
 
 

 

COLLIE MINE LAKE DISTRICT INSPECTION 
The Collie Mine Lake District inspection is planned for Wednesday, 301 May 2018.  The inspection 
will depart from the corner of Hay and Willian St at 7am, Perth CBD at 0700 and will return to the 
same location around 1730. The inspection will be led by Dr Cherie McCullough, Principal 
Environmental Scientist/Director at Mine Lakes Consulting. Attendees should bring: broad-brimmed 
hats, camera, notepad and pencil, warm clothing, weather-rainwear. Water and lunch will be picked 
up along the way.  The planned itinerary is outlined in Table 1. 

Table 1: Collie Mine Lake District Inspection itinerary. 

Start time Duration Location 

0700 2:30 Depart Perth (coffee on the way) 
0930 1:00 Inspect Black Diamond (WA government rehabilitation) 
1030 0:30 Visit Collie information centre for history, context and (comfort stop) 
1100 1:00 Inspect Lake Stockton (recreational resource; water skiing, camping, diving, etc.) 
1200 0:30 Lunch 
1230 1:30 Depart Collie for South Yunderup 
1400 3:00 ASS field trip 
1700 1:00 Depart South Yunderup for Perth 
1800   Arrive Perth 

 

Collie Coal Basin 
Collie is located nearly 160 km south-southeast of Perth in the south-west of Western Australia 
(Figure 1).  Collie is situated in an area of Mediterranean climate, with hot, dry summers (range 
12-29°C) and cool, wet winters (range 4-15°C) (Commonwealth of Australia Bureau of Meteorology, 
25/02/2009).  75% of rainfall occurs in the five months from May to September.  The 100 year mean 
annual rainfall for the Collie Basin is 939 mm, although this has significantly decreased with annual 
rainfalls ranging from 690-840 mm over the past 20 years. 

 

Figure 1: Location of Collie Coal Basin. 
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The town of Collie (population over 10 000) is located on the north-western rim of the Collie coal 
basin within the Collie River catchment.  Collie is the centre of coal mining industry in Western 
Australia.  The major land uses in the catchment are coal mining, timber production, power 
generation and agriculture.  Approximately 79% of the catchment is state forest.  The recreation and 
nature conservation values of the forest areas are highly regarded along with the recreational 
opportunities provided by the Wellington Reservoir and other surface waters, including some pit 
lakes.  These values have led to increased promotion of the area for tourism by the local business 
community and the Shire of Collie. 

The Collie Coal Basin covers an area of approximately 224 km2, is 27 km long by 13 km wide and 
elongating in a north-west to south-east direction (see Figure 1).  The basin consists of two lobe-
shaped sub-basins, the Cardiff sub-basin (151 km2) to the west and the Premier sub-basin (74 km2) to 
the east, in part separated by a faulted basement high, known as the Stockton Ridge. 

The Collie Basin is a small sedimentary basin occurring in the Collie River catchment.  The Basin 
contains up to 1400 m of Permian sedimentary rocks, covered by a thin layer of Cretaceous rocks.  
The base layer of pebbly mudstone is covered by layers of sandstone, shale and coal.  There are up 
to 55 significant coal seams, which are typically 1.5 to 5 m thick although the Hebe seam reaches 13 
m thick with glacial sediments and coal measures.  There are an estimated 1330 Mt of coal resource 
in the basin of which extractable reserves account for 480 Mt.  

Underground and open cut coal mining has taken place in the Collie basin since 1898 with a number 
of mining legacies resulting (Figure 2).  Until the mid-1990s coal mining was predominantly in the 
Cardiff sub-basin.  In 1997 mining in the Cardiff sub-basin ceased and since then mining has taken 
place in the Premier sub-basin at the Muja, Ewington and Premier mines.  As a result of a dispute 
with the Government, six open cut pits were abandoned in the 1950s and 1960s, which went on to 
form Stockton Lake, Ewington Lake, Blue Waters, Black Diamond (A & B) and Wallsend (used for 
landfill).  The morphometry of these and other pit lakes is presented in Figure 2. 

 

Figure 2: Historical mine workings in Collie Basin (source unknown). 
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Currently two mining companies (Yancoal Premier Coal Pty Ltd and Lanco Griffin Coal Pty Ltd) have 
active mines and a number of unrelinquished pit lakes in the Premier sub-basin (Figure 3).  
Wesfarmers Premier Coal Pty Ltd is currently evaluating rehabilitation and development of end uses 
for finished pits in the Cardiff sub-basin.  Premier also seeks to relinquish Lake Kepwari this year 
(2017).  Griffin Coal is maintaining pit lakes in the Premier sub-basin in an operational capacity, but 
also seeking relinquishment options that might also entail beneficial end uses. 

Groundwater resources of the Collie basin are fresh and discharge towards the Collie River, with 
seasonal fluctuations in groundwater levels of up to 1 m.  The pH of groundwater is highly variable 
ranging from <4 to neutral.  Groundwater (in abstractable quantities) in the Collie basin is mainly 
contained within the sandstone of the Muja Coal Measures, Premier Coal Measures, Allanson 
Sandstone, Ewington Coal Measures and Westralia Sandstone of the Collie Group; within the sand 
and sandstone of the Nakina Formation; and in the surficial sediments.  The hydrogeology of the 
Collie basin is complex, with multiple aquifers as a result of aquicludes and faulting. 

