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1 Introduction 
Kalbar Operations Pty Limited (Kalbar) is seeking approval to undertake mining operations for the Fingerboards 
Mineral Sands Project (the project). EMM Consulting Pty Ltd (EMM) was commissioned by Kalbar to prepare a 
conceptual water management strategy and water balance to support the surface water impact assessment for 
the project.  

1.1 Background 

The project involves mining of mineral sands from the Fingerboards resource, in the East Gippsland Region of 
Victoria. The 1,675 ha project area is largely located on a low-hill landform 25 km northwest of Bairnsdale.  

Kalbar proposes to mine areas of enriched grades of mineral sands occurring close to the ground surface within 
the Fingerboards resource. The proposed Fingerboards Mine will produce eight million tonnes (Mt) of magnetic 
and non-magnetic heavy mineral concentrate (HMC) over a 15-year period using conventional earthmoving 
machinery for a dry open-cut mining method.  

1.2 Report objectives and scope 

The objectives of this report are to: 

• describe the surface water design objectives of the project’s water management system; 

• describe the surface water management design concepts for stages throughout the 15-year mine life; and 

• demonstrate that the surface water management design concepts are effective through demonstration of 
a detailed water balance model. 

To inform the assessment of the surface water management system, a comprehensive daily site water balance 
model has been developed which: 

• simulates the water management design concepts throughout the 15-year mine life. For the purposes of 
this assessment, detailed water balance modelling was undertaken for the years 5, 8 and 15 of the mine 
landforms; 

• estimates the volume of water harvested and discharged from the water capture dams;  

• estimates the anticipated transfers of water across the site for various stages of the mining operations;  

• estimates the volume of water harvested from external sources including the Mitchell River and 
groundwater extraction; and 

• includes an assessment of climate change using the Intergovernmental Panel on Climate Change climate 
scenario RCP8.5.  

The water management system during the construction, decommissioning and post-closure phases of the 
project are also described in this report. 
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1.2.1 EES scoping requirements 

The relevant Environmental Effects Statement (EES) scoping requirement for the project (finalised March 2018) 
addressed by this report is: 

“Develop a water balance model to quantify the project’s demand (both quantity and quality) on 
groundwater and/or surface water resources, including volume to be extracted, stored and released 
during the construction, operations, rehabilitation, decommissioning and post-closure phases of the 
project. “ 

1.3 Interaction with other water studies 

Surface water studies are being undertaken by others to address other aspects of the EES scoping requirements, 
including: 

• impacts on beneficial and licensed users of surface water or groundwater due to the project; 

• potential effects on nearby and downstream water environments due to changed water quality, flow 
regimes or waterway conditions; 

• water quality impacts arising from ore, product, overburden, tailings and mining by-products management; 

• changes to the availability of surface water and groundwater for beneficial and licenced users; and 

• potential erosion, sedimentation and landform stability effected by the project.  

Coffey are preparing the surface and groundwater impact assessment for the project. Specialist studies for the 
EES which are related to this surface and groundwater impact assessment include: 

• EMM - Fingerboards Mineral Sands Project – Conceptual Surface Water Management System (this report) 

• EMM – Fingerboards Mineral Sands Project – Groundwater Modelling Report (2020); 

• Landloch – Fingerboards Mineral Sands Project: Rehabilitation (2020); 

• Water Technology – Fingerboards Mineral Sands Surface Water Assessment – Regional Study (2020a); and 

• Water Technology – Fingerboards Mineral Sands Surface Water Assessment – Site Study (2020b). 

EMM has worked with Water Technology to set site specific design objectives to manage impacts from mining. 
Regular meetings were held during the development of each assessment, with data regularly exchanged 
between each group.  

The following information has been provided by Water Technology and has been considered in this assessment: 

• parameters for the hydrologic modelling (AWBM) of natural catchment runoff following calibration against 
gauged data; and 

• a geochemical assessment to determine the likely water quality characteristics of runoff from the site. 

As presented in Section 9, EMM has provided the following outputs from the water balance model to Water 
Technology: 
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• daily flow timeseries at 10 outlets locations around the project area for 117 years using historical rainfall 
data. Together, these outlets provide modelled timeseries for flows from the entire project area; and 

• daily flow timeseries for modelled discharges via spillways from the project area for 117 years using 
historical rainfall data.  

Water Technology has incorporated the data above into their modelling to assess the impacts of the project on 
the downstream receiving environment.  

A water security investigation considering frequency and duration of low flow conditions in the Mitchell River 
will be completed by Kalbar to inform groundwater investigations and licensing.  

1.4 Report structure 

The structure of this report is as follows: 

• Section 2 - provides an overview of the project and the role of water management systems.  

• Section 3 - describes the existing surface water environment including local hydrology and climate. 

• Section 4 - describes the surface water management objectives and an overview of the proposed surface 
water management system.  

• Section 5 - details how the water balance assessment was undertaken including format, assumptions and 
data inputs. 

• Section 6 – describes climate change sensitivity analysis. 

• Section 7 - presents the results of the water balance assessment. 

• Section 8 - presents water balance model output data that was provided to Water Technology to inform 
their assessments. 

• Section 9 - describes key limitations and assumptions for the conceptual water management strategy and 
water balance assessment. 

• Section 10 - provides the conclusions and recommendations. 
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2 Project description 
The Fingerboards Mineral Sands Project (the project) is located in East Gippsland, Victoria and involves mining 
of mineral sands from the Fingerboards resource, which lies within the more extensive Glenaladale deposit. 
Kalbar Operations Limited (Kalbar) proposes to mine areas of enriched grades of mineral sands occurring close 
to the ground surface within the project area. Kalbar proposes to construct, operate, rehabilitate and 
(ultimately) close the mineral sands mine and associated infrastructure that form the project. 

The Glenaladale mineral sands deposit occurs within unconsolidated sediments and contains heavy minerals 
such as zircon, rutile, ilmenite and rare-earth minerals (monazite and xenotime). The proposed project area is 
approximately 1,675 hectares (ha), of which about 1,350 ha is proposed to be directly disturbed by mining and 
infrastructure over the life of the project. 

The mineral resource estimate for the Fingerboards resource contains 1.19 billion tonnes (Bt) of ore at 0.5% 
zircon, 1.4% titanium minerals and 0.05% rare-earth minerals. Kalbar plans to produce eight million tonnes (Mt) 
of magnetic and non-magnetic heavy mineral concentrate (HMC) from 170 Mt of ore for up to 20 years. The 
mine life includes approximately two years for construction and commissioning and 15 years of production at 
full capacity (12 Mt/year) followed by closure activities (decommissioning, rehabilitation and post-closure). Final 
closure may require an additional five years of management.  

Figure 2.1 shows the general arrangement for the proposed mine and associated infrastructure. 

2.1 Mining and mineral processing 

Mining is proposed to be a 24-hour, 365 days-a-year operations, using conventional earthmoving machinery, 
conveying systems, and a dry, strip mining method.  

The ore will be sent to two mining unit plants (MUPs), mixed with water to form a slurry, and pumped to a wet 
concentrator plant (WCP). At the WCP, the slurry will undergo initial processing to produce HMC and non-
economic mineral sands tailings. The HMC will then be separated using wet high intensity magnets to produce 
magnetic and non-magnetic concentrates. The concentrates will be exported for further processing in mineral 
separation plants in Asia into commercial products such as zircon and rutile. The concentrates will be stockpiled 
at a loading facility adjacent to the WCP before being transported via road, rail or a combination of both to Port 
Anthony, Barry Beach Marine Terminal or the Port of Melbourne. 

Further detail regarding the interaction of surface water and the mining area is provided in Section 4. 
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2.2 Transportation 

The new rail bridge over the Avon River at Stratford is due to be completed in 2021, prior to commencing 
transport of HMC from the project. Kalbar’s preferred transport option is to build a purpose-built rail siding close 
to the project area at Fernbank East and to use a private haulage road within the infrastructure corridor to 
access this siding from the project area. The alternative to a nearby purpose-built rail siding would be to upgrade 
the existing rail siding in Bairnsdale. This option would involve haulage of HMC via Bairnsdale-Dargo Road and 
Lindenow-Glenaladale Road to the Princes Highway and then to Bairnsdale. For both options, concentrate will 
be transported by rail from the rail siding to the Port of Melbourne. 

In the event that the upgrading of the Avon River rail bridge is delayed, approximately half of the concentrate 
will be transported in bulk by road from the mine site to Port Anthony or the adjacent Barry Beach Marine 
Terminal, and the remaining concentrates will be transported in containers from the project area to the existing 
rail siding in Maryvale. Containerised concentrate will be transported by rail from the Maryvale rail siding to the 
Port of Melbourne. No more than 40 trucks containing concentrate, either for bulk or container shipments, are 
expected to leave the project area every 24 hours. 

Figure 2.2 shows the proposed transport routes. 

2.3 Tailings 

Overburden and tailings (non-economic sand, silts and clay) from mining and primary processing will be returned 
progressively to the mine void as the working face advances. Coarse sand tailings will initially be deposited in an 
area off the mine path (Perry Gully) for storage. After approximately four months, when the mine void has 
enough capacity, coarse sand tailings will be deposited into the mine void. 

Fines tailings (less than 38 µm) will initially (for approximately four and a half years) be deposited into a 
constructed temporary tailings storage facility (TSF) on the future mine path. As mined out areas of the void 
become available, the fines tailings will be placed in contained cells within the mine void. The fines tailings stored 
in the temporary TSF will be placed within the mine void prior to the mining of the ore under the facility. 

Mined cells will be progressively backfilled with tailings and covered with overburden (including manufactured 
subsoil) and topsoil. The land will then be returned to pre-mining land use and capability, native vegetation, or 
other agreed post-mining land use.  

2.4 Water and power supply 

Approximately 3 GL of water will be required on an annual basis for processing, dust suppression and 
rehabilitation. Water for the project will be sourced from surface water (winterfill from the Mitchell River) and 
groundwater from the Latrobe Group Aquifer (from a proposed borefield within the infrastructure options area).  

The power demand for the MUPs and WCP is estimated at 9,000 kilovolt-ampere (kVA) and will be supplied from 
the national 66 kV grid. During construction, power will be sourced from diesel generators, and during 
operations and closure from the 66 kV network. 

Infrastructure to support the project will be located in the infrastructure options areas, which includes an 
infrastructure corridor extending from the WCP south to a proposed new rail siding at Fernbank East, 
groundwater borefield, pump station options on the Mitchell River, water pipeline options, Bairnsdale rail siding 
options, road diversion corridor, roundabout assessment area, and road maintenance and upgrade areas, as 
shown in Figure 2.3. The infrastructure corridor will contain a private haulage road to the Fernbank East rail 
siding, a powerline corridor (containing 66 kV and 22 kV powerlines) and a pipeline carrying groundwater to the 
project area from the borefield.   
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3 Existing environment 
3.1 Catchment description 

The project area is dominated by a tableland which is incised in the east by sharply rising river terraces, gullies 
and waterways that drain into the Mitchell River. The western side of the project area drains more gradually to 
the south west, to the headwaters of the Perry River.  

Approximately 75% of the project area drains to the Mitchell River catchment. In the north this is via tributaries 
to Long Marsh Gully and Moilun Creek, which confluence with the Mitchell River approximately 600 m upstream 
of the project area. Eastern and southern portions of the project area drain via gullies and waterways (namely 
Perry Gully, Simpson Gully and Lucas Creek) directly to the Mitchell River.  

The remaining western portion of the project area drains to a tributary of Honeysuckle Creek, which itself is a 
tributary of the Perry River. A large dam that intercepts the flows in the tributary is located approximately 1.6 km 
downstream of the project area, just upstream of the confluence with Honeysuckle Creek.  

All waterways in the project areas are ephemeral, meaning stream flows occur occasionally for a short period 
of time and typically flow only a few times a year following heavy or prolonged rainfall.  

Figure 3.1 locates the project area relative to the local catchments and waterways.   

3.1.1 Soils 

The surface geology at the project area primarily includes deposits of alluvium, alluvial terrace or dune 
sediments underlain by Haunted Hills Formation – a widespread alluvial fan deposit of sediments of great 
textural range (Andrew Long and Associates, 2020). Soil mapping of the project area identified Fernbank soil as 
the predominant soil type. Fernbank soil occurs across the plateau areas of the site while Stockdale and Munro 
soil are found within the gullies and drainage lines. Both Fernbank and Stockdale soils are texture contrast soils 
with acidic, sandy surface profiles overlaying sodic, higher clay subsoils (Landloch, 2020).  

A soil assessment of the project area (Landloch, 2017) identified two distinct soil groups: 

1. Texture contrast soils (Sodosols) with acid, sandy surface profiles overlaying sodic, higher clay subsoils; 
and 

2. Sandy soils (podosols) of reasonably uniform texture throughout the soil profile, acid pH, and almost all 
non-sodic, overlying gravel. 

As per the previous soil mapping, the 2017 study identified the presence of the two main soil types is typically 
dependent on position within the landscape. That is, sodosol soils were identified as primarily occurring across 
the plateau tops while Podosol soils were found to be largely associated with the drainage lines and gullies. Soils 
within the project area were described as having limitations regarding plant growth and are not suitable for 
agricultural purposes. Sodic/clay soils were identified as being at risk of dispersion. 
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3.2 Climate data 

3.2.1 Design rainfall data 

Daily rainfall data was obtained as SILO (Scientific Information for Land Owners) Patched Point Data from the 
Queensland Climate Change Centre of Excellence. SILO Patched Point Data is based on historical data from the 
Bureau of Metrology (BoM) rainfall stations, with missing data ‘patched’ in by interpolating data from nearby 
operating stations. For this assessment, SILO data was obtained for Lindenow Station (Station Number 085050) 
from January 1901 to December 2017.  

Lindenow Station was selected as the most appropriate weather station for daily rainfall records because of its 
proximity to the project area and the long duration of rainfall records available. Lindenow Station is located 
10 km east of the project area. Although Mitchell River at Glenaladale (Station Number 085270) is in closer 
proximity to the site (approximately 4 km away), rainfall records for the site commenced in December 2000. 
Records for the Lindenow Station commenced in 1897. 

Annual rainfall totals for Mitchell River at Glenaladale (Station Number 085279) and Lindenow (Station Number 
085050) rainfall gauges were compared to determine rainfall variability across the region. The historic rainfall 
record for both gauges overlapped for a period of eight years (between 2001 and 2009). Based on these eight 
years of rainfall data, the average annual rainfall at Mitchell River at Glenaladale is approximately 15% greater 
than at Lindenow Station. It should be noted that the rainfall data for Mitchell River at Glenaladale has not 
quality controlled by the BoM and is therefore potentially unreliable. For this reason, and the relatively short 
period of overlap in the rainfall record, Lindenow Station is still considered the most representative weather 
station for the project area.  

A summary of the annual rainfall totals for the site are shown in Figure 3.2 below. 

 

Figure 3.2 Annual rainfall Lindenow Station (Stn No. 085050) 

Statistics for the annual rainfall at Lindenow Station are presented in Table 3-1. 
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Table 3-1 Annual rainfall statistics Lindenow Station (Station No. 085050) 

Annual Rainfall Statistic Annual Rainfall (mm) 

Minimum  379 

10th percentile  486 

50th percentile 650 

90th percentile 880 

Maximum 1118 

Monthly average rainfall totals are presented in Figure 3.3. 

 

Figure 3.3 Mean monthly rainfall Lindenow Station (Stn No. 085050) 

The top five rainfall totals for 1 to 4 day durations for Lindenow Station are provided in Table 3-2. The design 
rainfall depths for a range of storm AEP (annual exceedance probability) and durations are provided in Table 
3-3. 

Table 3-2 Rainfall totals – 1 to 4 day totals 

Rank 1 Day Total 2 Day Total 3 Day Total 4 Day Total 

 Date Total (mm) Date Total (mm) Date Total (mm) Date Total (mm) 

1 26/12/1935 168 26/12/1935 195 25/12/1935 206 25/12/1935 206 

2 24/04/2004 154 24/04/2004 190 24/04/2004 190 14/05/1944 194 

3 15/05/1944 138 22/03/1952 165 27/03/1902 181 24/04/2004 190 

4 24/06/1933 129 19/06/2007 163 15/05/1944 178 26/03/1902 188 

5 25/06/1936 118 28/03/1902 162 19/06/2007 176 24/06/1936 171 

Notes: 1. SILO Patched Point Data from the Queensland Climate Change Centre of Excellence.  
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Table 3-3 Design rainfall depths from Australian Rainfall and Runoff 2016 

 Annual Exceedance Probability (AEP) – Rainfall depths (mm) 

 63.2% 50% 20% 10% 5% 2% 1% 

1 hour 16.5 18.7 26.2 31.8 37.6 46.0 52.9 

2 hour 21.4 24.2 33.6 40.5 47.8 58.2 66.9 

3 hour 25.1 28.4 39.3 47.4 55.8 68.0 78.0 

6 hour 33.4 37.8 52.8 63.7 75.1 91.2 104.0 

12 hour 44.7 51.0 72.0 87.2 103.0 124.0 142.0 

24 hour 58.6 67.5 96.4 117 138 165 186 

48 hour 73.3 84.8 121 146 171 201 224 

72 hour 80.9 93.6 133 159 184 215 238 

96 hour 85.6 98.8 139 165 190 221 243 

120 hour 88.7 102 143 168 192 223 246 

144 hour 90.9 105 145 170 194 224 247 

168 hour 92.7 106 146 171 194 225 248 

Notes: Data sourced from Australian Rainfall Runoff Data Portal April 2018.  

