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Abstract 
This paper presents a case study of closure surface water management for mined pits located adjacent to two 
large creeks in the Pilbara region of Western Australia. The mining footprint presented some significant 
closure challenges, with pits, waste dumps and land bridges located adjacent to creeks. Hydrological flood 
modelling of rare and extreme floods affecting both pre-mining and proposed end-of-mining topography was 
used to guide landform design. A risk-based design approach was adopted based on the likelihood and 
consequence of closure landform failure. For relatively minor failure consequences (e.g. scour of the toe of a 
rehabilitated waste dump) more frequent events were used as the design event. Rarer events were used to 
design controls aimed at avoiding major consequences, such as creek capture, where a natural watercourse 
scours a path into a mine void effectively terminating downstream flow. These designs informed a closure 
strategy involving partial pit backfill and scour management controls on landforms, which has been developed 
to leave a suitable post-mining landform. 
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1 Introduction 
This case study is based on an iron ore mine located in the Pilbara region of Western Australia. It is an open 
cut operation utilising conventional drill-and-blast and load-and-haul mining methods. The mine site is a 
historical site that commenced operations in 1972 and is currently undergoing internal evaluation for 
expansion. 

The mine site comprises a series of open cut pits, mineral waste dumps, a waste fines storage facility (WFSF), 
land bridges (or elevated haul roads) and associated infrastructure. Two large ephemeral creeks, here within 
referred to as Creek East and Creek West, traverse through the mine, and landforms are positioned in close 
proximity to these creeks (Figure 1). Mining disturbs less than 1.5% of the combined Creek West and Creek 
East catchment area of 2,470 km2. The closure implications of pits, waste dumps and land bridges in relation 
to the creeks, and surface water flows and subsequent flood events, are better understood today than in the 
early 1970s. This paper describes how the flood risk locations were identified, the methods employed to 
assess the risk, challenges posed for rehabilitation and closure of these landforms and predicted closure 
outcomes. 
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Figure 1 Mine footprint and creeks 

2 Climate and surface hydrology 
Landform design and rehabilitation success are influenced by climatic factors such as evaporation and the 
intensity, frequency and duration of rainfall events. The mine site is situated in a region that is characterised 
as arid tropical with two distinct seasons; hot wet summers and cool dry winters. Mean daily maxima 
temperatures range from 41°C in summer to 25°C in winter (Bureau of Meteorology 2017). 

Precipitation occurs predominately in summer, with major rainfalls associated with tropical cyclones, tropical 
lows and convective thunderstorms. The months of September, October and November have the lowest 
average rainfall and January, February and March have the highest average rainfall (Figure 2). Annual total 
rainfall is also highly variable, as evidenced by historical data dating back to 1974 (Figure 3). 

 
Figure 2 Mean monthly rainfall (mm), for Bureau of Meteorology station 007185 from 1974 to 2017 

(data sourced from Bureau of Meteorology 2017) 
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Figure 3 Historical annual rainfall (mm) from 1975 to 2016 at Bureau of Meteorology station 007185. 

Gaps in data represent incomplete datasets (data sourced from Bureau of Meteorology 2017) 

Most tropical cyclones are observed during the late summer, occurring between November and May. In 
inland areas, tropical cyclones can produce damaging wind gusts in excess of 170 km per hour, with heavy 
rains resulting in regional flooding. Five tropical cyclones are expected, on average, to form off the coast of 
the Pilbara each year, with two expected to make landfall (Bureau of Meteorology 2019a). 

One of the greatest impacts arising from tropical cyclones is flooding from heavy rainfall. Flooding is 
enhanced when multiple tropical lows occur within a few weeks of each other. One of the highest ever floods 
recorded along the Ashburton River occurred in February 1997, when a slow moving tropical low moved over 
the west Kimberley, Pilbara and Gascoyne regions causing rainfall in excess of 400 mm in parts. In December 
1975, Cyclone Joan caused over 400 mm of rain near its track, the highest rainfall being 591 mm at Marandoo 
(Bureau of Meteorology 2019b). In addition, local thunderstorm activity that is not associated with cyclonic 
activity can contribute to localised flash flooding. 

Thirteen cyclones/tropical lows have passed within the Creek East and Creek West catchments during the 
monitoring period (1906 to present). Additionally, cyclones within reasonable proximity of the catchment, 
approximately 300 km, have potential to influence creek flow within the catchment. In recent history, the 
flood events experienced at the mine site have been considered to be minor in the context of possible rainfall 
event magnitudes that are modelled within this paper. Most recently, Cyclone Monty and Cyclone Stan 
caused flooding of the creek systems in 2004 and 2015, respectively. The track of these cyclones did not 
navigate directly through the mine site, however they were in close enough proximity to cause heavy rains 
within the catchment and significant creek flows through the mine site. Flooding associated with Cyclone 
Monty and Cyclone Stan are shown in Figure 4. 

0

100

200

300

400

500

600

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

20
11

20
13

20
15

20
17

R
ai

nn
fa

ll 
(m

m
)

Year

Mine closure planning

Mine Closure 2019, Perth, Australia 1053









 

 
Figure 6 Post-mining flood scenario: risk locations and very rare flood event scenario velocity 

5.2 Post-mining landforms (without mine expansion) with flood mitigation 

This scenario included flood modelling of bunded pits, for the post-mining landforms without mine 
expansion. Bunding was set to a nominal level well above the extreme flood event to prevent creeks flowing 
into pit voids. The resulting water level estimate was used to set the actual flood levee design requirements. 

The bunded pits scenario used hypothetical (i.e. no design consideration of bund construction profile or 
methodology) bunds to prevent floodwaters from entering the adjacent pit voids. This scenario was intended 
for use in providing flood levels to guide closure landform design. 

5.2.1 Model results 

An inundation map showing predicted flood depths across the post-mining landscape (without mine 
expansion) including hypothetical flood bunds, resulting from a very rare flood event scenario is presented 
in Figure 7. Analysis of flood depths show that all pits located adjacent to the creeks are protected from 
interception of creek flows. Some inundation occurs as a result of rainfall and runoff from local upstream 
catchments within the model domain. These pits are depicted by locations 1, 2, 3, 4 and 5 in Figure 7. 
Modelled flood elevations increased for the bunded scenario on average by 0.2 m for the very rare event and 
0.6 m for the extreme flood event. 

The bunding of the pit crests resulted in moderate increases to the predicted peak velocities within the main 
channels (Figure 8). As identified in the baseline modelling, landforms adjacent to the creeks are at risk of 
scour erosion without closure mitigation solutions. Closure mitigation options include possible 
relocation/redesign of the closure landforms (waste dumps and land bridges) such that they are outside of 
the rare event. At this site, flood bunds adjacent to pits double as abandonment bunds, so partial backfill of 
the at-risk mine voids means the zone of instability (and therefore the abandonment bund alignment) can 
be moved further away from the main channel. 
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Figure 7 Post-mining flood scenario with hypothetical flood bunds: very rare flood event scenario 

depths 

 
Figure 8 Post-mining flood scenario with hypothetical flood bunds: very rare flood event scenario 

velocity 

Closure planning challenges associated with mining adjacent to large creek lines P Bussemaker et al.

1058 Mine Closure 2019, Perth, Australia










	Abstract
	1 Introduction
	2 Climate and surface hydrology

