
 

ISBN number for HWRS 2021 is 978-1-925627-53-4 

Applied Palaeo-hydrology for the Burnett River 

Daryl Lam1, Adam Broit2 

1Water Technology Pty Ltd., Australia, 2SunWater Limited Brisbane, Australia 

1Daryl.lam@watertech.com.au, 2Adam.broit@sunwater.com.au  

ABSTRACT 

Ten extreme palaeoflood records from the last 1000 years were found in the Burnett River 

Catchment as part of the Paradise Dam Improvement Project (DIP). These consist of a) a 

cluster of five floods in the last ~200 years (including the recent 2013 flood), and b) five 

other significant floods in the previous 800 years. These palaeoflood records have been 

incorporated into subsequent dam safety risk assessments to inform existing risk and 

potential DIP options. However, these palaeoflood records can have other applications for 

the Burnett River Basin. These include improved understanding of climatic drivers that help 

improve climate models and possibly the predicition of large floods in the future. In addition, 

these palaeofloods can be useful for the local community, reinforcing resilience in the face of 

floods by relating them to the magnitude of the 2013 flood and educating communities on 

how these floods can happen again.  

INTRODUCTION 

As part of the Paradise Dam Improvement Project (DIP) (Sunwater, 2019), Sunwater brought forward 

a 20-year dam safety review of Paradise Dam following major flood events in 2011 and 2013. As a 

component of the DIP, a palaeoflood study was conducted to supplement stream flow records of 

additional extreme past flood events and to provide a better understanding of potential flood risk for 

the dam. This paper details the result of the palaeoflood study and its application for the DIP while 

presenting additional applications of palaeoflood records. 

Non-systematic flood data, such as historical flood records and palaeoflood records, provide 

information on the frequency and magnitude of past extreme floods. Palaeoflood hydrology is the 

study of ancient floods, which occurred prior to human observation (Baker, 1987). Palaeoflood 

records provide evidence of past flood events and add to the systematic record. There is significant 

uncertainty associated with using systematic (gauge) records for standard Flood Frequency Analysis 

(FFA) (Wasson, 2016). Therefore, the inclusion of palaeoflood records provide a more robust analysis 

of flood frequency for design and risk assessment associated with large infrastructure, such as dams.  

A common technique in palaeoflood study is the use of fluvial sedimentary records in low-energy 

depositional areas. Hydraulic modelling is utilised to derive the minimum discharge required to 

deposit the sediments by flood water. When dated, these deposits provide information on the 

frequency of past events of a given magnitude or greater. 
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STUDY AREA 

Paradise Dam is located on the Burnett River, between the town of Gayndah (~65km upstream) and 

the City of Bundaberg (~120km) at the mouth of the Burnett River (Figure 1). Upstream of the study 

area, the Paradise Dam catchment is over 30,000 km2, with much of the area cleared for agriculture 

and grazing. The geology is dominated by arenites, granitoids and basalt (Department of Environment 

and Science, Queensland, 2019), all of which provide ample quartz material for Optically Stimulated 

Luminescence (OSL) dating purposes in this study.  

The Burnett River in the study area is a bedrock-confined macrochannel. A macrochannel is a 

compound ‘channel-in-channel’ morphometry that is bounded by high elevations, often with bankfull 

capacities greater than the 1% Annual Exceedance Probability (AEP) (Croke et al, 2014). Field 

observation of exposed bedrock at numerous locations provided confidence that the channel was 

laterally stable. The presence of bedrock provides a stable boundary condition and facilitates the 

reconstruction of discharge levels of previous floods with current surface elevations.  

 

Figure 1. Study Area  

METHODS 

The approach used in this study is based upon a wide body of international literature, which document 

various methodologies for locating and sampling palaeoflood deposits and the application of 

palaeoflood dated ages and associated estimated palaeo-discharges. Importantly, the approach 

followed work previously done elsewhere in Queensland (see Lam et al. 2017a, Lam et al 2017b). An 

overview of the method is shown in Figure 2 and summarised below. 



 

Figure 2. Method Overview 

Typical slackwater zones and locations where fluvial deposition is ideal and subsequent erosion 

potential is minimal are preferred settings for palaeoflood sediment sampling. Suitable sites were 

identified, and pits were dug to expose sedimentary units in the soil profile. Flood units were 

identified and sampled. OSL dating was performed to derive depositional ages of these palaeoflood 

deposits. Estimates of the minimum discharges required to inundate the sampled deposits were 

derived from TUFLOW hydraulic modelling results. The OSL ages, the stratigraphical features, type 

of geomorphic setting, and relative location and elevation from the main channel, were analysed to 

delineate the number of palaeoflood records from a total of six sites. Historical flood records from the 

town of Gayndah upstream and Bundaberg downstream were also used to validate the younger 

palaeoflood records. 