Significant storm events for large catchments in the Gippsland region are typically caused by intense low 
pressure systems forming off the east coast of Australia, commonly referred to an “east coast low”. These 
weather systems can cause intense rainfall over a period of 1 to 3 days. 

Historically, the maximum 4 day rainfall totals are not significantly greater than the 2 and 3 day maximum rainfall 
totals. This indicates that the critical storm intensities for the site are consistent with typical east coast lows.  

As shown by Table 3-2, a rainfall event in December 1935 resulted in the highest 1, 2, 3 and 4 day totals. During 
this event, the recorded 3 and 4 day rainfall depth was 206 mm, with the majority (168 mm) falling in a single 
day.  Compared to the design rainfall depths, this equates to an event with an AEP of between 5% and 2%.  

The top five rainfall totals for the 30, 60 and 90 day durations for Lindenow Station are provided in Table 3-4. 

Table 3-4 Rainfall totals – 30 to 90 day totals 

Rank 30 Day Total 60 Day Total 90 Day Total 

 End Date Total (mm) End Date Total (mm) End Date Total (mm) 

1 8/04/1950 328 6/07/1978 415 14/06/1978 580 

2 8/07/2007 315 5/02/1971 406 18/06/1952 487 

3 15/06/1978 309 17/12/1985 405 6/02/1971 487 

4 15/01/1936 297 28/03/1928 386 10/12/1985 486 

5 10/12/1985 271 2/04/1950 372 7/04/1950 456 

Notes: 1. SILO Patched Point Data from the Queensland Climate Change Centre of Excellence. 

A comparison between Table 3-2 and Table 3-4 shows that the greatest rainfall totals associated with longer 
term wet periods (30, 60 and 90 days) do not generally coincide with intense short term rainfall events. 
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3.2.2 Evaporation 

Average monthly evapotranspiration data was sourced from climate maps on the BoM climate data online 
website (BoM, 2018). Mean Class A Pan evaporation rates were obtained as SILO Patched Point Data 
(Queensland Climate Change Centre of Excellence) for the Lindenow Station. Figure 3.4 shows the mean 
monthly evaporation and potential evapotranspiration values assumed for the site. 

 

 

Figure 3.4 Average daily evaporation rates 
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4 Water management system 
4.1 Overview 

This section describes the proposed water management system and is structured as follows: 

• Section 4.2 describes how the phases of mining will affect water management, including construction, 
mining, rehabilitation and decommissioning; 

• Section 4.3 describes the water management design objectives; 

• Section 4.4 describes the water management system; 

• Section 4.5 describes a proposed concept for the management of mine contact, undisturbed and sediment 
laden runoff; 

• Section 4.6 describes the process water system; 

• Section 4.7 describes external water supply arrangements; and 

• Section 4.8 describes the interaction of surface and groundwater; 

4.2 Phases of mining 

Water management will vary with each phase of the project. Water management for the various phases of the 
project are described in Sections 4.2.1 to 4.2.4.  

4.2.1 Construction phase 

Construction, commissioning and initial operations will take place for the first 24 months of the project timeline. 
During this time the following activities will be undertaken: 

• construction of haul roads for access to the initial mining areas; 

• excavation and lining of the fresh water dam; 

• construction of the water management dams in preparation for mining activities; 

• construction of the infrastructure area including the wet concentrator plant, process water dams, 
associated buildings and car parks; 

• installation of sedimentation dams downstream of disturbance areas; 

• construction of the fine tailings storage cells;  

• ongoing dust suppression of disturbed areas; and  

• stripping of top soil and overburden of initial mining areas. 
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Water will be required throughout construction for the installation of dams, ongoing dust suppression of 
disturbance areas and haul roads, and progressive rehabilitation activities. 

For construction and initial start-up, water requirements are estimated to be approximately 1.5 GL per year and 
will be supplied from sedimentation dams and licensed extraction from the Mitchell River and/or groundwater. 

Figure 4.1 provides an overview of the site layout during the construction period for the project.  

4.2.2 Operational phase 

The operational phase of the project will extend for approximately 15 years. Due to the complexity of the 
operations and the anticipated mine life, a water balance model has been developed for the operational phase.  

Details of water management during the operational phase are provided in Sections 4.5, 4.6 and 4.7, while a 
description of the water balance modelling is provided in Section 6. 

4.2.3 Rehabilitation 

Rehabilitation for the project will be undertaken progressively throughout the mine life. Once the mine void has 
been backfilled with tailings, overburden and topsoil, rehabilitation will be undertaken behind the current 
mining area. Water management, including the capture of possible sediment laden runoff following initial 
rehabilitation, will be incorporated into the water management system throughout the mine plan. 

On the downhill side of containment structures, for example surface water drains and road batters, it will not 
always be possible to capture runoff. In this situation, the batter will undergo soil conditioning and be topsoiled 
and revegetated as soon as possible and managed to minimise sediment runoff. Options such as seeding, 
hydromulching and other spray emulsions will be considered and trialled for this application. 

Active rehabilitation areas will consist of overburden material that is mixed to a depth of 300 to 900 mm and 
overlayed by a 200 to 300 mm topsoil layer. In areas susceptible to erosion, the surface (minimum of 500 mm) 
of overburden will be mixed with gypsum to form a subsoil layer that reduces the dispersive qualities of the soil 
and improves stability. Topsoil will be mixed at the surface of the overburden layer and seeded to encourage 
the rapid establishment of vegetation. 

Runoff controls including water management dams downstream of rehabilitation areas will be decommissioned 
once monitoring demonstrates that water quality controls are no longer required and vegetation is stabilising 
the landform. This period is anticipated to be approximately two years following final shaping, seeding and 
mulching.  

Progressive rehabilitation across the site will increase the productivity of the soil. As a result, runoff rates from 
the rehabilitated project area following small frequent events may be reduced slightly from the existing pre-
mining conditions. It is expected the impact on runoff will lessen as runoff events become larger and therefore 
have little effect on large rainfall events which produce the vast majority of runoff from the site (Loch, 2018).  
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4.2.4 Decommissioning 

The decommissioning of mining operations requires water supply for ongoing dust suppression of disturbance 
activities until all disturbance activities have ceased. Compared to active mining operations, the demand for 
water during this phase is minimal. Water during this phase will be supplied from water management dams and 
external sources as per the operational phases, however volumes to be supplied will be negligible compared to 
the operational water supply. 

i Post mining landform  

The final landform for the project will be similar to the existing landform. All water management dams and 
diversion bunding will be decommissioned and the rehabilitated landform will be free draining. A mine void will 
not remain in the post-mining landform 

The largest change to the landform is filling of the upper reaches of Perry Gully with overburden material during 
the first three to five years of mining. As a result, approximately 123 hectares that naturally drains to the Perry 
Gully will shed to adjacent catchments. Moilun Creek, Simpson Gully and Lucas Creek will drain an additional 31, 
34 and 47 hectares respectively as a result of the final landform.  

Figure 4.2 presents the altered catchment areas as a result of the final landform.  

  



BAIRNSDALE DARGO ROAD

AREA OF CHANGE DUE TO
ALTERED PERRY GULLY

LANDFORM

HON EYSUCKLE CREEK

MOILUN CREEK

KANGAROO CREEK

SKULL CREEK

LUCAS CREEK

PERRY GULLY

SIMPSON GULLY

IGU
ANAC

REE
K

LONG MARSH GULLY

MITCHELL RIVER

LINDENOW-GLENA LADALE ROAD

CO
WE

LLS
 LA

NE

HONEYSUCKLE ROAD

RAV
DEL

LS R
OA

D

BAI RNSDALE-DARGO ROAD

LIMPYERS ROAD

FER
NB

AN
K-G

LEN
ALA

DA
LE

ROA
D

PER

RYS RO A D

PEROS ROAD

RAT
HJE

NS
 RO

AD

PENGLASE ROAD

WOORARA ROAD

CHETTLES ROAD

KEMPTONS ROAD

WOODGLEN ROAD

EDWARDS ROAD

´

T:\
Job

s\2
01

8\S
18

00
08

 - F
ing

erb
oa

rds
 SW

 As
ses

sm
en

t\G
IS\

02
_M

aps
\_C

SW
S\S

W0
07

_Fi
na

lLa
nd

for
m_

20
19

08
26

_0
1.m

xd 
26

/08
/20

19

0 1 2
km

Catchment
Honeysuckle Creek
Long Marsh Gully
Lucas Creek
Mitchell River
Moilun Creek
Perry Gully
Simpson Gully
Main road
Local road
Vehicular track
Watercourse / drainage line
Project boundary
Area of change due to final landform

KEY

Source: EMM (2018); VicMap (2010); KALBAR (2018)
GDA 1994 MGA Zone 55

Fingerboards mineral sands project
Conceptual surface water management

strategy and water balance
Figure 4.2

Final landform catchments



 

 

S180008 | RP7 | v6   20 

4.3 Water management design objectives 

Water within the mine site will be segregated according to its water quality, as far as practically possible. The 
segregation of water will enable water to be managed in a manner that is best ‘fit for purpose’, according to 
water quality. Across the operations there are several water types to be managed: 

• Mine contact runoff – water that comes into contact with the mine void and mine areas. Runoff from the 
infrastructure area and the mining contractor facilities also have potential to have mine contact water 
quality. Mine contact runoff will potentially contain elevated suspended solids, phosphorus and aluminium 
(see Water Technology – Surface Water Assessment – Site Study, 2020b). Mine contact runoff will be 
managed in the mine voids and mine contact water dams that will be dewatered to the process water 
system. Some undisturbed runoff will unavoidably mix with mine contact water (see Section 4.5.1). Once 
any mixing has occurred the water is categorised as the poorest water quality, i.e. mine contact water. 
Diversion bunds will be used where necessary to divert mine contact water towards water management 
dams. 

• Undisturbed runoff – runoff from undisturbed portions of the project area, contributing upstream 
catchment areas and completed rehabilitation areas. Where possible, runoff from undisturbed areas will be 
diverted around active mining areas. Runoff upstream of the mine contact area will be contained in 
undisturbed water dams. Water captured in these dams will be reticulated to downstream of the active 
mine area and released into the receiving environment. Pipelines will be used to divert clean water around 
mining operations. 

• Sediment laden runoff – runoff from topsoil stockpiles and minor disturbance areas. The risk to water 
quality is elevated suspended solids and therefore poses a lower water quality risk than mine contact runoff. 
Water from these areas will be managed by sedimentation dams which will be dewatered to the process 
water system.  

• Process water – water that is used in the active mining process for the slurrying of ore and separation of 
materials in the wet concentrator plant. It includes reused water from the fine tailings storage and in-pit 
sumps. Process water will also be used for dust suppression. Although reuse of water is maximised by the 
process water system, there is a net demand of water for processing purposes due to the retention in and 
seepage from tailing areas.  

• Fresh water – Water in the fresh water dam will originate almost exclusively from the Mitchell River, but 
may also include water from an onsite bulk water treatment plant that will be designed and operated on 
excess mine contact water which cannot exceeds the capacity of the process water system. The system will 
be operated such that blended water in the fresh water dam remains within water quality thresholds 
suitable for discharge to the Mitchell River. Some water in the fresh water dam will be released from the 
site to offset water captured in water management dams. When there is no water available in the water 
management dams, water from the fresh water dam will be used to top up the process water system. 

• Groundwater – water will be pumped from the Latrobe aquifer to the contingency dam when supply in the 
fresh water dam is low. Groundwater will be used to supplement the process water system only.  

Management objectives for each of these water types are presented in Table 4-1. 
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Table 4-1 Water management design objectives 

Water management 
category 

Source areas Water management approach Water quality risks Level of containment / 
system capacity 

Dewatered to Overflow to 

Mine contact runoff 

Perry River 
catchments 

Areas associated with active 
mining including: 

• top soil, overburden and ore 
removal 

• active mining areas 

• sand tails and overburden 
replacement areas 

• overburden stockpiles  

• mine processing areas 

• early stage rehabilitation 
areas 

• infrastructure areas 

• mining contractors’ facilities 

• Where practical, 
undisturbed water ingress 
will be minimised by 
upstream diversion or 
capture 

• Runoff from mine contact 
areas will be contained in 
mine contact water dams 
and/or mine voids 

• Water management dams 
and/or mine voids will be 
prioritised for dewatering to 
the process water system  

Identified risks in Water 
Technology (2020b) include:  

• elevated turbidity and 
suspended sediment 

• potential for elevated 
aluminium and phosphorus 
based on the suite analysed 

The Perry River has a more 
sensitive receiving environment 
than the Mitchell River, due to 
lower flow rates which could 
dilute runoff discharged from 
the site. 

In extended wet periods, 
or when large storms 
occur ‘back-to-back’, dam 
spillways may activate.  

Dams will be designed 
utilising a continuous 
daily water balance 
approach to achieve a 
probability of spillway 
activation of less than 
once per 100 years on 
average (1% AEP). 

 

Process water 
system 

 

8 ML/day to the 
process dam 

24 ML/day to the 
bulk water 
treatment plant 

 

Downstream receiving 
waters when containment 
capacity is exceeded. 

Mine contact runoff 

Mitchell River 
catchments 

Areas associated with active 
mining including: 

• top soil, overburden and ore 
removal 

• active mining areas 

• sand tails and overburden 
replacement areas 

• overburden stockpiles  

• mine processing areas 

• early stage rehabilitation 
areas 

• infrastructure areas 

• mining contractors’ facilities 

• Where practical, 
undisturbed water ingress 
will be minimised by 
upstream diversion or 
capture 

• Runoff from mine contact 
areas will be contained in 
mine contact water dams 
and/or mine voids 

• Water management dams 
and/or mine voids will be 
dewatered to the process 
water system 

Identified risks in Water 
Technology (2020b) include:  

• elevated turbidity and 
suspended sediment 

• potential for elevated 
aluminium and phosphorus 
based on the suite analysed 

 

In extended wet periods, 
or when large storms 
occur ‘back-to-back’, dam 
spillways may activate.  

Dams will be designed 
utilising a continuous 
daily water balance 
approach to achieve a 
probability of spillway 
activation of less than 
three events per 100 
years on average (3.3% 
AEP). 

 

Process water 
system 

 

After Perry River 
catchment dams 
have been drained: 

8 ML/day to the 
process dam 

24 ML/day to the 
bulk water 
treatment plant 

 

Downstream receiving 
waters when containment 
capacity is exceeded. 
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Table 4-1 Water management design objectives 

Water management 
category 

Source areas Water management approach Water quality risks Level of containment / 
system capacity 

Dewatered to Overflow to 

Sediment laden 
runoff  

All disturbance activities that are 
not included in the mine contact 
category, including: 

• topsoil stockpiles 

• minor disturbance areas 

 

• Runoff will be managed in 
sedimentation dams 

• Sedimentation dams are to 
be sized using Best Practice 
Erosion and Sediment 
Control (IECA, 2008) 

• Sedimentation dams will be 
dewatered to the process 
water system (where 
practical) 

 

Elevated turbidity and 
suspended sediment. 

As per the Best Practice 
Erosion and Sediment 
Control (IECA, 2008). 
Sediment dams sized to 
capture runoff from a 90th 
percentile, 5-day rainfall 
event 

 

Process water 
system 

Downstream receiving 
waters when dams are full  

Undisturbed runoff Undisturbed areas upstream of 
mine contact areas  

• Where possible, 
undisturbed runoff will be 
diverted around mine 
contact areas 

• Where diversion is not 
possible, runoff will be 
captured in undisturbed 
water dams and reticulated 
around mine contact areas. 

No change to existing water 
quality is expected 

As required to allow mine 
contact water 
management objectives 
to be achieved  

Receiving waterway Mine contact water 
management system 

 

(this pathway is not shown 
in Figure 4.3, but is 
included in water balance 
modelling) 
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Table 4-1 Water management design objectives 

Water management 
category 

Source areas Water management approach Water quality risks Level of containment / 
system capacity 

Dewatered to Overflow to 

Process water  • Process water dam 

• Wet concentrator plant 

• Fine tailings cells 

 

 

• Water utilised for 
operational purposes 

• Freeboard on process water 
dam maintained for level 
containment nominated  

Identified risks in Water 
Technology (2020b) include:  

• elevated turbidity and 
suspended sediment 

• potential for elevated 
aluminium and phosphorus 
based on the suite analysed 

 

1% AEP 72-hour storm 
event 

Nil  

Water loss due to 
evaporation and 
entrainment will 
mean the process 
water system 
requires topping up 
from the site water 
dams 

Dam managing runoff from 
the infrastructure area 
(mine contact level of 
containment), and then 
water management dams 
(when implemented for 
mining activities). 

