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Abstract
In the Australian and New Zealand gold mining industry the use of water is an
integral part of the entire mining process, from the initial extraction of the ore to its
final processing. The way in which water is managed on site effects the running
costs, extraction rates, water usage and environmental impacts. Therefore it is
crucial to implement a Water Efficiency Management Plan to optimise site water
management.

This study investigates the current water management strategies at four gold mines
within Australia and New Zealand operated by Newmont Asia Pacific. A review of
water management at each of the gold mines indentifies areas of both good water
management, as well as opportunities for improvement.

A web-based information system designed for mine water management entitled
WaterMiner, has been developed by the University of Queensland. The WaterMiner
program has been used in this study to explore further opportunities for improving
water management at each of the mine sites. The results obtained from the
WaterMiner program have identified where significant improvements to water reuse
and recycling can be made, and have provided recommended flows to improve
these areas.

It is recommended that the suggested improvements be implemented through the
use of site water management plans, to provide a smooth transition into site
practices. As current water management plans are only in place at two of the study
sites, KCGM and Waihi Gold, Water Efficiency Management Plans (WEMP) have
been developed for the remaining two gold mines, Jundee and Tanami.
Through implementation of the WEMP’s and the suggested new flows, significant
improvements in water management can be made at each site. The concluding
results for each on the gold mines are as follows:
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Through the implementation of the created WEMP and recommended flows
the Newmont Jundee Operation can reduce its annual water usage by
174.99ML/year, approximately 8.01%.



By incorporating recommended flows into its current WEMP the KCGM
Operation can reduce extraction from three of its major water sources by
1,479.04ML/year, approximately 31.27%.



Development of a WEMP for the Newmont Tanami Operation, inclusive of
recommended flows produced by WaterMiner, will reduce extraction rates by
329.84ML/year, approximately 17.20%.



Implementation of new recommended flows into the current WEMP in place
at the Newmont Waihi Gold operation will decrease water extraction rates by
1,031.23ML/year, approximately 14.67%.
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1

Introduction

1.1

General Introduction

Gold mining in Australia has been a part of the country’s culture and growth since
the first arrival of European settlers. The early gold rushes of the 1850’s made the
Australian colonies internationally renowned for mining and attracted gold
prospectors and migrants from all over the world.

Gold was first discovered in Australia in 1823 in NSW, but it was not until a large
discovery of gold by Edward Hammond Hargaves in 1851 which prompted the first
Australian gold rush. “Gold was discovered in Victoria in 1851, Queensland in 1858,
Tasmania in 1886 and in Western Australia in 1886” (Stawell Historical Society Inc
2011).
During the gold rushes of the 1800’s Australia was producing around 40 per cent of
the world's gold. These early discoveries were all made on the surface, through the
use of picks and gold panning. Once the surface had been stripped of gold more
advanced forms of mining would be required to make further discoveries. In turn this
has led to more complex extraction methods such as large scale dredging, hydraulic
sluicing and hard rock mining (The Aussie Gold Prospector 2011).

Today Gold is one of Australia's top ten commodity exports and is worth
approximately $14 billion per year. At around 230 tonnes a year, Australia produces
almost 10% of the world’s gold (Geoscience Australia 2011). With such a high global
demand, significant increases in production have led to an increase in the amount of
water required for use on mine sites.

With water being an integral part of the entire mining process, and with the majority
of gold mines in Australia being located in semi-arid to arid climates, there is a vital
need for correctly implemented water management strategies. All water
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management strategies in mining should incorporate a major focus on water
sources, consumption, reuse and recycling, discharge, monitoring, and reporting.

Correctly implemented, a water management strategy will not only reduce the cost of
water supply and usage but also reduce the environmental impacts of the mine site.

1.2

Objectives & Scope

The aim of this project is to study the application and practice of mine water
management within the Australian and New Zealand gold mining industry. The basis
of this study will be through the use of the WaterMiner program, a web-based
information system developed by The University of Queensland’s, Centre for Water
in the Mineral Industry (CWiMI). Through the study of four gold mines within
Australia and New Zealand this paper will demonstrate both the importance and
benefits of water auditing and water conservation in the gold mining industry.

