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EXECUTIVE SUMMARY 

 

WRM was engaged by Northern Energy Corporation (NEC) to describe the proposed water 

management system and undertake site water balance modelling for the proposed Colton 

Project, located near Maryborough, Queensland.  

 

NEC proposes a water management system (WMS) which aims to: 

1) Divert runoff from undisturbed areas around the proposed operations; 

2) Contain runoff from the infrastructure areas in the CHPP Dam and MIA dams; 

3) Contain overburden stockpile runoff in the Mine Water Dam; 

4) Reuse surface water and groundwater captured in the mine pit for coal preparation 

and dust suppression; 

5) Contain excess pit water pumped from the mine pit in a dedicated pit water storage 

dam (the Worked Water Dam); 

6) Release excess mine water to the Mary River if water quality and receiving water 

conditions allow. 

 

A site water balance model was used to assess the effectiveness of the proposed water 

management system in containing site runoff and managing impacts on mine operations. 

It was also used to improve the understanding of the likely magnitude, frequency, timing 

and duration of releases to the Mary River and minor tributaries of the Susan River 

crossing the site.  

 

The behaviour of the WMS was simulated over a 111 year period of the historical climate 

record (since 1900), using the GoldSim software, incorporating the AWBM rainfall runoff 

model. A worst-case approach was adopted, with the maximum disturbance area 

assumed to be in place for the entire simulation period. In reality, the disturbance area 

will be significantly less for most of the 8 to 10 year mine life.  

 

The model results indicate that the Worked Water Dam, CHPP and MIA dams would 

contain all modelled historical inflows if operated as proposed. Overflows from the Mine 

Water Dam to small tributaries of the Susan River were simulated to occur 19 times over 

the 111 year simulation period, with a maximum total overflow event volume of 1570 ML.  

 

For modelling purposes, it was initially assumed that releases to the Mary River were not 

constrained by flow or quality in the Mary River estuary.   

 

The model results showed that under these conditions, releases to the Mary River would 

be expected approximately 50% of the time, with occasional extended periods of 

continuous release interspersed with periods of little or no release. 

 

The potential impacts of the proposed releases on water quality in the Mary River estuary 

were assessed by coupling the site water balance model results with an advection-

dispersion (AD) model of the estuary prepared by DHI Water & Environment Pty Ltd, and 

the results of a Geochemical Risk Assessment undertaken by Hydrobiology QLD Pty Ltd 

and C&R Consulting Pty Ltd. The combined results were used in an Ecotoxicology Impact 

Assessment undertaken by Hydrobiology QLD Pty Ltd. 

 

The lower Mary River estuary and Great Sandy Strait have been designated High 

Ecological Value (HEV) status under the Environmental Protection (Water) Policy (2010) 

(EPP Water). The policy refers to the ANZECC and ARMCANZ (2000) 99% species 

protection levels in setting water quality objectives (WQOs) for metal contaminants in an 

HEV Zone, the boundary of which is located approximately 8km downstream of the 
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proposed release point. In the area between the release point and the HEV Zone (the 

Middle Estuary) the less stringent 95% species protection levels apply. 

 

The Geochemical Risk Assessment concluded some potential mine water contaminants 

could occur at concentrations exceeding the WQOs for the HEV Zone. However, the AD 

model of the Mary River Estuary indicated that outside a localised mixing zone, under 

most weather scenarios and Mary River flow conditions, dilution of the release water 

would result in concentrations (at the point of release) well below the HEV WQOs. 

Concentrations would be further reduced within the HEV Zone itself. 

 

The Ecotoxicological Risk assessment highlighted that dissolved metal concentrations in 

the HEV Zone were likely to be significantly further reduced by processes such as co-

precipitation with colloids in the site water dams and middle estuary (near the release 

point). As a result, minimal environmental harm is expected. 

 

However, the AD model showed that if dissolved metal concentrations are higher than 

expected, and/or releases are made during extended low river flow periods, it is possible 

the WQOs could be exceeded at the HEV Zone boundary. Particular metals of concern are 

Aluminium and Cobalt.  

 

A mine release operating rule was developed which limits the release rate according to a 

relationship between the dissolved contaminant concentrations, the Mary River flow rate 

and HEV Zone WQOs. The AD model indicates that if the system was operated in this way, 

the potential for exceeding the WQOs at the HEV Zone Boundary is greatly reduced. 

Further, the water balance model results indicate that if releases are limited under this 

rule, the prolonged accumulation of water within the mine operations should not 

excessively impact operations. 

 

By far the largest simulated continuous release was for the period from September 1970 

to September 1975, when 12,720 ML would have been released under the proposed 

operating rules. However, most release events would be significantly smaller, with the 

median release being 375 ML, and 90% percent of releases being less than 3,500 ML. 

Most releases would commence during the summer months, but following very wet 

summers, the release would extend well into the winter months and beyond. 

 

Near-field discharge modelling undertaken by DHI Water & Environment, indicated that 

under a range of flow and discharge conditions, the extent of the mixing zone is likely to 

be limited to an area within 1km of the discharge point. 

 

A surface water monitoring program is proposed for characterising the site discharge 

water, and identifying exceedances of the WQOs within the HEV Zone, and at points 

upstream and downstream of a mixing zone near the Mary River release point. The results 

of the monitoring program should be used to continuously update and improve the 

management of releases and the calibration of the AD model of the Mary River estuary. In 

the event of a WQO being exceeded, the AD model can be used to investigate the 

contribution likely to have been made by releases from the Colton Project. 
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1 INTRODUCTION 

1.1 BACKGROUND 

Northern Energy Corporation Limited (NEC) is seeking to develop the Colton Coal Project, 

an open cut coal mine in the Burrum Coal Measures north-east of Maryborough. The 

proposed mine will deliver 0.5 Mt/a of product coking coal from an estimated 5 million 

tonne reserve, over a project life of 8 to 10 years. 

 

NEC submitted an Environmental Management Plan (EMP) to the Department of 

Environment and Resource Management (DERM) on August 12, 2010.  

 

In a letter dated 24 September 2010, DERM requested more information on the proposal 

for mine water release. The information is required to assess the risks to the 

environmental values of the Mary River, particularly in the section declared as Level 1 or 

High Ecological Value under the Mary River Environmental Values and Water Quality 

Objectives (under Schedule 1 of the Environmental Protection Water Quality Policy 2008).  

 

In particular, more information was requested on: 

 

1. the contaminant loadings from overburden and waste rock storage areas; 

2. the quality of water that will be contained (and released from) the main mine dam; 

3. the likely timing of releases; 

4. the likely quality of releases; 

5. the resulting salt and metal concentrations within the Mary River when it is 

receiving releases from the mine; 

6. if the release will meet the water quality objectives for the Mary River that will 

ensure protection of its Environmental Values; 

 

NEC commissioned a team including WRM Water & Environment Pty Ltd (WRM), 

Hydrobiology QLD Pty Ltd (Hydrobiology) and DHI Water & Environment Pty Ltd (DHI) to 

assess the impacts of releasing mine water from the Colton Mine site to the Mary River 

Estuary. 

