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Glossary 
Baseflow The component of streamflow that originates from groundwater. 

Block cave mining A mining method in which an ore body is undercut by drilling and 
blasting and allowed to fall. 

Bore Constructed connection between the surface and a groundwater 
source that enables groundwater to be transferred to the surface 
either naturally or through artificial means. 

Catchment The land area draining through the main stream and tributary 
streams to a particular location. 

Clean water Water that has not come into physical contact with areas 
associated with mining, ore processing or tailings storage. 

Consolidation A geological process by which tailings decreases in volume due to 
a decrease in water content under long term static loads. 

Contaminated water Water associated with mining, ore processing and tailings 
storage. 

Depression storage The volume of water that is contained in natural depressions in 
the land surface. 

Desiccation The process of extreme drying. 

Dirty water Water that contains an elevated sediment load.  

Discharge Quantity of water per unit of time flowing in a stream, for example 
cubic meters per second or megalitres per day. 

Ephemeral Stream that is usually dry, but may contain water for rare and 
irregular periods, usually after significant rain. 

Evapotranspiration The loss of water from soil by evaporation and from plant surfaces 
by transpiration. 

Groundwater Water in a saturated zone, stratum or aquifer beneath the surface 
of the land. 

Hydrogeology The area of geology that deals with the distribution and movement 
of groundwater in soils and rocks. 

Hydrology The study of rainfall and surface runoff processes. 

Infiltration Natural flow of surface water through ground surfaces as a result 
of rainfall events. 

Pan factor Reduction factor applied to measured pan evaporation to simulate 
evaporation from natural water bodies and surface water 
storages. 

Percentile The value of a variable below which a certain percent of 
observations fall. For example, the 80th percentile is the value 
below which 80 percent of values are found. 

Rill tower Tower structure with openings in a spiral pattern used to stockpile 
ore. The ore falls inside the rill tower and out the openings, 
distributing the ore evenly around the base of the tower. 

Run of mine Raw ore production (unprocessed). 
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Runoff Amount of rainfall that ends up as streamflow. 

SILO An enhanced climate data bank based on historical climate data 
from 1889 provided by the Bureau of Meteorology. Records are 
mainly based on observed data, with interpolation where there are 
data gaps. 

Subsidence The vertical lowering, sinking or collapse of the ground surface. 

Supernatant The clear water above the tailings. 

Surface water Water that is derived from precipitation or pumped from 
underground and may be stored in dams, rivers, creeks and 
drainage lines. 

Tailings The by-product resulting from the processing of ore.  
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Abbreviations 
AWBM Australian Water Balance Model 

BOM Bureau of Meteorology 

BS Baseflow storage 

CRD Cumulative rainfall departure 

GHD GHD Pty Ltd 

ha Hectare 

km Kilometre 

L/s Litre per second 

m Metre 

ML Megalitre 

ML/day Megalitre per day 

ML/year Megalitre per year 

mm Millimetre 

Mtpa Million tonnes per annum 

NPM Northparkes Mines 

PSC Parkes Shire Council 

ROM Run of mine 

SS Surface storage 

TSF Tailings storage facility 

WAL Water access licence 
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1. Introduction 
Northparkes Mines (NPM) is a copper and gold mine located approximately 27 km north-west of 
Parkes in the central west region of NSW, as shown in Figure 1-1. NPM is a joint venture 
between China Molybdenum Co., Ltd (80%), Sumitomo Metal Oceania Pty Ltd (13.3%) and 
Sumitomo Corporation (6.7%). NPM consists of underground mines, an ore processing plant 
and associated activities including exploration and farming. 

NPM commenced operations in 1993 following an extensive exploration program and has 
included open cut and underground mining operations. Currently NPM operates under 
development consent DC 11_0060, which allows for the processing of 8.5 million tonnes per 
annum (Mtpa) of run of mine (ROM) ore and transportation of product by rail to Port Kembla for 
the export market. Approval for the Step Change Project was granted in July 2014, which 
involves the construction of an additional tailings storage facility (TSF) and an extended mine 
life to 2032. 

A site water balance was prepared by Groundwater Resource Management (2004) and is used 
by NPM to assist in the management and reporting of water use and the assessment of water 
supply security. GHD Pty Ltd (GHD) was commissioned by NPM to update the site water 
balance to support the Water Management Plan for the mine. The water balance applies to all 
operations at NPM and includes the existing and approved mining operations and associated 
infrastructure within the site boundary, shown in Figure 1-2, which encompasses the mining 
leases of 1247, 1367 and 1641 as shown in Figure 1-3. The site water balance has been 
prepared to satisfy Clause 23, Schedule 3 of development consent DC 11_0060 which was 
granted under the Environmental Planning and Assessment Act 1979. 

1.1 Report Objectives 

The site water balance has been developed to address the requirements of development 
consent DC 11_0060 through: 

 Quantification of the water budget in relation to the surface water management system for 
existing conditions.  

 Assessment of changes to water transfers, catchments and operational conditions that 
may occur for approved conditions. 

 Documentation of the predicted annual values of the water transfers within the site 
operations, as well as the effect of rainfall variability on annual water transfers. 

1.2 Scope of Work 

The following tasks have been undertaken to develop the site water balance for NPM: 

 Collate and review of existing data relating to the mine.  

 Establish an understanding of the water management system at the site.  

 Develop a water cycle schematic that shows the water interactions within the water 
management system at the site. 

 Develop a GoldSim water balance model for the site that can assess the water 
management system under various rainfall patterns. The model will be developed initially 
to represent the existing conditions and appropriately modified to represent approved 
conditions. 

 Compare the water balance of the site under existing and approved conditions. 
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1.3 Operation of the Site Water Balance 

The site water balance is used by NPM to assist in the management and reporting of water use 
at the site and in the assessment of water supply security. A model dashboard has been 
developed to assist users of the water balance model to input key parameters, run the model 
and view results. Appendix A provides information on the model dashboard and instructions for 
the use of the site water balance. 

1.4 Overview of Site Operations 

A summary of the existing, approved and proposed operations at NPM is provided in Table 1-1. 

1.4.1 Existing Conditions 

NPM currently has approval to extract up to 8.5 Mtpa of ore under DC 11_0060. Open cut 
mining ceased in 2010 as the open cut mines were economically exhausted. Two copper 
sulphide porphyry ore bodies, E26 and E48, are mined using the block cave method. Ore is 
transported to the surface via conveyor systems where it processed through a semi-autogenous 
grinding circuit and associated flotation process. Copper concentrate slurry is then filtered 
through ceramic discs and loaded into sealed containers for transportation to Port Kembla from 
the Goonumbla Rail Siding. By-products from the ore processing facility are stored in the on-site 
TSFs. Approximately 6.01 million tonnes of ore were milled in 2013 with 168,282 tonnes of 
copper concentrate produced. 

In addition to mining and associated activities, NPM also farm the majority of its 6,481 ha 
landholding. 

The site surface features associated with operations at NPM include two former open cut pits 
(E22 and E27), two underground block cave mines (E26 and E48) and resultant surface 
subsidence zones, underground mining infrastructure, surface mining-related infrastructure, 
processing plant and workshop and administration infrastructure. 

The water management system at NPM includes the collection of catchment runoff in surface 
water storages. Water used for activities associated with mining and processing, including 
underground mining, ore processing, dust suppression and vehicle washdown, is supplied by 
surface water storages and external sources. 

The existing water management system is described in further detail in Section 2.1. 

1.4.2 Approved Conditions 

Approval to construct the Rosedale TSF was granted in 2007 as part of project approval 
PA 06_0026. The Step Change Project proposed amendments to the configuration of TSFs at 
NPM, including a new TSF 3 which incorporates the approved Rosedale TSF. 

Until late 2011, all tailings generated from ore processing had been deposited in TSF 1 and 
TSF 2. Since the completion of these TSFs, tailings have been stored in Estcourt TSF and E27 
TSF. At the current ore processing rate of 6.5 Mtpa, it is expected that these TSFs will be 
completed by the end of 2016, with TSF 3 utilised from this time. Construction of TSF 3 is 
anticipated to commence in early 2015 and is expected to be completed within a year. 
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1.4.3 Proposed Conditions 

Approval for the Step Change Project (DC 11_0060) was granted in July 2014. The major 
components of proposed as part of the project include the continuation of underground block 
cave mining in the E26 and E48 ore bodies, the development of underground block cave mining 
of the E22 ore body, additional campaign open cut mining located in existing mining leases and 
an extended mine life of seven years until 2032. 
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Table 1-1   Summary of Existing, Approved and Proposed Operations (Umwelt, 2013) 

Component Existing and approved operations Proposed operations 

Mining areas Underground block cave mining of E26 and E48 ore bodies. 

Open cut mining of E22 (ceased in 2010). 

Continued block caving of the E26 and E48 ore bodies (as per 
current approval). 

Development of block caving mining in the E22 resource (previously 
subject to open cut mining). 

Development of open cut mining area in existing mine subsidence 
zone for E26. 

Development of four small open cuts to extract ore from E28, E28N, 
E31 and E31N. 

All proposed open cut mining areas are located within the existing 
PA 06_0026 project area and existing mining leases.  

Ore processing Up to 8.5 Mtpa of ore, sourced from underground and open cut 
mining areas. 

Continuation of processing up to 8.5 Mtpa of ore through the 
existing processing plant sourced from underground and open cut 
mining areas. 

Mine life Until 2025. Extension of mining by seven years until end of 2032. 

Operating 
hours 

24 hours a day, seven days per week. No change. 

Numbers of 
employees 

Approximately 700 full time equivalents. No change. 

Mining methods Multiple underground block cave. 

Campaign open cut mining yielding up to 2 Mtpa for stockpiling and 
processing as required. 

Multiple underground block cave. 

Campaign open cut mining of up to 7 Mtpa for stockpiling and 
processing as required.  



 

GHD | Report for Northparkes Mines - Site Water Balance, 22/17289 | 11 

Component Existing and approved operations Proposed operations 

Infrastructure TSF 1-3. 

Ore processing plant including surface crusher, crushed ore 
stockpiles, active grinding mills, froth flotation area and concentrate 
storage. 

Site offices, training rooms and workshop facilities. 

Road haulage of concentrate to the Goonumbla rail siding for 
transport to Port Kembla. 

An overland conveyor to transport ore from the hoisting shaft to the 
ore processing plant stockpiles. 

Operation of four wastewater treatment plants. 

Tailings storage facilities to be augmented to connect existing and 
approved tailings facilities, through the development of TSF 3 
southward from the existing southern embankment of TSF 2. The 
proposed TSF 3 will substantially include the approved TSF 3 
(known as Rosedale). 

Establishment of new waste stockpiles to store waste material 
generated during open cut mining campaigns, including a vehicle 
washdown area. 

Continued operation of existing processing plant, site offices, 
underground access, water supply infrastructure and logistics 
connections.  

Continued road haulage of concentrate to Goonumbla rail siding for 
transport to Port Kembla 

Closure of the existing site access road through the development of 
TSF 3. 