The three key objectives that this study will set out to achieve include;


Using the WaterMiner program on four gold mines to; investigate alternative
methods for reusing and recycling water, exploring alternative water sources
available for use, and to make improvements to water storage and efficiency.



Through a combination of the results obtained from WaterMiner and the
recent history of each site’s water management practices, I will investigate
whether each of the gold mines in this study have sufficient water
management strategies in place.



Based on the data and findings I will provide recommendations to improve site
water management, and I will develop Water Efficiency Management Plans
for each of the study sites involved.
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1.3

Project Background & Approach

Throughout the process of this study I have been assisting PhD Candidate in
Sustainable, Environmental & Life Sciences, Robert Cocks with his PhD project. Like
this study Robert’s project explores water management at a number of Newmont’s
gold mines, but in addition investigates the importance of water auditing and water
conservation within the gold mining industry.

Over the past few years Robert has conducted full domestic and process water
audits at all of the study sites in this project. He is currently in the process of
evaluating the data collected, and through the use of WaterMiner determining the
best way forward to conserve water more effectively.

Throughout the course of his PhD project Robert will aim to complete the following
key objectives (Cocks 2011):


Conduct site analysis of water sources, uses, recycling and decant return
reuse.



Establish ‘fit for purpose’ water use classifications.



Determine water efficiency by comparing ounces of gold produced per kL of
raw water used.



Compare rate of decant return over amount of raw water inflow.



Undertake non-process water balance schedule in sites that experience
positive water flows e.g. Waihi Goldmine.



Examine watershed and environmental flows including groundwater
reserves and water quality.



Describe water audit procedure and water efficiency schedule including
water conservation measures that underlie a water management strategy.

This study will involve using the data obtained from the water audits conducted by
Robert Cocks at four gold mines; Jundee, Tanami, KCGM and Waihi Gold, see
Figure 1. All sites in this study are owned and operated by Newmont Asia Pacific. I
will conduct a number of flow and mass balance calculations to complete and finalise
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all required data from each site. This data will then be processed and modelled into
the WaterMiner program (a web-based information system for mine water
management) for each individual site.

The WaterMiner program tracks the movement of water into, around and out of mine
sites. Once all the data has been correctly inputted, the WaterMiner program will
provide a snapshot of each mine sites water system, detailing where water is stored
and used on site as well as its off-site source and destination (Centre for Water in
the Minerals Industry 2011).

Based on this information, I can then use WaterMiner to calculate how much water
each mine site uses, re-uses and recycles for a given time period, as well as how
storage volumes change with altering climate conditions. With these results and
through research of the current water management strategies in place, I can then
make suggestions for each site, recommending the best strategic water
management methods.

Figure 1 Site Locations (Cocks 2011)
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1.4

Literature Review

Literature Review of Current Site Water Management

The most current document that provides details on environmental management
across the Newmont Asia Pacific sites, is Newmont’s 2010 sustainability report
entitled Beyond the Mine 2010. The report is freely available to the public to view via
the company website (Newmont Asia Pacific 2010).

Beyond the Mine 2010 provides only a brief outlook into the current water
management strategies in place at each of the four mine sites. The report contains a
chapter on Newmont’s commitment to the environment and within this chapter is a
section on Newmont’s water management. Discussed in this section are primarily;
the Newmont Asia Pacific key objectives, major achievements in 2010, and future
targets.