 

WRM was engaged to describe how surface water would be managed and undertake site 

water balance modelling for the proposed project. The purpose of the modelling is to 

improve the understanding of the likely magnitude, frequency, timing and duration of 

releases to the Mary River. The results of the water balance modelling were combined 

with the outcomes described in the other surface water assessment study reports: 

 

¶ Geochemical Risk Assessment – Hydrobiology; 

¶ Mary River Dispersion Study – DHI; 

¶ Mary River Discharge Investigations (Ecotoxicology impact assessment) – 

Hydrobiology; 

¶ Stream Sediment and Morphology Report – AustralAsian Resource Consultants. 
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1.2 PREVIOUS INVESTIGATIONS 

The original EMP submission included the following studies:  

 

¶ Hydrogeological Study (Streamline Hydro and AGE, 2010); 

¶ Surface Water Management (PSM Australia Pty Ltd, 2010);  

¶ Water Management Plan (NEC, 2010); 

¶ ARD Assessment of the Colton Project (EGi, 2009); and 

¶ Colton Project Stream Sediment and Morphology Report (AARC, 2010); 

 

The information presented in these reports was used in the preparation of this report. 

Where there is a conflict between the present study and previous investigations, the 

current study takes precedence. 

 

1.3 SCOPE OF WORK 

This report outlines the potential impacts of the project on receiving surface waters, and 

the proposed mitigation measures (the proposed site water management system).  

 

The report also describes the results of a site water balance model prepared to improve 

the understanding of the likely magnitude, frequency, timing and duration of proposed 

releases of mine water to the Mary River.  This model was also used to assess the 

performance of the site water storages, for benchmarking against the DERM guideline 

design criteria for sizing mine dams. 
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2 RECEIVING WATER HYDROLOGY 
AND ENVIRONMENTAL VALUES 

2.1 CATCHMENT CHARACTERISTICS 

 

The proposed project is located in the upper catchment of the Susan River, a tributary of 

the Mary River. The Susan River’s confluence is at the Mary River mouth at River Heads, 

approximately 25km downstream of the project site.  

 

The catchments of the Susan River and Mary River are shown in Figure 2.1 and Figure 2.2 

respectively. The areas of the Susan River and Mary River at their confluence are 

approximately 335 km2 and 9,425 km2 respectively. The proposed mine lease area of 10 

km2 makes up 0.1% of the total Mary River catchment. 

 

 

Figure 2.1 Susan River Catchment and Mary River Estuary 
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Figure 2.2 Mary River Catchment 

2.2 ENVIRONMENTAL VALUES 

The environmental values for waters within the Mary River catchment are described in the 

Mary River Environmental Values and Water Quality Objectives (EPA, 2007), which applies 

to fresh and estuarine surface waters and groundwaters draining the Mary River 

catchment as represented in plan WQ1381 (refer EPA, 2007). 

 

Of those waters included in the Mary River Environmental Values and Water Quality 

Objectives (EPA, 2007), the following are of specific relevance to the Colton Mine project: 

¶ Mary River; 

¶ Susan River;  

¶ all other rivers and creeks of the Mary River catchment (e.g. Saltwater Creek); 

¶ wetlands;  

¶ groundwaters. 
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Downstream of the project site are:  

¶ The Great Sandy Marine Park  

¶ The Great Sandy Strait Ramsar Wetland. 

 

The Great Sandy Strait Marine Park extends upstream in the Mary River to the limit of the 

mean high water spring tides, while the Great Sandy Strait Ramsar Wetland extends 

upstream in the Susan River to the Maryborough-Hervey Bay Road. 

 

Table 2.1 summarises the environmental values for waters of the Mary River catchment 

that are relevant to the Colton Mine project. Explanation of each environmental value can 

be found in Mary River Environmental Values and Water Quality Objectives (EPA, 2007).  

 

Table 2.1 Environmental values relevant to the Colton Mine project 

Environmental 

Values 

Mary 

River 

middle 

estuary 

Susan River 

estuarine & 

freshwater 

Other 

estuarine 

tributaries 

Other 

freshwater 

tributaries 

Wetlands, 

lakes and 

reservoirs 

Ground 

waters 

Aquatic ecosystems V V V V V V 

Human consumer V V V V V  

Primary recreation V  V V V  

Secondary recreation V V V V V  

Visual recreation V V V V V  

Cultural heritage V V V V V  

Industrial use V      

Aquaculture V      

Drinking water      V 

Irrigation    V  V 

Stock water    V  V 

Farm supply    V  V 

Oystering       

Seagrass       

Source: Mary River Environmental Values and Water Quality Objectives (EPA, 2007) 

Notes: 

1. V means the EV is selected for protection 

2. Blank indicates the EV is not chosen for protection 
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The lower Mary River estuary and Great Sandy Strait have been designated High 

Ecological Value (HEV) status.   

 

The policy refers to the ANZECC and ARMCANZ (2000) 99% species protection levels in 

setting water quality objectives (WQOs) for metal contaminants in an HEV Zone. In the 

Middle Estuary the 95% species protection levels apply. Further details of water quality 

objectives are provided in the ecotoxicology impact assessment (Mary River Discharge 

Investigations - Hydrobiology, 2011). 

 

Baseline surface water conditions in the Susan River tributaries crossing the project area 

are described in the Colton Coal Project Stream Sediment and Morphology Report (AARC, 

2010). Details of the behaviour of the Mary River Estuary are provided in The Mary River 

Dispersion Study (DHI, 2011), and baseline water quality, water level and current 

monitoring in the Mary River Estuary are described in the Mary River Discharge Study 

(Hydrobiology, 2011). 

 

Based on the field investigations and the Mary River dispersion modelling undertaken by 

DHI Water & Environment, the dominant mechanism for longitudinal mixing in the estuary 

is advection by Mary River streamflow and the semi-diurnal tide.  

 

During the field monitoring program undertaken by Hydrobiology during December 2010, 

salinity levels at Beaver Rocks indicated very little impact from seawater intrusion, 

however strong tidal currents were observed upstream of Maryborough. Acoustic-Doppler-

Current-Profiling (ADCP) indicated the presence of secondary mixing currents at the tight 

bend in the vicinity of the proposed mine water release point near the Saltwater Creek 

confluence. 

 

Mobile conductivity-temperature-depth (CTD) profiling undertaken by Hydrobiology during 

December 2010 indicated limited vertical temperature and conductivity stratification in 

the estuary.  

 

The Mary River dispersion model (DHI, 2011) shows that the estuary is regularly flushed 

by summer flows in the Mary River and its tributaries. Hydrobiology’s static CTD 

deployments indicated that salinity levels at River Heads reduced significantly during local 

freshwater inflows occurring after 13th December 2010.  

 

As shown in Figure 2.3, median annual flow in the Mary River Estuary is approximately 

630 ML/d. Inflows from small local tributaries including Tinana Creek, make up a small 

proportion (approximately 10%) of total flow in the vicinity of Maryborough. Periods of low 

flow are infrequent, with flows of 50 ML/d being exceeded approximately 90% if the time. 
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Figure 2.3 Frequency of Freshwater Inflows to Mary River Estuary 
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3 SURFACE WATER MANAGEMENT 
OBJECTIVES 

 

The general objectives of the Colton Project Water Management Plan are: 

 

1. To systematically identify water management issues and risks of harm to the local 

water resources at all stages of the project (development, operation and post 

closure); 

2. To define the management actions which are in place to prevent or effectively 

minimise the risk of environmental harm to local water resources; 

3. To provide quantitative water objectives against which performance can be 

assessed; 

4. To identify responsibilities for implementation, monitoring, reporting and review. 

Specific objectives and corresponding performance measures are outlined in Table 3.1. 
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Table 3.1 Site Water Management Objectives 

No. Management Objective Annual Performance Measure 

1 To comply with all statutory obligations and 

community expectations 

Number of non-compliances and complaints 

brought by regulators, employees and the 

community 

2 Limit uncontrolled discharge of water off-site 

to periods of high receiving water flow 

Number of minimum flow non-compliances 

3 No exceedance of Colton Mine 

Environmental Authority off-site water quality 

discharge criteria 

Number of discharge water quality 

exceedances 

4 Minimise potential for contamination and 

maintenance of groundwater quality within 

specified background limits 

Maintenance of groundwater quality within 

specified background limits (assessed from 

monitoring data obtained from licensed 

monitoring bores). 

