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ABSTRACT 

Large scale creek diversion systems are often constructed within the Pilbara region of Western 

Australia to convey surface water runoff away from mining activities.  The climate of the inland 

Pilbara region is hot and arid, with rainfall occurring between November and April in the form 

of heavy downpours due to tropical thunderstorms, lows and cyclones.  The high intensity of 

these rainfall events can lead to substantial erosion and sedimentation within the diversion 

systems, which increases the risk of infrastructure failure.  Repairing damage to infrastructure 

can be a significant cost to mining companies, and there are potential environmental impacts 

resulting from ersoion, headcut and sedimentation.  Despite the potential impacts, sediment 

transport processes are not typically assessed in great detail when designing river diversion 

infrastructure.  Erosion protection is often limited to design standard for infrastructure sizing 

and armouring. 

This paper presents a case study aimed at assessing the performance of a creek diversion 

system at a mine site north of Tom Price in the Fortescue River hydrological catchment.  

Detailed topographic data flown before and after Tropical Cyclone Damien has been analysed, 

along with site investigations and hydraulic modelling.  The results of the study can be used to 

inform how sediment transport processes may be considered in future design of creek diversion 

systems in the Pilbara region. 
  



 

 

INTRODUCTION 

The Pilbara region of Western Australia contains the majority of Australia’s iron ore deposits, which 

are mined as open cut pits.  Where iron ore reserves intersect large creek systems, diversion channels 

are typically used to protect the pits from flooding.  The climate of the inland Pilbara region is hot and 

arid with rainfall occurring in the wet season in the form of heavy downpours due to tropical 

thunderstorms, lows and cyclones.   

The high intensity of these rainfall events can lead to substantial erosion and sedimentation within the 

diversion channels, which increases the risk of infrastructure failure.  Repairing damage to 

infrastructure can be a significant cost to mining companies, and there are potential cultural, heritage 

and environmental impacts resulting from erosion, headcut and sedimentation.   

Despite the potential impacts, sediment transport processes are not typically assessed in great detail 

when designing river diversion infrastructure.  Erosion protection is often limited to design standards 

for infrastructure sizing and armouring.   

This paper presents the findings of a case study which aims to understand where there may be benefits 

in considering sediment transport processes in more detail when designing large scale creek diversion 

systems in the Pilbara region of Western Australia. 

BACKGROUND 

Location 

The case study examines a creek diversion system within an iron ore mine site located within the Shire 

of Ashburton approximately 60km north of Tom Price in the Pilbara region of Western Australia.  The 

mine uses conventional open pit methods of drill and blast followed by load and haul, and has been in 

operation since 2012. 

The climate of the inland Pilbara region is hot and arid (Ruprecht and Ivanescue, 2000; Charles et al., 

2015) with rainfall typically occurring between November and April each year (known as the wet 

season) in the form of heavy downpours due to tropical thunderstorms, lows and cyclones.  Rainfall 

during May and June is generally less significant and is a result of cold fronts extending north into the 

Pilbara. 

The area lies within the Hamersley Biogeographic Subregion, described by Kendrick (2001) as: 

‘Mountainous area of Proterozoic sedimentary ranges and plateaux, dissected by gorges (basalt, shale 

and dolerite).  Mulga low woodland over bunch grasses on fine textured soils in valley floors, and 

Eucalyptus leucophloia over Triodia brizoides on skeletal soils of the ranges.’ 

It is situated within the lower Fortescue River catchment, with hydrological subcatchments shown in 

Figure 1.  The subcatchments are characterised by steep hill slopes which flow to wide flood plains with 

gentle slopes.  Recorded flood events are short in duration with peaks receeding in less than 24 hours. 



 

 

 

Figure 1.  Location and hydrological catchment areas. 

 

Creek Diversion 

The diversion examined in this case study is known as the Kangeenarina Creek Diversion, which was 

designed and constructed in four stages from 2016 to 2019 (see Figure 2) with progression of mining.  

The diversion is used to protect the pits from flooding during operations to reduce risk of significant 

down time from flooding and maintains environmental flows without the need of pumping intercepted 

creek flow.  The creek diversions are a temporary system, and as mining is completed, the pits will be 

backfilled and stable creek connections reinstated.   



 

 

 

Figure 2.  Diversion alignment and staging. 

The hydrological catchment area upstream of the diversion system is approximately 190km2.  The 

diversion was designed following a risk-based approach and sized to safely convey 140m3/s. 

A two dimensional fully hydrodynamic model (TUFLOW) was developed to inform the design of the 

creek diversion system.  Key model inputs and assumptions included: 

• 4m grid with elevations interrogated from a Light Detection and Ranging (LiDAR) Digital 

Elevation Model (DEM) 

• A global Manning’s n value of 0.05 

• Design inflow hydrographs at the upstream extent of each diversion branch, and normal depth 

boundary at the outlet. 

Channel dimensions and grade were adjusted to achieve flood depth and velocities that met the agreed 

design standards (freeboard and maximum velocities).  No rock armouring was provided. 