With a major focus on the sustainable and responsible management of current water
resources Newmont “are continually striving to improve their water efficiency and
minimise their impacts on water resources” (Newmont Asia Pacific 2010). Reducing
groundwater extraction appears to be one of, if not the major priority, as there is only
a limited supply in regional Australia.
Listed as a 2010 ‘completed action’ was the “Development of water use targets and
improved tracking of performance against those targets” (Newmont Asia Pacific
2010). Unfortunately there is no further detail of what these targets are and what
methods are used for tracking this performance. Though the report states that
Newmont have optimised water management across their operations, KCGM is the
only site mentioned to have a water efficiency management plan in place. The report
fails to mention if there are any implemented water management plans or strategies
in place across the remaining three sites.
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It is stated that the KCGM operation has developed and submitted a Water Efficiency
Management Plan to the Water Corporation on a yearly basis since 2008. The
objectives of this plan include:






assess current water used on site,
identify inefficiencies and potential water savings,
identify inefficiencies and potential cost savings,
prepare an action plan to implement water conservation actions, and,
provide a process for annual reporting on implementation of water
conservation actions (Newmont Asia Pacific 2010).

The implementation of this plan is believed to have reduced scheme water usage by
5% and also assisted the operation in gaining a 3 star water rating (Newmont Asia
Pacific 2010).

The 2010 Beyond the Mine report presents a number of graphs, comparing each of
the Newmont Asia Pacific sites in terms of water usage, efficiency, recycling and
consumption. Shown below in Figure 2 & Figure 3 is a breakdown of Water
Extraction and Recycling Rates for the Newmont Asia Pacific sites over the past
three years.

Figure 2 Total water extraction at Newmont’s Asia Pacific Site 2008 -2010
(Newmont Asia Pacific 2010)
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Figure 3 Water Recycling Rates at Newmont’s Asia Pacific Site 2008 – 2010
(Newmont Asia Pacific 2010)

Each of the four sites in Figure 2 appear to show a consistent total extraction rate
over the past three years, with Tanami the only site showing some form of
improvement. KCGM appears to have a slight increase in its extraction rate, but this
is most likely due to its large reduction in scheme water usage. In regards to the
recycling rates Jundee, KCGM and Tanami all appear to have decreased over the
three year period, however Waihi has shown signs of improvement in the past year.

Not mentioned in the sustainability report, is the creation of Newmont’s interactive
online website entitled ‘Beyond the Mine – The Journey Towards Sustainability 2010’
(Newmont 2011). This website is targeted at both the general public and Newmont
stakeholders, it can be accessed via a link on the Newmont website. The website is
somewhat of a global version of the sustainability report, it includes information on all
Newmont operations around the world, inclusive of the Asia Pacific sites in this
study. The website provides a broader range of information for specific areas of the
company and its operations.
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A link to a Water Management section provides information on how Newmont
engages in water management and a 2010 overview. In relation to water
management the website goes on to say that:

Water management plans continued to be implemented at 11 of the 12
Newmont operations that have determined that a water management plan is
necessary. A water management plan was under development in 2010 at our
Jundee operation in Australia (Newmont 2011).
This example shows that water management plans have only recently started to be
implemented across Newmont mine sites, with the Jundee Operation comprising of a
water management plan that is “under development” and only commencing last year.
The website fails to mention any information on the water management plan in place
at KCGM.

Before a water management plan is put in place it must undergo the correct
Newmont procedures and follow the Newmont Sitewide Planning Tool, shown in
Figure 4. This must be taken into consideration when planning new water
management plans and strategies for each of the mine sites.

Figure 4 Newmont Sitewide Planning Tool (Newmont 2011)
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A paper produced by project supervisor and PhD candidate Robert Cocks provides a
brief summary and background into the history of water management at each of the
study sites. After conducting water audits at all four of the gold mines Robert was
able to evaluate each in terms of water efficiencies and investigate the major areas
for improvement.

One of the integral parts of any water management plan is the water audit. Not only
does it quantify water usage but “it provides the means to develop precision in
schemes for water conservation, water use efficiency and water management”
(Sturman et al. 2004). It should be one of the initial stages in a water management
plan as it gives a first insight to usage and direction of flows on site. Robert’s paper
states that “historically, Newmont have audited water use in metallurgy at their
respective mine sites however, a general audit of a site-wide water account has yet
to be maintained” (Cocks 2011). Without a history of previous water audits, data to
account for site-wide water usage is not available. Therefore there would be no way
to determine areas of water wastage or opportunities for reuse and recycling water.