5 Source all site water requirements (excluding 

potable supply) from within the site 

Percentage of water supply sourced from off-

site 

6 To achieve optimal reliability of water for site 

operational requirements 

Percentage of lost time due to restricted water 

availability 

7 To achieve maximum operability of the mine 

pit(s) by minimising flooding of the pit(s) 

Percentage of lost time due to pit flooding 
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4 CONTAMINANT SOURCES 
 

Surface water from disturbed areas of the project area could contain contaminants 

originating from a number of sources typically associated with coal mine projects.  

 

Several studies have been undertaken to aid in identification and management of 

potential contaminant sources during and after the project’s life. These studies include: 

 

¶ ARD Assessment of the Colton Mine Project (EGI, 2009); 

¶ Colton Coal Project Stream Sediment and Morphology Report (AARC, 2010); 

¶ Colton Mine Groundwater Study (Streamline Hydro, 2010); 

¶ Geochemical risk assessment  (Hydrobiology /C&R Consulting Pty Ltd, 2011)  

Water expected to be generated within the project has been classified into three 

categories as per Table 4.1. 

 

Table 4.1 Site Water Classification 

Water Quality 
Classification 

Description 

Unaffected Water which has not been impacted by mining operations 

Intermediate Water which has had low level contact with mining operations 
which has had negligible or minor change in chemical and 
physicochemical properties 

Worked Water which has had significant contact with mining operations 
which has had notable change in chemical and physicochemical 
properties 

 

All water sources within the project have been identified and assigned a water quality 

classification and end use based on their expected chemical and physicochemical 

properties, as summarised in Table 4.2. 
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Table 4.2 Summary of Site Water Sources and Uses 

Water Source Potential Contaminants 
of Concern 

Water Quality 
Classification 

Suitable End Uses 

Groundwater seepage 
into mine pit 

Low pH 
High salinity 
Metals 

Worked Site use only (retain 
within the operational 
facilities water circuit) 

Groundwater supply/ 
dewatering bores 

Low pH 
High salinity 
Metals 

Intermediate ¶ Use on site 
Release offsite (subject to 
discharge criteria) 

Surface runoff from 
unaffected mine areas 

Nil Unaffected Diversion around 
operational areas 

Runoff & seepage 
from out of pit 
overburden dumps 

Low pH 
High salinity 
Metals 
Turbidity 

Intermediate ¶ Use on site 
Release offsite (subject to 
discharge criteria) 

In-pit rainfall/runoff Low pH 
High salinity 
Metals 
Turbidity 
Potential risk of 
hydrocarbons (from spills) 

Worked Site use only (retain with 
the operational facilities 
water circuit) 
In very wet periods, 
release offsite (subject to 
discharge criteria) 

Runoff from site roads 
& 
disturbed/operational 
areas 

Low pH 
High salinity 
Metals 
Turbidity 
Hydrocarbons (from spills) 

Worked Site use only (retain with 
the operational facilities 
water circuit) 
In very wet periods, 
release offsite (subject to 
discharge criteria) 

CHPP, washdown 
bay, facilities runoff & 
discharge 

Low pH 
High salinity 
Metals 
Turbidity 
Hydrocarbons (from spills) 

Worked Site use only (retain with 
the operational facilities 
water circuit) 

Rejects decant Low pH 
High salinity 
Metals 
Hydrocarbons (from spills) 

Worked Site use only (retain with 
the operational facilities 
water circuit) 

Stockpile runoff & 
seepage 

Low pH 
High salinity 
Metals 
Turbidity 

Worked Site use only (retain with 
the operational facilities 
water circuit) 
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5 MINE SITE WATER MANAGEMENT 
SYSTEM 

5.1 WATER MANAGEMENT PRINCIPLES 

The adopted principles for management of water on the site are summarised as follows:  

 

1. Existing surface water drainage patterns will be maintained where practical to do 

so; 

2. Water from different sources will be managed separately: 

¶ Unaffected surface water will be diverted around disturbed areas wherever 

possible;  

¶ Intermediate water (including bore water) will be captured and retained in the 

Mine Water Dam for use on site and/or controlled off site discharge; 

¶ Worked mine water will be captured and retained for use on site. 

3. Water will be selected for use based on water quality considerations; 

4. Water for mine operating purposes will be sourced from dedicated on-site mine 

water storages. Water in these storages will be from on-site runoff, groundwater 

seepage and dewatering bores; 

5. The CHPP and facilities area will be a closed catchment area protected by its own 

catchment dam; 

6. Overburden dumps will be rehabilitated as soon as practical to minimise potential 

for release of contaminated surface runoff. Surface runoff will be directed to the 

Mine Water Dam; 

7. Infrastructure to manage worked water will be designed and operated to achieve 

zero uncontrolled discharge; 

8. Discharge of excess water off site will be in accordance with Colton Mine 

Environmental Authority (EA) conditions; 

9. The site will be left in a safe and environmentally stable condition. The final voids 

will be bunded, and in-pit dumps above the final voids will be shaped to send 

runoff away from the voids. 

5.2 CONCEPTUAL WATER MANAGEMENT SYSTEM 

A conceptual WMS layout was proposed in the original EMP. This system has been refined 

but retains the key features. The WMS layout at peak production that is represented by 

the site water balance model is shown in Figure 5.1. The system is also shown 

schematically in the diagram in Figure 5.2. The modelled WMS comprises the following 

features: 
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1. Wherever possible, clean runoff from undisturbed areas is diverted around the 

disturbed areas of the project; 

2. The main point of water supply for all demands on the site will be a small storage 

called the Return Water Dam. Supplies to the Coal Handling and Preparation Plant 

(CHPP), haul road dust suppression and other site uses will be maintained by 

pumping  to the Return Water Dam from all other dams in the WMS; 

3. Groundwater and surface runoff inflows to the mine pit will be pumped to the 

Worked Water Dam as soon as possible. The Worked Water Dam will be 

constructed in stages as the Pit area increases; 

4. Runoff from the Mine Industrial Area (MIA) will be captured in the MIA Dam; 

5. Runoff from the CHPP area will be captured in the CHPP Dam; 

6. When water levels in the MIA Dam and CHPP Dam are high, water will be 

transferred to the Worked Water Dam to limit the risk of uncontrolled discharge 

from the MIA and CHPP Dams; 

7. Runoff from the out of pit spoil dumps will be captured in the Mine Water Dam, on 

the eastern edge of the Mine Lease. 

8. To limit uncontrolled discharges from the Mine Water Dam, if water quality allows, 

excess water will be released via a pipeline to the Mary River estuary.  