Fresh water  • Pipeline from Mitchell River 

• Fresh water dam 

• Bulk Water Treatment Plant 

 

• Storage of water for 
operational/offsetting 
purposes  

• Freeboard maintained to 
achieve level of 
containment 

Low – water will be suitable for 
discharge to local freshwater 
environments 

Minimal required due to 
low risk of water quality 
impacts 

• Process water 
system 

• Creeks within the 
Mitchell River 
and Perry River 
catchments for 
offset of 
intercepted 
runoff 

 

 

Managed discharged to 
Mitchell River when 
freeboard limit reached 

In the case of unmanaged 
discharge; creeks within 
the Mitchell River 
catchment 

Groundwater • Pipeline from bore field 

• Contingency dam 

• Water pumped to dam from 
bore field when fresh water 
dam level is low 

• Freeboard maintained to 
achieve level of 
containment 

Low as identified in EMM 
(2018) 

Minimal required due to 
low risk of water quality 
impacts  

Process water 
system 

Dam managing runoff from 
the infrastructure area 
(mine contact level of 
containment), and then 
water management dams 
(when implemented for 
mining activities). 
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Table 4-1 Water management design objectives 

Water management 
category 

Source areas Water management approach Water quality risks Level of containment / 
system capacity 

Dewatered to Overflow to 

Completed 
rehabilitation runoff 

Established rehabilitation areas  Free draining Low  None Nil Downstream receiving 
waters 



 

 

S180008 | RP7 | v6   25 

4.4 Water management system 

The project’s water management system (illustrated in Figure 4.3) has been developed to achieve water 
management objectives for each of the water management categories. 

Key aspects of the water management system illustrated in Figure 4.3 include: 

• Supply of water from the Mitchell River and groundwater sources, to replace loss of water to entrainment 
and evaporation. 

• Management of site runoff in segregated undisturbed and mine contact water dams. 

• Extraction of water from the mine contact water dams to reduce frequency of overflow to the natural 
environment, followed by: 

• treatment of mine contact water via a bulk water treatment plant; and 

• offset by releases from the fresh water dam such that total flow volumes to the natural environment 
remain consistent with pre-mining runoff from undisturbed areas. 

• Storage of water in several managed dams (process water dam, contingency dam, and fresh water dam). 

The water management system will be further developed in detailed design. The management measures 
implemented may vary from those presented in this chapter but will still meet the proposed water management 
design objectives. For example, there may be an opportunity to construct a smaller bulk water treatment plant, 
or an alternate arrangement of water management dams, which may achieve the water management system 
goals more effectively, at a lower cost or with further reduction in environmental risk. The measures assessed 
and described in this report are presented to illustrate the feasibility of achieving the proposed water 
management design objectives but are not intended to be prescriptive of the methods used to achieve the water 
management design objectives.  
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Figure 4.3 Project water management system 
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4.5 Management of runoff 

This section describes one approach to managing runoff from mine contact, undisturbed and sediment laden 
areas, which will be further developed in the detailed design. The measures assessed are presented to 
determine the feasibility of achieving the proposed water management design objectives. The management 
measures implemented may vary from those presented in this chapter but will still meet the proposed water 
management design objectives. 

4.5.1 Water management dams 

Water management dams will be located on drainage lines downstream (and upstream where necessary) of 
mining activities. Nineteen water management dams are proposed to be located across the project area over 
the life of the project. 

Water management dams upstream of the mine will limit the ingress of undisturbed water into the mine void 
from the upstream catchment. Water management dam downstream of the mine contact areas will contain 
mine contact runoff. The water management dam configuration will vary throughout the project in line with the 
mining schedule. 

The function of each water management dam may change between undisturbed water and mine contact water 
management as the contributing catchment changes from undisturbed, disturbed by mining then rehabilitated.  

Each of the water management dams would only be operational under the following circumstances: 

a) mine contact water dam – mining (stripping, mining, overburden placement and active 
rehabilitation) is occurring within the catchment area to the dam. The water management dam 
function is to contain mine contact runoff to achieve the proposed level of containment (3.3% AEP 
overflow frequency). It should be noted that the catchment to water management dams may 
include mine areas as well as undisturbed areas (see Section 4.5.1 i below) as runoff from 
undisturbed areas may not always be diverted around the water management dam. Once runoff 
from undisturbed areas mixes with mine contact water the collective water is categorised as mine 
contact water.  

b) undisturbed water dam – mining is occurring in the catchment downstream of the water 
management dam. The water management dam functions to limit the ingress of water into the 
mine void from upstream and enable bypassing of undisturbed water into the receiving waterways 
downstream of the mine. 

Some water management dams will function only as an undisturbed water dam and some will function only as 
a mine contact water dam over the life of the mine. Other dams will function separately as an undisturbed water 
dam and mine contact water dam at different stages of the mine sequence. 

Throughout the life of the mine, only a proportion of water management dams will be operational at any one 
time. The number of operational water management dams is dependent on the configuration of mine contact 
areas at any one time. The dams will be constructed ahead of mining to ensure the capture of runoff from all 
disturbed areas. The length of time a dam is required to function depends on the mine schedule in its catchment. 
The dams will function until revegetation is sufficiently developed to control the quality of water runoff. 
Decommissioning of dams will not occur until water quality monitoring demonstrates that runoff from the 
catchment no longer requires formal management.  

Following rehabilitation, all water management dams will be decommissioned, reinstating stream flows to 
downstream waterways.   



 

 

S180008 | RP7 | v6   28 

i Mine contact water runoff 

Management of surface water flows around the mine and mining infrastructure will be based on slowing water 
flow to primary and secondary sediment traps constructed at appropriate sites to reduce the potential for soil 
erosion and transport of sediment into downstream water management dams. Water captured in the mine 
contact water dams will be used on-site as process water.  

A mine contact water dam will operate to manage runoff from the mine area in a given portion of the catchment, 
whilst other areas of the catchment may generate undisturbed water runoff because they are not mined yet or 
have been rehabilitated. Undisturbed water diversions will be installed as far as practical to prevent undisturbed 
water runoff entering the mine void, however, areas generating undisturbed water runoff will not always be 
able to be diverted around the mine contact water dam. In these cases, runoff from undisturbed areas mixes 
with mine contact water and the collective water is categorised as mine contact water.  

At some periods during mining, the water storage potential of mine voids will be used to reduce the size of mine 
contact water dams.  

When mine contact dams contain water following rainfall, the mine contact water will be pumped from the 
mine contact dams to the process water system at a rate of up to 8 ML/day (total rate across all active mine 
contact dams) and used as the daily process make-up water. During periods when there is a need to pump more 
than 8 ML/day from the mine contact dams, excess water will be pumped to a bulk water treatment plant 
(nominally a DAF plant) at a rate of up to 24 ML/day and then directed to the freshwater dam. This will reduce 
the volume stored in the mine contact dams and the risk of spillway discharge during subsequent rainfall events.  

The Perry River and Perry River catchment have been assessed as more sensitive to mine contact water 
overflows than the Mitchell River, as the Mitchell River generally has a higher flow that will dilute uncontrolled 
discharges to a greater extent than the Perry River. For this reason, pumping from mine contact dams will be 
prioritised as per: 

1. Dams in the Perry River catchment will be given a priority rating of 1 

2. For all other dams 

a) Dams with volume >90% of capacity will be given a priority rating of 1 

b) Dams with volume between 70% and 90% of capacity will be given a priority rating of 2 

c) Dams with volume between 40% and 70% of capacity will be given a priority rating of 3 

d) Dams with volume below 40% will be given a priority rating of 4 

When mine contact water is taken, it would be first taken from all priority 1 dams, split equally if there is more 
than 1 priority 1 dam. If there are no priority 1 dams, then water would be taken from priority 2 dams, split 
equally if there is more than one priority 2 dams, and so on. 

In the MUPs, the mine contact water would be blended with the process water stream. Clarified water from the 
thickener overflow stream in excess to process water requirements (due to the additions of mine contact water) 
would be removed at a rate of up to 24 ML/day and pumped to a bulk water treatment plant. This treatment 
plant would operate on days following rainfall events and would treat water to meet the water quality objectives 
relevant to the Mitchell River. Treated water would be transferred to the Fresh Water Dam.  

If the Fresh Water Dam is full when the bulk treatment plant is operating, excess blended water would be 
discharged from the Fresh Water Dam to the Mitchell River via the winterfill pipeline.  
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During extended heavy rainfall, it is possible that mine contact dams may fill and overflow via engineered 
spillways to the downstream environment. Spillway discharge likelihood and magnitude will be minimised 
through the process of pumping and treating described above. 

ii Undisturbed runoff 

Water diversions for undisturbed runoff will be implemented as far as practical across the site to segregate 
undisturbed water from mine contact areas.  

To minimise the volume of runoff retained by the mine, water captured in undisturbed water dams will be 
diverted around mine contact areas. This will be achieved by reticulating water past the disturbance area in a 
controlled manner. The dams and collection drains managing natural catchment inflows will be engineered and 
constructed using scour-resistant materials to reduce erosion. The water will be released into receiving waters.  

During heavy rainfall, inflows to undisturbed water dams may exceed the transfer pump capacity, which will 
result in temporary detainment of a portion of the catchment runoff in the dam, for release over a period of 
time following the rain event.  

iii Design considerations 

Water management dams will include engineered spillways. The dam embankments will be designed and 
engineered as water holding embankments with consideration of local conditions.  

Topography and dispersive soils make diversions via open channels impractical at most locations around the 
site. Diversions will occur via collection of runoff in management dams, and transport via pipeline. As the mine 
progresses, diversion pipelines will be constructed and decommissioned as required to achieve the water 
management objectives. 

All piped diversions will include appropriate measures to mitigate against scour at the point of release, and 
against embankment failure.   

iv Water management dam layout and timing 

Figure 4.4 provides the indicative staging of water management dams that would be expected to be 
implemented according to the water management practices described above. This implementation timeline 
reflects the current mine schedule and is indicative only. The mine schedule will be refined as the project 
progresses. 
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Figure 4.4 Indicative staging of water management dams 

Figure 4.5 and Figure 4.6 show the indicative locations on the proposed dams and their respective catchments. 
Figure 4.5 shows the changes to the dam catchments with the original landform in Perry Gully. Figure 4.6 shows 
the dam locations and their catchments with the altered landform in Perry Gully.  

Preliminary dam dimensions provided by Kalbar are included in Table 4-2. Dam wall locations were selected 
based on LiDAR terrain analysis with the objective of providing sufficient volume to capture runoff for the 1% 
AEP 72-hour storm event. This storm event was selected as representative of a storm event caused by an ‘east 
coast low’ as discussed in Section 3.2.1, which is the critical storm duration for large catchments in the East 
Gippsland region. Volumes for the dams were then determined by simulating catchments for the 1% AEP 72-
hour storm event alone. The performance of the dams to achieve the water management design objective of a 
3.3% AEP of discharge via spillway was then assessed by the water balance model, as described in section 6.  

The locations and sizes of these dams presented here are indicative and subject to detailed design including 
geotechnical assessment. Final dam locations and dimensions implemented may vary from those presented in 
this chapter but will still meet the proposed water management design objectives.  

Water management dams will include engineered spillways. The dam embankments will be designed and 
engineered as water holding embankments with consideration of local conditions. Where relevant, spillway 
capacities will be established using the methods recommended in the ANCOLD guidelines. 

Table 4-2 Preliminary dam dimension 

Dam ID Maximum 
Catchment Area 
(ha) 

Storage Volume 
(ML) 

Approximate Spillway 
height (m above toe) 

Approximate 
Embankment 
Length (m) 

2 132 125 13 150 

3 61 57 11 130 

4 15 15 12 80 

5 13 13 15 100 

6 7 7 14 100 
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Table 4-2 Preliminary dam dimension 

Dam ID Maximum 
Catchment Area 
(ha) 

Storage Volume 
(ML) 

Approximate Spillway 
height (m above toe) 

Approximate 
Embankment 
Length (m) 

7 222 211 24 240 

8 24 23 17 100 

9 128 122 20 130 

10 134 127 11 53 

11 41 39 12 400 

12 22 21 9 220 

13 135 128 15 220 

14 76 72 11 20 

15 42 40 121 70 

16 280 266 141 180 

17 101 96 4.5 830 

18 207 197 8 310 

19 230 219 81 130 

20 175 166 11 20 

1 Dam construction includes void generation by pre-mining of overburden. 
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v Bulk water treatment plant 

The proposed treatment plant would have a nominal capacity of 24 ML/day, and would operate when mine 
contact water dams contain water following runoff events. In the assessed water management option, the plant 
would be located in close proximity to the process water dam. The final footprint and details of the treatment 
process will be determined by suitably qualified process / treatment engineers following project approval. 

Investigations conducted by Kalbar have identified a DAF (dissolved air flotation) system which appears suitable 
for use in this process plant. Further detail is provided in chapter 3 of the EES. 

Alternative solutions will be investigated during design. The bulk water treatment plant is presented as one 
option which has been shown to achieve the water management objectives. It is possible that an alternative 
water management solution not requiring a bulk water treatment plant will be identified which meets the 
proposed discharge objectives. In such a case, the most cost effective method for achieving the discharge 
objectives will be constructed.  

4.5.2 Sediment laden runoff 

Sediment laden runoff may be generated from topsoil stockpiles and other minor disturbance activities that 
occur outside of mine contact areas. The water quality risk from these areas include elevated suspended solids.  

Sediment laden runoff not already managed by water management dams, will be managed by sedimentation 
dams designed in accordance with the International Erosion Control Association Australasia’s Best Practice 
Erosion and Sediment Control (BPESC) (IECA, 2008). Where practical, water captured in sedimentation dams will 
be dewatered to the process water system. When full the dams will overflow to receiving waterways. 

BPESC outlines several sedimentation dam types to suit a range of site conditions and constraints. A Type D 
sedimentation dam is appropriate for use in the project due to the low rainfall and runoff potential. Type D 
sedimentation dams are divided horizontally into an upper settling zone and a lower sediment storage zone. To 
achieve an average annual overflow frequency of 2-4 spills/year, the settling zone should be sized for the 90th 
percentile, 5-day rainfall depth (DECC, 2008).  

The following additional erosion and sediment control principles will be implemented upstream of 
sedimentation dams to reduce erosion and the mobilisation of sediment: 

• the standard of erosion control needs to be appropriate for the given soil properties (including 
consideration of dispersive soils), expected weather conditions and susceptibility of receiving waters to 
environmental harm from turbid runoff; 

• integrate erosion and sediment control measures into site/construction planning to minimise the extent 
and duration of soil disturbance areas; 

• where practical, undisturbed water will be diverted around disturbance areas; 

• permanent and long-term drains and bund walls are to be topsoiled and vegetated with suitable vegetation 
as soon as possible; 

• appropriate outlet scour protection will be placed on all stormwater outlets, chutes and spillways and slope 
drains to dissipate flow energy and minimise risk of soil erosion; and 

• monitor the site and adjust erosion and sediment control practices to maintain the required performance 
standard.  
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4.5.3 Infrastructure area and contractor facilities  

Runoff from the mining infrastructure and contractor areas will be managed by dams constructed to the same 
specification as mine contact water. The dams will be dewatered to the process water system. 

Fuels and hazardous materials will be stored in designated bunded areas. Runoff from mobile equipment service 
areas and the mining contractors’ workshop floor will be directed to an interceptor trap to extract hydrocarbons, 
prior to it being discharged to the drain and sump network. The trap will be emptied of hydrocarbons routinely 
by a licensed contractor for disposal at a licensed facility. 

4.6 Process water system 

4.6.1 Process water supply 

A 35 ML process water dam will provide storage for 17 hours of processing requirements and containment of a 
1% Annual Exceedance Probability (AEP) 72-hour storm event. The process water dam will be a turkey nest style 
dam. The process water dam will be designed in compartments to maximise sediment removal. 

The process water dam will supply water to the wet concentrator plant (WCP), mining unit plants (MUPs) and 
dust suppression. Water will be reused from the WCP, MUPs, sand tailings and fine tailings emplacement areas. 
Additional water will be required to top up the process water dam. This will be sourced from (in the following 
priority): 

• Mine contact water in mine contact dams. 

• Runoff collected in sedimentation dams. 

• Water in the fresh water dam. 

• Groundwater in the contingency water dam. 

4.6.2 Active mining (MUPs) 

MUPs within the mine void will screen ore to remove oversized material. The screened material will be mixed 
with water (sourced from the process water dam) to form a slurry which is pumped to the WCP. Oversized 
material will be returned directly to the mine void. Approximately 1,500 tonnes per hour (tph) of slurried ore 
will be transferred to the WCP. The MUPs will demand approximately 11.3 GL per annum to slurry the ore to 
the WCP where it will be largely reused in the process water system including reuse in the MUP. 

4.6.3 Wet concentrator plant 

The ore slurry transferred from the MUPs to the WCP will undergo processing to separate out the HMC. Hydro-
cycloning of the slurry will remove fine tailings and gravity processing will remove sand tailings. Wet magnetic 
processing of the HMC will produce magnetic (mainly ilmenite) and non-magnetic (mainly zircon) concentrates.  