Though there is no previous history of data, the results obtained from each of
Robert’s water audits will provide me with more than enough information for the use
of the WaterMiner program, and to recommended further water management plans
for the sites.

In regards to process water monitoring conducted by Newmont, previous audits
appear to have been conducted in 2001 and 2003 at the Tanami Operation (Cocks
2011). This is no doubt a contributing factor to why Tanami is the most water efficient
site in this study, see Figure 2. Therefore indicating that through monitoring site
water usage and being aware of targets, there are greater opportunities to improve
mine site water management.

A graph extracted from the results of Robert’s water audits shows the comparison of
each mine site’s raw water usage per ounce of gold produced, see Figure 5.
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Figure 5 Comparison of water efficiencies per oz of gold produced
(Cocks 2011)

In Figure 5 it appears that the two biggest users of water per oz of gold are KCGM
and Waihi Gold, using 9.1kL and 9.5kL respectively. However these results cannot
be deemed as conclusive as they do not take into account the various factors
affecting the amount of water used. As Robert mentions in his report, these factors
may include:
The amount of Gold (Au) produced per tonne of processed ore, where water
use increases with a lower ratio of recoverable gold to ore tonnage. Other
factors not tabled include the geochemistry of ore relating to rock types and
processes required to recover gold from differing geological matrices (Cocks
2011).
Therefore these results can be used as somewhat of a target in future monitoring of
water use and for assistance in producing a water management plan.

The paper also briefly touches on The National Water Initiative and subsequently the
Western Australian State Water Allocation Strategy. The strategy promotes
monitoring water use at all stages and classifications (Cocks 2011). Proposed in the
strategy is a new metering program which will monitor the amounts of water being
extracted from each region to government agencies. Included in the paper is the
following water classification table, Table 1. The table “sets the basis for a generic
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application of a hierarchical approach to a water management strategy and water
audit process” (Cocks 2011).

Table 1 Water Classification Table (Cocks 2011)
Water source

TDS

Mine usage

Approx. usage

Classification

Scheme

< 1,500 mg/L

Accom/ops

< 1%

Potable

Bore potable

< 1,500 mg/L

Accom/ops
RO – elution

< 5%

Fresh

Bore brackish

1,500-15,000
mg/L

SAG/Ball mills

< 20%

Raw

Bore saline

15,000-35,000
mg/L

SAG/Ball mills

< 20%

Raw

Paleo-channel
Hyper-saline

> 35,000 mg/L

Dust suppression

Variable

Raw

Tailings decant

15,000-35,000
mg/L

Sag/Ball mills

60% of raw water
inflow

Recycled

Treated wastewater

1,500-15,000
mg/L

Revegetation Tailings
dam

< 1%

Recycled

Hydrocyclones Barren
elate

15,000-35,000
mg/L

Sag/Ball mills

Up to 6 cycles of reuse

Re-used

Meteoric

< 1,500 mg/L

Tailings dam
Water storage

Variable

Raw

1.5

Project Management & Methodology

In accordance with the Murdoch University ENG460 – Engineering Thesis
requirements, this study was carried out over a 15 week teaching semester, with
various assessments carried out over this period. This included an initial Project
Plan, a Progress Report, and to conclude the study this Final Report.

To assist with scheduling and to ensure all tasks were completed on time a Gantt
Chart was created at the commencement of the project, see Figure 6. The Gantt
Chart proved to be an excellent management tool as it allowed me to set out the
various objectives of the study, create completion dates for each task, and manage
workloads accordingly.
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Delays & Revision of Initial Plans
The major modification to the initial plan of the project is the omission of an
additional study site for analysis. However I believe this had minimal impact on the
results produced by WaterMiner, as detailed and conclusive results were obtained
from the remaining four sites.

Unfortunately whilst trying to follow the scheduling of the Gantt Chart, due to
unforeseen circumstances the progress of the project fell a week behind schedule in
Week 8. This was the result of a technical issue experienced within the WaterMiner
program disallowing the program to run site simulations. This issue was resolved a
week later and the initial plans were revised to compensate for the delay.