Provision of an upgraded site access road along a new alignment 
from McClintocks Lane.  

Development of an access control and visitor’s car parking at the 
intersection of the proposed site access and McClintocks Lane. 

Upgrade/sealing of McClintocks Land between the NPM access 
road and Bogan Road. 

Upgrades as required to the intersection of McClintocks Lane and 
Bogan Road. 
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2. Water Management 
2.1 Site Hydrology 

NPM is located within the Macquarie-Bogan catchment and is part of the Murray-Darling Basin 
in the central-west of NSW. The Bogan River rises near Goonumbla approximately 11 km south 
of the mine and flows in a north-west direction for approximately 620 km before joining the Little 
Bogan River to form the Darling River near Bourke. 

NPM is located within the catchments for the Bogan River, Tenandra Creek, Goonumbla Creek 
and Cookopie Creek. The Bogan River flows in a northerly direction immediately west of NPM. 
The three other creek systems all drain directly to the Bogan River. Goonumbla Creek traverses 
the southern part of the operational area of the mine. 

All the watercourses within and surrounding the site boundary are ephemeral and flow rates 
typically fluctuate in response to rainfall patterns. Generally, these watercourses flow for 
relatively brief periods following significant rainfall events. Flow within the Bogan River becomes 
perennial downstream of the site. 

2.2 Existing Operations 

The water management system at NPM is comprised of surface, underground, potable and 
wastewater elements. The primary objectives of water management at NPM are to manage and 
treat dirty and contaminated catchment runoff, divert clean water around operational areas of 
the mine and to collect and store water to minimise the need for external water supplies. A 
critical component of the NPM water management system is to maintain zero discharge of dirty 
or contaminated water into the surrounding environment and as such there are no off-site water 
transfers. 

The water management strategy at NPM includes the separation of clean, dirty and 
contaminated water, which are categorised as follows: 

 Clean water includes surface runoff from areas not affected by mining operations and 
includes runoff from undisturbed areas and rehabilitated areas and water supplied by 
external sources. The clean water system includes diversion drains and farm dams 
surrounding active mining areas in order to capture and divert clean water away from 
areas disturbed by mining operations. 

 Dirty water includes sediment-laden runoff from disturbed areas, including waste rock 
stockpile areas, TSF walls and surface infrastructure areas that do not handle any ore. 
Runoff from these areas is collected in sediment ponds to allow sediment to fall out of 
suspension before being recirculated in the surface water system for reuse. 

 Contaminated water includes water associated with mining, ore processing and tailings 
storage. Any potentially contaminated water is managed within retention ponds, stilling 
ponds, the Caloola Dams, the Process Water Dam and the Return Water Dam to avoid 
uncontrolled discharge into surrounding watercourses and to maximise water reuse. 

Water is required at NPM for underground mining processes, ore processing, dust suppression 
and plant washdown, as well as domestic potable water requirements. Water is supplied by 
external sources, captured surface water runoff, harvested groundwater and water recovered 
from the TSFs. 

There have been no reported instances of uncontrolled discharges to surrounding waterbodies 
from the water management system at NPM during dry weather conditions. 
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External water is supplied to NPM from the Lachlan Valley borefield at Forbes and from the 
Lachlan River by Parkes Shire Council (PSC). NPM currently holds 13 water access licences 
(WALs), with extraction limited to 8,154 ML/year from groundwater bores and 3,762 ML/year 
(general security licences) and 755 ML/year (high security licences) from the Lachlan River. The 
infrastructure supporting the supply of water was funded jointly by NPM and PSC, with the 
system operated and maintained by PSC, and services both the township of Parkes and the 
mine. 

A schematic of the overall water management system for existing conditions is provided in 
Figure 2-1 and Figure 2-2. The water cycle for existing operations at NPM is represented in 
Figure 2-3. 

2.2.1 Surface Water System 

The surface water system at NPM consists of catchment runoff and surface water storages. The 
primary functions of the surface water system are as pollution control structures, to store water 
harvested from the site and to avoid uncontrolled discharges from the site to surrounding 
watercourses. The surface water catchment plan for the site under existing and proposed 
conditions is presented in Figure 2-4 and Figure 2-5 respectively. 

The inputs to the surface water system under existing conditions consist of: 

 Direct rainfall onto surface water storages. 

 Runoff from contributing catchments as a result of rainfall. 

 Moisture associated with ore transported to the surface from the underground workings. 

 Transfer of water from the underground workings to the Process Water Dam. 

 Addition of water from licensed external water sources to the Raw Water Tank. 

The outputs from the surface water system under existing conditions consist of: 

 Evaporation from surface water storages. 

 Transfer of water to the potable water system for amenities. 

 Transfer of water to the underground water system for mining operations. 

 Removal of residual water present in copper product. 

 Moisture retained in tailings deposited in TSFs. 

2.2.2 Underground Water System 

The underground water system at NPM consists of water associated with underground mining 
operations. Mining activities such as drilling and dust suppression are supplied water by the 
Potable Water Tank (via the Underground Supply Tank) that are part of the surface water 
system.  

The inputs into the underground water system under existing conditions consist of: 

 Rainfall infiltration into underground workings. 

 Groundwater seepage into the underground workings. 

 Transfer of water from the Potable Water Tank to the underground workings.  

 In situ moisture of extracted ore. 

  



Northparkes Mines 
Site Water Balance

Water Cycle Schematic
Potable Water and Wastewater Transfers

August 2014 Figure 2-1

LEGEND

G:\22\17289\Visio\Water Balance Assessment\Figure2-1_Water Management Schematic_Potable_Wastewater.vsd

©  2013. Whilst every care has been taken 
to prepare this figure, GHD make no 

representations or warranties about its 
accuracy, reliability, completeness or 

suitability for any particular purpose and 
cannot accept liability and responsibility of 

any kind (whether in contract, tort or 
otherwise) for any expenses, losses, 

damages and/or costs (including indirect or 
consequential damage) which are or may be 

incurred by any party as a result of the 
figure being inaccurate, incomplete or

unsuitable in any way and for any reason.

SM
LH
SG

Northparkes

NTS

Potable Water

Wastewater

UNDERGROUND OPERATIONS

Processing 
Plant

Crusher and 
Underground 

Facilities

Surface 
Facilities

Estcourt TSF

D
ew

at
er

in
g 

B
or

e

Open 
Cut 
Pit

E22

E27
TSF

Caloola Dams Process 
Water Dam

Potable Water 
Tank

Sewage 
Treatment 

Plant

E22
Sub-

sidence
Zone

E48
Sub-

sidence
Zone

Return Water 
Dam

TSF 1 TSF 2



Northparkes Mines 
Site Water Balance

Water Cycle Schematic
Clean, Dirty and Contaminated Water 

Transfers August 2014 Figure 2-2

Clean Water

LEGEND

G:\22\17289\Visio\Water Balance Assessment\Figure2-2_Water Management Schematic_Clean_Dirty_Contam.vsd

©  2013. Whilst every care has been taken 
to prepare this figure, GHD make no 

representations or warranties about its 
accuracy, reliability, completeness or 

suitability for any particular purpose and 
cannot accept liability and responsibility of 

any kind (whether in contract, tort or 
otherwise) for any expenses, losses, 

damages and/or costs (including indirect or 
consequential damage) which are or may be 

incurred by any party as a result of the 
figure being inaccurate, incomplete or

unsuitable in any way and for any reason.

SM
LH
SG

Northparkes

NTS

Underground Water

Seepage

Dirty/Contaminated Water

Tailings Water

UNDERGROUND OPERATIONS

Processing 
Plant

Crusher and 
Underground 

Facilities

Surface 
Facilities

Estcourt TSF

D
ew

at
er

in
g 

B
or

e

Open 
Cut 
Pit

E22

E27
TSF

Caloola Dams Process 
Water Dam

Sewage 
Treatment 

Plant

E22
Sub-

sidence
Zone

E48
Sub-

sidence
Zone

Return Water 
Dam

TSF 1 TSF 2



Northparkes Mines 
Site Water Balance

Water Management System
August 2014 Figure 2-3

Surface Water Transfer
LEGEND

G:\22\17289\Visio\Water Balance Assessment\Figure2-3_Water Management System Schematic.vsd

©  2013. Whilst every care has been taken 
to prepare this figure, GHD make no 

representations or warranties about its 
accuracy, reliability, completeness or 

suitability for any particular purpose and 
cannot accept liability and responsibility of 

any kind (whether in contract, tort or 
otherwise) for any expenses, losses, 

damages and/or costs (including indirect or 
consequential damage) which are or may be 

incurred by any party as a result of the 
figure being inaccurate, incomplete or

unsuitable in any way and for any reason.

SM
LH
SG

Northparkes

NTS

Underground Water Transfer

Storage

Approved Water Transfer

M Meter

Active TSF Area

Inactive TSF Area

Processing Plant 

Runoff

Eva
p

R + R

Eva
p

R + R

E22 Void

Town Inflows

Raw Water Tank

Truck Wash

Contractor’s 
Yard

Plant/Admin 
Facilities

Sewage 
Treatment

Emergency 
Services Supply

MOD1 
Ore Feed

(In Situ Water)

MOD2
Ore Feed

(In Situ Water)

MOD2
Concentrate 

Sulfide
(Export Water)

Estcourt

E27 Void

Potable Water 
Tank

Gland Water

Floc. Water

Concrete 
Batching Plant

Rill Towers
(Dust Suppression)

Crusher Water

M M

M

Dewatering

Eva
p

R + R

Caloola Dams

Eva
p

R + R

Process Water 
Dam

Ta
ili

ng
s

MOD1 
Concentrate 

Sulfide 
(Export Water)

Process Water 
Tank

Truck Fill 
(Dust Suppression) M

Water Treatment 
Plant

Eva
p

R + R

Retention 
Ponds

Groundwater 
Inflows

Processing
Plant

O
ve

rf
lo

w

O
ve

rf
lo

w

Overflow

Loss Loss

MM

Eva
p

R + R

M

Sediment Ponds

Water Stored in 
Tailings

Eva
p

R + R

Return Water 
Dam

TSF1

TSF2

Underground 
Operations

Loss
ROM Ore

(In Situ Water)

Overflow

Overflow

Overflow

O
ve

rf
lo

w

Overflow

Overflow

Rainfall 
Infiltration

TSF3

M

M

M

M

M

M
M

M

M

M

M
M



SD02

SP15

SP03

SP04

Return
Water
Dam Caloola

North
Dam

Caloola
South Dam

Process
Water Dam

RP04

RP28

RP22

RP03

RP12

RP06

RP08

RP26

RP07

RP05

RP25

RP24

RP16

RP20

RP23

RP02
RP01

RP27

RP21

RP29

RP30

BOGAN

RIVER
TENANDRA CREE K

GOONUMBLA CREEK

COOKOP I E C REEK

E26 Subsidence
Management Area

E48
Subsidence

Management Area

E22 Open
Cut Void

E27

Estcourt
TSF

TSF 2

TSF 1

BR
A

E
SID

E
 LA

N
E

MCCLINTOCKS LANE

W
ILLAN

D
R

A LAN
E BO

GAN ROAD

NORTHPARKES LANE

ADAVALE LANE

Figure 2-4
G:\22\17289\GIS\Maps\Deliverables\Water Balance\2217289_SWB003_SWCatchments_A.mxd