Water in the slurried ore will leave the plant through water content in the fine tailings, sand tailings and HMC 
(with a large proportion of the water content to be reused). Excess water from the WCP is also returned to the 
process water dam. 
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4.6.4 Dust suppression 

Water trucks will routinely spray water onto exposed areas, roads and within the mine void to suppress fugitive 
dust created by mobile plant and equipment movements. An estimated 375 ML of water will be used for dust 
suppression each year. 

4.6.5 Fine tailings 

Initially, fine tailings (<38 µm) will be deposited into constructed tailings storage facilities, located north of the 
infrastructure area. Once the mine void has been established, the fine tailings will be deposited behind the mine 
void in engineered cells. Water return from the fine tailings to the process water dam will be maximised using 
amphirols, screw driven pontoon boats which compress the fine tailings to accelerate consolidation and 
dewatering. Dewatered water will be returned to the process water system. 

4.6.6 Sand tailings 

Sand tailings will be pumped to the sand tailings disposal areas and dewatered by means of dewatering cyclones. 
Additional water is expected to be recovered from the sand tailings via channel drains below the area of 
deposition.  

Initially, sand tailings will be placed in Perry Gully. This placement of sand tailings and overburden will fill the 
upper reaches of the gully and form the base of a rehabilitated surface elevated above the adjacent landform. 
As a result, the water shed that originally drains into the upper reaches of Perry Gully will be diverted to Simpson 
Gully and Lucas Creek in the south and an unnamed gully to the north.  

Once the mine void has been established, sand tailings will be deposited in the mine void in engineered cells.  

4.6.7 Ancillary water 

Water will be supplied to the contractor yard for purposes such as wash down of vehicles. The administration 
building will be supplied with potable water from a water treatment plant. Supply for both uses will be sourced 
from the fresh water dam.   

Two BioMAX 40EP and BioMAX C40 (or equivalent) in‐ground systems will treat sewage on site. Treated effluent 
will be irrigated in a designated area. One unit will treat sewage from the WCP, administration area and 
workshop. The other plant will treat sewage from the mining contractor’s offices, workshop and stores. The size 
and location of the irrigation area will be in the vicinity of the WCP and the mining contractor’s facilities.  

4.7 External water sources 

4.7.1 Mitchell River  

The project will be supplied by water from the Mitchell River under a 3 GL winter-fill licence. Water will be 
pumped from the Mitchell River to the fresh water dam over a four-month period from July to October 
(inclusive).  

Should river conditions render water supply insufficient to maintain production to the next winter-fill period, 
operations will taper or cease. Such scaling down of operations will be planned with priority to continue dust 
control to the following winter-fill period by retaining water or by application of other dust control measures.  
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4.7.2 Latrobe Group Aquifer 

Water supply for the project will be supplemented by groundwater from the Latrobe group aquifer and stored 
in the contingency water dam, with reliance on groundwater increasing to the extent that Mitchell River water 
is not available.   . Groundwater extraction will be subject to a volumetric licence allocation from Southern Rural 
Water or purchasing allocation from existing users.  

Water for the contingency water dam would be supplied from groundwater production bores when water levels 
in the fresh water dam reach a low threshold level.  

4.8 Surface water – groundwater interactions 

As detailed in the Groundwater Modelling Report, groundwater levels recorded in monitoring bores show that, 
within the site boundaries, the groundwater table is located below the base of creeks. Groundwater is thus not 
able to discharge into creeks within the site boundary. This aligns with observations that creeks are often dry 
except immediately following rainfall, indicating that creeks do not receive groundwater discharges. 

Surface water – groundwater interactions within the site are thus limited to seepage from creeks into the 
groundwater system during and following creek flow events.  

During mining there will be seepage from the sand tails into the groundwater system. The location of tailing will 
move a number of times during the project duration, and modelling reported in the Groundwater Modelling 
Report indicates that mounding beneath the tails will not reach the surface. Groundwater may at times flow 
into mine pit sumps, particularly when tailing activities are located near the active pit. Water entering the pit 
will be extracted to the process water system. 
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5 Surface water licensing  
5.1 Overview 

Surface water licensing for the region is segregated into broad water sources. A take and use licence is required 
to take and use a volume of water from a waterway, catchment dam, spring, soak or aquifer (DELWP, 2014). 
The acquiring of take and use surface water licences needs to reflect the water source that water is being 
withdrawn from. The project area is located on the divide of the following two water sources, which are both 
managed by the licensing authority Southern Rural Water: 

• the Avon River water source (for catchments that naturally drain to the Perry River); and 

• the Mitchell River water source. 

Surface water licenses are issued and managed according to the caps on the resource, known as permissible 
consumptive volumes. There are also different categories of surface water licenses which are determined by the 
circumstances in which the water can be accessed from the water source. The take and use surface water 
licenses that apply to the proposed water management system are: 

• Avon water source all year licence (relating to extractions all year round); 

• Mitchell River source winter-fill licence (relating to extractions from July to October); and 

• Mitchell River source all year licence (relating to extractions all year round). 

The project intends to acquire a 3 GL per year Mitchell River winter-fill take and use licence. This licence would 
cover pumped extractions from the Mitchell River as well as intercepted runoff in the Mitchell River Catchment 
from July to October.  

Runoff intercepted by the project activities will fall into one of the following categories: 

• surface water runoff that is captured and used under a Mitchell River winter-fill take and use licence; 

• surface water runoff that is captured by mine contact water dams but not covered by a take and use licence 
(i.e. Kalbar has not acquired the appropriate licence and the volume will be offset by releases from site, see 
Section 5.2);  

• surface water runoff that is intercepted by undisturbed water dams (i.e. typically upstream of the mine 
affected areas) will not require licensing as this water will be reticulated directly downstream of the impact 
mine area; or 

• direct rainfall and runoff that is exempt from requiring a surface water licence. This includes rainfall that 
falls directly into the mine void, dams holding process water, and tailings storages (DSE, 2004). 

In addition, the project will require licences under Section 67 of the Water Act 1989 for construction of 
infrastructure intercepting and transferring catchment runoff.  
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5.2 Offsetting 

Surface water intercepted by the site, that is not exempt from surface water licensing (DSE, 2004), will be offset 
by the release of water from the fresh water dam. Water that is released from the fresh water dam will be 
released into the same water source the runoff was intercepted.  

The releases will take place in two forms: 

• Intercepted runoff into mine contact water dams in the Mitchell River catchment from November to June 
each year will be offset by transfers from the fresh water dam to the Mitchell River, via the transfer pipeline 
that extracts water from the Mitchell River during the winter-fill period; and 

• Intercepted runoff into mine contact water dams in the Avon River catchment (i.e. Perry River catchment) 
all year round will be offset by transfers from the fresh water dam to the tributary of Honeysuckle Creek, 
upstream of where the drainage line discharges from the project boundary. 

The offset requirement of the project will be determined by a monitoring framework which may include: 

• a series of water meters on extractions points from each of the water management dams; and 

• monitoring of the storage levels in dams on a regular basis.  

Preliminary discussions between Kalbar and regulators regarding the proposed offsetting arrangement have 
commenced.  It is proposed that the approach to estimating volumetric water offset requirements for the 
project will be refined in collaboration with Southern Rural Water as the project progresses.  

Undisturbed water dams will pipe intercepted water into the receiving waterway and therefore won’t require 
offsetting from the fresh water dam. 

Table 5-1 provides a summary of how surface water licensing requirements for the site will be achieved.  

Table 5-1 Summary of surface water licensing requirements 

 Runoff into 
undisturbed water 

dams 

Runoff intercepted by mine contact water dams 

 Direct rainfall in mine 
void, tailings storage 

areas 

Runoff from other areas 

Applicable 
catchment(s) 

Mitchell and Perry 
River Catchments 

Mitchell and Perry 
River Catchments 

Mitchell River Catchment Perry River Catchment 

Applicable period All year round All year round Winter-fill 
period 

Non winter-fill 
period 

All year round 

Status of 
licensing 

Licensable Exempt from 
licensing 

Licensable Licensable Licensable 

How licensing 
requirement will 
be achieved 

Water released 
downstream of 

mine via a pipeline 

Exempt from 
licensing 

Covered by 
Mitchell River 

winter-fill 
licence 

Offset water 
released from 

fresh water dam 
to Mitchell River 

Offset water released from 
fresh water dam to Perry 

River catchment 

License offsets were included in the mine water balance model (discussed in section 6), with license offset 
results presented in section 8.5. 
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6 Site water balance modelling 
6.1 Modelling approach 

6.1.1 GoldSim model 

The water balance model was developed in GoldSim version 12.0 (GoldSim Technologies 2017). The GoldSim 
model developed for this assessment dynamically models the water management system and calculates its 
response under a range of climatic conditions (i.e. rainfall and evaporation). The water balance model is created 
by representing each process of the water management system with pre-determined responses that reflect how 
the proposed water management system will operate. Scenarios are then incorporated into the model which 
resembles the water management system at different phases in the mine life.  

Rainfall and evaporation are the key environmental variables applied to the model. The response of the system 
to these variables is evaluated by investigating specific outputs across the system over the simulation timeframe. 

6.1.2 Time step and simulation time 

The model simulates water management scenarios using 117 years of historical rainfall, using daily time steps.  

Water is transferred across the site from water sources (e.g. rainfall and external water sources) to water 
storages and elements representing mining processes based on pre-determined rules and transfer rates. Each 
of the elements (transfers, storage levels and overflows etc) are calculated by GoldSim for each daily time step.  

Further information regarding the applied historical rainfall is provided in Section 6.3.1. 

6.1.3 Operating scenarios 

To assess the performance of the proposed water management system at different stages of the mine life, the 
following scenarios were included in the water balance: 

• Pre-mining; 

• Year 5;  

• Year 8;  

• Year 15; and 

• Post-mining. 

Years 5, 8 and 15 refer to a scenario matching the physical locations of mining and infrastructure expected at 
that point in the mine life. For simplicity, the scenarios will be referred to as year 5, year 8 and year 15 but 
actually refer to a mine physical layout rather than a time period. Further information about the scenarios 
assessed is in Section 6.4. 

6.2 Model assumptions 

The water balance model has been developed and refined to a level of detail suitable for conceptual design and 
environmental assessment of the project’s water management infrastructure. The purpose of this water balance 
is to provide an indication of the water balance for the project under various mining stages and rainfall 



 

 

S180008 | RP7 | v6   41 

conditions. As such, the accuracy of outcomes will be improved by refining the water balance as design of the 
project progresses.  

Some assumptions and simplifications were incorporated into the model that may need to be reviewed if the 
model is to be used for other purposes. These include: 

• The model is based on a daily time-step. Changes within the water management system will occur in sub 
daily increments and this detail will not be captured by the model. 

• The volumetric capacity of the mine voids to store water during extended wet periods has not been included 
in this assessment. The available capacity of the mine void to store water will vary relatively quickly (month 
by month) depending on the location of the mine void at each mine phase. Due to the dynamic nature of 
the mine, whereby the mine void continually progresses around the site, this aspect has not been 
considered in this assessment. 

• Seepage from dams has been applied as a nominal percentage of the volume stored in each dam. The 
estimated seepage volumes are representative of a loss from the system and should be verified by site 
specific data. 

• Sedimentation dams, including their catchment and dam volumes, are not included in the model. This is 
because the contribution of flows into the sedimentation dams are insignificant in relation to the water 
balance. Sedimentation dams are designed to capture minor flows from a catchment and will spill during 
storm events in excess of the design criteria which is likely to be several times a year.  

• Runoff parameters (other than calibrated parameters representative of the natural catchment runoff) have 
been selected using guideline data for characteristic responses for typical catchment types.  

• Pump rating curves have not been represented in the model and therefore pumping delays that could occur 
are not represented by the model. 

• Seepage and entrainment loss rates for the process water system have been provided by Kalbar and are 
based on typical values. 

• Maximum transfer rates have been either provided by Kalbar or assumed. Changes to transfer rates can 
affect the performance of the entire system. 

• No limit was applied to the supply of groundwater for the contingency water dam. Hence, limitations 
associated with bore field and licensing are not assessed. 

This report presents a conceptual water management system that will be refined and optimised as detailed 
design proceeds. 

It is anticipated that the site water balance model will be updated as the mine proceeds, with calibration to 
runoff volumes observed in mine contact dams, refined pit dimensions, and updated timing of development and 
rehabilitation. 

6.3 Model data and operational rules 

Water is transferred across the modelled water management system by pre-determined transfer rules and 
maximum transfer rates. The model has programmed transfer rules which determine the demand for water 
usage based on assumptions for various mining activities or associated demands. The transfer rules will check 
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water sources or storages for the volume of water available and transfer the volume at the demanded rate, or 
the specified maximum transfer rate.  

Transfers can also be prioritised so that water sources can be prioritised over other subsequent water sources. 

Section 6.3.2 to 6.3.4 below summarise the transfer conditions and maximum storage volumes of elements in 
the water management system. Key data is also tabulated in Appendix B, which also references where data has 
been sourced from. 

6.3.1 General data 

i Rainfall  

Historical rainfall data (1900 – 2017) from the Lindenow Station (Station Number 085050) summarised in Section 
3.2 was applied to the model. Rainfall is a direct input into all water storages in the model and is also applied to 
the hydrologic model. 

Kalbar established a site rainfall station in 2019 which will supply data for model updates. 

ii Evaporation 

Daily evaporation rates are incorporated into the model to estimate direct evaporation from each of the water 
storages using a pan factor of 0.7. Each storage includes a stage storage relationship whereby the assumed 
exposed surface area of stored water varies with the volume of water stored each day.  

iii Potential evapotranspiration 

Average monthly potential evapotranspiration data (as described in Section3.2.2) was applied to hydrological 
model to estimate runoff. Potential evapotranspiration was used to reduce the moisture content of the soil.  

iv Runoff 

a Data collection 

Pressure sensors were installed in September 2018 within Honeysuckle Creek, Lucas Creek and Simpson Gully 
(Figure 6.1). The form of these gauges was in each case a pressure sensor installed in a shallow well-like casing 
for debris protection, with automatic logging (Figure 6.2 and Appendix F).  

Ventia Utility Services developed a rating curve for each site using surveyed creek cross sections (Figure 6.3). 

Drought conditions through 2019 resulted in little to no recorded streamflow at these sites. 
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Figure 6.1 Gauge locations 

 

 

Figure 6.2 Data logger installation 
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Figure 6.3 Rating Curves 

b Modelling 

Surface runoff was estimated using the Australian Water Balance Model (AWBM). The AWBM model was 
developed by Boughton (2003) and is widely used across Australia to estimate stream flow and runoff. The 
hydrological model calculates runoff and baseflow from rainfall after allowing for relevant losses and storage.  

The AWBM is a partial area saturation overland flow model. The partial areas represent the division of the 
catchment into regions (contributing areas) that produce runoff during a rainfall-runoff events and those that 
do not. These contributing areas vary within a catchment according to the antecedent catchment conditions 
and allow for spatial variability of surface storage in a catchment. The incorporation of three storage volumes 
within the AWBM model represent soil store moisture. Just as with catchment runoff, simulated runoff occurs 
once a respective surface storage is full. Evapotranspiration draws water from the surface storage, thereby 
simulating a reduction in soil moisture conditions.  

A schematic representation of the AWBM model is provided in Figure 6.4. 
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Figure 6.4 Schematic of the AWBM rainfall-runoff model representation 

An AWBM model for the Mitchell River catchment was developed and partially calibrated by Water Technology 
(2020a). An AWBM model was also developed for the Perry River catchment but no calibration was undertaken 
due to a lack of observed gauge data. Calibrated parameters for the mid Mitchell River catchment were adopted 
for the Perry River catchment and checked against six years of available gauge data. A reasonable match to the 
available gauge data was observed. Subsequently, the same runoff parameters were adopted for both the 
Mitchell and Perry River catchment areas of the project area.  

Runoff was used to estimate the volume of water that would contribute to each of the water management dams 
over the simulation timeframe. Parameters in the AWBM model were modified to reflect different hydrological 
responses that are expected within the project area.   

Natural catchment runoff parameters were determined by calibration of an AWBM model undertaken by Water 
Technology (2020a) and applied to undisturbed, mining, stockpile and rehabilitation areas. Parameters in the 
AWBM model were modified to reflect different hydrological responses that are expected within the project 
area, in particular hardstand areas which are expected to generate more runoff than the natural landscape. 

The runoff characteristics of the mining related areas were assumed to have the characteristics of the natural 
environment because there are various conditions during mining that may increase runoff rates (compacted 
areas and haul roads for example) or decrease runoff rates (increased depression storage, loose stockpiled 
material) during mining. As it is difficult to predict an overall increase or decrease to runoff site wide, the pre-
mining runoff characteristics were adopted for mine affected areas.  

