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Disclaimer  
 

This water balance has been prepared for AARC Environmental Solutions by Tania Kennedy (SeeBuiltEarth Pty Ltd). 

SeeBuiltEarth Pty Ltd retains copyright & Intellectual Property of the material contained within the report & 

supplementary data & analytical methods. All rights remain with SeeBuiltEarth Pty Ltd. 

 

This report has been prepared from information, data & assumptions provided by AARC Environmental Solutions 

representatives, local suppliers & internal documentation.  

 

Where possible, data, sources & raw information is separated to application, interpretation & implication assessments. 

 

Whilst SeeBuiltEarth Pty Ltd & its employees have taken all reasonable care to ensure the facts, opinions & conclusions in 

this report are fair, applicable, accurate & good to appropriate practice, SeeBuiltEarth Pty Ltd is not able to, & does not 

verify the accuracy of the information & data supplied, & states that the models, frameworks & schematics are presented for 

consideration & decision by AARC Environmental Solutions. 

 

SeeBuiltEarth Pty Ltd do not accept any legal responsibility to any person, organisation or corporate identity for any loss or 

damage which might event from the use of this report howsoever caused whether by default, breach of contract, 

negligence or any other reason. 
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1 Introduction 

 

 Kogan Creek mine operation 

Kogan Creek mine is an open cut mine located in the Surat iver basin in southern Queensland, 15km 

south of Brigalow, & 40km south east of Chinchilla. 

The mine is operated to supply the adjacent Kogan Creek Power Station with approximately 2.5Mt of 

coal each year, a single turbine station which provides 750MW baseload power into the Eastern 

Australian power network. 

Kogan Creek mine was opened in 2006: the mine is owned by CS Energy & operated by Golding. 

 

 Study purpose & objectives 

A water balance for the final open pit void is required as part of Progressive Rehabilitation & Closure 

Plan (PRCP) works & evaluation of final pit fate for water quality, quantity & landform closure. 

Planned mine closure is expected around 2042. 

AARC Environmental Services commissioned SeeBuiltEarth develop an analytical water balance for the 

pit domain to assess & inform pit closure options. 
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2 Water systems of Kogan Creek pit void 

 

 Climate – rainfall & evaporation 

Kogan Creek mine lays in a climate zone characterised by hot, dry summers & cold winters (BoM), 

near the town of Chinchilla. Two nearby weather stations provide indicative rainfall & evaporation 

rates, Chinchilla WTP & Ehlma Park: 

 Chinchilla WTP (water treatment plant) is located 30km to the northwest of the site & provides 

data from prior to 1900, providing a record of >100 years of rainfall data.  

 Ehlma Park is nearer, approximately 10km to the north east of the site, & with records 

commencing in the mid 1950’s.  

Comparative annual rainfall (Figure 1) indicates both sites average between 350mm to 800mm rainfall 

per year, but may be as low as 200mm in drier years, & regularly up to 1,000mm in wetter years. 

Rainfall is comparable between the two sites from year to year, & together provide a continuous 

record of indicative rainfall for the site. Average regional rainfall appears in decline since 1990.  

Evaporation records are also available from Chinchilla WTP site since pre-1900. Monthly evaporation 

rates are shown in Figure 2, & average daily to monthly evaporation in Table 1. A rolling 12 month 

average evaporation trends show evaporation starting to vary more widely since 1960, & appears to 

be increasing since 1990.  

For longer-term indicators, residual rainfall trends (Figure 3) shows the seasons of the area, with 

periods of continual average rainfall over several years, but with a strongly wet period from 1930 -

1950, & forming into a severe drier period since 1999. Residual rainfall charts the deviation of rainfall 

from the average: when conditions are wetter, trends increase – when conditions are drier, trends 

decline.  

 

Table 1 - Daily & average evaporation rates 

 
1 2 3 4 5 6 7 8 9 10 11 12 

Station J F M A M J J A S O N D 

Average daily (mm) 7.7 6.8 6.1 4.6 3.2 2.4 2.5 3.5 4.9 6.3 7.4 7.8 

Monthly (mm) 239.4 191.0 188.5 137.1 99.0 71.8 78.2 109.3 148.0 195.8 220.7 240.4 

Annual – 1919.1mm             

 

 General water balance state 

As a simple water balance from year to year, the Kogan Creek site from year to year is generally 

strongly water balance negative. Annual rainfall averages 644.4mm, whilst annual evaporation rates 

(on the condition water was present) can range up to 1,919mm in a year, a deficit of 1,250mm per 

year. 
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Figure 1 - Annual rainfall Chinchilla WTP & Ehlma Park 

 

 

Figure 2 - Monthly evaporation & rolling annual average evaporation - Chinchilla 
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 Surface water & catchments 

Landscape of the site is predominantly low gradient, with dark grey sandy loamy soils: high sodicity & 

low strength & nutrients. 

Figure 4 lays out the catchments of the site: with pit catchment shown as #38, with a total catchment 

currently reporting to the pit of 1,468,071m2, & in the event of a pit crest bund being installed, the pit 

itself has a catchment surface area of 620,000m2. 

 

 Groundwater  

No groundwater inflow is recorded into the pit of Kogan Creek mine: the pit is essentially dry unless 

rain falls.  

 

 Final pit dimensions & storage curve 

Pit storage volumes are determined by slicing a pit void at 1 metre intervals, & using unit height by 

surface area to calculate volume. Storage curves & volumes are shown in in Figure 5.  

Final pit void runs from an elevation of 253mAHD (deepest) to 325mAHD (pit crest), with a total void 

space of 625,000m3. There is a noticeable change in elevation to storage ratio from base of pit to 

~267mAHD, & again at 267-275mAHD as pit wall angles change.  