0 0.25 0.5 0.75 1

Kilometres

LEGEND

© 2014. Whilst every care has been taken to prepare this map, GHD,NPM and LPI make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind 
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

Job Number
Revision 0

22-17289

Date 14 August 2014o
Northparkes Mines
Site Water Balance

Existing Catchment Plan

Data source:  NPM: Aerial 2014; LPI: DCDB & DTDB 2012.  Created by: fmackay

Level 3, GHD Tower, 24 Honeysuckle Drive, Newcastle NSW 2300 T 61 2 4979 9999 F 61 2 4979 9988 E ntlmail@ghd.com W www.ghd.com.au

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 55

Paper Size A4

Site Boundary
Cadastre
Waterway

Surface Water Features
Contaminated Water
Dirty Water

Surface Water Catchment
Contaminated
Dirty

Service Layer Credits:



SP7
SP8

Return
Water
Dam

E26West
(Sediment

Pond)

E26East
(Sediment

Pond)

E28
(Sediment

Pond)

BOGAN

RIVER
TENANDRA CREE K

GOONUMBLA CREEK

COOKOP I E C REEK

E26 Subsidence
Management Area

E48 Subsidence
Management Area

E22 Open
Cut Void

E27

Estcourt
TSF

TSF 2

TSF 1

BR
AESID

E LAN
E

MCCLINTOCKS LANE

W
ILLAN

D
R

A LAN
E BO

GAN ROAD

NORTHPARKES LANE

ADAVALE LANE

Figure 2-5
G:\22\17289\GIS\Maps\Deliverables\Water Balance\2217289_SWB004_SWPropCatchments_A.mxd

0 0.25 0.5 0.75 1

Kilometres

LEGEND

© 2014. Whilst every care has been taken to prepare this map, GHD,NPM and LPI make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and responsibility of any kind 
(whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in any way and for any reason.

Job Number
Revision 0

22-17289

Date 14 August 2014o
Northparkes Mines
Site Water Balance

Proposed Catchment Plan

Data source:  NPM: Aerial 2014; LPI: DCDB & DTDB 2012.  Created by: fmackay

Level 3, GHD Tower, 24 Honeysuckle Drive, Newcastle NSW 2300 T 61 2 4979 9999 F 61 2 4979 9988 E ntlmail@ghd.com W www.ghd.com.au

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 55

Paper Size A4

Site Boundary
Cadastre
Waterway

Surface Water Features
Contaminated Water
Dirty Water

Surface Water Catchment
Contaminated
Dirty

Service Layer Credits:



 

GHD | Report for Northparkes Mines - Site Water Balance, 22/17289 | 19 

The outputs from the underground water system under existing conditions consist of: 

 Moisture associated with ore transported to the surface from the underground workings. 

 Transfer of water from the underground workings to the Process Water Dam. 

 Unrecoverable process water that seeps into underlying strata and cannot be transferred 
to the surface water system. 

2.2.3 Potable and Wastewater Systems 

Potable water at NPM is produced by treatment of water supplied from external sources in the 
Water Treatment Plant. External water supply is minimised by reuse and recirculation of water 
across the site. However, potable water is required for some processes, such as underground 
mining equipment use and dust suppression, as recycled water generally has unsuitable and 
inconsistent quality. 

Potable water at NPM is supplied to: 

 Administration and office buildings. 

 Contractor’s yard. 

 Emergency services. 

 Truck washdown. 

 Dust suppression (rill towers and truck fill point). 

 Concrete batching plant. 

 Processing plant. 

 Underground mining processes. 

Sewage from the administration and office buildings is processed by two treatment plants 
located next to the processing plant and the underground operations buildings, with the 
resultant water transferred to the Process Water Dam. Biocycle units or two-stage septic 
systems are used by contractors as required, with treated water transferred to RP9 for reuse in 
the water management system. 

2.3 Approved Operations 

Changes to the water management system under approved conditions will operate in addition to 
the existing system. Additional water transfers under approved conditions are related to the 
extension of mining operations at NPM and the construction of TSF 3. The water cycle for 
existing operations with changes associated with approved operations (highlighted in orange) is 
represented in Figure 2-3. 

2.4 Water Management Features 

A description of the water management elements at NPM is provided in this section. 

2.4.1 Raw Water Tank 

The Raw Water Tank receives water from the PSC supply pipeline, which is sourced from the 
Lachlan Valley borefield and the Lachlan River. The tank supplies water to the Water Treatment 
Plant with excess water transferred to the Process Water Dam. 
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2.4.2 Water Treatment Plant 

The Water Treatment Plant treats raw water supplied by PSC and is managed by NPM through 
the implementation of a management plan. Treated water is stored in the Potable Water Tank. 
When flows from the Water Treatment Plant exceed requirements and the storage capacity of 
the Potable Water Tank, excess water is transferred to the Process Water Dam. 

2.4.3 Potable Water Tank 

Treated water from the Water Treatment Plant is stored in the Potable Water Tank for supply to 
the administration and office buildings, contractor’s yard, dust suppression (rill towers and truck 
fill point), truck washdown, concrete batching plant, processing plant and the underground 
mining operations. Excess water is transferred from the Potable Water Tank to the Process 
Water Dam. 

2.4.4 Retention Ponds 

There are currently 27 retention ponds present at NPM which collect and store surface water 
runoff from areas associated with mining and ore processing. In addition, RP9 receives water 
recovered from the contractor’s yard. The water level in the retention ponds are maintained low 
by pumping water to the Process Water Dam and to the E22 open cut void if required. 

2.4.5 Process Water Dam 

The Process Water Dam receives water from the Raw Water Tank and excess water from the 
Water Treatment Plant and Potable Water Tank, in addition to water pumped from the retention 
ponds, Return Water Dam and underground workings and water recovered from the 
administration and office buildings. Water is supplied from the Process Water Dam to the 
processing plant via the Process Water Tank. 

2.4.6 Tailings Storage Facilities 

The TSFs receive tailings from the processing plant generated by ore processing. As TSF 1 and 
TSF 2 have been completed, Estcourt TSF and E27 TSF are currently used to deposit tailings. 
TSF 3 is expected to commence construction in early 2015 for use within a year. Tailings are 
distributed around the perimeter of each TSF and deposition is cycled to ensure each layer of 
tailings is exposed for approximately the same period in order to promote desiccation and 
consolidation of the tailings. Currently deposition is cycled between Estcourt TSF and E27 TSF. 
Once the construction of TSF 3 is completed, tailings will be cycled between TSF 3, Estcourt 
TSF and E27 TSF.  

Tailings settle out and supernatant water and runoff is contained and decanted to the Return 
Water Dam for reuse in the water management system. The proportion of water recovered from 
the TSFs is dependent on evaporation and the entrainment of water in the tailings. Annually, 
approximately 30% of the total water is recovered from tailings stored in above ground TSFs 
(i.e. TSF 3 and Estcourt TSF) and approximately 50% recovered from tailings stored in pit TSFs 
(i.e. E27 TSF). 

2.4.7 Sediment Ponds 

A total of six sediment ponds are operated by NPM to collect and store sediment-laden runoff 
from disturbed areas. In addition, SP4 also receives overflows from the Return Water Dam. The 
water level in the sediment ponds are maintained low by pumping water to the Return Water 
Dam and to the Process Water Dam if required. 
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2.4.8 Return Water Dam 

The Return Water Dam receives surface water runoff from contributing catchments, water 
decanted from the TSFs and water pumped from the sediment ponds and the Caloola Dams. 
The water level in the Return Water Dam is maintained by pumping water to the processing 
plant, the Process Water Dam and the Caloola Dams using level sensors and large capacity 
vertical centrifugal electric pumps. Overflows from the Return Water Dam are directed to SP4, 
located adjacent to the dam. 

As the Return Water Dam has a relatively small capacity, it is not effective as a pollution control 
device. However, the Caloola Dams are used as temporary storage to provide the additional 
capacity required to meet water management requirements. 

2.4.9 Caloola Dams 

The Caloola North Dam and Caloola South Dam allow for the temporary storage of water 
recovered from the TSFs during periods of excess water via pumped transfers to and from the 
Return Water Dam. 
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3. Modelling Representation 
3.1 Water Balance 

The model used to represent the NPM water balance was GoldSim Version 10.50 (GoldSim 
Technology, 2011). This software is a graphical object oriented system for simulating either 
static or dynamic systems. It is like a ‘visual spreadsheet’ that allows one to visually create and 
manipulate data and equations. 

The model was produced by representing the mine water cycle as a series of elements, each 
containing pre-set rules and data, that were linked together to simulate the interaction of these 
elements within the water cycle. The water cycle was simulated over time in GoldSim and 
selected outputs from the modelled system were statistically summarised. 

3.1.1 Time Steps and Simulation Timeline 

The GoldSim model simulated the water cycle for current conditions and approved conditions 
using daily time steps. Daily time steps were used for the modelling as daily rainfall data was 
the shortest period of data available and changes in operational conditions are typically made 
on a daily (or shorter) basis. 

3.1.2 Probabilistic Modelling 

To assess the impact of rainfall on the NPM water cycle, the water balance modelling was 
completed by applying 114 different rainfall patterns over the simulation timeline. To complete 
this, the simulation timeline was modelled for 114 ‘realisations’, where each realisation 
represented a single model run. The only variation between realisations was that each 
realisation modelled a different continuous historical rainfall pattern. 

The 114 realisations were applied as the historical rainfall data extended from January 1900 to 
December 2013 (discussed further in Section 4.4.1), which represents 114 years of complete 
rainfall data available. The 114 years of rainfall data provides 114 rainfall patterns as the 
seasonality in rainfall is maintained for each model run, e.g. the 1st January in the model was 
simulated with 1st January historical rainfall data. For each realisation, a continuous pattern of 
historical rainfall was applied over the simulation timeline. Where the end of the continuous 
historical rainfall record was reached in a realisation, the rainfall looped back to the start of the 
rainfall record. 

The above repetition process provided 114 values for each simulated element in the model, for 
each day of the simulation timeline. Each extraction, discharge or transfer was then statistically 
assessed to provide estimates of the mean, 10th percentile and 90th percentile annual totals for 
each year over the simulation timeline. 

3.1.3 GoldSim Representation 

Existing Operations 

The water cycle for existing operations at NPM is represented in Figure 2-3. This was modelled 
in GoldSim using the site water balance prepared by Groundwater Resource Management 
(2004), which was updated to represent existing site conditions in 2014. To model the mining 
activities which may occur under existing conditions, the water balance model was based on 
existing site conditions assuming an extraction rate of 6.5 Mtpa of ore.  
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To undertake the modelling, the following simplifications were incorporated: 

 Transfer rates were modelled using daily time steps. In reality, transfer rates are 
determined during the day on an ‘as needs’ basis and may apply over periods smaller 
than a day. 