Runoff rates for the post mining landform may be reduced for small frequent rainfall events due to the higher 
water holding capacity of the rehabilitated soil. Modelled runoff rates for the rehabilitated landscape have been 
assumed to be the same as the pre-mining and mining land use as altering the parametrisation of the runoff 
model would not be based on reliable estimates or data. It is expected the impact on runoff will lessen as runoff 
events become larger and therefore have little effect on large rainfall events which produce the vast majority of 
runoff from the site. 
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Table 6-1 provides a summary of the average hydrologic response from using the assumed input parameters for 
catchments in the project area. These coefficients summarise the catchment responses as a result of the 
parameters adopted in the AWBM model. 

Table 6-1 Hydrological response of catchments 

Catchment Type Assumed Hydrological 
Response 

Annual Volumetric 
Runoff Coefficient 

Event Based Volumetric 
Runoff Coefficient 

(1% AEP 72 hour) 

Natural/undisturbed and completed 
rehabilitation areas  

Low Runoff Potential 

(calibrated to Mitchell 
River flows) 

 

0.07 

 

0.35 

 

Active rehabilitation areas 

Stockpile areas 

Mining areas (including stripping and 
placement of topsoils, overburden and 
sand tailings) 

Hardstand/infrastructure areas High Runoff Potential 0.31 0.75 

6.3.2 Process water system 

i Process water dam 

The process water dam supplies water to the MUPs, wet concentrator plant and dust suppression vehicles. 
Water is continuously returned to the process water dam from the wet concentrator plant and water returned 
from the fine tailings emplacement areas. The anticipated storage capacity of the process water dam is 35 ML. 
No seepage occurs from the process water dam as it will constructed with a low permeability base. 

a Operational rules 

Water for the process water dam is assumed to be sourced in the following priority: 

• Water recovered from sand tailings dewatering cyclones. 

• Decant water on the fine tailings storages. 

• Water recovered from sand tailings via pit drainage, mine contact water and other in-pit sumps, in mine 
contact water dams. 

• Water in the fresh water dam (sourced from the Mitchell River). 

• Groundwater in the contingency water dam. 

ii MUPs 

The two MUPs each require approximately 5.65 GL a year to slurry the mined ore to the WCP which is sourced 
from the process water dam. The MUPs also receive approximately 620 ML per year of water entrained in the 
ore, and therefore transfer a total of 11.9 GL is transferred to the WCP annually.   
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iii Fine tailings 

Fine tailings are assumed to be transferred from the WCP to the fine tailings storages facilities at a constant 
water content volume of 700 m3/hr while operating. The operational capacity of the process water cycle was 
assumed to be 91.3% and therefore a constant rate of 639 m3/hr (5.6 GL/year) is transferred to the fine tailings 
storage areas. Of this amount, 127 m3/hr (1.1 GL/year) remains entrained in the fine tailings and therefore is 
lost from the system.  

The fine tailings storage areas are also subject to direct rainfall and evaporation. Rainfall and evaporation are 
calculated from the fine tailings storage areas derived from the mining schedule. The fine tailings areas are 
broken down into dry beach, active beach and water ponding areas. Each of these areas are simulated to 
produce different runoff and evaporation rates, reflective of their typical physical characteristics. No seepage is 
assumed to occur from the fine tailings storage facilities due to the impermeable nature of the base of the fine 
tailings cells. 

Excess water from the fine tailings storage facilities is returned to the process water dam. Water levels in the 
tailings storage facilities are maintained as low as possible.  

iv Sand Tailings 

Sand tailings from the WCP are assumed to have a water content of 2,249 m3/hr with an operational capacity 
of 91.3% (therefore average rate 2,053 m3/hr). Of the 2,053 m3/hr, 1,569 m3/hr is returned to the WCP.  The 
water content of the emplaced sand tailings are assumed to be lost from the system (43%) (through entrainment 
and seepage) and the remainder recovered through drainage channels under the tailings, collected in sumps 
and transferred to the mine contact water dams.  

v HMC stockpile 

Ore from the WCP is transferred to the HMC stockpile at a rate of 236 m3/hr (215 m3/hr at operational capacity). 
Drainage and sumps collect excess water from the stockpile at an assumed rate of 216 m3/hr (197 m3/hr at 
operational capacity). The remaining water is lost through the system as entrained in the ore or evaporation. 

vi Dust suppression 

Dust suppression demand is calculated by applying the following equation: 

Dust Suppression (t) = [ET (t) – Rainfall (t) + Loss Factor] x Area 

Where: 

ET (t) = Daily Evapotranspiration Rate (mm/day) 

Rainfall (t) = Rainfall Rate (mm/day) 

Loss Factor = Dust Suppression Loss Factor 3 mm/day 

Area = Area of active haul road (ha) 

Haul road dimensions are variable according to the scenario being modelled. The assumed haul road dimensions 
are for the water balance model are 10 km x 20 m (see Appendix B).  
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6.3.3 Water management dams 

Mine contact water dams are incorporated into the model when mining or rehabilitation activities are scheduled 
to occur in the respective catchment. Undisturbed water dams are incorporated into the model when mining or 
rehabilitation is scheduled to occur in a catchment downstream of the undisturbed water dam and no 
disturbance activities are occurring in the immediate catchment.  

i Catchment areas and dam sizes 

The objective of the water management dams is to limit discharges via spillway to a 3.3% AEP frequency within 
the Mitchell River catchment, and a 1% AEP frequency within the Perry River catchment. The containment 
capability of the dams is subject to the adopted design storm criteria for sizing of the dams as well as the 
performance of the dams in a water balance scenario. Although containment storage for a design storm event 
may be achieved by an appropriate dam size, the ability of the associated water management system to draw 
down storage levels in dams in time for subsequent rainfall events may result in overtopping of the system more 
frequently than the design storm AEP. The performance of the system over a time series of subsequent rainfall 
events was undertaken in a water balance assessment.   

Dams are sized in the water balance to capture runoff for the 1% AEP 72-hour storm event. This storm event 
was selected as representative of a storm event caused by an ‘east coast low’ as discussed in Section 3.2.1, 
which is the critical storm duration for large catchments in the East Gippsland region. Volumes for the dams 
were then determined by simulating catchments and dams in the AWBM model for the 1% AEP 72-hour storm 
event alone. The performance of the dams to achieve spillway discharge objectives was then assessed by the 
water balance model.  

Catchment areas to mine contact water dams consist of mining affected areas (topsoil removal, overburden 
removal, active mining and the emplacement of sand tailings and overburden) as well as naturally draining 
catchments that are unable to be diverted. Catchment areas to undisturbed water dams consist of undisturbed 
catchments only. 

Preliminary dam dimensions are included in Table 4-2, with the indicative staging of the dams presented in 
Figure 4.4. A visual representation is provided in Figure 6.5, Figure 6.6 and Figure 6.7, and a detailed breakdown 
of the catchment characteristics for each scenario are presented in Appendix A.  

ii Evaporation 

Evaporation is calculated as a function of the stored volume of water from a generic storage versus surface area 
curve for all water management dams. A storage versus surface area curve was developed for the model which 
represented the average dam dimensions based on topography of the site. This approach is assumed to provide 
sufficient detail for the intentions of the assessment.  

iii Seepage 

Seepage from the water management dams is applied at a rate of 0.1% of the volume of water stored in each 
water management dam per day. This is an arbitrary rate that has been applied to demonstrate that greater 
seepage is expected when the stored volume (and therefore pressure head) increases.  

iv Operating rules 

Inputs into each water management dam are: 

• all runoff from the contributing catchment area; and 
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• recovered seepage from the sand tailings placed in the mine void following mining (proportionally 
distributed amongst the mine contact water dams operating for each scenario according to catchment 
area). 

Withdrawals from each water management dam include: 

• evaporation; 

• seepage; 

• from mine contact water dams: transfers to the process water system at up to 24 ML/day 

• dams located within the Perry River catchment have the highest priority for withdrawal; 

• subsequent to the above, dams with an active volume closest to capacity will be prioritised for 
withdrawal; 

• from undisturbed water dams: controlled discharge at 5 ML/day per dam; and 

• discharge via spillway. 

6.3.4 External water sources 

i Fresh water dam 

The fresh water dam is assumed to have a capacity of 2.2 GL in the water balance model. Water is supplied to 
the dam on the basis that water can be supplied at a maximum rate of 25 ML/day from July to October (inclusive) 
to resemble a winter-fill water license allocation from the Mitchell River. License restrictions, such as the 
cessation of supply during low stream flow conditions are not included in the model. 

The presented concept includes a bulk water treatment plant, which would operate on excess mine contact 
water which cannot be incorporated into the process water system. Treatment is via a flotation process to 
produce water with quality appropriate for blending with river water in the fresh water dam  and will be 
available for consumption as process water or for discharge to freshwater environments. Water treated in this 
way will be stored in the fresh water dam. Further detail regarding this plant is provided in chapter 3 of the EES. 

a Operational Rules 

Inputs into the fresh water dam include: 

• pumping from the Mitchell River at a maximum rate of 25 ML per day from July to November when: 

- the fresh water dam is not at full capacity; and  

- the Mitchell River winter-fill extraction of 3 GL (including runoff capture in mine contact water dams 
and direct extractions from the Mitchell River) has not been exceeded in the current winter-fill period 
(to meet surface water licensing objectives). 

• Treated water from the bulk water treatment plant at a maximum rate of 24 ML/day following rainfall. 

• direct rainfall. 
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Withdrawals from the fresh water dam include: 

• transfers to the potable water treatment plant at a rate of 50 kL per day; 

• transfers to the contractor yard at a rate of 150 kL per day; 

• evaporation; 

• transfers to the process water dam (when available water in the mine contact water dams is not available); 
and 

• releases to the Mitchell and Perry River systems to offset water captured in the mine contact water dams 
(when the volume in the fresh water dam is greater than 100 ML). 

ii Contingency water dam 

The contingency dam is to ensure sufficient supply of water to the process water dam once the fresh water dam 
storage is drawn down to 40 ML. Water in the contingency dam will be transferred to the process water dam.  

Water for the contingency water dam is assumed to be sourced directly from an unrestricted groundwater 
supply. 

It should be noted that the supply of ground water for the project is subject to: 

• obtaining appropriate groundwater licences for the Latrobe group aquifer; and 

• the extraction rate of the groundwater bore field infrastructure. 

6.3.5 Other water requirements 

The contractor yard was estimated to require 150 kL/day at a constant rate through the period of mining. 

Potable use was estimated to be 50 kL/day at a constant rate through the period of mining. 

Water use for rehabilitation activities was not included in the water balance model. As rehabilitation will be 
progressive and undertaken during the operation of the mine, water requirements for rehabilitation will occur 
in addition to the modelled water demands. These volumes are expected to be small in the context of the 
process water requirements. 
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6.4 Scenarios 

The water management system for the project was simulated for the 117-year historical data set for three 
operational scenarios. The operational scenarios are representative of typical mine layouts which may occur 
throughout the mine life. Each scenario demonstrates a water strategy for the respective mining configuration 
(i.e. years 5, 8 and 15 in the mine schedule). The purpose of simulating the three mine year scenarios was to 
assess how the water management system for each scenario will respond to different disturbance areas and 
capture rates. 

The process water cycle for each scenario was the same for each of these scenarios, however, the disturbance 
area and requirement for water capture and reuse was different. The least disturbance footprint is the year 5 
scenario, whilst the scenario with the greatest disturbance footprint is year 8. Each of the three largest site 
water catchments is under surface water management in at least one of the periods chosen: 

• Year 5 – Perry Gully; 

• Year 8 – Perry Gully and Lucas Creek; and 

• Year 15 – Lucas Creek and Honeysuckle Creek. 

Sections 6.4.2 to 6.4.4 provide a detailed description of surface water management strategies that have been 
assumed for each scenario.  

6.4.1 Pre-mining and post-mining 

Pre- and post-mining scenarios were developed in which the catchment water balance and surface water runoff 
was estimated utilising the catchment characteristics described in Section 3. Ten catchments were modelled 
(Figure 9.3), with areas listed in Table 6-2. 

Table 6-2 Pre- and post-mining catchment areas  

Catchment Pre Mining 
(ha) 

Post Mining 
(ha) 

Change 
(ha) 

A – Long Marsh Gully 121 121 0 

B – Long Marsh Gully 172 172 0 

C – Moilun Creek 204 235 31 

D – Mitchell River 13 13 0 

E – Perry Gully 239 116 -123 

F – Mitchell River 34 35 1 

G – Simpson Gully 219 253 34 

H – Lucas Creek 94 88 -6 

I – Lucas Creek 601 654 53 

J – Honeysuckle Creek 577 577 0 

As described in Section 6.3.1 runoff parameters were derived through calibration to stream flow gauge data 
located in the Mitchell River catchment. 
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6.4.2 Conceptual water management – year 5 

The conceptual surface water management system for the year 5 mining configuration is presented in Figure 6.5. 
Water management dams are activated to manage the following disturbance activities: 

• active mine pits located in the Simpson Gully and in the upper reaches of Honeysuckle Creek (adjacent to 
the fresh water dam), managed by mine contact water dams 9, 10 and 18; 

• upstream inflows onto the active mine void in the Simpson Gully will be managed by undisturbed water 
dam 10; 

• fine tailings cells are located on the catchment divide between the Perry Gully and Simpson Gully (mine 
disturbance and rehabilitation in the Perry Gully is complete), upstream of undisturbed water dams 7 and 
10; 

• active rehabilitation is underway in an area north of the Simpson Gully, managed by mine contact water 
dams 8 and 9; and 

• large overburden stockpiles are located to the west of the fresh water dam, managed by mine contact water 
dams 2, 17 and 18.  

Of these areas, it is anticipated that, at a minimum, the rehabilitation in the Perry Gully catchment (draining to 
dam 7) and the upstream Simpson Gully catchment (draining to dam 10) will have been completed and runoff 
from these catchments will be suitable for discharge. The fine tailings cells within these catchments will 
independently manage capture for an extreme event and the rest of the catchment will either be in the final 
stages of rehabilitation or some topsoil stockpile areas that will be seeded and treated with gypsum. Water 
captured from these catchments is therefore assumed to be released downstream of the dam 7 and 9 at a 
maximum rate of 5 ML per day per catchment.  

Water captured in the mine contact water dams will be transferred to the process water system. The fresh water 
dam will release water to the Mitchell and Perry River systems to offset water captured by the dams that is not 
exempt from surface water licencing.  
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6.4.3 Conceptual water management – year 8 

The conceptual surface water management system for the year 8 mining configuration is presented in Figure 6.6. 
Water management dams are activated to manage the following disturbance activities: 

• active mine pits located in the upper reaches of Simpson Gully and an area north of the lower reaches of 
Lucas Creek), managed by mine contact water dams 10, and 11; 

• active rehabilitation adjacent to active mine areas, managed by mine contact water dams 9, 11, 12, and 13; 

• fine tailings cells are located on the catchment divide between the Perry Gully and Simpson Gully upstream 
of dams 7 and 10; 

• upstream inflows into the rehabilitation areas in the downstream reaches of Lucas Creek are managed by 
upstream capture in undisturbed water dams 14, 15, 16 and 17; and 

• large overburden stockpiles are located to the west of the fresh water dam, managed by mine contact water 
dams 2 and 18.  

Of these areas, it is anticipated that, at a minimum, the upstream reaches of Lucas Creek not undergoing 
rehabilitation (dams 14, 15, 16 and 17) and the Perry Gully catchment (draining to dam 7) will have runoff 
suitable for discharge. The fine tailings cells within these catchments will independently manage capture for an 
extreme event. Water captured from these catchments is therefore assumed to be released downstream of the 
dams 7 and 13 at a maximum rate of 5 ML per day per catchment.  

Water captured in the mine contact water dams will be transferred to the process water system. The fresh water 
dam will release water to the Mitchell and Perry River systems to offset water captured by the dams that is not 
exempt from surface water licencing.  
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6.4.4 Conceptual water management – year 15 

The conceptual surface water management system for the year 15 mining configuration is presented in 
Figure 6.7. Water management dams are activated to manage the following disturbance activities: 

• active rehabilitation, fine tailings cell and overburden placement located in the tributary to Honeysuckle 
creek, managed by mine contact water dam 19; 

• sand tailings emplacement to the west of mine contact water dam 17. Runoff from this area will be 
contained by the landform until the final stages of shaping. Once the area is above the natural surface, a 
sedimentation dam will capture runoff before discharge to Lucas Creek. It should be noted that any 
discharges from this location will be captured by undisturbed water dam 16 when Lucas Creek re-enters the 
project area; 

• upstream inflows into the active rehabilitation areas and overburden placement in the tributary to 
Honeysuckle Creek managed by undisturbed water dam 20 (and mine contact water dam 18); 

• a large overburden stockpile located to the west of the fresh water dam, managed by mine contact water 
dams 2, 17 and 18; and 

• fine tailings cell located in the Lucas Creek catchment upstream of dam undisturbed water dam 16. 

Of these areas, it is anticipated that, at a minimum, the Lucas Creek catchment draining to dam 16 and the 
natural runoff captured by dam 20 will have runoff suitable for discharge. The fine tailings cells in the Lucas 
Creek catchment catchments will independently manage capture for an extreme event. Water captured from 
these catchments is therefore assumed to be released downstream of the dams 16 and 19 at a maximum rate 
of 5 ML per day per catchment.  