 

 

Figure 5.1 WMS Layout at End of Mine Life 
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Figure 5.2 WMS Schematic Diagram 
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5.3 SITE WATER DEMANDS 

Water captured in the water management system is suitable for most water requirements. 

Dust suppression water demands will vary over the mine life due to climatic variability and 

due to the length of watered haul roads increasing as the project footprint becomes 

larger. The basis of the demand estimates is summarised in Table 5.1 below.  

Table 5.1 Demand Summary 

 

Item 

 

Average Demand 

(ML/a) 

 

 

Basis of Estimate 

Vehicle washdown 90 (constant) Drawn from raw water supplies only. 

 

CHPP   270 (constant) Note this estimate excludes ROM dust 

suppression requirements. 

Other Site Use 50 (constant)  

Haul  Roads 215 (varies) 

Nil if rainfall >5mm/d, Otherwise Area x 

4mm/d.  We have assumed haul roads 

will have a total length of 15 km with an 

18 m watered width. 
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5.4 CATCHMENT AREAS 

Catchments across the site were characterised into the following types, with different 

hydrological and runoff quality characteristics: 

 

¶ Spoil; 

¶ Hardstand 

¶ Pit Floor; 

¶ Undisturbed; 

¶ Revegetated Spoil. 

The areas reporting to each of the dams will change as the site evolves (as shown in Figure 5.3 

and Figure 5.4). However, for the purpose of this water balance model, we have examined the 

worst case scenario, during peak production, when the disturbed areas are largest (as shown in 

Figure 5.1). 

 

The breakup of catchment types at the end of the project life are summarised in the table below 

(these include the surface areas of the dams themselves). 

 

Table 5.2 Site Catchment Areas (ha) at End of Mine Life 

Storage Spoil Hardstand Pit Floor Undisturbed 
Revegetated 

Spoil 
TOTAL 

Mine Water Dam 310.0 0.0 10.0 56.0 0 376 

Return Water Dam 0.0 0.4 0.0 0.0 0 0.4 

Pit 83.0 0.0 100 0.0 0 183 

MIA Dam  0.0 6.8 0.0 9.2 0 16 

CHPP Dam 0.0 10.0 0.0 7.0 0 17 

Worked Water Dam 0.0 77.0 0.0 7.0 0 77 

Total 393.0 94.8 110.0 79.2 0 670 
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Figure 5.3 WMS Layout at Year 6 
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Figure 5.4 WMS Layout at Year 2 
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5.5 PIT GROUNDWATER INFLOWS 

Baseline groundwater conditions are described in the Colton Mine Hydrogeological Study 

(Streamline Hydro, 2010) and Report on Colton Coal Project Groundwater Modelling (AGE, 

2010). 

 

The reports present simulated pit seepage derived from numerical groundwater modelling of the 

intersected aquifers. The modelled inflow reaches 0.8 ML/day in the second year of mining and 

then gradually increases to 1.2 ML/day (438ML/a) at Year 4, after which it is relatively constant 

for the remaining four years of mining. 

5.6 DAM HAZARD CATEGORY ASSESSMENT 

We have undertaken a preliminary assessment of the Hazard Category of the proposed dams in 

accordance with the failure to contain criteria in the Draft Manual for Assessing Hazard 

Categories and Hydraulic Performance of Regulated Dams constructed as part of 

environmentally relevant activities pursuant to the Environmental Protection Act 1994 (DERM, 

2010) (the draft DERM Dams Manual).  

 

Two minimum hazard criteria apply, as described in the following sections. 

 

5.6.1 Minimum Hazard Category Based on Height of a Constructed Embankment 

A dam is at least in the significant hazard category if that dam incorporates a constructed 

embankment and the height of that embankment is greater than 8 metres as measured 

between the highest point of the crest and the lowest point of the toe of that embankment. The 

proposed Mine Water Dam embankment is less than 8m high. The proposed Worked Water Dam 

is likely to have sections of embankment greater than 8m high and will therefore be considered 

at least in the Significant Hazard Category. 

 

5.6.2 Minimum Hazard Category Based on Contaminant Concentrations and Dam Crest 

Volume 

A dam is at least in the significant hazard category if that dam: 

 

(a) will contain, or could potentially contain, contaminants at concentrations which 

exceed the values or range shown in Table 5.3 at any time when the volume 

contained within the dam is greater than 50% of the dam crest volume, and 

(b) has a dam crest volume that is greater than that indicated in Table 5.3. 
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Table 5.3 Contaminant Concentrations and Minimum Volumes from Draft DERM Dams Manual 

Contaminant 

Predicted 

Concentration 

From 

Geochemical 

Assessment  

Liquor  Total Solids 
Dam Crest 

Volume 

Arsenic 0.0008-0.024  1.0 mg/L 500 mg/kg 2.5 ML 

Boron 0.273-0.226 5.0 mg/L 15,000 mg/kg 2.5 ML 

Cadmium 0.00006 0.01 mg/L 100 mg/kg 2.5 ML 

Cobalt 0.0004 1.0 mg/L 500 mg/kg 2.5 ML 

Copper  1.0 mg/L 5,000 mg/kg 2.5 ML 

Lead 0.0019-0.0265 0.5 mg/L 1,500 mg/kg 2.5 ML 

Mercury  0.002 mg/L 75 mg/kg 2.5 ML 

Nickel <0.001-0.0274 1.0 mg/L 3,000 mg/kg 2.5 ML 

Selenium  0.02 mg/L 150 mg/kg 2.5 ML 

Zinc 0.0048-0.858 20 mg/L 35,000 mg/kg 2.5 ML 

Cyanide (un-ionised HCN)  10 mg/L 2,500 mg/kg 2.5 ML 

pH  5 to 9 (range) 
Net acid generation 

pH < 4.5 
2.5 ML 

TPH C6 – C36  90 mg/L - 2.5 ML 

TPH C6 – C14  60 mg/L - 2.5 ML 

Benzene  0.1 mg/L - 2.5 ML 

Phenol  3 mg/L - 2.5 ML 

Benzo(a)Pyrene  0.001 mg/L - 2.5 ML 

Chloride  2,500 mg/L - 25 ML 

Fluoride  2.0 mg/L - 25 ML 

Sulphate  1,000 mg/L - 25 ML 

Salinity (electrical 

conductivity) 
 4,000 μS/cm - 25 ML 

 

The table shows that based on the geochemical risk assessment prepared by Hydrobiology, it is 

unlikely that the Mine Water Dam will contain water which exceeds the Contaminant 

Concentrations when over 50% full, and therefore would not be considered Significant Hazard 

Dams on this basis.  

 

5.6.3 Failure to Contain Hazard Assessment 

The minimum design requirements for Design Storage Allowance and Mandatory Reporting Level 

must also be assessed via a hazard assessment for loss of containment.  Table 5.4 describes 

the failure to contain scenarios which must be considered when applying the manual.  
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Table 5.4 Failure to Contain Scenarios from draft DERM Dams Manual  

 

In a failure to contain scenario, the site dams would overflow to minor tributaries of the Susan 

River. Given that forestry dominates land use in the nearby receiving waters, and water is 

brackish further downstream, the consumption of dam water by stock or humans is unlikely. 

Material harm to industry, roads or infrastructure is also unlikely to result from overflow of the 

site dams.  