 The rate of delivery of potable water to the administration buildings and contractor’s yard 
was input at constant rates. This was determined from daily data obtained from NPM. In 
reality, the demand for potable water in the administration buildings and contractor’s yard 
varies daily. 

 Operating rules and conditions were established in the model in accordance with advice 
from NPM. 

 Rainfall and runoff are represented in daily time steps and therefore short duration, high 
intensity events are not accurately represented by the model. In reality, more overflows 
from surface water storages may occur than represented by the water balance model. 

As discussed in Section 2.4.6, tailings deposition is cycled to achieve desiccation and 
consolidation of the tailings. The water balance model assumed that deposition of tailings at 
Estcourt TSF and E27 TSF commenced at the start of modelling in 2014 and is cycled between 
the two TSFs. 

Approved Operations 

The GoldSim water balance model developed for existing conditions was modified to represent 
the approved conditions for the water cycle. Figure 2-3 shows the existing water cycle with 
changes associated with approved conditions (highlighted in orange). The primary modification 
to the system under approved conditions is the addition of TSF 3. Once the construction of 
TSF 3 is completed, tailings will be cycled between TSF 3, Estcourt TSF and E27 TSF. The 
results presented for the approved conditions are based on the predicted site conditions when 
TSF 3 is operational. Two scenarios for approved conditions were modelled, based on the 
current extraction rate of 6.5 Mtpa of ore and the maximum approved extraction rate of 8.5 Mtpa 
of ore. 

3.2 Hydrologic Modelling 

To estimate the runoff contributing to the surface water storages at NPM, the Australian Water 
Balance Model (AWBM) was incorporated into the wider water balance model.  

The AWBM was adopted as the most suitable model as it is widely used throughout Australia in 
mine water balances, has been verified through comparison with large amounts of recorded 
streamflow data and literature is available to assist in estimating input parameters based on 
recorded streamflow data (Boughton and Chiew, 2003). Another advantage of the AWBM is the 
consideration of soil moisture retention when determining runoff. 

The AWBM is a catchment water balance model that calculates runoff from rainfall after allowing 
for relevant losses and storage. As seen in Figure 3-1, the model consists of three storages 
representing factors such as infiltration into the soil. Rainfall initially enters these storages and 
once a storage element is full, any additional rainfall is considered to be excess rainfall. Of this 
excess rainfall, a proportion is routed to the groundwater/baseflow storage (BS) while the 
remainder is routed to the surface storage (SS). The discharge from the baseflow storage and 
surface storage is estimated as a proportion of the volume of the storages at the end of each 
day. The total daily runoff is equal to the combined volume of water discharged from these two 
storages. The definition of AWBM parameters is provided in Table 3-1. 
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Table 3-1   Description of Australian Water Balance Model Parameters 

Parameter Description 

A1, A2, A3 
The partial areas of the overall catchment contributing to storages 1, 2 and 3 
respectively. 

C1, C2, C3 The capacity of storages 1, 2 and 3 respectively. 

BFI The proportion of excess rainfall flowing to the baseflow. 

Excess Excess from storages C1, C2 and C3. 

SS Surface storage recharge. 

BS Baseflow storage recharge. 

Kb 
The proportion of the volume of the baseflow storage remaining in the storage 
at the end of each day. Not applicable for this water and salt balance model as 
there is no baseflow component. 

Ks 
The proportion of the surface storage remaining in the storage at the end of 
each day. 

 

 

Figure 3-1  Australian Water Balance Model Representation 
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4. Data 
The development of the water balance for the existing and approved operations at NPM 
involved the collation and interpretation of data and operational processes from various sources. 
The purpose of this section is to outline the data and assumptions used in developing the water 
balance model. 

4.1 Extent of Water Balance Model 

The water balance for NPM has been developed to include the surface infrastructure and mining 
operations within the site boundary, as well as external water supplied by the PSC pipeline. 

4.2 Data Sources 

The sources of data used in the water balance model are shown in Table 4-1. 

Table 4-1   Data Sources 

Source Item 

Provided by NPM Topographic information 

Water storage operations and management rules 

Selected maximum water transfer rates 

Surface storage capacities 

Amenities water demand 

Processing plant water demand 

Underground mining operations water demand 

Dust suppression requirements 

Washdown water demand 

Moisture content of ROM ore, product and tailings 

Product recovery rate 

Derived from information provided 
by NPM 

Areas of surface water storages 

Catchment areas and impervious fraction 

Storage pump rates 

Northparkes Mine Step Change 
Project: Groundwater Impact 
Assessment Report (Golder 
Associates, 2013a; 2013b) 

Hydrogeological data 

SILO (Queensland Climate 
Change Centre of Excellence) 

Daily rainfall 

Bureau of Meteorology Average monthly evaporation 
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4.3 Site-Specific Data 

4.3.1 General Operational Data 

Operational data and site infrastructure information relating to water management at NPM was 
used to develop the water balance model. The site-specific information that was used as input 
to the model (i.e. modelling parameters) is presented in Table 4-2. Transfer rates, storage 
capacities of water management structures and catchment information are provided in 
Appendix A. 

Table 4-2   Modelling Parameters 

Category Parameter Input 

Operation data ROM extraction rate 6.5 Mtpa 

Amenities Administration buildings water usage 2.7 L/s 

Contractor’s yard water usage 0.1 L/s 

Proportion of recovered wastewater 95% 

Mining support 
operations 

Underground mining operations water demand 21.1 L/s 

Proportion of underground mining operations 
water usage recovered 

95% 

In situ ore moisture 3% 

Proportion of ore to MOD1 feed 40% 

Proportion of ore to MOD2 feed 60% 

Ore recovery 2.77% 

Product moisture 9% 

Solids proportion of tailings 55% 

Density of tailings solids 1.37 t/m3 

Tailings recovery from above ground TSFs (TSF 3 
and Estcourt TSF) 

30% 

Tailings recovery from in pit TSFs (E27 TSF) 50% 

Height of TSF 3 28 m 

Height of Estcourt TSF 28 m 

Gland water demand 0.2 L/s 

Flocculant water demand 1 L/s 

Crusher water demand 0.4 L/s 

Dust suppression demand (rill towers) 0.6 L/s 

Dust suppression demand (truck fill) 0.1 L/s 
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Category Parameter Input 

Washdown water demand 0.4 L/s 

Concrete batching plant demand 4.5 L/s 

4.3.2 Hydrogeological Data 

A key consideration in the revision of the site water balance is the existing and future predictions 
of hydrogeological modelling. Groundwater inflows into the underground workings and open cut 
pits were estimated by Golder Associates (2013a; 2013b) as part of the Step Change Project. 
Groundwater inflows were modelled from 1995 through to 2032, incorporating existing, 
approved and proposed conditions for the mine. The predicted groundwater inflows into the 
open cut voids of E22, E26 and E27 as well as the underground workings of E22, E26 and E48 
that were obtained from hydrogeological modelling and incorporated into the water balance 
model are presented in Figure 4-1. 

 

Figure 4-1  Predicted Groundwater Inflows into Underground Workings 
and Open Cut Pits (Golder Associates, 2013b) 

As shown in Figure 4-1, groundwater no longer interfaces with the void areas of E22 and E27. 
Groundwater inflows into the E22 underground workings were predicted to occur from 2022. 
The underground block cave mining of the E22 ore body is proposed as part of the Step 
Change Project and was not modelled under existing or approved conditions. The groundwater 
inflows into the E22 void under existing and approved conditions were assumed to not 
contribute to the water management system and hence were not modelled. The current 
groundwater inflows into the E26 and E48 underground workings were predicted to be 
approximately 0.5 ML/day and are expected to decrease steadily until 2032. 
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4.3.3 Operational Conditions for Water Transfers 

A number of operational conditions were determined from information provided by NPM for 
incorporation into the water balance model. The operating rules adopted for the analysis of 
pumped water transfers are provided in Appendix A. It should be noted that transfers between 
storages relevant to rainfall, runoff, evaporation and overflows were given priority, with pumped 
transfers only occurring after the priority transfers had taken place. 

4.4 Environmental Data 

4.4.1 Rainfall 

NPM provided site-specific rainfall data for the period from 2006 onwards and has been 
consistently monitored over a period of two years. This data series was not considered long 
enough to simulate long-term wet and dry conditions at the site. For the purposes of the site 
water balance, a more complete record period was required. Daily rainfall data was obtained as 
SILO Patched Point Data from the Queensland Climate Change Centre of Excellence. SILO 
Patched Point Data is based on historical data from a particular Bureau of Meteorology (BOM) 
station with missing data ‘patched in’ by interpolating with data from nearby stations. For this 
assessment, SILO data was obtained for the Goonumbla (Coradgery) Station (station number 
50016), which is located approximately 6 km south of the site. This station was chosen based 
on the length and quality of the data record and proximity to the site. 

The period of rainfall data used for this assessment extended from January 1900 to December 
2013 and is summarised as annual totals in Figure 4-2. The statistics for this rainfall data set 
are: 

 Minimum annual rainfall – 149 mm in 2006. 

 Average annual rainfall – 522 mm. 

 Median annual rainfall – 514 mm. 

 Maximum annual rainfall – 1,192 mm in 1950. 

 

Figure 4-2  Annual Rainfall Recorded at Goonumbla (Coradgery) Station 
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The monthly rainfall statistics were also determined for the period of record from the Goonumbla 
(Coradgery) Station. Selected statistics are provided in Figure 4-3. The average monthly rainfall 
was observed to vary from a low of approximately 36 mm in September to a high of 
approximately 52 mm in January. Figure 4-3 shows a significant variation in the maximum 
recorded monthly rainfall with the largest monthly value being approximately 323 mm in April 
and the least monthly value being approximately 106 mm in August. The minimum recorded 
monthly rainfall was 0 mm for all months, expect for May, which has a minimum of 0.5 mm. 

 

Figure 4-3  Monthly Rainfall Statistics for Goonumbla (Coradgery) Station 

An analysis of rainfall data was undertaken to enable an understanding of the likely rainfall 
patterns at the site. For various intervals of daily rainfall, the average number of days per year 
which have rainfall within each interval are presented in Figure 4-4, with non-rainfall days (less 
than 0.1 mm) excluded. The figure also presents the cumulative days per year as a percentage 
against the same rainfall intervals. The average number of non-rainfall days (less than 0.1 mm) 
per year is approximately 303, which is approximately 83% of days in a year, and have been 
omitted from Figure 4-4. 
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Figure 4-4  Number of Rain Days of Various Magnitudes for Goonumbla 
(Coradgery) Station 

As shown in Figure 4-4, 9% of days per year (or 32 days) receive between 0.1 mm and 5 mm of 
rainfall. Daily rainfall depths are greater than 10 mm approximately 5% of the time (or 17 days 
per year) on average, with approximately 2% of days in the year (or 7 days) receiving greater 
than 25 mm of rain. 