Water captured in the mine contact water dams will be transferred to the process water system. The fresh water 
dam will release water to the Mitchell and Perry River systems to offset water captured by the dams that is not 
exempt from surface water licencing.  
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6.5 Licensing assessment 

The purpose of the licensing assessment is to estimate the project’s surface water requirements for ‘take and 
use licences’ under the Water Act 1989.  

The water balance model: 

• estimates the annual volume of water accessed by the project for a Mitchell River winter-fill licence; and 

• assesses the performance of the system to offset runoff intercepted by mine contact water dams, that is 
not exempt from licensing, with releases from the fresh water dam. 

The surface water licensing assessment incorporated into the water balance modelling operates according to 
the following assumptions: 

• The project has entitlement to a 3 GL per year winter-fill licence for the Mitchell River. The licence covers 
water extracted directly from the Mitchell River via a pipeline as well as runoff into water management 
dams in the Mitchell River catchment during the winter-fill period from July to October each year).  

• Once the total extractions and runoff under a Mitchell River winter-fill licence has reached 3 GL during any 
winter-fill period, extractions from the Mitchell River cease for the remainder of the winter-fill period for 
that year. 

• Undisturbed water dams that are assumed to release via discharge pipelines following storm events are 
exempt from the licensing assessment as the water captured by the dams is released directly to the 
downstream drainage line. 

• The assessment assumes all other surface water will be offset by releases to the Mitchell River and Perry 
River catchments. That is: 

 runoff into mine contact water dams in the Mitchell River catchment from November to June each 
year; and 

 runoff into mine contact water dams in the Perry River catchment all year round. 

• As per the Water Act 1989 Guideline for Quarries and Mines (DES, 2004), runoff subject to licensing includes 
runoff into the mine contact water dams, excluding: 

 water that lands in the active mine areas (including areas undergoing topsoil removal, overburden 
removal, ore removal, sand tailing replacement and overburden placement);  

 process water dams in which water used in processing is recycled; and 

 water that lands in the fine tailings storage facilities. 

• Releases to offset the water captured by mine contact water dams in the Mitchell River catchment are 
transferred from the fresh water dam to the Mitchell River, via the transfer pipeline that extracts water 
from the Mitchell River during the winter-fill period. The maximum assumed transfer rate is 25 ML per day. 

• Offsets/releases for the Mitchell River non-winter-fill period can take place during the winter-fill period. 

• Releases to offset the water captured by mine contact water dams in the Perry River catchment are 
transferred from the fresh water dam to the tributary of Honeysuckle Creek, upstream of where the 
drainage line discharges from the project boundary. The maximum assumed release rate is 5 ML per day. 
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• The licensable volume (for each major catchment) is a running total that increases as water is captured 
(following rainfall) and decreases when: 

 water is released to offset the captured water; or 

 mine contact water dams discharge from site via spillway. 

• Water released for offsetting purposes is sourced from the Mitchell River, or from a treatment plant 
designed with the purpose of generating water meeting Mitchell River water quality objectives 

• If/when the offsetting requirement exceeds availability of water in the fresh water dam, no offsets will be 
released until water is available in the fresh water dam. 
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7 Sensitivity Analysis and Discussion 
7.1 Catchment runoff 

Runoff estimates are based on model parameters assumed to be appropriate for the site. Local streamflow data 
has been collected since 2018, but due to drought conditions insufficient rainfall and runoff events have been 
recorded to allow runoff model calibration using local data. 

Runoff from local catchments forms a small part of the mine water balance, with runoff captured by water 
management dams released to the environment either directly in the case of undisturbed runoff, or as offset 
releases from the freshwater dam.  

If catchment runoff were higher than anticipated, a greater volume of runoff would be temporarily captured, 
then released. If catchment runoff were lower than anticipated, a lesser volume of runoff would be temporarily 
captured. There may be a minor impact on the water balance in these cases as evaporation from dam surfaces 
and seepage from the dams may vary if dams contain water for a longer or shorter duration.  

Alterations to runoff parameters would not influence the volumes of water required by the mine process 
system, and thus the requirement to import water from either the Mitchell River or from a groundwater source. 

Due to the above, a sensitivity analysis on runoff model parameters was not undertaken. 

Dam dimensions required to capture and store a 72 hour 1% AEP event may be sensitive to catchment runoff 
parameters. Catchment runoff will be studied in greater detail during detailed design of the dams. 

The water management dams will not all be constructed at the start of the project (Figure 4.4). Data gained 
through the first years of operation of dams 3 and 5 will inform the construction of dams later in the project and 
allow refinement of catchment yield estimates. 

7.2 Process flow rates 

The volumes of water required by the mine site for processing ore may change over time depending on mining 
rate and throughput. However, as the plant recycles process water, uncertainty in process water requirements 
would primarily result in changes to the magnitude of flows between the plant and the process water dam. 

The water balance may be affected if rates of water loss from the process water loop were altered, such as the 
rates of water entrainment in processed material, and the rates of recovery from the sand tailings.  

The model assumes an approximate entrainment rate in sand tails of 10%, and in fine tails of approximately 
20%. Based on industry experience, these rates of entrainment assumed in the model are slightly higher than 
are likely to occur once processes are optimised. 

Water loss to entrainment is the largest loss of water from the mine site water balance, and variability in 
entrainment assumptions will directly affect the volumes required from external sources such as the Mitchell 
River and Latrobe Group aquifer. For example, if entrainment volumes during mining are 20% or 30% lower than 
the modelled rates, the volume of water required from external sources would decrease commensurately.   

7.3 Climate change assessment 

The mine site will recycle water within the process water system, but will require top up water sourced from 
the Mitchell River and possibly the Latrobe Group aquifer to replace water lost to evaporation and entrainment. 
If evaporation increases due to climate change, the mine site will require additional water. 
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A sensitivity analysis has been undertaken to assess the performance of the proposed water management 
system under changes in future climate conditions. To inform the climate change assessment, the following 
reports have been reviewed: 

• Guidelines for Assessing the Impact of Climate Change on Water Supplies in Victoria (DELWP, 2016); and 

• Southern Slopes Cluster Report, Climate Change in Australia Projections for Australia’s Natural Resource 
Management Regions (CSIRO, 2015). 

The State of Victoria Department of Environment, Land, Water and Planning (2016) guideline provides climate 
change scenarios for long term temperature, potential evaporation, rainfall, runoff and recharge to be used 
across Victoria to assess the impact of climate change on water supplies.  

The CSIRO (2015) report categorises Australia into 54 natural resource management regions (NRM) that are 
further grouped into ‘clusters’, which correspond to broad-scale and biophysical regions of Australia. Climate 
change projections are provided for each NRM cluster. Projections provide guidance on the changes in climate 
that need to be considered during the planning process. 

7.3.1 Predicted climate change 

The operational phase of the project will extend for approximately 15 years. Both DELWP (2016) and CSIRO 
(2015) agree the following general changes in climate are expected by the end of this period (by 2030-2040): 

• Temperature – Average temperatures are predicted to increase in all seasons, with hotter and more 
frequent hot days and fewer frost days. 

• Rainfall – A decline in annual rainfall is predicted, with more time spent in drought. The greatest rainfall 
reduction is expected to occur in winter and spring. Heavy rainfall events are expected to increase in 
intensity.  

• Evaporation – Potential evapotranspiration is projected to increase in all seasons, with the largest relative 
increase in winter and spring. 

• Runoff – Changes to rainfall and evapotranspiration will lead to decreased soil moisture and runoff. 

7.3.2 Climate projections  

Projections provided in the DELWP (2016) report are based on Intergovernmental Panel on Climate Change 
climate scenario RCP8.5. RCP8.5 is the climate scenario with the highest future concentration of greenhouse 
gasses. CSIRO (2015) provides climate projections for a range of future greenhouse gas concentrations, including 
RCP 8.5. Table 7-1 compares climate change projections outlined in each report for climate scenario RCP8.5. 

Table 7-1 Comparison of climate change projections (climate scenario RCP8.5) 

 DELWP (2016)2 CSIRO (2015) 

Parameter 10th percentile 50th percentile 90th percentile 10th percentile 50th percentile 90th percentile 

Location Mitchell River basin Southern Slopes - Victoria East 

Baseline period 1975-2014 1986-2005 

Projection year 2040 2030 
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Table 7-1 Comparison of climate change projections (climate scenario RCP8.5) 

 DELWP (2016)2 CSIRO (2015) 

Parameter 10th percentile 50th percentile 90th percentile 10th percentile 50th percentile 90th percentile 

Temperature (°C) 1 1.3 1.5 0.5 0.8 1.1 

PET (%) 3.1 4.7 5.7 2.2 4.3 6.1 

Rainfall (%)1 4.3 -2.3 -9.7 5 -1 -8 

Runoff (%)3 10.4 -11 -26.3 Approx. 0 Approx. -10 Approx. -20 

Notes:  

1. DELWP (2016) presents 10th percentile rainfall projections as ‘wetter’ conditions, while CSIRO (2015) presents 10th percentile as ‘dryer’ 
conditions. 

2. Climate change projections represent a low (10th percentile), medium (50th percentile) and high (90th percentile) impact on water 
availability from climate dependent sources.  

3. CSIRO (2015) reports a decrease in runoff as high confidence but recommends that further hydrological modelling would be required to 
develop reliable runoff statistics  

7.3.3 Adopted climate change scenario 

To simulate the impact of climate change on the proposed water management system, the DELWP (2016) 50th 
percentile climate change scenario has been adopted for the following reasons: 

• Climate scenario RCP8.5 is in line with recent historical trajectory of greenhouse gas concentrations and is 
expected to provide both the wettest and driest projections. Thus the 50th percentile projections represent 
mid-range impacts based on current observations. 

• Projections are based on CSIRO modelling outputs at year 2040, which corresponds with the expected 
climate conditions at the end of the mine life (when greatest change to climate is expected to have 
occurred). 

• Projections are given at a river basin scale with future climate data provided for the Mitchell River 
catchment. 

The climate data described in Section 3.2 was modified to reflect the projected change in climate. The following 
alterations were made: 

• the daily rainfall total for storm events with an AEP of 50% to 1% (24-168 hr storm) was increased by 5% per 
degree of warming (6.5%) as recommended in the DELWP (2016) guideline.  

• evaporation rates were increased by 4.7%; 

• annual rainfall totals were reduced by 2.3%; and 

• Mitchell River streamflow was decreased by 11%. 

The modified climate data was applied to the water balance model at year 15 of the mine operations for the full 
117-year simulation time. 

Climate change scenario results are presented in section 1.1. 
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8 Site water balance modelling results 
This section presents the water balance model results and is structured as follows: 

• Section 8.1 presents runoff statistics for the pre- and post-mining scenarios. 

• Section 8.2 presents the distribution of water across the site for typical dry, median and wet years for each 
of the water management scenarios, flow schematics and tabulated data are presented. 

• Section 8.3 discusses the demand and supply balance for the process water system.  

• Section 1.1 provides graphical representation of the requirements of for external water supply to meet 
system demands. 

• Section 8.4 tabulates the predicted annualised discharges via spillway from the mine contact dams. 

• Section 8.5 discusses surface water licencing requirements for the project. 

• Section 1.1 discusses the performance of the water management system under potential changes in future 
climate conditions. 

• Section 9 provides graphical representation of the daily flows occurring at nominated site outlets. 

It is noted that all annualised volumes presented are for a 12-month period commencing 1st November and 
ending 31st October. This approach was adopted to align with the end of the winter-fill period as storage levels 
in the fresh water dam are full (or close to) on 1st November after winter-fill extractions from the Mitchell River 
from July to October each year.  

8.1 Pre- and post-mining 

The pre- and post-mining scenarios each simulated the catchment water balance and runoff utilising the AWBM 
model. The total modelled runoff from the post-mining scenario is identical to the pre-mining scenario, with 
minor variations in flows to certain creeks due to alterations of landforms. 

8.2 Mining water balance 

This section presents water balance model results for typical dry, median and wet rainfall years using 117 years 
of climate data. Results are presented in schematic form in Section 8.2.1 and table form in 8.2.2. 

Mitchell River flow data was not included in the analysis presented here due to the differing data record length 
between climate and river flow gauges, and the model was run with an assumption that winter fill was available 
each year. As a result, the split between Mitchell River and groundwater supply presented in this section favours 
use of Mitchell River water more than might be the case in drought years. Water balance analysis using the 
Mitchell River flow record is presented in section 8.6. 

8.2.1 Schematics 

Schematics for each of the three mining scenarios (mine years 5, 8 and 15) under various rainfall conditions have 
been provided to give an overview of water transfers across the site. For each of the scenarios, annual transfer 
volumes are provided for a typical 10th percentile, median and 90th percentile rainfall years.  
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Transfers for the year 5 scenario have been provided in Figure 8.1 to Figure 8.3. Schematics for years 8 and 15 
are provided in Appendix C. Of the three scenarios modelled, year 5 represents the smallest contributing 
catchment area to the project area while year 8 represent the greatest contributing catchment area. 

The following should be noted when reviewing the schematics: 

• values are average values for the rainfall conditions represented (10th, 50th or 90th percentile rainfall years); 

• the transfers to and from all water management dams have been presented as annual totals; 

• controlled discharges from the fresh water dam represent water released for the purpose of offsetting 
licence requirements;  

• discharges from undisturbed dams would take place as capture then release of undisturbed water 
downstream of the mining area preferentially via pipelines, but occasionally via engineered spillways; and 

• discharge from the water contact dams represents discharges via engineered spillways when the capacity 
of the dam is exceeded. 

  



 

 

S180008 | RP7 | v6    65 

 

Figure 8.1 Annual Transfer Rates – Year 5 – Dry Conditions (black: flow rates, blue: change in storage over the year) 
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Figure 8.2 Annual Transfer Rates – Year 5 – Median Conditions (black: flow rates, blue: change in storage over the year) 
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Figure 8.3 Annual Transfer Rates – Year 5 – Wet Conditions (black: flow rates, blue: change in storage over the year) 
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8.2.2 Tabulated results  

Table 8-1 to Table 8-3 provides an overview of the overall inputs and outputs from the water management system 
for each of the scenarios modelled. For each scenario, annual totals are provided for dry, average and wet rainfall 
years.  

Table 8-1 Annualised inputs and outputs – Year 5 

 Dry 

10th Percentile  

Rainfall Year 

Median 

50th Percentile  

Rainfall Year 

Wet 

90th Percentile  

Rainfall Year 

OUPUTS (ML) (ML) (ML) 

Entrainment (ore and tailings) 3,056 3,055 3,057 

Evaporation  484 476 475 

Dust suppression 375 368 360 

Seepage from dams 13 13 17 

Contractor yard and administration buildings 73 73 73 

Controlled discharge from dams (undisturbed 
water dams and fresh water dam) 

187 300 543 

Discharge via mine contact water dam spillway 0 0 0 

TOTAL OUTPUTS 4,188 4,285 4,525 

    

INPUTS    

Mitchell River winter-fill 2,972 2,887 2,755 

Groundwater supply 16 0 0 

Rainfall and runoff 509 791 1,187 

Ore moisture 624 624 624 

TOTAL INPUTS 4,121 4,302 4,566 

    

CHANGE IN STORAGE (ALL STORAGES) -68 17 41 
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Table 8-2 Annualised inputs and outputs – Year 8 

 Dry 

10th Percentile  

Rainfall Year 

Median 

50th Percentile  

Rainfall Year 

Wet 

90th Percentile  

Rainfall Year 

OUPUTS (ML) (ML) (ML) 

Entrainment (ore and tailings) 3,056 3,055 3,057 

Evaporation  478 466 472 

Dust suppression 375 368 360 

Seepage from dams 29 26 37 

Contractor yard and administration buildings 73 73 73 

Controlled discharge from dams (undisturbed 
water dams and fresh water dam) 

295 507 970 

Discharge via mine contact water dam spillway 0 0 3 

TOTAL OUTPUTS 4,307 4,495 4,972 

    

INPUTS    

Mitchell River winter-fill 2,986 2,890 2,819 

Groundwater supply 24 9 4 

Rainfall and runoff 589 984 1,579 

Ore moisture 624 624 624 

TOTAL INPUTS 4,223 4,506 5,027 

    

CHANGE IN STORAGE (ALL STORAGES) -84 11 55 
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Table 8-3 Annualised inputs and outputs – Year 15 

 Dry 

10th Percentile  

Rainfall Year 

Median 

50th Percentile  

Rainfall Year 

Wet 

90th Percentile  

Rainfall Year 

OUPUTS (ML) (ML) (ML) 

Entrainment (ore and tailings) 3,056 3,055 3,057 

Evaporation  375 369 370 

Dust suppression 375 368 360 

Seepage from dams 16 16 22 

Contractor yard and administration buildings 73 73 73 

Controlled discharge from dams (undisturbed 
water dams and fresh water dam) 

278 474 852 

Discharge via mine contact water dam spillway 0 0 0 

TOTAL OUTPUTS 4,174 4,355 4,734 

    

INPUTS    

Mitchell River winter-fill 2,990 2,938 2,875 

Groundwater 15 1 0 

Rainfall and runoff 477 795 1,272 

Ore moisture 624 624 624 

TOTAL INPUTS 4,106 4,357 4,772 

    

CHANGE IN STORAGE (ALL STORAGES) -67 2 38 

 

In relation to the results presented in Figure 8.1 to Figure 8.3 and Table 8-1 to Table 8-3: 

• variation between wet and dry rainfall years is typically driven by: 

•  the requirement to offset captured flows via a controlled discharge; and 

• the impact of evaporation and seepage due to additional storage volume in wet years;  

• differences between the mine years (5, 8 and 15) is driven by the variation in disturbed catchment areas which 
affects the volume of licensable water that needs to be offset by discharges from the fresh water dam; and 

8.3 Process water system supply 

The process water system described in Section 4.6 encompasses: 

• mining activities; 

• the process water dam; 
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• dust suppression; 

• the wet concentrator plant; and 

• reused water associated with the fine and sand tailings, and the heavy mineral concentrate. 