The Collie River is the main river system of the Collie basin, running almost 100 km westwards to the 
Indian Ocean.  It was once fresh but due to clearing of the upper catchment for agriculture, the 
salinity has risen to over 1000 mg L-1.  Total phosphorus levels were recorded at over 18 µg L-1 in July 
of 2004.  The south branch of the river was diverted around the former WO5B (Lake Kepwari) mine 
pit during operations and has been used to fill the void when winter flows were sufficient. 

 

Figure 3: Collie Pit Lake District (Google Earth, 2012) 

Historic lakes 
The pits of the historic lakes were all mined by the Amalgamated Collieries Company, which closed in 
1960 following changes to the Government coal procuring procedures, which saw the Company lose 
all Government contracts.  All of these lakes had no remediation prior to natural filling with rainfall, 
surface flows and groundwater.  Although erosion and sedimentation processes have reduced the 
angle of the lake sides, their gradient is typically steep leaving only a narrow littoral zone around 
most of the lake sides. 
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Lake Black Diamond 
Black Diamond is located near the original coal discovery site at Allanson (Black Diamond 
commenced operation in 1948 and closed in 1953 after producing 344 530 t of coal.  As mining 
progressed the void was backfilled which would eventually produce two pit lakes (Black Diamond A 
and B).  It was abandoned without any rehabilitation and is now on Crown land.  Neither the Shire of 
Collie nor state government agencies appear to accept responsibility for management of the lake.  
Black Diamond A and surrounds are actively used for public recreation including swimming, 
marroning (fishing for native crayfish) and camping.  However, unstable cliffs, underwater obstacles 
and poor water quality represent significant safety risks and a number of serious injuries have 
occurred in the past as a result of cliff jumping at the site. 

 

Figure 4: Historic aerial photograph of Black Diamond (A – right; B – left) Lakes (image from Google 
Earth, dated 2007) (top of picture is north) 

 
Figure 5: Recreational swimming in Lake Black Diamond in 2015 

The eastern end of this lake lie partially on private land and water from the lake is used by these 
householders.  In 2009, a bush fire resulted in a small underground coal fire on the northern side of 
the lake.  This lake has seen several serious injuries and a death (of a tourist in 2008) and signage 
and fencing has been installed along some of the cliffs to reduce the risk.  Black Diamond B is on 
private land and appears to be used by the household for recreation and for watering cattle.  Black 
Diamond A overflows into the Collie River at the end of winter in most years. 

Since mining ceased at Black Diamond in the 1950s a number of different land tenure types have 
been assumed (Figure 6).  However, the site is not regulated, administered or managed by the 
Department of Mines and Petroleum with a number of private land lots exist at Black Diamond to 
the western end and northern side of the pit and in the pit lake itself. 
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Figure 6: Lake Black Diamond tenure. 

Most recently, funds generated by the Mining Rehabilitation Fund have been used to undertake 
rehabilitation works in line with community and other stakeholder expectations for the site for 
active and passive recreation.  While DMP is only able to use funds to make the site safe, stable and 
non-polluting, a number of possible end land use options for the site which the community may wish 
to implement have been discussed. 

Site works at Black Diamond Pit Lake were completed in October 2016.  The site works included 
removing a steep 8 m high pit wall located at the southern side of the pit, from its previous 90° slope 
ranging now from 22 to 26°, eliminating one of the sites most significant safety risks.  Management 
of heavily eroded areas on the western and northern ends of the pit lake has also been completed. 

The next stage of the project is to continue consultation with key stakeholders to identify whether 
additional works may be required as part of the project. 

Lake Stockton 
Stockton was originally an underground mine that commenced operations in 1927, in 1943 open cut 
operations started.  Both types of mining ran concurrently for a few years with open cut operations 
providing easy access to underground operations.  Stockton was the first open-cut operation in 
Collie.  Open cut operations finished in 1957, with underground operations closing in 1960 with the 
close of Amalgamated Collieries, a total of 1 519 910 t of coal were abstracted.  The pit eventually 
filled with water creating a lake that is popularly used for recreational activities including 
waterskiing, camping, swimming and marron fishing.  
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Figure 7: Historic aerial photograph of Stockton pit lake (taken from Google Earth, imagery dated 
2009) (top of picture is north). 

 

Figure 8: Although not advised due to low pH, contact recreation is a regular activity at Lake 
Stockton. 
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Lake Stockton is managed by the Western Australian Department of Parks and Wildlife (DPaW), who 
have rehabilitated much of the lake’s surrounding land.  Nonetheless, Large spoil dumps exist to the 
west, however spoil from the original underground operations was dispersed throughout the forest 
to the west, these spoil piles are small the size of 1-2 cartloads.  The lake is still directly connected to 
underground workings through a shaft in the north-west quadrant of the lake.  Steep cliffs on the 
northern side of the lake have been protected from erosion by the construction of a deep trench (2-
3 m) 50 m back from the cliffs which intercepts overland flow.  Lake Stockton may experience 
considerable pH change from the top of the lake (mean pH of 5.5) to the bottom (mean pH 4.8), 
which is thought to be due to groundwater ingress through the extensive historic underground 
workings that surround this lake.  