 

Given the presence of the Great Sandy Marine Park and HEV Zone in the estuarine reaches of 

the Susan River approximately 10 km downstream of the site, there would be potential for harm 

to a significant environmental value in the event of a failure to contain scenario. The potential 

for trivial, material or serious environmental harm is dependent on the quality of water stored on 

the dams, as described in the following sections. 

 

CHPP, MIA and Return Water Dams 

 

For the CHPP, MIA and Return Water dams, the potential for contamination with hydrocarbons 

and other chemicals would mean that material harm is possible, and so at least a Significant 

Hazard rating would be warranted. Given that hydrocarbons spills should be contained upstream 

of the dams, the small catchment areas, and the likelihood of dilution by flows in the tributaries 

between the site and the Susan River, the risk of serious environmental harm is likely to be low. 

A preliminary Significant Hazard Category rating has therefore been applied to these dams. 

 

 

 

 

 

ENVIRONMENTAL 

HARM 

HAZARD CATEGORY 

High Significant Low 

Categories of Harm 

General environmental 

harm 

Location such that harm to a 

significant environmental 

value is likely, or serious 

environmental harm is 

possible. Such a value might 

include the presence of 

protected or endangered flora 

or fauna. 

The environmental value is of 

lesser significance and harm 

is possible but not likely, or 

material environmental harm 

is possible. 

No environmental values of 

significance, or only trivial 

environmental harm is 

possible. 

Loss or harm to 

humans 

Location such that 

contamination of waters used 

for human consumption would 

occur, and consumption of 

contaminated waters by 

humans with consequent loss 

or harm is likely. 

Location such that 

contamination of waters used 

for human consumption would 

occur, and consumption of 

contaminated waters by 

humans with consequent loss 

or harm is possible. 

No contamination of waters 

used for human 

consumption expected. 

Loss of stock Location such that 

consumption of contaminated 

waters by stock with 

consequent loss or harm is 

likely. 

Location such that 

consumption of contaminated 

waters by stock with 

consequent loss or harm is 

possible. 

Contaminated water not 

available to stock or no 

harm expected from 

consumption. 

General economic loss Serious harm to communities, 

industrial, commercial or 

agricultural facilities, 

important utilities, or water 

resources in the failure path. 

Material harm to industry, 

secondary roads, minor 

railways, public utilities, or 

water resources in the failure 

path. 

Trivial harm to 

environmental values such 

as environmental nuisance 

arising from minor spills. 
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Mine Water Dam 

 

The geochemical risk assessment (Hydrobiology, 2011) indicated that while there was potential 

for some metal contaminants to be at elevated concentrations in overburden runoff, it is likely 

that co-precipitation with colloids would prevent very high metal concentrations in the Mine 

Water Dam. In a failure to contain scenario, the Mine Water Dam water would be relatively 

diluted with direct rainfall and runoff from undisturbed areas upstream and downstream of the 

dam. At least one of the key potential metal contaminants, Aluminium, is also observed to be at 

naturally high concentrations in the streams crossing the site (AARC, 2011). As such, a low 

hazard category is justified for the failure to contain scenario for the mine water dam. 

 

Worked Water Dam 

 

The Worked Water Dam will contain water transferred from the mine pits. A portion of this water 

will be overburden runoff which is likely to be of a similar quality to that flowing to the Mine 

Water Dam. However, water entering the pit will not be diluted by runoff from undisturbed areas, 

and is likely to have higher contaminant concentrations than water in the Mine Water Dam. 

There is also potential for the water to contain small quantities of hydrocarbons either from the 

CHPP and MIA dams, or the pit floor itself.  

 

However, the Worked Water Dam has no external catchment, and therefore the resultant 

overflow volume in a failure to contain scenario would be relatively small. In the case of rainfall 

causing the overflow, the contents of the dam would be diluted by the clean rainfall. With the 

likelihood of co-precipitation with colloids and dilution by flows in the tributaries between the site 

and the Susan River, the risk of serious environmental harm is likely to be low. A preliminary 

Significant Hazard Category rating has therefore been applied to the Worked Water Dam. 

5.7 SIZING OF DAMS 

The CHPP, MIA and Worked Water Dams have been sized to comply with the Design Storage 

Allowance (DSA) requirements of the draft DERM Dams Manual. The DSA is the excess storage 

required at November 1 each year that will be filled by the process inputs, and runoff from the 

critical wet period should it occur.  

 

For significant hazard dams, using the default method for DSA, the notional design AEP is 0.05 

(1 in 20).  Summer rainfall depths for the site are shown in Figure 5.5 and Table 5.5. The 

information shown in Figure 5.5 and Table 5.5 has been derived by analysis of site-specific daily 

rainfall data obtained from DERM’s Data Drill service (as described in Section 6.1.2). The 

adopted design 0.05 (1 in 20) AEP 4 month rainfall depth for the project was 1,165mm.  

 



0727-01-C[Rev6]   
31 August 2011 

 

29 

 

Figure 5.5 4 Month Wet Season Rainfall 

 

Table 5.5 Design Summer Rainfall for Storage Allowance at Colton 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The DSA calculation assumes no catchment or evaporation losses, as required in the draft 

DERM Dams Manual. The DSA requirement (without process inflows or outflows) then equates 

to approximately 11.7ML/ha. The resultant design capacities for the site dams containing 

Worked Water are compared to the DSA volumes in Table 5.6. Additional storage has been 

provided to receive inputs from the CHPP and MIA dams and the mine pit when required. The 

CHPP and MIA dams will not receive process inputs.  

 

The draft DERM Dams Manual also requires that the Significant Hazard Dams have defined 

Mandatory Reporting Levels (MRLs). The MRL is a warning and reporting level. The draft DERM 

Dams Manual specifies a default method for determining the containment requirements for the 
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1
9

7
4

 -
 1

7
4

3

1
9

2
6

 -
 1

6
8

7

2
0

1
0

 -
 1

0
3

4

0
.1

%

2
%

1
%

1
0

%

2
0

%

5
0

%

100

1,000

10,000

Annual Exceedance Probability

4
 m

o
n

th
 r

a
in

fa
ll
 (

m
m

)

700
600

2,000

500

400

300

200

AEP 1 in 

Rainfall 

Depth 

(mm) 

0.001 1,000 1,953 

0.01 100 1,486 

0.02 50 1,348 

0.05 20 1,165 

0.1 10 1,023 

0.2 5 874 

0.5 2 647 

   



0727-01-C[Rev6]   
31 August 2011 

 

30 

volume assuming no catchment losses. The 0.01 AEP 72 hour rainfall depth is 588mm at the 

Colton Project. 

 

The Mine Water Dam has been sized to contain the 0.1 (1 in 10) AEP 72 h runoff volume (with a 

volumetric runoff co-efficient of 0.5). The 1 in 10 AEP 72h rainfall depth is 4.7mm/h 

(336.2mm), which equates to a 1.7 ML/ha or 639 ML. The adopted design storage volume is 

678 ML. The stored volume will be kept low to reduce the risk of uncontrolled discharge by 

releasing to the Mary River when water quality and flow conditions allow. 