The annual demand of the process water cycle (i.e. the volume of water that is transferred to the process water 
dam from the mine contact water dams and fresh water dam) varies between 2,550 ML/year and 2,850 ML/year. 
The variation in demand is due to the volume of direct rainfall on the fine tailings storage areas that is reused by 
the process water system which is added in full to the water balance.  

Approximately 2,544 ML/year is estimated to be recovered from the sand tailings emplacement areas via sub 
stockpile drainage and perimeter channels. This water is returned to the process water system via transfers to the 
mine contact water dams. Hence the process water demand ranges between 2,600 ML/year to 2,900 ML/year. 

The process water system therefore requires constant top-up. Top-up water is sourced either from runoff captured 
on the site (by mine contact water dams) or external water sources (Mitchell River or groundwater from the Latrobe 
group aquifer) to satisfy process water demands. 

Water balance modelling indicates that during typical dry conditions (approximately 10th percentile annual rainfall 
conditions) that between 2% and 4% of the net process water demand will be supplied by runoff to the mine contact 
water dams. During wet conditions (approximately 90th percentile annual rainfall conditions) between 10% and 17% 
of the net process water demand will be supplied by the mine contact dams. The remaining process water demand 
is sourced externally (i.e. transfers from the Mitchell River and groundwater extraction).  

Although more runoff is captured by the water management dams for the year 8 scenario compared to the year 15 
scenario, a similar volume of water is available to be used in the process water system. This due to the greater 
number of undisturbed water dams in year 8 that can directly discharge captured runoff downstream to satisfy 
offset requirements. Thus, less water is available to be transferred to the process water dam. Year 5 has less 
available storage volume in the mine contact water dams to be captured for use in the process water system. 

8.4 Mine contact water dam discharge via spillway 

No mine contact dam discharges are expected for the year 5 site arrangement.  

When the year 8 site arrangement was modelled, four historical climate years caused dams to fill and spill (Table 
8-4). This arrangement is expected to represent the period of mining when the largest disturbance is taking place 
and catchment areas requiring management are a large portion of the site. 

The year 15 site arrangement caused spill to be modelled for two climate years (Table 8-5). 

Table 8-4 Mine contact water dam spillway discharges – Year 8 

Year Number of discharge days per year Average discharge (ML/day) 

1950 4 6.5 

1974 2 6.5 

1978 17 45.6 

2007 8 6.3 
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Table 8-5 Mine contact water dam spillway discharges – Year 15 

Year Number of discharge days per year Average discharge (ML/day) 

1978 13 13.7 

2007 1 0.8 

 

The risk of spill envelope over the 15 year mine life is presented in Figure 8.4, illustrating that while annual 
probability peaks at around 3.4% with the year 8 mine layout, the average probability over the mine life is closer to 
a 1.5% annual probability. In the model the number of discharge days per overflow event ranges from 1 day to 17 
days.  

Over the 15 year mine life, this means there is an 81% probability of no discharges from the mine contact dam 
spillways, and a 19% probability that there will be one or more spill events (Figure 8.5). 

Dams in the Perry River catchment will be prioritised for draining to the bulk water treatment plant, and so will 
have a lower probability of spill than dams in the Mitchell River catchment. 

 

Figure 8.4 Risk of mine contact water spill over mine life 

All mine contact water dams will have engineered spillway structures despite the low probability of being required 
in their planned lifecycle.  
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Figure 8.5 Cumulative probability of mine contact water spill over mine life 

 

8.5 Surface water licensing offset assessment  

Table 8-6 to Table 8-8 below provide a summary of the estimated surface water licence offset requirements for the 
projects water management system. The requirements are presented for: 

• water used by the project under a Mitchell River winter-fill licence (for which Kalbar intend to acquire a 3 GL 
per year licence). Estimates include both extraction directly from the Mitchell River and interception of runoff 
by mine contact water dams in the Mitchell River catchments during the winter-fill period; 

• water intercepted by mine contact water dams under Perry River and Mitchell River all year licences (for which 
no surface water licences are intended to be acquired by the Project). For the Mitchell River catchment this 
includes runoff intercepted from November to June and for the Perry River catchment this includes runoff 
intercepted all year round; and 

• the modelled release from the system to offset the water intercepted by the project under Perry River and 
Mitchell River all year licences. The target of the system is to offset the volume of licensable surface water 
intercepted by the site. 

Table 8-6 Year 5 licensing assessment for typical dry, median and wet years 

 Target 
Mitchell River 

winter-fill 
licence 

extraction 

(ML/yr) 

Interception of 
other licensable 

surface water 

Mitchell 
catchment 

(ML/yr) 

Interception of 
other licensable 

surface water 

Perry 
catchment 

(ML/yr) 

Interception 
of other 

licensable 
surface water 

Total     
(ML/yr) 

Dry rainfall year 

(10th percentile) 

3,000 128 38 166 
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Table 8-6 Year 5 licensing assessment for typical dry, median and wet years 

 Target 
Mitchell River 

winter-fill 
licence 

extraction 

(ML/yr) 

Interception of 
other licensable 

surface water 

Mitchell 
catchment 

(ML/yr) 

Interception of 
other licensable 

surface water 

Perry 
catchment 

(ML/yr) 

Interception 
of other 

licensable 
surface water 

Total     
(ML/yr) 

Median rainfall year 

(50th percentile) 

3,000 170 76 245 

Wet rainfall year 

(90th percentile) 

3,000 280 132 412 

 

Table 8-7 Year 8 licensing assessment for typical dry, median and wet years 

 Target 
Mitchell River 

winter-fill 
licence 

extraction 

(ML/yr) 

Interception of 
other licensable 

surface water 

Mitchell 
catchment 

(ML/yr) 

Interception of 
other licensable 

surface water 

Perry 
catchment 

(ML/yr) 

Interception 
of other 

licensable 
surface water 

Total     
(ML/yr) 

Dry rainfall year 

(10th percentile) 

3,000 170 53 223 

Median rainfall year 

(50th percentile) 

3,000 227 106 333 

Wet rainfall year 

(90th percentile) 

3,000 414 191 605 

 

 

Table 8-8 Year 15 licensing assessment for typical dry, median and wet years 

 Target 
Mitchell River 

winter-fill 
licence 

extraction 

(ML/yr) 

Interception of 
other licensable 

surface water 

Mitchell 
catchment 

(ML/yr) 

Interception of 
other licensable 

surface water 

Perry 
catchment 

(ML/yr) 

Interception 
of other 

licensable 
surface water 

Total     
(ML/yr) 

Dry rainfall year 

(10th percentile) 

3,000 122 82 205 

Median rainfall year 

(50th percentile) 

3,000 163 169 332 



 

 

S180008 | RP7 | v6    75 

Table 8-8 Year 15 licensing assessment for typical dry, median and wet years 

 Target 
Mitchell River 

winter-fill 
licence 

extraction 

(ML/yr) 

Interception of 
other licensable 

surface water 

Mitchell 
catchment 

(ML/yr) 

Interception of 
other licensable 

surface water 

Perry 
catchment 

(ML/yr) 

Interception 
of other 

licensable 
surface water 

Total     
(ML/yr) 

Wet rainfall year 

(90th percentile) 

3,000 262 312 574 

 

The licensing assessments presented in Table 8-6 to Table 8-8 show that: 

• the water management system is capable of offsetting runoff intercepted by the mine contact water dams that 
is not exempt from licensing; 

• more water is required to be offset in year 8, than years 5 and 15. This is because year 8 has the greatest 
combined catchment area draining to the mine contact water dams, which requires offsetting; and 

The offset delivery regime will be refined in close collaboration with Southern Rural Water as the project progresses. 

8.6 Mitchell River supply reliability 

The water balance model was modified to assess the reliability of the Mitchell River winter-fill water source. As 
described in Section 4.7.1, the project intends to acquire a 3 GL per year Mitchell River winter fill take and use 
license. Southern Rural Water has advised Kalbar that winter fill allocations are subject to the following restrictions: 

• Extractions may be made between 1 July to 31 October. 

• Extractions may be made only when Mitchell River flows are greater than 1,400 ML/day. 

The following modifications were made to the water balance model: 

• Daily Mitchell River stream flow at Glenaladale from 1938-2019 was added as a reference data series. 

• The Mitchell River winter-fill offtake flow rate was increased from 25 ML/day to 37.5 ML/day, so that instead 
of requiring the full 120 days of the winter fill period to extract the licensed 3 GL, only 80 days would be 
required. This change was made so that the licence volume could be extracted even if the river flow were lower 
than the offtake trigger value for a short period. 

• The winter-fill offtake trigger value (1,400 ML/day) was added to the model. Winter fill extraction was paused 
whenever the river flow rate was below this value. 

This analysis showed that there were often years in which the ability to extract the full 3 GL winter fill allocation 
would be impaired due to the number of days with river flow below 1400 ML/day (Figure 8.6). In 50% of years, the 
mine could operate on river water alone, with groundwater required to varying degree the other 50% of years 
(Figure 8.7). In drought years, the Mitchell River can flow at <1400 ML/day for much of the winter fill period (eg 
1983, 1995 and 2007), resulting in the site running almost entirely on groundwater through the following years. 
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Figure 8.6 Mitchell River winter fill reliability 

 

 

Figure 8.7 Minimum groundwater use requirements 

 

8.7 Climate change assessment 

The water balance model was modified to represent the climate change conditions discussed in Section 7.3: 
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• the daily rainfall total for storm events with an AEP of 50% to 1% (24-168 hr storms) was increased by 6.5%;  

• evaporation rates were increased by 4.7%; 

• annual rainfall totals were reduced by 2.3%; and 

• Mitchell River streamflow was decreased by 11%. 

Only the year 15 layout was assessed in the climate change simulation, as year 15 occurs furthest into the future 
and is most likely to be affected by climate change. 

The model was run using scaled 117-year climate data when assessing dam spill probability, and using scaled data 
from 1938-2018 when assessing reliance on river water vs groundwater. 

 compares exceedance curves for the volume of groundwater required to meet external water supply demands for 
year 15 of the mine layout under existing conditions and climate change conditions. 

 

Figure 8.8 Annual demand on groundwater sources – climate change assessment 

 compares the years in which discharges from mine contact water dam spillways occur for year 15 of the mine under 
existing and climate change conditions. 

Table 8-9 Water management dam spillway discharges – climate change assessment year 15 

 Existing conditions Climate change scenario 

Climate Year Number of spillway 
discharge days per 

year 

Average spillway discharge 
(ML/day) 

Number of spillway 
discharge days per year 

Average discharge 
spillway (ML/day) 

1978 13 13.7 12 14.5 

2007  1 0.8 4 2.3 
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 shows that mine contact water dam spillway discharges occur at a similar frequency for the climate change scenario 
compared to existing conditions (2 years causing spill in each case). The increase in rainfall intensity of larger rainfall 
events increased spill volumes in the climate change scenario, as spills were associated with extended high intensity 
rainfall.  
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9 Data provided to Water Technology 
EMM has worked with Water Technology to provide relevant data for the site scale and regional scale surface water 
assessments.  Section 9.1 and 9.2 present the data that has been provided to Water Technology. 

9.1 Daily flow timeseries at nominated outlets 

Daily flows from the project area were simulated as part of the water balance modelling. Flows from the site were 
predicted at ten outlet locations for the simulation timeline (1st January 1900 to 1st January 2018) for the following 
scenarios: 

• the pre-mining landform; 

• mining years 5, 8 and 15; and  

• the post mining landform.  

The location of the ten outlets are presented in Figure 9.3. The daily flow data generated was provided to Water 
Technology to undertake an assessment of the potential impacts of the altered hydrological regime in the context 
of the greater Mitchell and Perry River systems. 

The daily flow series resembles the simulated flows at each outlet as simulated by the water balance model. The 
flows at the outlet include: 

• natural catchment flows; 

• discharges via spillways from upstream mine contact water dams; and 

piped discharges from undisturbed water dams. 

Figure 9.1 displays the discharge timeseries at Outlet A for the year 5 mine layout. Discharge timeseries at the 
remaining outlets for pre-mining, years 5, 8 and 15 and post mining are provided in Appendix D. 

9.2 Discharge via spillway daily timeseries 

Daily discharges via spillways from the mine contact water dams were simulated as part of the water balance 
modelling. The daily flow data was provided to Water Technology to undertake an assessment of the potential 
impacts of the altered hydrological regime in the context of the greater Mitchell and Perry River systems. 

As no overflows from the water management system occurred for year 5 mine layout, Figure 9.2 displays the 
discharge timeseries at the Outlet Dam 2 spillway for the year 8 mine layout. Discharge timeseries at the remaining 
outlet dam spillways for years 8 and 15 are provided in Appendix D. 

As discussed in Section 6.4, the water management system will be designed to achieve a 3.3% AEP spillway 
discharge frequency from mine contact dams in the Mitchell River catchment and a 1% AEP for dams in the Perry 
River catchment. The assumed storages applied to the water balance simulation present one possible configuration 
to achieve this. Other configurations including using mine voids for storage will be considered as the mine planning 
progresses to a higher level of detail.  
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Figure 9.1 Year 5 – Outlet A daily flow timeseries 

 

 

Figure 9.2 Year 8 – Outlet Dam 2 spillway discharge timeseries 
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10 Limitations and assumptions 
EMM has prepared this conceptual surface water management strategy and water balance based on information 
provided by Kalbar and data obtained from external sources. There are limitations associated with the results that 
have been provided and these should be considered when interpreting the outcomes of this report.  

Some assumptions and limitations associated with the surface water management strategy and water balance 
include: 

• Water quality objectives and the compatibility of the site’s runoff to meet them (including treatment processes) 
is not included in this strategy. 

• The water management strategy presented is conceptual and has been developed to provide an indication of 
the overall functionality of the system particularly with respect to external water demands and collection of 
surface runoff. Kalbar has informed EMM with assumptions for the assessment. Such information includes 
information associated with mining activities, ore processing, transfers and tailings management and are 
subject to change. 

• Any restrictions on the availability of water from the Mitchell River have not been considered in the water 
balance model. There is a possibility that the full licence allocation may not be available in all years due to low 
stream flows in the Mitchell River. In such conditions, groundwater extraction will be required to supply 
shortfalls in the project’s water demand or temporary water shortages may occur. The extent and nature of 
potential water shortages has not been assessed. 

• Runoff from the site has not been calibrated against any flow data directly from the site, as no data is currently 
available. EMM have adopted hydrologic parameters based on Water Technology (2020a) calibration of the 
Mitchell River catchment for natural runoff. Actual hydrologic responses for disturbed and natural areas may 
vary from those assumed. 

• The volumetric capacity of the mine voids to store water during extended wet periods has not been included 
in this assessment. The available capacity of the mine void to store water will vary relatively quickly (month by 
month) depending on the location of the mine void at each mine phase. Due to the dynamic nature of the mine, 
whereby the mine void continually progresses around the site, this aspect has not been assessed. 

• Assumptions for the process water system (including maximum transfer rates, seepage, entrainment loss, 
recovery and reuse) have been provided by Kalbar and are based on typical values. Changes to these rates can 
influence performance of the entire system. 

• The ability of groundwater extraction from the Latrobe group aquifer to meet a supply shortfall from the 
Mitchell River may be constrained by licensing and bore yields. This is not assessed in the report. Once 
groundwater production rates from sources are known, the design capacity and operation of water supply to 
the dam should be reviewed. 
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11 Summary 
The conceptual surface water management system presented in this report has been developed to meet the 
following objectives: 

• manage runoff from disturbance areas to protect downstream environmental values; 

• minimise changes to the local hydrological regime; and 

• providing a sustainable water supply for use in the mine. 

These objectives will be achieved by the proposed water management system by: 

• providing sufficient on-site storage to minimise release of mine contact water to downstream waterways; 

• offsetting the licensable runoff intercepted by the mine by releasing water of appropriate water quality to the 
Mitchell and Perry River systems; and 

• reusing mine contact and sediment laden water generated by the project in mine processing activities. 