  

Figure 3 - Residual rainfall of Kogan Creek region 
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Figure 4 - Catchments of Kogan Creek mine: note pit catchment area (#38) 
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Figure 5 - Pit storage curves for Kogan pit 
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3 Water balance structure & outcomes 

 Overview 

The Kogan Creek pit domain water balance is an analytical balance running from January 1900 

through to December 2019 by daily time steps. The actual 120-year rainfall record is applied as it 

provides an appropriate range to assess variation of the types of events & sequences to be expected 

in the region. Notably, if a drying climate occurs in the future, the condition is likely to increase the 

severity of negative water balance for the site. 

The model works through applying rainfall each day from the record onto catchment areas & 

building a rainfall runoff model with initial loss & runoff coefficient suitable for landscape. Any water 

volume which is water balance positive is stored within the pit as a volume with a surface area, with 

evaporation on any water surface (based on the storage curve). The balance executes as a running 

storage to see changes in water storage both as a total system & as a budget change.  

Figure 6 provides a view of the balance configuration & setup for Kogan Creek mine pit domain. 

 

Figure 6 - View of water balance configuration & step 

 

 Balance calibration settings  

The balance is established through application of reasonable, conservative factors of rainfall, runoff & 

evaporation relative to the geology & water system of the site. Fine-tuning of parameters is achieved 

through trial & error & observing if the system provides a practical response given what is already 

known about the system from empirical knowledge. 

Table 2 presents the summary of water balance settings applied throughout all scenarios. 

Table 2 - Water balance settings 

Component  Details & settings of balance 

Dates January 1900 through to 31 December 2019 (120 years), daily time steps 

Rainfall sites Chinchilla WTP  

Catchment areas Pit area - 620,000m2 Adjacent catchment - 843,071m2 

Initial loss 10mm (slope of pit) 15mm (low gradient catchment)  

Runoff factor 0.85 (reporting direct to pit) 0.65 

Evaporation 
Average monthly evaporation by day, only applied if there is storage in pit & no rain. 

Factor applied to pan factor of 0.95 

Groundwater inflow None 

Pumping/extraction or loss None 
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 Scenarios 

Two main catchment scenarios are run: 

1. No pit bund at pit crest (adjacent catchment). 

2. Pit bund at pit crest 

Three starting storage states to assess the full range of states of water budget & understand 

dynamics of the water balance: 

1. Start at full storage (325mAHD) – to assess behaviour with a large body of water 

(limitless supply to assess negative water balance potential). 

2. Start at mid-storage (290mAHD) – to assess behaviour during wetter periods. 

3. Start at low storage (255mAHD) – to assess likely starting point at closure. 
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4 Outcomes & findings 

 Scenario 1 – full catchment reporting (no pit crest bund) 

Starting value 

% 

years 

negati

ve 

rainfall 

Comme

nt 

Full storage  

Figure 7 

78% 

years 

water 

negativ

e 

Strong 

continuo

us 

drying 

stages 

until 

~1970, 

then 

forms 

into slow 

decline 

of levels.  

Mid-storage 

 

69% 

years 

water 

negativ

e 

Strong 

continuo

us 

drying 

stages 

until 

~1970, 

then 

forms 

into slow 

decline 

of levels. 
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Figure 8 

Low-storage 

Figure 9 

51% 

years 

water 

negativ

e 

Shows 

impact 

of wetter 

period in 

early 

century, 

but 

returns 

to 

similar 

level of  

 

Key learnings from Scenario 1 (pit & adjacent catchment): 

1. Pit levels stabilise into slow declining rates, regardless of starting volume by 

end of the 120 year cycle in the drying to average rainfall periods. 

2. Wetter periods may result in extra storage in the short term (low-storage 

starting volume), but will trend similarly over time as rainfall returns to near 

average. 

3. Evaporation volumes highly dependent on size of pond area, with reduced 

evaporation as pond areas decline near base of pit. 

 

 Scenario 2 – pit only catchment (pit crest bund) 

Starting value % years negative rainfall Comment 

Full storage  

Figure 10 
83% years water negative 

Strong continuous drying stages until ~1980, when 

changes to slow decline.  

Mid-storage 

Figure 11 
73% years water negative 

Impact of wetter & drier years shown, stabilises 

~1980, when changes to slow decline.  
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Low-storage 

Figure 12 
55% years water negative 

Increases during wetter cycles, but imitates greater 

storage options from 1980 in slow decline. 

 

Key learnings from Scenario 2 (pit only catchment): 

1. Diversion of adjacent catchment via a pit crest bund or similar: 

a. Reduces potential storage 

b. The water balance stabilises & reaches steady state, with seasonal 

variation. 

2. All scenarios return to a low storage outcome with seasonal volumes, even with 

a large starting volume & across wet seasons. 

3. Stabilisation is based on freshening rainfall to manage pit water quality. In the 

event of a drying climate, size of pit storage will be further reduced.  
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Figure 7 - Pit & catchment - full supply level water balance 
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Figure 8 - Pit & catchment - mid supply level water balance 
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Figure 9 - Pit & catchment - low supply level water balance 
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Figure 10 - Pit only catchment - high supply level water balance 
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Figure 11 - Pit only catchment – mid-supply level water balance  
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Figure 12 - Pit only catchment – low-supply level water balance 
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5 Appendix A – Balance tables 
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Scenario 1 - Pit & catchment – full supply volume
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Scenario 1 - Pit & catchment – mid supply volume 
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Scenario 1 - Pit & catchment – low supply volume 
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Scenario 2 - Pit & catchment – full supply volume 
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Scenario 2 - Pit & catchment – mid supply volume 

  



       

                                                                            

                                                  Kogan Creek – Pit closure water balance – September 2020                           Page | 27 

Scenario 2 - Pit & catchment – low supply volume 
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