 

Table 5.6 Comparison of DSA, MRL and Proposed Capacity 

Dam 

 

Hazard 

Category 

 

Final 

Catchment 

Area 

 

DSA 

Volume 
MRL 

Volume 

 

Current 

Design 

Capacity 

  ha ML ML ML 

 

CHPP Dam 

 

Significant 

 

17 

 

199 

 

100 

 

203 

 

MIA Dam 

 

Significant 

 

16 

 

187 

 

94 

 

188 

 

Worked Water Dam 

 

Significant 

 

77 

 

901 

 

453 

 

3995 

 

Return Water Dam 

 

Significant 

 

0.4 

 

4.7 

 

2.4 

 

25 

Mine Water Dam Low 376 n/a n/a 678 
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6 SITE WATER BALANCE MODEL 
 

6.1 MODEL APPROACH 

A daily timestep GoldSIM model of the site catchments and water management system (WMS) 

was developed to simulate the system behaviour under historical climatic conditions.  

 

The model was run over the 111 year climate period from 1900 to the end of 2010. 

 

A “worst case” approach was adopted, with the maximum project disturbance area in place for 

the full simulation period. In reality, the mine site will evolve over the planned 8 to 10 year 

project life, so that the actual disturbance area will generally be significantly less. 

 

The water balance model was run for two scenarios: 

 

¶ Scenario 1 – Releases were made to the Mary River at the full release pipeline capacity 

whenever water accumulated in the Mine Water Dam; 

¶ Scenario 2 – Releases to the Mary River were constrained by the rate of natural flows in 

the Mary River and Tinana Creek, to reduce the risk of exceeding the WQOs in the HEV 

Zone. 

 

6.1.1 Climate Data  

In the absence of long-term records for the project area, site-specific climate data (daily rainfall, 

Morton’s lake evaporation and Morton’s actual evapotranspiration (calculated)) for the model 

were obtained from DERM’s Data Drill service. 

 

The Data Drill òaccesses grids of data derived by interpolating the Bureau of 

Meteorology's station records. Interpolations are calculated by splining and kriging 

techniques. The data in the Data Drill are all synthetic; there are no original 

meteorological station data left in the calculated grid fields. However, the Data Drill 

does have the advantage of being available for any set of coordinates in Australiaó 

(Jeffrey et al., 2001).   

 

 

6.1.2 Rainfall-Runoff Modelling 

The key component of the site water balance model is the rainfall-runoff model. The commonly 

used Australian Water Balance Model (AWBM) was used for this purpose. The AWBM uses a 

group of connected conceptual storages (three surface water storages and one ground water 

storage) to represent a catchment.  Water in the conceptual storages is replenished by rainfall 

and is reduced by evaporation.  Simulated surface runoff occurs when the storages fill and 

overflow.  The model parameters define the storage depths, the proportion of the catchment 

draining to each of the storages, and the rate of flux between them (Boughton, 2003). 
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Catchment evapotranspiration was calculated using the daily Morton’s Actual 

Evapotranspiration  (obtained from the Data Drill record for the site). 

 

In the absence of data for calibration of the AWBM, the runoff model parameters were adopted 

from experience with calibrated models on other coal mine sites.  Parameters were selected 

which are likely to generate conservatively high runoff volumes from the mine-affected 

catchments. The AWBM parameters are shown in Table 6.1. The table also shows the mean 

annual runoff co-efficients for the adopted models. During prolonged wet periods, the runoff 

coefficients will be significantly higher. 

 

Table 6.1 Adopted AWBM Model Parameters 

Model 

Parameter  Spoil  Hardstand Pit Floor 

Residual 

Natural 

Revegetated 

Spoil 

A1 0.1 0.134 0.1 0.134 0.134 

A2 0.07 0.433 0.9 0.433 0.433 

BFI 0 0 0 0.317 0.390 

C1 10.0 2.6 12.0 6.0 5.7 

C2 0.0 26.7 38.0 94.0 57.8 

C3 200.0 53.3 0.0 240.0 115.7 

Kbase 0 1 1 0.976 0.993 

Ksurf 0 0 0 0.632 0 

Mean 

Runoff/Rainfall  
0.22 0.41 0.39 0.23 0.30 

 

 
The mean annual runoff for the modelled catchments over the simulation period ranged 

between 22% and 41% of mean annual rainfall. During the wettest summers, the monthly runoff 

exceeded 80-90% of rainfall in the mine-affected catchments. 

 

6.1.3 Groundwater Inflows 

The results of the groundwater modelling described in Section 5.5 were adopted as inflows to 

the mine pit storage, with a constant groundwater inflow of 1.2 ML/day (438 ML/a) adopted for 

the model. The mine pit storage was modelled with a small (40 ML) sump at the bottom of the 

long pit floor. 

 

 

6.1.4 Surface Water Evaporation Modelling 

Evaporation from open water surfaces in the water balance model is calculated on a daily basis, by 
multiplying the daily evaporation rate by the surface area of each waterbody, i.e.: 
 

Evaporation = Elake x fstorage x A 

 

Where: 
 
A is the area obtained from the storage curve (area vs volume ) developed for each dam using the 
preliminary water management system layouts provided by Michael Brock & Associates. 
Elake is the daily Mortonôs Lake Evaporation (obtained from the Data Drill record for the site).  
fstorage = 0.6 for pits and 0.9 for dams. 
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The adopted values were selected on the basis of research by Hoy (Hoy 1977), who summarised 

pan-coefficients (for converting from pan evaporation to storage evaporation) for a number of 

large Australian Lakes – the results ranged between 0.66 and 0.93. Our experience with smaller 

mine-site water bodies is that evaporation rates tend to be higher (probably due to more rapid 

replacement of humid air over the lake surface with drier air, high turbidity also increases 

evaporation rates).   

 

The ACARP Project No C7007 Water Quality and Discharge Predictions to Final Void and Spoil 

Catchments (PPK, 2002) found that pan factors to convert Class A Pan evaporation to mine void 

storage evaporation varied between 0.5 and 0.9, with the lowest values occurring when water 

levels are low. 

 

6.2 OPERATING RULES AND PUMP CAPACITIES 

Each of the dams is to be operated such that a minimum operating freeboard (based on the 

MRL requirement) is maintained under normal operating conditions. When the Maximum 

Operating Volume (MOV) is reached, pumping to the dam ceases. 

 

The following operating rules were applied: 

 

¶ Pit inflows are pumped to the Worked Water Dam as they enter; 

¶ Water accumulating in MIA Dam is immediately pumped to RWD; 

¶ Water accumulating in CHPP Dam is immediately pumped to RWD; 

¶ CHPP, washdown and miscellaneous site demands drawn from RWD; 

¶ Haul road dust suppression drawn from RWD (only on dry days); 

¶ Release from Mine Water Dam to Mary River when Mine Water Dam volume is above 

10 ML; 

¶ Release from Worked Water Dam to Mary River when Worked Water Dam volume is above 

1000 ML; 

¶ Mary River releases limited to the proposed release pipeline capacity of 200 L/s 

(17.3 ML/d). 

¶ Pit dewatering was applied at rate of 110 L/s for each pit pump. Up to 3 pumps may be 

used for dewatering, with successive pumps switched on as water accumulates in the pit 

(at stored volumes of 5 ML, 20 ML and 40 ML).  