RESULTS 

All material exposed at the sampled sites contained sediment which was clearly recognisable as 

fluvial in origin. Stratigraphic logs of the sites are shown in Figure 3. The stratigraphic units did not 

have distinct features of flood couplets (i.e., a sandy base grading upwards to a fine-grained cap), but 

generally have clear transition to finer material to the top of units.  

 



 

 

 

Figure 3. Stratigraphic Logs of all Depositional Sites. OSL Ages (Years) with Standard Errors based on Dating in 2020.  



 

 

Figure 4 shows cross-sections of the sites relative to the macrochannel of the Burnett River. The 

bedrock-dominated macrochannel provided confidence in the stability of the channel boundary, and 

hence the estimation of palaeo-discharges of the palaeoflood deposits.  

 

Figure 4. Locations of Palaeoflood Sites relative to the Macrochannel of the Burnett River 

Estimation of palaeoflood discharges assumes that current channel cross-section is a good proxy for 

the cross-section present when the palaeofloods occurred. Stable boundary conditions are required for 

this assumption. The presence of bedrock control for the macrochannel provided confidence in this 

assumption. The step-stage hydrograph used in the TUFLOW hydraulic models was increased to 

30,000 m3s-1 to ensure sufficient water inundated all the sites. Corresponding stage height and 

discharges results were plotted to derive respective rating curves for each site. Table 1 shows the 

estimated minimum discharges required to deposit the respective fluvial sediments where it was 

located. 

 

 

 

 



 

 

Table 1. Estimated Minimum Discharges of Palaeofloods in the Last 100 Years 

Site Sample /Layer 

ID 

OSL Ages Year (CE) Estimated 

Minimum 

Discharge 

(m3s-1) 

5A 5A-001 80 ± 12 1940 ± 12 16,400 

5A 5A ND1  -  - 16,200 

5A 5A-002 163 ± 10 1857 ± 10 15,900 

5C 5C ND1  -  - 17,500 

5C 5C ND 2  -  - 17,400 

5C 5C-001 365 ± 24 1663 ± 20 17,200 

5C 5C-002 879 ± 53 1141 ± 53 16,800 

7 7 ND1  -  - 9,400 

7 7 ND2  -  - 9,300 

7 7 ND3  -  - 9,200 

9 9-001 87 ± 12 1933 ± 12 21,300 

9 9 ND1  -  - 21,100 

9 9-002 110 ± 15 1910 ± 15 20,900 

10 10 ND1  -  - 14,300 

10 10-001 118 ± 10 1902 ± 10 14,200 

10 10-002 267 ± 16 1753 ± 16 14,000 

10 10-003 479 ± 34 1541 ± 34 13,700 

10 10-004 918 ± 43 1102 ± 43 13,200 

19 19-001 121 ± 11 1899 ± 11 18,900 

19 19-002 678 ± 35 1342 ± 35 18,700 

19 19-003 872 ± 78 1148 ± 78 18,300 

 

Ten palaeofloods in the last 1000 years were noted from the sampling and synthesis of flood events 

across all six sites (Table 2).  Historical flood information beginning in the mid-1800s in the towns of 

Gayndah (upstream) and Bundaberg (downstream) were also synthesised. The more recent (last 200 

years) flood ages aligned well with the historical flood information (Table 2).  

 

 

 

 

 

 

 



 

 

 

Table 2. Summary and Synthesis of Historical and Palaeoflood Events from Respective sampled 

Sites 

Flood 

ID 

OSL AGES (CE) KNOWN 

HISTORICAL 

EVENT 

SITES  

5A 5C 7 9 10 19 

- - 2013   ✘    

A 1940 ± 12, 1933 ± 12 1942 ✘✘ ✘ ✘ ✘✘ ✘  

B  1893   ✘ ✘   

B1 1910 ± 15, 1902 ± 10, 1899 ± 

11 

1890 ✘ ✘ ✘ ✘✘ ✘✘ ✘✘ 

C 1857 ± 10 1864 ✘✘      

D 1753 ± 16 -     ✘✘  

E 1663 ± 20 -  ✘✘     

F 1541 ± 34 -     ✘✘  

G 1342 ± 35 -      ✘✘ 

H 1141 ± 53, 1102 ± 43, 1148 ± 

78 

-  ✘✘   ✘✘ ✘✘ 

 *✘✘: Dated ✘: Interpreted based on stratigraphic profile, minimum discharge and constraining OSL ages 

In the last 1000 years, there is evidence of a cluster of five floods in the last ~200 years including the 

more recent 2013 flood. This compares with only five other significant floods in the previous 800 

years. The young flood units across various sites that match up with most of the major flood events 

are recorded in Gayndah and/or Bundaberg. These included the historical floods in 1864, 1890, 1893, 

1942 and 2013. 