The diversion has been constructed using mine fleet machinery out of instu natural earth materials (see 

Figure 3).  The diversion was mined down to the invert level using drill and blast methods and where 

required, flood levees constructed by mine fleet parallel to the channel.   

Where free dig was not suitable, drill and blast was utilised.  The rockmass within the diversion varies 

from free dig alluvial to moderately hard detrital and Bedded Iron formation.  Blast designs were based 

around the harder detrital material using powder factors ~0.70kg/m3. 

A trapezoidal channel was adopted with width typically ranging from 20 to 30m, batter slopes shallower 

than 1:1, dependent on batter slope material, and batter height less than 13m.  Where the diversion was 

not in cut, flood levees were constructed to a typical crest width of 50m.  Depending on the location, 

the flood levees serve a dual purpose as heavy haul or light vehicle roads. 



 

 

 

Figure 3.  Typical cross-section of creek diversion. 

CASE STUDY ANALYSIS 

The Kangeenarina Creek Diversion was tested in February 2020 by flood flows generated from Tropical 

Cyclone Damien.  This case study has been undertaken to assess in more detail the performance of the 

system and to determine if there were any lessons learnt for the design of such systems in the future.   

Creek diversion systems are generally designed to be stable as they protect fixed infrastructure.  For the 

purpose of the case study, performance has therefore been defined as the scale of erosion and deposition 

in the system.   

The case study involved the following analyses: 

1. Event analysis 

2. Site inspection 

3. Pre- and post-event LiDAR analysis 

4. Preliminary sediment transportation modelling. 

 

Event Analysis 

Tropical Cyclone Damien (2020) formed as a tropical low over land in the Kimberley about 190km 

southeast of Kununurra on 3 February 2020 before tracking west (see Figure 4).  The low intensified 

once over water, reaching Category 1 strength by 6 February 2020 (Bureau of Meteorology, 2021a).  

By 8 February 2020 it had intensified again to Category 3 as it made landfall. 

Rainfall was recorded at the case study site from 8:20am on 8 February 2020 to 8:10am 9 February 

2020 (24 hours).  Total rainfall recorded at the four raingauges at the site ranged from 150mm to 

270mm.  The highest rainfall was recorded at the Kings raingauge and which is estimated to be 

equivalent to a 1% AEP rainfall event for a 9 hour duration (Bureau of Meteorology, 2021b). 



 

 

 

Figure 4.  Tropical Cyclone Damien (Bureau of Meteorology, 2021a). 

 

Figure 5.  Measured rainfall with depth-frequency-duration curves (Bureau of Meteorology, 

2021b). 

Water levels during the event were measured at a gauging station located approximately 2.5km 

downstream of the diversion outlet (Figure 1).  Streamflow commenced approximately 4 hours after the 

start of the rainfall event and lasted approximately 24hrs.  Maximum depth recorded at this location 

was approximately 2.5m. 



 

 

 

Figure 6.  Water level monitoring and cumulative rainfall during Tropical Cyclone Damien. 

Site Inspection 

A site inspection was undertaken from 18 to 20 February 2020 to assess damage in the Kangeenarina 

Creek Diversion system as a result of Tropical Cyclone Damien.  Overall the diversion system was 

observed to have performed well and as intended for the event that occurred.  Specific site observations 

included: 

• Diversion Stage 1 – no obvious signs of erosion or deposition within the channel or batters 

• Diversion Stage 2 – erosion of the southern batters and deposition downstream of the diversion 

including filling of the downstream sediment basin.  Movement of very large boulders observed 

• Diversion Stage 3 – no obvious signs of erosion in the upper reaches, however notable erosion 

of the northern flood levee downstream of the confluence with southern branch (Figure 7).  

Erosion at high water mark 

• Diversion Stage 4 – no obvious signs of erosion or deposition within the channel or batters.   

 

 

Figure 7.  Erosion of flood levee downstream of diversion confluence (Stage 3). 

 



 

 

Pre and Post LiDAR Analysis 

LiDAR topographic data flown before and after Tropical Cyclone Damien was analysed to identify 

areas of notable erosion and deposition.  The two LiDAR datasets were flown on 27 January 2020 and 

25 February 2020, respectively, and are quoted to be subject to ±0.10m standard error (68% confidence 

interval) vertical accuracy and ±0.20m standard error (68% confidence interval) horizontal accuracy. 

The topographic data was analysed using a three dimensional civil design software (12d) and 

geographic information system (GIS) software (Global Mapper) to provide height and volume 

differences between the two datasets.   

Average ground level difference results are depicted in Figure 8, indicating the following: 

• Diversion Stage 1 – minor deposition upstream of the confluence with the other branch of the 

diversion.  Minor erosion of batters and widening of channel particularly at the bend 

(KangiQueens3) 

• Diversion Stage 2 – notable erosion of southern batters along whole diversion and erosion of 

channel bed towards the outlet (Kangi 4).  Deposition downstream of the diversion 

• Diversion Stage 3 – depositon upstream of the confluence and substantial lateral erosion of 

northern flood levee (15m) at Trinity Confluence 2 as shown in Figure 9 

• Diversion Stage 4 – minor deposition throughout reach. 