Note that the model does not specifically represent the CHPP coarse and fine rejects disposal 

system. The CHPP water demand is the make-up requirement net of return water from the 

rejects management system. 
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For Scenario 2, the Mary River releases were further limited according to the following rule, to 

reduce the risk of exceeding the WQOs at the HEV Zone: 

 

ὗ
#

ρȢς#  #
ὗ  

 

Where: 

 

Qmine – is the rate of release from the mine; 

CHEV limit – is the WQO for the critical contaminant; 

Cmine – is the concentration of the critical contaminant measured at the release dam; 

QMaryR – is the sum of the flow rates measured at Sunwater’s Tinana Barrage and Mary 

River Barrage streamflow gauges. 

 

The effectiveness of this rule in limiting exceedances of the WQO’s at the HEV Zone is discussed 

in the Mary River Dispersion Study Report (DHI, 2011). 
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7 WATER BALANCE MODEL 
 

The results of the Scenario 2 (releases constrained by Mary River flow rate) water balance 

modelling are described briefly in the following sections.  

7.1 BEHAVIOUR OF WMS 

7.1.1 Mine Water Dam 

 

The Mine Water Dam was simulated to overflow on 19 occasions over the 111 year simulation 

period, with the largest overflow event volume (to the Susan River tributaries) being 

approximately 1,570 ML, and the longest being approximately 15 days. 

 

Figure 7.1, shows an example of the behaviour of the Mine Water Dam during the critical wet 

period commencing in late 1926. 

 

 

Figure 7.1 Mine Water Dam Behaviour During 1927-1928 Wet Period 
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7.1.2 Worked Water Dam, CHPP Dam and MIA Dam 

 

Releases to the Mary River when water volumes were high ensured the Worked Water Dam was 

maintained well below its maximum capacity. The stored volume generally remains well below 

the overflow level except during extended wet periods (such as in early 1927, 1928, 1930 and 

1931).  

 

Figure 7.2 Worked Water Dam Behaviour from 1920 to 1940 

 

The model results also show that under the proposed operating rules, neither the CHPP Dam, 

MIA Dam, nor Worked Water Dam would have overflowed during the simulation period.  

 

 

7.1.3 Water Storage in Mine Pit 

The proposed Worked Water Dam for receiving pit water ensures that even when release 

opportunities are limited, large volumes of water rarely accumulate in the pit. This is illustrated 

in Figure 7.3, which indicates that at the end of the mine life, 200 ML or more would be stored 

in the mine pit less than 1% of the time. 
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Figure 7.3 Mine Pit Water Storage Exceedance Curve 

 

7.2 RELEASES TO MARY RIVER 

7.2.1 Potential Impacts on Mary River Estuary 

Figure 7.4 shows an example of the time series of modelled releases to the Mary River over the 

wet period occurring in the 1950s. The figure shows that releases are made intermittently, with 

occasionally long periods of continual release interspersed with periods of little or no release.  

 

The Geochemical and Ecotoxicological Risk Assessment (Hydrobiology, 2011) concluded that 

some potential mine water contaminants could occur at concentrations exceeding the WQOs for 

the HEV Zone (particular metals of concern are Aluminium and Cobalt).  

 

However, the assessment highlighted that dissolved metal concentrations in the HEV Zone were 

likely to be significantly further reduced by processes such as co-precipitation with colloids in the 

site water dams and middle estuary (near the release point). 

 

The times series of releases to the Mary River estuary was coupled with the Mary River 

dispersion model to assess the impact on water quality (DHI, 2011). The results showed that 

significant dilution is likely to occur in the Mary River in the immediate vicinity of the release 

point, due to mixing in secondary currents associated with the tight bend at the discharge point.  

 

Near-field discharge modelling undertaken by DHI Water & Environment, indicated that under a 

range of flow and discharge conditions, the extent of the mixing zone near the release point is 

likely to be limited to an area within 1km of the discharge point. 
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The envelope of maximum contaminant concentration indicates maximum concentrations at the 

HEV Zone boundary will be similar to those outside the mixing zone at the release point, 

however, within the HEV Zone, maximum concentrations will reduce due to tidal interchange at 

River Heads. 

 

Under most weather scenarios and Mary River flow conditions, dilution of the release water 

would result in concentrations (at the point of release) well below the HEV WQOs, and the risk of 

environmental harm would be very low. 

 

However, the results also showed that during low Mary River flow, if concentrations of 

contaminants are high, prolonged releases could result in chronic exceedances of the WQOs in 

the HEV Zone. 

 

Figure 7.4 shows the effect of limiting release in times of low Mary River flow (as proposed in 

Section 6.2). The release frequency curves in Figure 7.5 show that releases would be made 

approximately 50% of the time, with releases at the full pipeline capacity occurring less than 

10% of the time. 

 

 

 

 

Figure 7.4 Effect of Constraining Release to Achieve WQ Objective at HEV 
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Figure 7.5 Frequency Curve of Modelled Mine Water Dam releases to the Mary River  

Error! Reference source not found. shows the total volume of continuous release events over the 

simulation period. We have defined continuous release events as periods of flow broken by a period of 

no-flow of more than 30 days duration. The figure shows that by far the largest simulated continuous 

release was for the period from September 1970 to September 1975, when 12,720 ML would have 

been released. However, most release events would be significantly smaller, with the median release 

being 375 ML, and 90% percent of releases being less than 3,500 ML. Most releases would 

commence during the summer months, but following very wet summers, the release would extend well 

into the winter months and beyond. 

 

 

Figure 7.6 Simulated Mary River Release Event Volume and Duration  
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The results of the dispersion modelling showed that if release rates are limited in this way, it is 

possible to avoid exceedances of the WQOs in both the HEV Zone and middle estuary. Further 

details of the impact of the proposed releases on water quality and ecology of the Mary River 

Estuary are provided in the Mary River Dispersion Study (DHI, 2011) and the Mary River 

Discharge Investigations (Hydrobiology, 2011). 

 

 

7.2.2 Effect or Releases on WMS Performance 

Figure 7.7 shows how the water balance model represents releases from the Mine Water Dam 

and Worked Water Dam. Mine Water Dam releases are prioritised so that releases are only 

made from the Worked Water Dam (via the Mine Water Dam) when the Mine Water Dam is 

essentially empty. In practice it may be advantageous to blend water from the two sources to 

achieve better release water quality. 

 

Further results presented in Appendix A, show the effect of not releasing water to the Mary River 

on the frequency of discharge from the Mine Water Dam and the accumulation of water in the 

mine pits. Without the Mary River release, the risk of wet weather interruptions and 

environmental harm is greatly increased. 

 

 

 

Figure 7.7 Source of Release Water During 1927 Release Event 

 

   

 

 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1
/0

7
/2

6

1
/0

1
/2

7

1
/0

7
/2

7

1
/0

1
/2

8

1
/0

7
/2

8

1
/0

1
/2

9

P
ro

p
o

rt
io

n
 o

f 
R

e
le

a
s
e
 P

ip
e
li

n
e
 C

a
p

a
c
it

y

Unused Capacity

WWD Release

MWD Release



0727-01-C[Rev6]   
31 August 2011 

 

41 

7.3 OVERALL SITE WATER BALANCE 

The overall site water balance at the time of peak production (mean annual flow rate over all 

years of simulation) is summarised in the table below. 