In 1994, Lake Stockton (ironically a lake which post abandonment has had most of its surrounds 
rehabilitated), was temporarily closed by the Government Agency responsible when pH levels 
dropped below 4.5, which is the Australasian contact standard.  Quantities of limestone chip and 
then sodium hydroxide were added to fix the problem, without success.  The publicity surrounding 
this incident resulted in a number of studies into the lakes, including end-use options, remediation 
strategies, general ecology and limnology. 

Circumneutral water from dewatering operations at the new Ewington mine were discharged in a 
natural stream that enters Stockton Lake from the east to increase pH to acceptable levels.  
Interestingly, when this flow ceases (for operational reasons) pH rapidly drops back to around 4.  An 
outlet in the southwest corner drains the lake ultimately into the Collie River south branch.  Water 
from the outlet also floods a small sump area to the south of the lake.  This area has not been closely 
studied but was extremely acidic at pH 2, the source of the acidity is probably the large spoil pile 
located at the western end of the sump.  

Lake Kepwari 
Mining of the Lake Kepwari void (WO5B) began with diversion of the seasonal Collie River South 
Branch (CRSB) away from the pit site and around the western margin and ceased in 1997.  During 
rehabilitation, reactive overburden dumps and exposed coal seams were covered with waste rock, 
battered and revegetated with endemic flora.  To further reduce wall exposure and acid production, 
the lake was rapid-filled by a diversion from the CRSB over three winters until 2005.  Although the 
river water initially raised water pH to above pH 5, subsequently it had declined below pH 4 by 2011 
and displayed elevated metals and metalloids concentrations as a result of acidity inputs, most likely 
though in-catchment acidity generation and acidic groundwater.  

The volume of the lake is around 32 × 106 m3, with a maximum depth of 65 m and surface area of 
103 ha (Figure 10).  Lake Kepwari is proposed as a recreation resource for primary water contact 
activities such as swimming and water skiing.  Low pH and high metal concentrations currently 
restrict use of the lake for these purposes.  
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Figure 9: Lake Kepwari shoreline at north-eastern side developed as a beach 

 

Figure 10: Historic aerial photograph of Lake Kepwari (taken from Google Earth, imagery dated 
2009) (top of picture is north). 
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Heavy rainfall in August 2011 led to the CRSB overtopping the diversion channel along the south 
branch wall that separates it from Lake Kepwari.  Approximately 30 m of wall failed, and 2 GL of 
CRSB water flowed through Lake Kepwari, decanting through culverts in the north-east and north-
west sides of the Lake (McCullough et al., 2013).  

This unintentional flushing had the effect of substantially improving the water quality and ecosystem 
values (McCullough et al., 2012), indicating that maintaining the lake as a flow through system would 
likely provide a leading practice closure strategy for the lake.  Regular seasonal flow-through was 
expected to yield a seasonal thermally stratified brackish lake of circumneutral pH (Figure 11). 

Following broad stakeholder engagement, including community presentations, and approval by state 
regulators, a flow-through trial was proposed to assess the benefits of this leading practice 
management option.  The trial was run between 2012 and 2014 with over two years of flow and one 
year of no flow due to low rainfall.  Regular quarterly assessment of biota and chemistry of both 
Lake Kepwari and the CRSB, and annual reporting of the findings to regulators and community was a 
key component of the trial. 

The monitoring results showed that downstream river water quality is not significantly degraded by 
flow-through since the greatest decant volumes occur predominantly during high CRSB flow with 
consequent high lake water dilution.  Further, river water quality may actually be improved (relative 
to upstream) through trapping of sediment including particulate forms of nutrients by the lake 
benthos, and removal of soluble forms of phosphorus by co-precipitation with dissolved aluminium 
species present with lake AMD.  Monitoring indicates that, following implementation of flow-
through, lake pH is higher than historic levels, and importantly, on an upward trend (Figure 12).  

There is now a permanent connection to the river and lake at the breach point and through the 
previously designed lake overflow.  

The river breach event in Lake Kepwari has provided an opportunity to evaluate and understand the 
potential benefits of flow-through system as a pit lake closure strategy.  There are not many such 
examples in Australia for pit lakes and also in other parts of the world with similar climatic 
conditions. 

 

 

Figure 11: Conceptual model of A/.  Lake Kepwari flow-through design showing historical CRSB 
channel in black, previous river diversion in dark grey and presumed lake passage in light grey) and 
B/.  AMD groundwater source shown as pink arrows, sinks and water balance during flow-through. 

A/. B/. 
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Figure 12: Time-series graph of Lake Kepwari pH historically, during and after flow-through began.  
Dotted regression line indicates surface water pH trend over time. 
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