A comparison of average monthly rainfall recorded at the Goonumbla (Coradgery) Station and 
the corresponding SILO Patched Point Data is presented in Figure 4-5. The figure indicates that 
the SILO data reasonably represents the historical recorded rainfall at the BOM station. The 
localised data set was found to vary slightly however indicates similar trends.  

 

Figure 4-5  Comparison of Average Monthly Rainfall Data from BOM and 
SILO Patched Point Data for Goonumbla (Coradgery) Station 
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The SILO Patched Point Data from the Goonumbla (Coradgery) Station was also used to 
generate a cumulative rainfall departure (CRD) curve over the period from 1900 to 2013, 
presented in Figure 4-6. A CRD curve is a monthly accumulation of the difference between the 
observed monthly rainfall and long-term average monthly rainfall. Any increase in the CRD 
curve reflects above average rainfall while a decrease in CRD curve reflects below average 
rainfall. The CRD curve only deviates from zero due to a typical (above and below average) 
rainfall.  

 

Figure 4-6  Cumulative Rainfall Departure Curve for Goonumbla 
(Coradgery) Station 

As shown in Figure 4-6, the CRD curve indicates the region generally experienced below 
average rainfall during the period extending from 1900 to 1946, with the most significant below 
average rainfall period occurring between 1936 and 1946. Following this, above average rainfall 
was recorded, indicated by the increase in CRD curve between 1946 and 1978. Since this time, 
the CRD curve generally shows a decreasing trend, indicating below average rainfall. 

4.4.2 Evaporation 

Information provided at the closest BOM station which records evaporation, Condobolin 
Agricultural Research Station (station number 50052), was reviewed and average monthly 
evaporation rates were determined for input to the water balance. The average daily 
evaporation rates adopted for the water balance is presented in Figure 4-7. 

A pan factor of 0.9 was applied to the daily evaporation rates to simulate the evaporation of 
water from surface storages. Evapotranspiration factors were applied in the hydrologic model to 
simulate evapotranspiration losses from impervious and vegetated catchments. 

The average annual evaporation total was approximately 1,971 mm, compared to the annual 
average rainfall total of approximately 522 mm. This gives an annual deficit (difference between 
annual rainfall and annual evaporation) of approximately 1,449 mm. 
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Figure 4-7  Average Daily Evaporation Each Month from Condobolin 
Agricultural Research Station 

4.5 Hydrologic Model Data 

The relevant site catchments were divided into two areas representing bushland or vegetation 
and impervious areas. The two areas were modelled with a different set of AWBM parameters. 
The AWBM parameters adopted for the water balance are presented in Table 4-3. 

The parameters for bushland or vegetated areas were determined based on available literature 
where historical streamflow data had been used to provide recommendations on parameter 
selection. The AWBM has been calibrated against runoff data from 221 gauged catchments 
across Australia. The nearest location for which AWBM parameters have been determined by 
Boughton and Chiew (2003) was Bogan River, located approximately 23 km north-east of NPM. 

The impervious areas were modelled with no infiltration into the soil and no surface storage or 
baseflow storage. Only one storage was assigned a non-zero capacity. This storage represents 
depression storage of 5 mm for impervious areas.  

The runoff for each relevant catchment was calculated by scaling the runoff depth to reflect the 
catchment bushland or vegetation area and impervious area. The runoff parameters were 
considered reasonable given the lack of site-specific flow gauging data and significant variability 
in catchment runoff characteristics that can occur.  

The recommended parameters relating to baseflow were adjusted to reflect the findings of 
Golder Associates (2013a) that there is no contribution to watercourses from baseflow as the 
groundwater table lies well below the base of surface water features. 



 

GHD | Report for Northparkes Mines - Site Water Balance, 22/17289 | 33 

Table 4-3   Adopted Australian Water Balance Model Parameters 

Parameter Bushland/vegetation areas Impervious areas 

A1, A2, A3 0.134, 0.433, 0.433 1.0, 0.0, 0.0 

C1, C2, C3 
18.0, 182.88, 365.76  

(Cave = 240 mm) 
7.0, 0.0, 0.0 

BFI 0.0 0.0 

Excess Calculated Calculated 

SS (1-BFI) x Excess (1-BFI) x Excess 

BS BFI x Excess BFI x Excess 

Kb 0.0 0.0 

Ks 0.5 0.0 
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5. Modelling Results 
5.1 Interpretation of Results 

The water management system for NPM was modelled for the projected life of the mine, 
extending from the present through to the predicted end of mine life in 2032. This timeline was 
simulated using a historic time series of daily rainfall data extending over 114 years. A total of 
114 simulations were applied to this timeline with each simulation modelling a different rainfall 
pattern (refer Section 3.1.2). As a result, for each year 114 annual totals were available for each 
transfer element within the water management system, thereby representing a wide range of 
possible rainfall conditions. 

The results presented in Section 5.2 show average annual volumes (as well as 10th percentile 
and 90th percentile values) for water management elements at NPM for existing and approved 
conditions. The purpose of displaying the three results for each element is to show an average 
annual volume as well as an indication of the possible range of volumes. 

The 10th percentile represents the value at which 10% of the modelled outputs were less than 
this value. Similarly, the 90th percentile represents the value at which 90% of the modelled 
outputs were less than this value. The 10th percentile and 90th percentile values have been 
used (rather than minimum and maximum values) to remove the impact of skewing by 
infrequent to extreme wet and dry conditions. 

5.2 Water Balance Results 

The predicted values for existing conditions for each of the water transfers for NPM is provided 
in Figure 5-1. The predicted values for the two scenarios modelled for approved conditions, 
based on the current and maximum approved ore extraction rates, are provided in Figure 5-2 
and Figure 5-3 respectively. As discussed in Section 5.1, the results present the average annual 
transfers between the water management elements of the site as well as an indication of the 
range of values expected due to possible variations in rainfall.  

It should be noted that groundwater inflows into the E26 and E48 underground workings are 
predicted to vary over time, in accordance with projected groundwater inflows presented in 
Figure 4-1. 

A summary of the average inputs and outputs for the mine water management system is 
provided in Table 5-1. 
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Table 5-1   Summary of Average Projected Water Inputs and Outputs 

 Existing 
conditions 
(ML/year) 

Approved conditions 
(ML/year) 

Current 
extraction rate 

Current 
extraction rate 

Approved 
extraction 

rate 

INPUTS 

Direct rainfall onto storages and catchment 
runoff 

2,047.6 3,902.7 3,902.7 

External water supply 1,782.7 3,204.9 4,534.3 

Groundwater inflows in underground workings 176.1 157.2 157.2 

In situ moisture associated with ore 194.9 194.9 254.9 

TOTAL INPUTS 4,201 7,460 8,849 

OUTPUTS 

Evaporation 1,247.4 3,236.7 3,528.1 

Dust suppression (rill towers and truck fill) 22.1 22.1 22.1 

Sewage loss (administration and office 
buildings and contractor’s yard) 

4.4 4.4 4.4 

Concrete batching plant 141.9 141.9 141.9 

Truck washdown 12.6 12.6 12.6 

Water stored in tailings 3,100.4 3,617.1 4,730.1 

Processing plant loss 50.5 50.5 66.0 

Underground mining operations loss 33.3 33.3 33.3 

Uncontrolled overflows lost from system 582.2 304.4 256.3 

Moisture associated with product 16.2 16.2 21.2 

TOTAL OUTPUTS 5,211 7,439 8,816 

CHANGE IN STORAGE 

Surface water storages  -1,009.7 20.5 33.3 

TOTAL CHANGE IN STORAGE -1,010 21 33 

BALANCE 

Inputs – Outputs – Change in storage 0 0 0 
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5.2.1 Model Inflows 

As seen in Table 5-1, the largest source of water into the NPM water management system over 
the simulation timeline was estimated to be from externally supplied water from the PSC 
pipeline. The total average annual volume supplied under existing conditions was predicted to 
be approximately 1,783 ML. Under approved conditions, this volume increases to approximately 
3,205 ML for the current ore extraction rate and to approximately 4,534 ML for the maximum 
approved extraction rate. 

Rainfall and catchment runoff to surface water storages also make a significant contribution to 
the mine water management system. As seen in Table 5-1, the average annual input from 
rainfall and runoff was modelled to vary between approximately 2,048 ML and 3,903 ML under 
existing and approved conditions respectively. Variation in the modelled rainfall and runoff 
volume is due to changes in the features of the mine water management system over the 
simulation timeline, such as the additional surface area of TSF 3 contributing to the water cycle 
under approved conditions. 

5.2.2 Model Outflows 

The predicted outputs from the water management system consist primarily of water entrained 
in tailings, evaporation from the surface of water storages and the TSFs and water lost from the 
system associated with mining and processing activities. The annual average outputs of water 
entrained in tailings is expected to be approximately 3,100 ML under existing conditions, 
increasing under approved conditions to approximately 3,617 ML for the current ore extraction 
rate and approximately 4,730 ML for the maximum approved extraction rate, due to the 
difference in the proportion of water recovered from in pit and above ground TSFs (refer 
Section 4.3.1). The difference in evaporation is also largely due to the operation of TSF 3 under 
approved conditions, which provides a large surface from which evaporation can potentially 
occur. 

Overflows from surface water storages contributed between less than 0% (10th percentile) and 
29% (90th percentile) of the total outputs of the mine water management system over the 
modelling timeline. The storages have been sized to contain a 90th percentile rainfall depth and 
be managed within a five day period. Overflows are predicted to occur as a result of high rainfall 
events in excess of this design criterion, typically two to four spills per year (DECC, 2008). 

The daily flow rate percentiles predicted as uncontrolled discharges from surface water storages 
are presented in Appendix C for the current extraction rate over the modelling timeline. Storages 
that were not modelled to overflow in any of the 114 simulations are not presented. The average 
results presented in Figure 5-1, Figure 5-2 and Figure 5-3 are significantly skewed by high 
rainfall events and prolonged wet periods. Overflows from all storages have been predicted to 
occur on less than 7.3% of days per year over the simulation timeline. 

5.2.3 Change in Storage Volume 

As seen in Table 5-1, there is a relatively large negative change in the total storage volume for 
the existing conditions. This reflects conditions under which approximately 1,300 ML of water 
currently present within the E27 void is dewatered to the Return Water Dam for reuse in the 
water management system. The level of water within the E27 void is drawn down, under 
average conditions, by the 12.1 ML/day pumping limit assumed and occurs for approximately 
four months. As the average inflows into the storages in the water management system are less 
than the outflows, the predicted average change in storage is negative. 
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5.2.4 Water Supply 

The total demand for water use in mining and processing activities at NPM estimated by the 
water balance model is approximately 16.5 ML/day for the current ore extraction rate and 
approximately 20.6 ML/day for the maximum approved ore extraction rate. Of this, the potable 
water requirement of approximately 2.7 ML/day is supplied by external sources and treated by 
the Water Treatment Plant, with the remaining demand supplied from surface water storages. 
Any shortfall in water supply occurring when the demand for water use exceeded the supply 
from surface water storages was assumed to be provided by external sources. The water 
management strategy at NPM seeks to maximise the reuse of water within the mine water 
management system in order to minimise the volume of water required to be sourced from the 
PSC pipeline and to minimise the occurrence of uncontrolled discharges from storages.  
Figure 5-4 and Figure 5-5 present the predicted daily time series recycled on site and water 
required from external sources respectively for the current ore extraction rate scenario of water. 