 

Table 7.1 Mean Annual Site Water Balance  

 Mean Annual Flow Rate (ML/a) 

Flow Component Pit Worked 
Water 
Dam 

MIA 
Dam 

CHPP 
Dam 

Return 
Water 
Dam 

Mine 
Water 
Dam 

Total 

Groundwater Inflow 438 
     

438 
Catchment Runoff 594 814 53 61  931 2,452 
Transfer In 

 
1,018 

  
582 

  Total Inflow 1,032 1,832 53 61 582 931 2,890 

        Evaporation 14 1,142 2 2 
 

59 1,218 
Overflows - - - - - 111 111 
Demands (Haul Rd) 

   
 199  199 

Demands (Other) 
   

 46  46 
Demands (CHPP) 

    
336 

 
336 

Transfer Out 1,018 470 51 60 
 

- 
 Mary R Discharge 

 
213 

   
762 975 

Total Outflow 1,032 1,826 53 61 581 931 2,885 
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8 MARY RIVER RELEASE MONITORING  
 

A water quality monitoring network will be required to ensure compliance with the site 

Environmental Authority, and to aid day-day release management. 

 

The Mary River Discharge Investigation Report (Hydrobiology, 2011) and Mary River Dispersion 

Study (DHI, 2011) recommended that additional surface water quality, flow and current data be 

collected to allow uncertainties in their investigations to be reduced.  

 

Monitoring data is also required to detect exceedances of water quality trigger values near the 

Mary River Release point and at the boundary of the HEV Zone. 

 

The proposed water quality monitoring network contains the following monitoring points: 

 

¶ Mine Water Dam Monitoring Point – to determine allowable release rate; 

¶ Worked Water Dam Monitoring Point – to determine allowable release rate; 

¶ U/S Nearfield monitoring point– to confirm adequate mixing is occurring in the vicinity of 

the release and to ensure that concentrations do not exceed the WQOs for the middle 

estuary; 

¶ D/S Nearfield monitoring point – to confirm adequate mixing is occurring in the vicinity 

of the release and to ensure that concentrations do not exceed the WQOs for the middle 

estuary; 

¶ Tiger Street Monitoring Point – to confirm the extent of upstream mixing and to detect 

other contaminants entering the estuary from other sources upstream of the mine 

release point; 

¶ Beaver Rock Monitoring Point – to detect exceedances of the WQOs in the HEV Zone. 

The locations of the proposed monitoring points are shown in Figure 8.1. Further details of the 

proposed monitoring program (monitoring locations, parameters measured and frequency of 

sampling) will be developed as part of the EM Plan. The program will also include monitoring 

points in the Susan River tributaries downstream of the site WMS. 
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Figure 8.1 Proposed Mary River Release Monitoring Network 
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9 CONCLUSIONS 
 

Proposed site WMS  

 

Northern Energy Corporation proposes a water management system (WMS) which aims to: 

 

1) Divert runoff from undisturbed areas around the proposed operations; 

2) Contain runoff from the infrastructure areas in the CHPP Dam and MIA dams; 

3) Contain overburden stockpile runoff in the Mine Water Dam; 

4) Reuse surface water and groundwater captured in the mine pit for coal preparation and dust 

suppression; 

5) Contain excess pit water pumped from the mine pit in a dedicated pit water storage dam 

(the Worked Water Dam); 

6) Release excess mine water to the Mary River if water quality and receiving water conditions 

allow. 

 

Expected site WMS Dam Behaviour 

 

The behaviour of the WMS was simulated over a 111 year period of the historical climate record 

(since 1900), using the GoldSim software, incorporating the AWBM rainfall runoff model. A 

worst-case approach was adopted, with the maximum disturbance area assumed to be in place 

for the entire simulation period. In reality, the disturbance area will be significantly less for most 

of the 8 to 10 year mine life.  

 

The model results indicate that the Worked Water Dam, CHPP and MIA dams would contain all 

modelled historical inflows if operated as proposed. Overflows from the Mine Water Dam to 

small tributaries of the Susan River were simulated to occur 19 times over the 111 year 

simulation period, with a maximum total overflow event volume of 1570 ML.  

 

Expected Mary River Releases 

 

By far the largest simulated continuous release to the Mary River was for the period from 

September 1970 to September 1975, when 12,720 ML would have been released under the 

proposed operating rules. However, most release events would be significantly smaller, with the 

median release being 375 ML, and 90% percent of releases being less than 3,500 ML. Most 

releases would commence during the summer months, but following very wet summers, the 

release would extend well into the winter months and beyond. 

 

Potential Receiving Water Impacts (Unconstrained Releases) 

 

The Geochemical Risk Assessment concluded that some potential mine water contaminants 

could occur at concentrations exceeding the WQOs for the HEV Zone. However, the AD model of 

the Mary River Estuary indicated that outside a localised mixing zone, under most weather 

scenarios and Mary River flow conditions, dilution of the release water would result in 

concentrations (at the point of release) well below the HEV WQOs. Concentrations would be 

further reduced within the HEV Zone itself. 

 

The Ecotoxicological Risk assessment highlighted that dissolved metal concentrations in the 

HEV Zone were likely to be significantly further reduced by processes such as co-precipitation 
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with colloids in the site water dams and middle estuary (near the release point). As a result, 

minimal environmental harm is expected. 

 

However, the AD model showed that if dissolved metal concentrations are higher than expected, 

and/or releases are made during extended low river flow periods, it is possible the WQOs could 

be exceeded at the HEV Zone boundary. Particular metals of concern are Aluminium and Cobalt.  

 

Potential Mary River Estuary Impacts (Releases Constrained by Mary River Flow) 

 

A mine release operating rule was developed which limits the release rate according to a 

relationship between the dissolved contaminant concentrations, the Mary River flow rate and 

HEV Zone WQOs. The AD modelling undertaken by DHI indicates that if the system was operated 

in this way, the potential for exceeding the WQOs at the HEV Zone Boundary is greatly reduced. 

Further, the water balance model results indicate that if releases are limited under this rule, the 

prolonged accumulation of water within the mine operations should not excessively impact 

operations. 

 

Near-field discharge modelling undertaken by DHI, indicated that under a range of flow and 

discharge conditions, the extent of the mixing zone is likely to be limited to an area within 1km 

of the discharge point. Further details of the impact of the proposed releases on water quality 

and ecology of the Mary River Estuary are provided in the Mary River Dispersion Study (DHI, 

2011) and the Mary River Discharge Investigations (Hydrobiology, 2011). 

 

 

Surface Water Monitoring 

 

A surface water monitoring program is proposed for characterising the site discharge water, and 

identifying exceedances of the WQOs within the HEV Zone, and at points upstream and 

downstream of a mixing zone near the Mary River release point. The results of the monitoring 

program should be used to continuously update and improve the management of releases and 

the calibration of the AD model of the Mary River estuary. In the event of a WQO being exceeded, 

the AD model can be used to investigate the contribution likely to have been made by releases 

from the Colton Project. 
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APPENDIX A EFFECT OF MARY RIVER 
RELEASE ON SITE WATER BALANCE 
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Table 1 Site Water Balance – With Mary Releases 

 
 

 
Figure 1 – Worked Water Dam – with Mary R Releases 
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Figure 2 Pit – with Mary Release 

 

 

 

 

 

 

 

Table 1 Off-site Discharge – with Mary Releases 
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Table 1 Site Water Balance – no Mary Releases 

 

 
Figure 1 – Worked Water Dam – no Mary R Releases 
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Figure 2 Pit – no Mary Release 

 

 

 

 

Table 1 Off-site Discharge – no Mary Releases 

 

 


