative.  The presence of negative pore-water pressures, or suction, in unsaturated 

portions of streambanks contributes to an apparent strength of the material that can be 

visualised as either a friction angle or a component of cohesion (Fredlund, 1987).  For 

example, non-cohesive material can behave like a weakly cohesive soil in these 

circumstances, maintaining a bank angle that exceeds the friction angle.  Slope stability 

analyses incorporating the effect of soil suction have been the subject of recent detailed 

research (see Fredlund and Rahardjo, 1993), and are now being applied to riverbank stability 

problems (Casagli et al., 1997; Simon and Curini, 1998; Casagli et al., 1999). 



 

       

 

I:\VWES\Projects\VW06459\Deliverables\Reports\R02 Floods commission.docx PAGE 7 

22. Banks discharge water back to the channel during drawdown.  The special conditions of 

drawdown have been the object of a considerable literature (e.g. Morgenstern, 1963; Burgi 

and Karaki, 1971; Gill, 1990; Borja and Kishnani, 1992).  Bishop (1954) and Skempton 

(1954) investigated effective stresses in an earth dam during rapid drawdown.  However, the 

stability problems of natural riverbanks differ from embankment dams in that the natural 

setting is extremely variable with heterogeneous sediments and complex geometries (Chugh, 

1983; Simon et al., 2000).  In any case, variations in pore pressures during and after flow 

events, which are the most critical periods in terms of bank stability, are complex and 

difficult to predict (Rinaldi et al., 2004).  Various authors have observed that bank failures 

are likely to occur during drawdown following a high stage, when the bank material is still in 

or near a saturated condition and the confining pressure of the river decreases to zero 

(Twidale, 1964; Thorne, 1982; Rinaldi et al., 2004).  However, predicting the occurrence of 

bank failures is confounded by our inability to account for the complex interactions between 

pore water pressures within the bank and the confining pressure of the river in bank stability 

analyses. 

23. Freeze and Cherry (1979) report that extensive laboratory and field tests indicate a range in 

the hydraulic conductivity of alluvial material of more than three orders of magnitude.  The 

variations reflect the difference in grain-size distributions in individual strata; the bedded 

character of fluvial deposits imparts a strong anisotropy to the system (Freeze and Cherry, 

1979).  Variations in hydraulic conductivity can greatly modify groundwater flow, effective-

stress fields, and slope stability (Reid, 1997).  The greater the hydraulic conductivity of a 

bank profile, the more able it is to drain freely during drawdown. 

Mid-Brisbane River 

24. As noted in paragraph 1), the Commission asked for commentary on the “likely impact on 

riverbank erosion, slumping and instability of a more gradual drawdown [of river stage 

below] Wivenhoe Dam from 9pm on 11 January 2011”.  It is difficult to comment generally 

on likely impacts as the sedimentological characteristics of riverbanks vary enormously even 

over short distances (Abernethy and Bresnehan, 2001).  However, the general principles of 

drawdown are instructive.   

25. For drawdown failure conditions to be set up, the flood must: 

a) be of sufficient magnitude to wet the higher portions of the bank profile (where the 

greater the magnitude of the flow, the higher the water surface elevation);  

b) be of sufficient duration to allow the wetting front to move into the bank, beyond 

potential failure planes (where the duration maintains a high water surface elevation); 

and  

c) recede (where the water surface elevation lowers) more quickly than the bank is able to 

drain. 
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26. As noted in SKM (2011), a number of failures were observed along the mid-Brisbane River.  

Whilst the drawdown following the extended drain-down phase of the release was slower 

than comparable natural rates, the sustained higher flows during this phase extended the 

period of inundation of the lower bank portions.  It may be that during this phase of the 

January releases, there was sufficient time for the wetting front to saturate the bank profile 

beyond potential failure planes and that the subsequent drawdown (albeit slower than 

natural) did not allow some bank sections to drain, giving rise to their subsequent failure.   

27. Without a more considered investigation, involving field testing of bank properties, it is not 

possible to elucidate the critical values for those parameters and to advise on the likely 

impact of a more gradual drawdown.  The key parameters here are: height of river stage, 

duration of stage, drawdown rate, and bank hydraulic conductivity.  But clearly, the longer 

the stage is maintained at higher elevations, the slower the drawdown needs to be, to avoid 

mass failures of the banks.   
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4. Summary 

28. River regulation disrupts the equilibrium state that would otherwise exist between discharge, 

sediment load and channel morphology.  Although the most apparent responses are found 

close to the dam structure, channel adjustment is complex and significant effects can be 

observed further downstream.  Regulation may trigger the complete readjustment of a 

channel over the entire length of a river, with changes occurring over a period of up to 500 

years.  Within this complex response to dam closure, it is difficult (and inappropriate) to 

comment on the effects of an individual release.  This is particularly true without considering 

other factors such as riparian degradation and the contribution of unregulated tributary flows.   

29. A number of bank erosion processes act as the mechanisms for channel adjustment: subaerial 

preparation of bank sediments, fluvial scour and mass failure under gravity.  Mass failure is 

the collapse of a bank under its own weight.  In regulated rivers, this often occurs after rapid 

drawdown of the channel.  Below Wivenhoe Dam, all three of these process groups act to 

destabilise and erode the riverbanks.  Generally, the slower the drawdown of high stages, the 

less likely unstable bank conditions will arise.  However, without further work, it is not 

possible to determine the critical stage duration/drawdown rate for the mid-Brisbane River.  
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