 

Figure 5-4  Predicted Daily Volume of Water Recycled 

As seen in Figure 5-4, for the current ore extraction rate, the average volume of water recycled 
within the water management system is approximately 14 ML/day for the first six months of the 
simulation timeline, during which dewatering of approximately 1,300 ML of water present within 
the E27 void was modelled to occur. Following this, the average reuse at NPM displays a 
distinct seasonal pattern, corresponding to the pattern found in the rainfall and evaporation data 
used as inputs to the water balance model, discussed in Section 4.4. The average daily volume 
recycled under existing conditions was predicted to range between approximately 8 ML/day 
during summer months and 10 ML/day during winter months each year. Under approved 
conditions, when TSF 3 was modelled to be operational, the average reuse was estimated to 
range between approximately 5 ML/day during summer months and 10 ML/day during winter 
months.  
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The variation between the results for existing and approved conditions for the current ore 
extraction rate is due to the proportion of water recovered from tailings from in pit and above 
ground TSFs. The water balance model assumed 50% of the water associated with tailings 
deposited in the E27 TSF would be recovered. In comparison, for tailings deposited in Estcourt 
TSF and TSF 3, 30% recovery was assumed in the model. This results in a greater volume of 
water available for reuse under existing conditions when tailings were modelled to be deposited 
within the E27 TSF. 

 

Figure 5-5  Predicted Daily Volume of Externally Supplied Water Required 

As indicated by Figure 5-5, the time series of water required from external sources is inversely 
proportional to the time series of water recycled within the water management system at NPM 
discussed above. The availability of the water held within the E27 void for reuse results in an 
average of approximately 3 ML/day required from the PSC pipeline for the first six months of 
2014. Following this, under existing conditions the average volume of water required increases 
to between approximately 6 ML/day in winter months and 8 ML/day in summer months, with a 
seasonal pattern corresponding to the pattern found in rainfall and evaporation data. Under 
approved conditions, the average reuse increases slightly to range between approximately 
6 ML/day during winter months and 12 ML/day during summer months. 

5.3 Modelling Qualifications on Predictions 

GHD has developed the water balance model for NPM based on information supplied by NPM 
and external data sources. Where data was not available, GHD has made assumptions as 
appropriate.  

Data used to develop the model are categorised as follows: 

 Relatively reliable data: 

– SILO rainfall data. 

– BOM evaporation data. 

– Surface catchment areas based on topographic maps. 

– Storage capacities for storages that have been surveyed. 
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 Less reliable data: 

– Runoff rates from impervious and naturally vegetated catchments. 

– Operational conditions for transfers between storages. 

– Groundwater inflows into E26 and E48 underground workings. 

– Storage capacities for storages that have not been surveyed. 

The consequence of the items listed within the ‘less reliable data’ category is there is likely to be 
a risk that the model predictions are somewhat inaccurate. The accuracy is expected to improve 
once more good quality data is gathered during the life of the mine. This additional data will 
allow refinement of the model inputs and hence increase the reliability of the model predictions. 

The adoption of historical rainfall and evaporation data within the detailed water balance model 
does not take into account the potential impacts of climate change. 

It should also be noted that the water balance model is sensitive to the moisture modelling 
parameters for the in situ ore, product and tailings and the ROM extraction rate (refer 
Section 4.3.1). The modelling parameters used in the model were based on information 
provided by NPM and are the best available predictions at the time this site water balance was 
undertaken. The outcomes of this assessment, particularly the predicted annual volume of 
externally supplied water, are reliant on this information. If more suitable predictions for the key 
modelling assumptions become available, GHD recommend a modelling update be undertaken. 
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6. Summary 
A site water balance has been prepared that considers the overall water management system 
associated with existing conditions at NPM and takes into account the likely changes in the 
operation of the approved TSF 3 in assessing future conditions. The water balance has been 
undertaken to quantify the water budget of the mine and provide an assessment of changes to 
the water management system that may occur under approved conditions. 

The water balance for existing conditions was developed based on a previous site water 
balance developed by Groundwater Resource Management (2004) and was updated using 
information provided by NPM regarding the current operations and water management, as well 
as meteorological data and groundwater inflows predicted by hydrogeological modelling (Golder 
Associates, 2013a; 2013b).  

The existing conditions model was then amended to incorporate modifications corresponding to 
approved conditions. The water management system for NPM was modelled for the projected 
life of the mine with 114 different rainfall patterns to assess the water balance for the mine 
under existing and approved conditions. The 114 rainfall patterns each comprised the historic 
time series of 114 years of daily rainfall data, with each pattern using a different start year within 
the time series. 

For existing conditions, the largest source of water was predicted to be associated with direct 
rainfall and runoff to surface storages. On average, this accounted for approximately 49% of all 
inflows into the NPM water management system, followed by externally supplied water from the 
PSC pipeline (42%), in situ moisture associated with extracted ore (5%) and groundwater 
inflows into the E26 and E48 underground workings (4%). 

Water that remains stored in tailings was estimated to represent on average 59% of all outputs 
from the site under existing conditions. The second largest annual output from the system on 
average was predicted to evaporation from the surface of water storages and the TSFs (24%). 
The remaining outflows from the NPM water management system are attributable to various 
elements, such as uncontrolled discharges from storages (11%) and water lost from the system 
associated with mining and processing activities (5%). 

The approved conditions associated with the NPM were primarily associated with the operation 
of TSF 3. For approved conditions at the current ore extraction rate of 6.5 Mtpa, the largest 
source of water is predicted to continue to be direct rainfall and runoff which accounted for 
approximately 52% of inflows to the water management system on average. The remaining 
inflows were associated with externally supplied water (43%), the in situ moisture associated 
with extracted ore (3%) and groundwater inflows into the E26 and E48 underground workings 
(2%). 

Similar to existing conditions, water that remains stored in tailings was predicted to represent 
the largest output of water from the site under approved conditions at the current ore extraction 
rate, estimated to be approximately 49% on average of all outputs. The remaining outflows are 
associated with evaporation from water storages and TSFs (44%), water lost from the system 
associated with mining and processing activities (4%) and uncontrolled discharges from 
storages (4%). 

Uncontrolled discharges from surface water storages contributed between less than 0% and 
29% of the total outputs of the mine water management system over the modelling timeline. The 
average results presented are significantly skewed by high rainfall events and prolonged wet 
periods. All storages at NPM have been sized to contain a 95th percentile rainfall depth and be 
managed within a five day period and overflows are predicted to occur as a result of high rainfall 
events in excess of this design criterion. 
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Water required at NPM for mining and ore processing activities is supplied from surface water 
storages on site. The water management strategy at NPM seeks to maximise the reuse of water 
within the mine water management system in order to minimise the volume of water required to 
be suppliedby external sources and to minimise the occurrence of uncontrolled discharges from 
storages. Shortfalls in water supply occurring when the demand for water use exceeds the 
supply from storages are provided by external sources. External water is sourced from the 
Lachlan Valley borefield at Forbes and from the Lachlan River by PSC.  

The average volume of water recycled within the water management system under existing 
conditions was modelled to vary between approximately 8 ML/day during summer months and 
10 ML/day during winter months each year. Under approved conditions at the current ore 
extraction rate, when TSF 3 was modelled to be operational, the average reuse was estimated 
to range between approximately 5 ML/day during summer months and 10 ML/day during winter 
months. The volume of water required from the PSC pipeline is inversely proportional to the 
water reuse within the system. Under existing conditions the average volume of water required 
increases to between approximately 6 ML/day in winter months and 8 ML/day in summer 
months. Under approved conditions, the average reuse increases slightly to range between 
approximately 6 ML/day during winter months and 12 ML/day during summer months. 
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Appendix A – Operation of the Site Water Balance 
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A.1 Model Dashboard 

The water balance model is operated through a series of dashboards which allow the user to 
vary the model inputs, browse and run the model and to view results. A brief description of each 
dashboard included in the model is provided below. 

A.1.1 Background Information Dashboard 

This dashboard provides background information to the water balance model, including time 
steps, simulation types, the AWBM and the limitations of the model. A link to the water cycle 
schematic presented in Figure 2-3 is also provided. 

A.1.2 Model Setup Dashboard 

This dashboard allows the user to select the simulation type (historical or predictive, refer 
Section A.2), set the time settings and the edit the simulation settings.  

A.1.3 Climate Data Dashboard 

This dashboard provides information on the rainfall and evaporation data included in the water 
balance model, along with links to webpages of SILO and BOM to update the climate data 
contained in the input spreadsheet. 

A.1.4 Model Inputs Dashboard 

This dashboard allows the user to input the key parameters used in the water balance model, 
including operational data, pumping rates and rules, initial storage volumes, TSF data, potable 
water demands and groundwater inflows into the underground workings.  

A.1.5 Results Dashboard 

This dashboard allows the user to view the results of the water balance model and export the 
results to Excel.  

A.2 Simulation Settings 

The site water balance was developed to include two options, which are historical and predictive 
simulation types. 

The historical simulation type uses metered data and historical rainfall data in a single model 
run to represent the site water balance for existing conditions and to be compared with the 
historical record for the site. 

The predictive simulation type uses modelling parameters (e.g. assumed pump rates in place of 
metered transfers in the historical simulation type) and historical rainfall data to assess the 
impact of rainfall on the water cycle of the site. The Monte Carlo simulation settings in the 
GoldSim model are used to run a sequence of realisations, where each realisation represents a 
single model run. The only variation between realisations is that each realisation models a 
different continuous historical rainfall pattern. The results of the model may be statistically 
evaluated to assess the security of water supply to NPM for future conditions. 

A.3 Model Inputs 

For the historical simulation type, several parameters that vary over time are imported by the 
water balance model using an Excel spreadsheet. This spreadsheet has been used to record 
monitoring data from the site since September 2002 and is updated regularly. The data is 
imported to several elements in the model each time the model is run. 
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The following provides a summary of the time series data that is imported into the water balance 
model from the Excel spreadsheet for the historical simulation type: 

 Climate data: 

– SILO_DailyRain – Daily rainfall data obtained as SILO Patched Point Data for the 
Goonumbla (Coradgery) BOM Station. 

– Daily_Evaporation – Evaporation data based on the long-term average monthly data 
for the Condobolin Agricultural Research BOM Station. 

 Transfer rates: 

– Caloola_Dams_to_RWD_H – Recorded transfers from Caloola Dams (North and 
South) to the Return Water Dam. 