The mine will use water that is ‘fit for purpose’. That is, water used for mining purposes will be preferentially sourced 
from water management dams that collect runoff from disturbed areas within the project area. Water pumped 
from the Mitchell River or undisturbed runoff intercepted by the Project’s operations will be released to the 
downstream catchments (where possible) to offset the water captured by the mine water management system. 

The water management system for this project will require operation of a flexible water management system that 
ensures design criteria as stated in this report is achieved during each phase of mining.  

The water balance for this project has been undertaken to assess the performance of the proposed water 
management system to manage water under a range of historical climatic events. The key outcomes of the water 
balance are: 

• The extraction of water from the Mitchell River under a 3 GL per year winter-fill licence is sufficient to meet the 
water demands of the project for approximately 80% to 95% of years (depending on the mine layout). In the 
remainder of years, the system will need to draw on groundwater from the Latrobe group aquifer to 
supplement supply to the process water system.  

• The need for groundwater increases with consecutive below average rainfall years. 

• The simulated water management storage dam configuration achieved a 1 in 40-year overflow frequency 
across the mine site, exceeding the proposed 1 in 30-year objective for the Mitchell River. This demonstrates 
that the 1 in 30-year overflow frequency objective is achievable. The implemented mine water management 
system may be refined in detailed design to include the mine void storage in the water management storage 
volumes to achieve the containment objective. 

• The simulated water management storage dam configuration achieved a 1 in 117-year overflow frequency 
within the Perry River catchment, exceeding the proposed 1 in 100-year objective. This demonstrates that the 
1 in 100-year overflow frequency objective is achievable. 

• Climate change modelling indicates that runoff within the project area will decrease and the system will 
therefore draw from groundwater more frequently as a result of the reduced water availability. 
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Overall, the surface water management for the project will require a flexible approach as the layout of the system 
depends on the status and characteristics of the mine configuration which will vary month to month. As a result, 
the interactions of the site with the surrounding surface water environment will also change frequently. The water 
management system will require progressive development and review to ensure the system meets to the design 
objectives proposed in this report. 

Once the project commences, it is recommended that intensive monitoring and survey collection at the 
commencement of mining in each catchment. The purpose of the monitoring is to provide accurate estimates of 
runoff, evaporation and seepage so that dams volumes and volumetric estimates of surface water licence offsets 
are accurate. 
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Abbreviations 
AEP Annual Exceedance Probability 

AWBM Australian Water Balance Model 

BoM Bureau of Meteorology 

BPESC Best Practice Erosion and Sediment Control 

Bt Billon tonnes 

DAF Dissolved air flotation 

EES Environmental Effects Statement 

GL Giga litres 

ha Hectares 

HMC Heavy Mineral Concentrate 

km Kilometres 

M Metres 

ML Mega litres 

mm Millimetres 

Mt Million tonnes 

MUP Mining Unit Plant 

SILO Scientific Information for Land Owners 

SEPP State Environment Protection Policy (Waters of Victoria) 

tph Tonnes per hour 

TSF Tailings Storage Facility 

WCP Wet Concentrator Plant 
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Appendix A 
Detailed catchment breakdown 
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A.1 Year 5 modelling scenario 

The table below presents the modelled catchments assumptions for the Year 5 operating scenario. 

Table A.1 Detailed catchment breakdown Year 5 

Dam/Catchment 
ID 

Fine Tailings Cells 

(ha) 

Mine Void 

(ha) 

Active 
Rehabilitation 

(ha) 

Stockpile 

(ha) 

Hardstand 

(ha) 

Natural / 
Completed 

Rehabilitation 

(ha) 

2 12.0 32.7 0.0 2.7 0.0 84.6 

3 0.0 0.0 0.0 0.0 0.0 0.0 

4 0.0 0.0 0.0 0.0 0.0 0.0 

5 0.0 0.0 0.0 0.0 0.0 0.0 

6 0.0 0.0 0.0 0.0 0.0 0.0 

7 25.7 4.4 2.8 0.0 0.0 84.8 

8 0.0 0.0 11.1 0.0 0.0 12.4 

9 3.1 44.3 21.8 0.0 0.0 58.4 

10 23.7 8.6 0.0 0.0 0.0 101.2 

11 0.0 0.0 0.0 0.0 0.0 0.0 

12 0.0 0.0 0.0 0.0 0.0 0.0 

13 0.0 0.0 0.0 0.0 0.0 0.0 

14 0.0 0.0 0.0 0.0 0.0 0.0 

15 0.0 0.0 0.0 0.0 0.0 0.0 

16 0.0 0.0 0.0 0.0 0.0 0.0 

17 7.3 20.1 0.0 0.0 0.0 73.7 

18 0.0 77.9 0.0 0.0 15.0 114.1 

19 0.0 0.0 0.0 0.0 0.0 0.0 

20 0.0 0.0 0.0 0.0 0.0 0.0 
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A.2 Year 8 modelling scenario 

The table below presents the modelled catchments assumptions for the Year 8 operating scenario. 

Table A.2 Detailed catchment breakdown Year 8 

Dam/Catchment 
ID 

Fine Tailings 
Cells 

(ha) 

Mine Void 

(ha) 

Active 
Rehabilitation 

(ha) 

Stockpile 

(ha) 

Hardstand 

(ha) 

Natural / Completed 
Rehabilitation 

(ha) 

2 9.6 2.0 2.4 17.4 0.0 100.6 

3 0.0 0.0 0.0 0.0 0.0 0.0 

4 0.0 0.0 0.0 0.0 0.0 0.0 

5 0.0 0.0 0.0 0.0 0.0 0.0 

6 0.0 0.0 0.0 0.0 0.0 0.0 

7 23.5 3.7 0.0 0.0 0.0 90.5 

8 0.0 0.0 0.0 0.0 0.0 0.0 

9 3.1 6.0 16.8 0.0 0.0 101.6 

10 10.0 18.6 21.8 0.0 0.0 83.1 

11 6.4 12.0 15.5 0.0 0.0 7.2 

12 0.1 0.4 12.6 0.0 0.0 8.4 

13 4.1 1.2 79.3 0.0 0.0 50.2 

14 0.0 0.0 3.9 0.0 0.0 72.1 

15 0.0 0.0 5.2 0.0 0.0 36.5 

16 8.0 3.8 12.0 0.0 0.0 255.0 

17 0.0 0.0 0.0 0.0 0.0 101.1 

18 0.0 0.0 0.0 28.0 15.0 164.0 

19 0.0 0.0 0.0 0.0 0.0 0.0 

20 0.0 0.0 0.0 0.0 0.0 0.0 
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A.3 Year 15 modelling scenario 

The table below presents the modelled catchments assumptions for the Year 15 operating scenario. 

Table A.3 Detailed catchment breakdown Year 15 

Dam/Catchment ID Fine Tailings 
Cells 

(ha) 

Mine Void 

(ha) 

Active 
Rehabilitation 

(ha) 

Stockpile 

(ha) 

Hardstand 

(ha) 

Natural / 
Completed 

Rehabilitation 

(ha) 

2 0.0 0.0 0.0 51.0 0.0 81.0 

3 0.0 0.0 0.0 0.0 0.0 0.0 

4 0.0 0.0 0.0 0.0 0.0 0.0 

5 0.0 0.0 0.0 0.0 0.0 0.0 

6 0.0 0.0 0.0 0.0 0.0 0.0 

7 0.0 0.0 0.0 0.0 0.0 0.0 

8 0.0 0.0 0.0 0.0 0.0 0.0 

9 0.0 0.0 0.0 0.0 0.0 0.0 

10 0.0 0.0 0.0 0.0 0.0 0.0 

11 0.0 0.0 0.0 0.0 0.0 0.0 

12 0.0 0.0 0.0 0.0 0.0 0.0 

13 0.0 0.0 0.0 0.0 0.0 0.0 

14 0.0 0.0 0.0 0.0 0.0 0.0 

15 0.0 0.0 0.0 0.0 0.0 0.0 

16 15.9 17.3 4.8 0.0 0.0 240.8 

17 0.0 0.0 0.0 12.6 0.0 88.6 

18 0.0 0.6 0.0 35.5 15.0 155.9 

19 32.3 30.0 78.3 1.2 0.0 82.2 

20 0.0 0.0 6.9 0.0 0.0 167.2 
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Appendix B 
Operational data assumptions 
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Table B.1 Model assumptions 

Item Value Description Source 

General 

Mining schedule Various Timing and areas of 
disturbance 

GIS files provided by Kalbar 
November 2018 
(“backfill_v6_yr01b Nov18”) 

Topsoil stockpiles Various Location of topsoil 
stockpiles 

GIS files provided by Kalbar 
December 2018 
(“ga7_topsoil_yr01.shp”) 

Haul road area  10 km x 20 m Area requiring dust 
suppression 

Assumed appropriate given 
the mine plan 

    

Active Mining 

Process Water Dam to MUPs 2 x 707 m3/hr x 91.3% Gross MUP water 
demand from MUPs 

Mineral  – Mining and 
Screening PFD 487-A-
100005 - 7 

MUPs to WCP 2 x 746 m3/hr x 91.3% Slurried ore to MUPs Mineral  – Mining and 
Screening PFD 487-A-
100005 - 7 

Water content of mined ore 2 x 39 m3/hr x 91.3% Raw ore water content Mineral  – Mining and 
Screening PFD 487-A-
100005 - 7 

    

Fine Tailings 

Capacity of fine tailings cells Defined fine tailings area x 
0.5 m 

Water holding capacity 
of fine tailings cells 

 

Transfer WCP to fine tailings storage 700 m3/hr x 91.3% Water content of 
slurried fine tailings 
from WCP to fine 
tailings cells 

Simple PFD and water 
balance (2) - Kalbar 

Entrainment/loss from fine tailings 
cells 

169 m3/hr x 91.3% Water content that 
remains in entrained in 
fine tailings following 
deposition  

Simple PFD and water 
balance (2) - Kalbar 

Transfer fine tailings storage to Process 
Water Dam 

Maintain water volume 
tailings storage as low as 
possible 

  

Max decant rate from fine tailings to 
Process Water Dam 

350 m3/hr/cell 4 cells operating Wave International 

Breakdown of tailings storage areas 
and responses to runoff 

Various – outputs from 
modelling 

 Wave International  

4567-30-CAL-CI-00005 
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Table B.1 Model assumptions 

Item Value Description Source 

Process Water Dam 

Maximum Capacity 35 ML  Interpreted from 3D model 
earthworks 2018-06-12 

Operational Level Maintained full   

Sand Tailings 

Transfer WCP to sand tailings 2,249 m3/hr x 91.3%   

Return sand tailings to process plant 1,718 m3/hr x 91.3%   

 

 

   

Water Management Dams 

Maximum transfer from Water 
Management Dams to Process Water 
Dam 

45 ML/day  Combined capacity for 
all water management 
dams 

 

Seepage Rate 0.1% of dam volume/day   

Undisturbed water discharge rate 5 ML/day When a WMD is 
operating as a 
undisturbed water dam 
dam it discharges the 
contents of the dam at 
a rate of 5ML/day until 
empty 

Provided by Kalbar as 
estimate based on practical 
pipe size 

    

 

Fresh Water Dam 

Maximum Capacity 2.2GL   

Transfer from Mitchell River to Fresh 
Water Dam 

July to October (inclusive) Months in which water 
can be drawn from the 
Mitchell River 

 

 25 ML/day Maximum transfer 
from Mitchell River to 
Fresh Water Dam 

 

Offset transfer from fresh water dam 
to Mitchell River maximum rate 

25 ML/day Maximum transfer 
from Fresh Water Dam 
to Mitchell River when 
required under the 
operating offset rules  

 

Transfer to WTP 50 m3/day Potable water usage  

Transfer to contractor yard 150 m3/day   

Groundwater trigger level 40 ML Once volume of water 
in the fresh water dam 
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Table B.1 Model assumptions 

Item Value Description Source 

reaches this threshold 
water is supplied from 
the contingency dam 

Offset trigger level 100 ML Below this storage 
volume in the fresh 
water dam water is not 
released for offsetting 
purposes 

 

Ore Stockpile 

WCP to ore stockpile 236 m3/hr x 91.3%  Mineral  – Mining and 
Screening PFD 487-A-
100005 - 7 

Ore stockpile to WCP 216 m3/hr x 91.3%  Mineral  – Mining and 
Screening PFD 487-A-
100005 - 7 

 

 

 

   

Oversized Material 

Entrainment loss in oversized material 9 m3/hr    

    

Contingency Water Dam 

Maximum transfer to the process 
water dam 

No maximum limit   

Transfer rate to process water dam Maintains volume of process 
water dam at threshold 
volume 

  

    

Bulk Water Treatment 

Treatment of mine contact/process 
water to meet Mitchell River discharge 
water quality objectives 

24 ML/day Operates when water is 
pumped from mine 
contact dams 
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Appendix C 
Water cycle schematics – Year 8 and 15 
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Figure C.1 Annual Transfer Rates – Year 8 – Dry Conditions 
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Figure C.2 Annual Transfer Rates – Year 8 – Median Conditions 
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Figure C.3 Annual Transfer Rates – Year 8 – Wet Conditions 

Year 8

90th Percentile annual rainfall 160

All values ML/yr 35

79

1729 1889 434

1705 1113

624

18000 11977 23 +24

13750

11317

5603 1886 36 36

2545 295

381

4574 360

11 14 18

2550

7119 351

102

115 4 No Change 135

55

No Change

619

29

+22

2819 Primary water supply

580

411

14 +10

4 Secondary water supply

527

Active Mining 
(MUPs)

Process Water 
Dam

Recovery

Sand Tailings

Fresh Water  Dam

Potable Water 
Usage

Evaporation

Rainfall 

Potable 
Water

Treatment 

Plant

Dust 
Suppression

Ore Moisture

Contractor 
Yard

HMC Stockpile

Evaporation

Rainfall 

Entrainment

Mitchell River 

Contingency Water 
Dam

Groundwater 

Diversion 
around site

Mine contact dam 
capture offset

DAF Plant

Fine Tailings

Evaporation

Rainfall 

Wet 
Concentrator 

Plant

Mine contact 
water 

withdrawal

Seepage 

Evaporation

Rainfall and 
Runoff 

Mine contact water 
management dams

Seepage 

Evaporation

Rainfall and 
Runoff 

Undisturbed water 
management dams

Receiving 
Environment

Rainfall and 
Runoff 

Mine Pit



 

 

S180008 | RP7 | v6    C.5 

 

Figure C.4 Annual Transfer Rates – Year 15 – Dry Conditions 
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Figure C.5 Annual Transfer Rates – Year 15 – Median Conditions 
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Figure C.6 Annual Transfer Rates – Year 15 – Wet Conditions 
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Appendix D 
Data provided to Water Technology 
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D.1 Discharge at outlets 

D.1.1 Pre-mining 
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D.1.2 Year 5 
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D.1.3 Year 8 
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D.1.4 Year 15 
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D.1.5 Post-mining  
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D.2 Discharges from outlet dams 
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D.2.2 Year 15 
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E.1 Runoff Event June 2019 

On 3 June 2019 Kalbar recorded 36 mm of rainfall at the Fingerboards site (cf 32 mm recorded by the Bureau of 
Meteorology at Glenaladale), with runoff observed in Simpson Gully Creek and Honeysuckle Creek for several hours 
during and following the rainfall event. This was a notable event as Kalbar (anecdotally) did not witness runoff from 
the site in the prior 12 months. 

Automated loggers installed in the creeks did not function correctly during this runoff event. 

Near the end of the rainfall event, stream flow depths were manually measured in two creeks. In Simpson Gully 
Creek the water depth was 0.045 m. In Honeysuckle Creek the water depth was 0.163 m. 

This runoff event is not suitable for calibrating the water balance model as the event was not well gauged and so 
runoff volumes are not known. Also, the water balance model operates on a daily time step and so cannot 
accurately represent sub-daily runoff events such as this event. The event was used as a validation data point.  

The AWBM rainfall runoff model contained within the water balance model predicted the runoff hydrograph shown 
in Figure E.1, in which there is no runoff event observed in June 2019. This hydrograph shows no runoff through 
2018, consistent with Kalbar’s experience. 

   

Figure E.1 Modelled runoff at the site 

Runoff would be generated by the runoff model in June 2019 if the capacity of the smallest soil moisture store were 
reduced from 40.71 mm to 35 mm (Figure E.2), a reduction in the order of 10%. There is however currently not 
sufficient data to recommend changing this parameter. 

These results indicate that the model has produced a reasonable representation of site runoff through 2018-2019. 
That the current calibration resulted in a prediction of no runoff on a day when a very small runoff event occurred 
should not be a cause of concern given the generalisations made in the model, and given that the event was shorter 
than one day and the model uses a daily time step.  
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Figure E.2 Modelled runoff at the site with C1 reduced from 40.71 mm to 35 mm 
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Site photos 
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F.1 Simpson Gully 
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F.2 Lucas Creek 
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F.3 Honeysuckle Creek 
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