Site 9 had the highest minimum inundation discharge required to inundate the surface. Three of the 

largest historical floods and the palaeoflood records are found at this location. The 1942, 1890 and 

1893 floods in a 50-year cluster were the largest floods in the last 2,000 years. The largest minimum 

discharge from this cluster was over 21,000 m3s-1, which was about 25% greater than 2013’s peak 

discharge recorded at Figtree Gauge in the Study Area. 

APPLICATIONS 

The primary reason for this palaeoflood study was to derive more extreme flood information to 

improve confidence in the expected flood frequency estimates to Paradise Dam. This information is 

then incorporated into subsequent dam safety risk assessments to inform the existing risk and 

potential DIP options. However, these palaeoflood records can have other applications. 

Dam Risk Assessment  

The inclusion of the palaeoflood information into the FFA at the proxy-inflow gauge into Paradise 

Dam (Mount Lawless) resulted in an upward shift of the expected flood quantiles from the previous 

FFA (which was undertaken using predominantly systematic streamflow records). This upward shift 

in expected flood frequency at Mount Lawless is shown in Figure 5. 



 

 

 

Figure 5. Comparison of flood frequency curve with the addition of data from palaeoflood study 

for the Burnett River at Mt Lawless1 

This shift in flood frequency from the previous assessment resulted in a change to the adopted 

hydrologic loss parameters used to estimate the full range of design inflows for Paradise Dam. While 

the incorporation of the palaeoflood information into the FFA did not have a significant impact on the 

existing risk profile of the dam, the reduction in uncertainty in the FFA places higher confidence in 

the overall outcomes of the subsequent hydrology study.   

Contribution to Disentangle Climatic Drivers and Floods 

The highly variable hydroclimate of Australia highlights the need for regional and local flood 

information for a more robust understanding of causal relationships between climatic drivers and 

floods. The palaeoflood records from this study can contribute to an increasing database of 

information to improve our understanding of past climatic conditions, current climatic drivers and 

future floods (or droughts). That is, if specific climatic drivers caused large palaeoflood events, and 

the future trajectory of climatic drivers can be anticipated by climate modelling, then it may be 

possible to anticipate future extreme floods (Saynor et al, 2020). 

Increased cyclone activity in Australia is often associated with the La Niña years. To illustrate, 

correlations between these palaeoflood records and cyclone activities are established. Ex-Tropical 

Cyclone Oswald led to the 2013 flood and the floods in 1942, 1893 and 1890 floods were cyclone 

related. Other palaeofloods (Floods C, D, E, F and G) from this study also showed some correlations 

exists with the 700-year high resolution cyclone activity for Northeast Australia (Haig et al., 2014).  

Contextualising the 2013 Flood 

Flood memory is regarded as a key component in building resilience through lay knowledge 

(McEwen et al., 2017). The memory of the 2013 Burnett River flood is still ‘fresh’ to the people who 

experienced it in Gayndah and Bundaberg. However, some may deem it as an event they will unlikely 

experience again. It is important for all stakeholders to understand that floods of the same order of 

magnitude have happened at least three other times in the last 130 years and at least ten times in the 

last millennium. Large and damaging floods like 2013 have happened before and can happen again. 

These additional extreme flood records can be useful knowledge to debunk commonly misunderstood 

 
1 FLIKE software was used for the flood frequency analysis. The dotted lines represent the uncertainty range 



 

 

terms such as the “once-in-a-lifetime flood” or the “one-in-a-hundred-year flood”. 

CONCLUSION 

This study has provided a record of ten large floods in the last millennium in the Burnett River 

Catchment. The value of these palaeoflood records goes beyond improving flood risk estimates for the 

dam. On a regional scale, these flood records are crucial pieces of information to piece together the 

palaeo-hydroclimatic ‘puzzle’ and provide information to unravel the relationships between climatic 

drivers and floods. On a catchment scale, it provides information and context to recent large floods. 

People’s flood memory is short-lived. One way to improve flood resilience in the local community is 

to use ‘new’ flood information and remind the local community that extreme floods have happened 

before and can happen again.  
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