– E27_Tailings_Decant_to_RWD_H – Recorded decant from E27 TSF to the Return 
Water Dam. 

– Estcourt_Decant_to_RWD_H – Recorded decant from Estcourt TSF to the Return 
Water Dam. 

– Groundwater_to_RWT_H – Recorded inflows from the Lachlan Valley borefield via the 
PSC pipeline to the Raw Water Tank. 

– PSC_to_DWT_H – Recorded inflows from the PSC pipeline to the Drinking Water 
Tank prior to the construction of the Water Treatment Plant. 

– PWT_to_Admin_H – Recorded transfers from the Potable Water Tank to the 
administration and office buildings. 

– PWT_to_Contractors_Yard_H – Recorded transfers from the Potable Water Tank to 
the contractor’s yard. 

– PWT_to_Gland_and_Flocc_H – Recorded transfers from the Potable Water Tank to 
the processing plant for gland and flocculant water use. 

– PWT_to_Truckfill_Rate_H – Recorded transfers from the Potable Water Tank to the 
truck fill point for dust suppression use. 

– PWT_to_UG_H – Recorded transfers from the Potable Water Tank to the 
underground workings for use in mining associated operations. 

– River_Water_to_RWT_H – Recorded inflows from the Lachlan River via the PSC 
pipeline to the Raw Water Tank. 

– RWD_to_Caloola_Dams_H – Recorded transfers from the Return Water Dam to the 
Caloola Dams. 

– RWD_to_Process_Plant_H – Recorded transfers from the Return Water Dam to the 
processing plant via the Process Water Tank. 

– RWD_to_PWD_H – Recorded transfers from the Return Water Dam to the Process 
Water Dam. 

– RWT_to_WTP_rate_H – Recorded transfers from the Raw Water Tank to the Water 
Treatment Plant. 

– TSF3_Decant_to_RWD_H – Recorded decant from TSF 3 to the Return Water Dam. 

– UG_to_Process_Water_Dam_H – Recorded transfers from the underground workings 
to the Process Water Dam. 

– Water_Consumed_UG_H – Recorded waste water from the underground operations 
not recovered and lost from the system. 

– WTP_to_PotableWaterTank_Rate_H – Recorded transfer from the Water Treatment 
Plant to the Potable Water Tank. 
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 Production data: 

– Ore_Feed_to_MOD1_H – Recorded rate of ore delivered to the processing plant 
through MOD1 feed. 

– Ore_Feed_to_MOD2_H – Recorded rate of ore delivered to the processing plant 
through MOD2 feed. 

– Ore_Moisture_MOD1_H – Recorded moisture content of ore delivered to the 
processing plant through MOD1 feed. 

– Ore_Moisture_MOD2_H – Recorded moisture content of ore delivered to the 
processing plant through MOD2 feed. 

– Product_MOD1_H – Recorded rate of copper concentrate produced by the processing 
plant through MOD1 feed. 

– Product_MOD2_H – Recorded rate of copper concentrate produced by the processing 
plant through MOD2 feed. 

– Product_Moisture_MOD1_H – Recorded moisture content of copper concentrate 
produced by the processing plant through MOD1 feed. 

– Product_Moisture_MOD2_H – Recorded moisture content of copper concentrate 
produced by the processing plant through MOD2 feed. 

– Tailings_Density_MOD1_H – Recorded solids content of tailings slurry through MOD1 
feed (as percentage of solids by mass). 

– Tailings_Density_MOD2_H – Recorded solids content of tailings slurry through MOD2 
feed (as percentage of solids by mass). 

– Tailings_to_E27_H – Recorded proportion of tailings slurry transferred to E27 TSF 
from the processing plant. 

– Tailings_to_Estcourt_H – Recorded proportion of tailings slurry transferred to Estcourt 
TSF from the processing plant. 

– Tailings_to_TSF3_H – Recorded proportion of tailings slurry transferred to TSF 3 from 
the processing plant. 

 Storage volumes: 

– Caloola_North_Storage_H – Recorded volume of water stored in Caloola North Dam. 

– Caloola_South_Storage_H – Recorded volume of water stored in Caloola South Dam. 

– RP09_Storage_H – Recorded volume of water stored in RP09. 

– Estcourt_Storage_H – Recorded volume of water stored in Estcourt TSF. 

– E22_Void_Storage_H – Recorded volume of water stored in E22 void. 

– E27_Storage_H – Recorded volume of water stored in E27 TSF. 

– Process_Water_Dam_Storage_H – Recorded volume of water stored in Process 
Water Dam (as percentage of maximum capacity). 

– Return_Water_Dam_Storage_H – Recorded volume of water stored in Return Water 
Dam (as percentage of maximum capacity). 

For both the historical and predictive simulation types, a number of parameters require input 
directly into the water balance model as constant values. These parameters are assigned using 
the model inputs dashboard (refer Section A.1.4). It should be noted that GoldSim operates in 
either run mode or edit mode. Parameters may only be input when the model is in edit mode, 
which is accessible by resetting the model via the run controller. 
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The following provides a summary of the parameters that require direct input and indicates 
which simulation type the parameter applies to: 

 Operational data: 

– Annual ore extraction rate – The rate of ore extracted delivered to the processing 
plant. Applies only to the predictive simulation type. 

– Proportion of ore to MOD1 feed – Proportion of extracted ore that is processed 
through MOD1 feed (as percentage of solids by mass). Applies only to the predictive 
simulation type. 

– Ore moisture content – Moisture content of ore delivered to the processing plant 
through both MOD1 and MOD2 feeds. Applies only to the predictive simulation type. 

– Product recovery – Rate of copper concentrate produced by the processing plant 
through both MOD1 and MOD2 feeds. Applies only to the predictive simulation type. 

– Product moisture content – Moisture content of copper concentrate produced by the 
processing plant through both MOD1 and MOD2 feeds. Applies only to the predictive 
simulation type. 

 Storage parameters: 

– Maximum pump rates – Maximum pump rates for each storage. Applies to both the 
historical and predictive simulation types. 

– Operating rules – Operating rules adopted for pumped water transfers for some water 
storages (volumes at which transfers to and/or from storages cease). Applies to both 
the historical and predictive simulation types. 

– Initial volumes – Initial volume for each water storage that applies for the first day of 
the simulation timeline. Applies only to the predictive simulation type. 

 TSF data: 

– Water recovery from in pit TSF – Decant from in pit TSF (E27 TSF) transferred to the 
Return Water Dam (as percentage of water associated with tailings slurry). Applies 
only to the predictive simulation type. 

– Water recovery from above ground TSFs – Decant from above ground TSFs (Estcourt 
TSF and RSF 3) transferred to the Return Water Dam (as percentage of water 
associated with tailings slurry). Applies only to the predictive simulation type. 

– Maximum capacity of TSFs – Maximum capacity of each TSF. Applies to both the 
historical and predictive simulation types. 

– TSF utilisation – Proportion of tailings slurry transferred to each TSF from the 
processing plant. Applies only to the predictive simulation type. 

– Density of tailings from processing plant – Solids content of tailings slurry through both 
MOD1 and MOD2 feeds (as percentage of solids by mass). Applies only to the 
predictive simulation type. 

– Final settled density of tailings – The final settled density of the tailings in each of the 
TSFs. Applies to both the historical and predictive simulation types. 

 Potable water demands: 

– Contractor’s yard potable water demand – Transfers from the Potable Water Tank to 
the contractor’s yard. Applies only to the predictive simulation type. 

– Proportion of recovered wastewater from contractor’s yard – Proportion of flow to the 
contractor’s yard returned to RP09. Applies to both the historical and predictive 
simulation types. 
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– Administration buildings potable water demand – Transfers from the Potable Water 
Tank to the administration and office buildings. Applies only to the predictive 
simulation type. 

– Proportion of recovered wastewater from administration and office buildings – 
Proportion of flow to the administration and office buildings to the Process Water Dam. 
Applies to both the historical and predictive simulation types. 

– Flocculant water demand – Transfers from the Potable Water Tank to the processing 
plant for flocculant water use. Applies only to the predictive simulation type. 

– Gland water demand – Transfers from the Potable Water Tank to the processing plant 
for gland water use. Applies only to the predictive simulation type. 

– Crusher water demand – Transfers from the Potable Water Tank to the processing 
plant for crusher water use. Applies to both the historical and predictive simulation 
types. 

– Truck fill demand – Transfers from the Potable Water Tank to the truck fill point for 
dust suppression use. Applies only to the predictive simulation type. 

– Rill towers demand – Transfers from the Potable Water Tank to the rill towers for dust 
suppression use. Applies to both the historical and predictive simulation types. 

– Truck washdown demand – Transfers from the Potable Water Tank to the truck 
washdown. Applies to both the historical and predictive simulation types. 

– Concrete batching plant demand – Transfers from the Potable Water Tank to the 
concrete batching plant. Applies to both the historical and predictive simulation types. 

– Underground operations potable water demand – Transfers from the Potable Water 
Tank to the underground workings for use in mining associated operations. Applies 
only to the predictive simulation type. 

– Proportion of recovered water from underground operations – Proportion of flow to the 
underground workings from the Potable Water Tank returned to the Process Water 
Dam. Applies only to the predictive simulation type. 

 Groundwater inflows – Groundwater inflows into the underground workings over time. 
Applies to both the historical and predictive simulation types. 

A.4 Running the Model 

The site water balance can be used with GoldSim Player, which is a free viewing version of 
GoldSim and is available for download online. The model can be run using either the main 
dashboard or the run controller.  

Prior to running the model, the user should review the following elements of the model in the 
model setup dashboard (as a minimum): 

 The simulation type (historical or predictive) from the drop down box on the model inputs 
dashboard and the simulation type settings panel, shown in Figure A-1. 

 The simulation date range, which must be within the period of metered data for the 
historical simulation type and up to 31 December 2032 for the predictive simulation type. 

 The number of time steps, which should be adjusted so that the time step length is one 
day. 

 The number of realisations (for the predictive simulation type only). 

Figure A-1 presents the GoldSim simulation settings panel which is used to specify the start and 
end date for the simulation timeline. Both the time and simulation type settings can be accessed 
by the model setup dashboard. 
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For the historical simulation type, the date range entered into the time settings panel must be 
within the period of metered data that is in the input spreadsheet. For the predictive simulation 
type, the simulation date range can be run into the future, until the end of development consent 
DC 11_0060 (31 December 2032). The number of time steps for the model is also entered into 
the time settings panel. 

The simulation type settings panel (Monte Carlo panel in GoldSim) is used to select between 
historical simulation (deterministic simulation in GoldSim) or predictive simulation (probabilistic 
simulation in GoldSim). For the predictive simulation type, the number of realisations is entered 
in this panel, up to a maximum of 114 realisations. 