 

Figure 8.  Average ground level difference per reach (m). 
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Figure 9.  Ground level difference at Trinity Confluence 2. 

 

Sediment Transport Modelling 

A preliminary model has been developed to predict sediment transport during large flood events similar 

to Tropical Cyclone Damien and the event in which the system was originally designed.  Two-

dimensional hydraulic modelling of the diversion was undertaken using the TUFLOW FV software 

package and sediment transport module version 2020.03. 

The modelled mesh was derived from the pre-Tropical Cyclone Damien Jan 2020 LiDAR survey.  

Modelling was undertaken using the same hydrological inputs used in the original hydraulic modelling 

used to inform the design of the system.   

Particle size distribution analysis and waste characterisation reports were used to define suitable 

sediment transport module parameters, as summarised in Table 1. 

Supsended solids and bed load transportation were modelled in two sediment fractions.  Deposition and 

erosion of suspended solids were modelled in the defined FineSed fraction, characterised by its small 

D50 size.  Bed load transportation was modelled in the larger D50 Gravel fraction, and used a global 

material type across the diversion area for simplicity.   

Modeling results showed total bed load movement in areas of tight bends, flow constrictions and high 

flow velocity as would be expected.  There were areas that did see greater bed movement in the model 

than the LiDAR analysis would suggest, and this may be due to being in areas of the diversion that were 

blasted in competent consolidated material.   

The combined bed load movement and net deposition results of the model showed signicantly less total 

change in bed elevation compared to the LiDAR analysis.  Only pockets of areas observed modelled 

bed elevation change of greater than 0.1m, where the LiDAR analysis suggest bed elevation change 

exceeding 0.1m and 0.5m across the majority of the channel (Figure 10).   

While the total bed elevation change from the modelling results using the selected parameters did not 

reflect the magnitude of net material deposition suggested by the LiDAR analysis, the suspended solids 

Loss of 15m of flood levee width 



 

 

deposition model was able to closely replicate increased deposition over areas of observed net increase 

in material.   

Table 1: Key parameters adopted for the sediment and bed load models 

Sediment Fraction Parameter FineSed (Suspended Load) Gravel (Bed Load) 

D50 (m) 0.0002 0.032 

Particle Density (kg/m3) 2650 2650 

Settling Velocity (m/s) 0.026 0.6 

Erosion Model Mehta NA 

Erosion rate constant (g/m2/s) 1.7 NA 

Bed Load Model NA MPM-Shimizu 

Bed Load Factor NA 8.0 

Critical shear stress (N/m2) 0.2 Soulsby Model 

 Alpha coefficient 1.5 1.5 

 

The total deposition rate for model time 22.5hrs is shown in Figure 10, and shows deposition through 

diversion Stages 1 and 2 that closely reflect the areas that saw net material deposition in the LiDAR 

analysis.  This result is promising, and suggests an imbalance between the deposition and erosion rates 

in the model compared to that observed, potenitally due to a too small of a D50 of the sediment fraction, 

which can be optimised through further sediment transport model calibration.   

 

Figure 10.  Sediment transport model results – Suspended solids deposition total (g/m2/s). 



CONCLUSIONS 

Sediment transport processes are not typically modelled when designing creek diversion infrastructure.  

Erosion protection is often limited to application of hydraulic modelling and design standards in 

infrastructure sizing and armouring. 

This case study has been undertaken to assess the effectiveness of this approach and investigate whether 

more detailed assessment of sediment transportation processes is warranted when designing large scale 

river diversion systems to support open cut iron mining operations in the Pilbara region of Western 

Australia.   

For the purpose of this paper, the term performance has been used to assess the scale of erosion and 

deposition within the system.  This is because the diversions are typically designed to be stable. 

The case study found that the river diversion system designed using 2D hydraulic modelling and 

theoretical approaches to infrastructure sizing and armouring has performed well in this instance. 

As may be expected, the reaches that generally showed greatest stability were those reaches with 

uniform channel shape and straight alignment.  Those areas that were subject to highest erosion were 

those subject to complex flow mechanisms such as bends, confluences, constrictions or changes in bed 

gradient.   

The largest area of erosion occurred downstream of the confluence where 15m of flood levee was 

eroded.  This area was not only exposed to substantial erosive forces but also constructed out of fill 

material.  Owing to the shear scale of the infrastructure (50m wide), this erosion did not affect the 

performance of the diversion system but has led to a financial impact associated with the repair works.  

Rock armouring of this section would act to reduce risk of erosion in the future.   

In this instance it is not clear whether the use of more complex sediment transport modelling during 

design would have substantially improved performance.  Such analysis is likely to be beneficial 

where locational factors prevent the implementation of such large scale infrastructure, and/or in areas 

where risks of failure are extremely high.  The preliminary modelling undertaken for this case study 

was able to replicate bed channel erosion and deposition processes relatively well.  It was unable 

however to fully capture batter slope erosion and slumping.  A 3d version of the model would be 

required to more fully assess this aspect and replicate the processes observed during Tropical Cyclone 

Damien.   
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