 

Figure A-1  GoldSim Simulation Settings Panel 

For each feature of the water management system modelled, a check is conducted to ensure 
that the inflows, outflows and change in storage is balanced. If the storage is not balanced, for 
example if the outflows to a storage are greater than the inflows and change in storage, the 
simulation will be interrupted. Figure 2-A provides an example of the panel that appears due to 
an unbalanced storage. Users can select to continue or pause the simulation and to ignore the 
interruption for the remainder of the simulation.  

 

Figure A-2  Simulation Interruption Panel 
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A.5 Viewing Results 

The water balance model results can be viewed after the model has been run and are 
accessible via the results dashboard. For each water storage modelled, the time series outputs 
for the volume in the storage, individual inflows and outflows and total and cumulative inflows 
and outflows can be viewed. In addition, the results for rainfall, evaporation, town inflows, water 
recycled on site, processing plant shortfalls, water stored on site and remaining available 
capacity over time are available. For the predictive simulation type, the results for each 
individual realisation or a range of statistics may be viewed. In addition to the results dashboard, 
users can view the time history results for each element in the water balance model by right-
clicking on the element and selecting ‘Time Histories …’. 
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Appendix B – Site-Specific Data 
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Table B-1   Maximum Pump Rates 

From To 
Estimated maximum pump 

rate 

Dirty water storages 

SP01 Return Water Dam 25 L/s 

SP03 Return Water Dam 25 L/s 

SP04 Return Water Dam 50 L/s 

SP10 Return Water Dam 5 L/s 

SP15 Return Water Dam 30 L/s 

SP16 Return Water Dam 10 L/s 

Contaminated water storages 

Caloola North Dam Return Water Dam 
320 L/s (combined) 

Caloola South Dam Return Water Dam 

Return Water Dam Process Water Dam 300 L/s 

RP01 Process Water Dam 10 L/s 

RP02 Process Water Dam 5 L/s 

RP03 Process Water Dam 15 L/s 

RP04 Process Water Dam 5 L/s 

RP05 Process Water Dam 5 L/s 

RP06 Process Water Dam 5 L/s 

RP07 Process Water Dam 25 L/s 

RP08 Process Water Dam 10 L/s 

RP09 Process Water Dam 25 L/s 

RP10 Process Water Dam 5 L/s 

RP12 Process Water Dam 5 L/s 

RP13 Process Water Dam 5 L/s 

RP15 Process Water Dam 5 L/s 

RP16 Process Water Dam 15 L/s 

RP19 Process Water Dam 10 L/s 

RP20 Process Water Dam 15 L/s 
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From To 
Estimated maximum pump 

rate 

RP21 Process Water Dam 5 L/s 

RP22 Process Water Dam 5 L/s 

RP23 Process Water Dam 5 L/s 

RP24 Process Water Dam 5 L/s 

RP25 Process Water Dam 5 L/s 

RP26 Process Water Dam 5 L/s 

RP27 Process Water Dam 10 L/s 

RP28 Process Water Dam 5 L/s 

RP29 Process Water Dam 5 L/s 

RP30 Process Water Dam 5 L/s 

RP31 Process Water Dam 5 L/s 

TSF 3 Return Water Dam 250 L/s 

Estcourt TSF Return Water Dam 60 L/s 

E27 TSF Return Water Dam 90 L/s 

E22 Process Water Dam 120 L/s 

Note: The maximum pump rates for storages were estimated based on a five day management 
period. 
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Table B-2   Catchment and Water Storage Data 

Storage Capacity (ML) Catchment area (ha) Catchment type 

Dirty water storages 

SP01 2.8 32.93 100% vegetated 

SP03 6.1 26.39 100% vegetated 

SP04 20.95 61.97 80% impervious 

SP10 2.7 5.72 100% vegetated 

SP15 10 40.01 90% impervious 

SP16 0.35 9.80 100% vegetated 

Contaminated water storages 

Caloola North Dam 300 0 N/A 

Caloola South Dam 370 0 N/A 

Process Water Dam 144 0 N/A 

Return Water Dam 14 22.55 100% vegetated 

RP01 3.4 8.74 50% vegetated 

RP02 0.65 4.77 70% impervious 

RP03 3.2 14.26 80% impervious 

RP04 2.1 3.66 80% impervious 

RP05 3.9 5.93 90% impervious 

RP06 4.5 7.09 100% vegetated 

RP07 5.4 29.7 85% vegetated 

RP08 14.4 8.97 100% impervious 

RP09 76.75 30.02 50% vegetated 

RP10 0.5 2.79 55% vegetated 

RP12 0.55 2.62 60% impervious 

RP13 0.7 6.54 100% vegetated 

RP15 0.6 0.49 100% vegetated 

RP16 30 16.22 65% impervious 

RP19 2.9 11.61 50% vegetated 

RP20 2.9 16.21 100% vegetated 
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Storage Capacity (ML) Catchment area (ha) Catchment type 

RP21 0.75 2.6 90% impervious 

RP22 0.35 4.26 100% impervious 

RP23 1.9 0.26 100% impervious 

RP24 1.25 0.76 100% impervious 

RP25 1.15 0.41 100% impervious 

RP26 1.65 0.21 100% impervious 

RP27 56.7 10.85 100% vegetated 

RP28 0.66 0.7 95% vegetated 

RP29 3 6.04 60% vegetated 

RP30 0.37 3.41 90% vegetated 

RP31 2.25 4.25 80% vegetated 

TSF 1 N/A 103.42 100% vegetated 

TSF 2 N/A 90.25 100% vegetated 

TSF 3 93,696 334.63 100% vegetated 

Estcourt TSF 20,555 73.41 100% vegetated 

E27 TSF 15,902 81.19 100% vegetated 

E22 14,000 98.4 100% impervious 

E48 N/A 12.05 100% impervious 
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Table B-3   Operational Conditions 

Storage Operational conditions 

Caloola North Dam 

Inflows from: 

 Direct rainfall. 

 Pumped transfer from the Return Water Dam. 

Outflows to: 

 Pumped transfer to the Return Water Dam when volume in 
storage is greater than 30% capacity. 

Caloola South Dam 

Inflows from: 

 Direct rainfall. 

 Pumped transfer from the Return Water Dam. 

Outflows to: 

 Pumped transfer to the Return Water Dam when volume in 
storage is greater than 30% capacity. 

Process Water Dam 

Inflows from: 

 Direct rainfall. 

 Overflows from the Water Treatment Plant. 

 Overflows from the Potable Water Tank. 

 Return flow from Sewage Treatment Plant. 

 Pumped transfer from underground workings. 

 Pumped transfer from retention ponds. 

 Pumped transfer from Return Water Dam. 

 Pumped transfer from E22 void. 

Outflows to: 

 Pumped transfer to processing plant when volume in storage 
is greater than 30% capacity. 
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Storage Operational conditions 

Return Water Dam 

Inflows from: 

 Direct rainfall. 

 Catchment runoff. 

 Decant from the TSFs. 

 Pumped transfer from Caloola North Dam. 

 Pumped transfer from Caloola South Dam. 

 Pumped transfer from sediment ponds. 

Outflows to: 

 Pumped transfer to processing plant when volume in storage 
is greater than 10% capacity. 

 Pumped transfer to the Process Water Dam when volume in 
storage is greater than 10% capacity. 

 Pumped transfer to the Caloola Dams when volume in 
storage is greater than 10% capacity. 

Retention ponds 

Inflows from: 

 Direct rainfall. 

 Catchment runoff. 

 Return flow from contractor’s yard is transferred to RP9. 

Outflows to: 

 Pumped transfer to the Process Water Dam when volume in 
storage is greater than 30% capacity. 

Sediment ponds 

Inflows from: 

 Direct rainfall. 

 Catchment runoff. 

Outflows to: 

 Pumped transfer to the Return Water Dam when volume in 
storage is greater than 30% capacity. 

Tailings storage 
facilities 

Inflows from: 

 Direct rainfall. 

 Catchment runoff 

 Tailings pumped from processing plant. 

Outflows to: 

 Decant pumped to Return Water Dam. 

 Water entrained in tailings. 
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Storage Operational conditions 

E22 

Inflows from: 

 Direct rainfall. 

 Catchment runoff 

Outflows to: 

 Pumped transfer to the Process Water Dam when volume in 
storage is greater than 10% capacity. 
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Appendix C – Daily Flow Percentiles 
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Figure C-1  Predicted Storage Overflow from Process Water Dam 

 

 

Figure C-2  Predicted Storage Overflow from Return Water Dam 
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Figure C-3  Predicted Storage Overflow from RP01 

 

 

Figure C-4  Predicted Storage Overflow from RP02 
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Figure C-5  Predicted Storage Overflow from RP03 

 

 

Figure C-6  Predicted Storage Overflow from RP04 
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Figure C-7  Predicted Storage Overflow from RP05 

 

 

Figure C-8  Predicted Storage Overflow from RP06 
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Figure C-9  Predicted Storage Overflow from RP07 

 

 

Figure C-10  Predicted Storage Overflow from RP08 
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Figure C-11  Predicted Storage Overflow from RP09 

 

 

Figure C-12  Predicted Storage Overflow from RP10 
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Figure C-13  Predicted Storage Overflow from RP12 

 

 

Figure C-14  Predicted Storage Overflow from RP13 
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Figure C-15  Predicted Storage Overflow from RP16 

 

 

Figure C-16  Predicted Storage Overflow from RP19 
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Figure C-17  Predicted Storage Overflow from RP20 

 

 

Figure C-18  Predicted Storage Overflow from RP21 

 



 

GHD | Report for Northparkes Mines - Site Water Balance, 22/17289 | 73 

 

Figure C-19  Predicted Storage Overflow from RP22 

 

 

Figure C-20  Predicted Storage Overflow from RP24 
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Figure C-21  Predicted Storage Overflow from RP27 

 

 

Figure C-22  Predicted Storage Overflow from RP29 
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Figure C-23  Predicted Storage Overflow from RP30 

 

 

Figure C-24  Predicted Storage Overflow from RP31 
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Figure C-25  Predicted Storage Overflow from SP01 

 

 

Figure C-26  Predicted Storage Overflow from SP03 
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Figure C-27  Predicted Storage Overflow from SP04 

 

 

Figure C-28  Predicted Storage Overflow from SP10 
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Figure C-29  Predicted Storage Overflow from SP15 

 

 

Figure C-30  Predicted Storage Overflow from SP16 

 

 

 



 

 

 
This report: has been prepared by GHD for Northparkes Mines and may only be used and relied on by 
Northparkes Mines for the purpose agreed between GHD and the Northparkes Mines as set out in 
Section 1 of this report. 

GHD otherwise disclaims responsibility to any person other than Northparkes Mines arising in connection 
with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to 
update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by 
GHD described in this report (refer Sections 3.1.3 and 5.3 of this report). GHD disclaims liability arising 
from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Northparkes Mines and others who 
provided information to GHD (including Government authorities)], which GHD has not independently 
verified or checked beyond the agreed scope of work. GHD does not accept liability in connection with 
such unverified information, including errors and omissions in the report which were caused by errors or 
omissions in that information. 
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