Meetings

Project supervisor Robert Cocks works on an 8 & 6 and 4 & 3, fly in - fly out roster.
Meetings for this project have been conducted based on his availability in Perth. Due
to the scheduling of his roster, meetings have been on Roberts return to a 6 day
break, taking place once every fortnight.

The meetings involved updates on; the progress of the project, problems faced,
technical issues, and setting tasks and objectives for completion ahead of the next
meeting.

Methodology

Upon completion of the project management plans the project could then begin to
take shape through a series of different steps. This would first involve the review of
water audit results, followed by the use of the WaterMiner program, a review of
current mine site water management, and finally recommendations based on the
findings. This approach has been divided into five steps, discussed in further detail
as follows.
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Step 1. Analysis of Water Audit Results

The first step in this study was to obtain all the necessary data and results from the
water audits conducted by Robert Cocks at each of the study sites. This data
included water balance diagrams for each site, metered flow rates, extraction rates,
climate data, and the various water qualities at each process. However the water
audits for each site were divided into two different streams, an audit of site process
water (water used in the mining process e.g. water used in a process plant) and an
audit of non process water (water not used for processing e.g. potable village water).
To obtain conclusive results from the WaterMiner program, the two separate steams
must be combined to obtain a review of the complete site water management.

The results from each site were then assessed and combined to obtain a complete
site water balance. Upon completion the results and data would be ready for entry
into the WaterMiner program.

Step 2. Modelling in WaterMiner

For the WaterMiner program to be able to run site simulations a major component
that must be developed is a site ‘flow chart’. The flow chart is somewhat of a water
flow diagram, it contains various imports, stores, tasks, treatment plants, exports,
and the flows linking each aspect of the diagram together. Each component of the
flow chart must then be categorised into its type, flows in and out, salinity
values/concentration, reduce losses, and reuse & recycle. Figure 9 shows the
complete WaterMiner Flow Chart for the Jundee Operation.

Flow and mass balance calculations were then used to complete and finalise the in
and out flows of water. While various calculations to obtain required data such as
salinity concentrations, catchment areas and volumes were also conducted for each
individual water object.

Before the WaterMiner program is able to run site simulations, the correct climate
data for each site must be entered in the required format. This climate data must
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include; a history of monthly rainfall data, evaporation rates, and site Runoff-toRainfall coefficients. I firstly obtain the climate information from various sources, then
entered the data into excel in the required format, before uploading into WaterMiner.
Upon completion the climate data is then displayed in WaterMiner through the use of
various tables and graphs, an example of this is shown in Figure 7 and Figure 8.

Figure 7 Monthly and Yearly rainfall data for Jundee

Figure 8 Evaporation rates and Runoff-to-Rainfall coefficients for Jundee
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On completion of the flow charts and climate data the WaterMiner program uses
various equations (eg. Task Balance, Store Balance, Site Balance) to calculate the
total Site Water Balance and to model the current state of each site. A flow summary
or ‘site water snapshot’ is displayed to give a general overview of the sites water
usage. The data below presented in Table 2 is an extract from the Waihi Gold
Operation, displaying the site water snapshot.
Table 2 Waihi Gold – Site Water Snapshot

Table 2, the Waihi Gold Site Water Snapshot, gives a breakdown of the water in and
out for each different ‘task’ and ‘store’ on site. The table divides the water into three
different types; raw, worked and treated, this provides a fast and easy way to see the
monthly usage and water quality in and out for each individual object.

Step 3. Review of WaterMiner results
The final stage in using the WaterMiner program is to run a ‘simulation’ for each site.
Using all the information provided from the created flow charts and climate data, the
program calculates which water sources may be unavailable in the future,
appropriate alternative sources of water, and opportunities for water reuse and
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recycling. Using the WaterMiner program simulations have been run on all four sites;
Jundee, Tanami, KCGM and Waihi Gold. The complete WaterMiner simulation
results for each site are located in Appendices A – D of this report. The review of the
WaterMiner results is located in the ‘WaterMiner Results & Analysis’ section of each
chapter.

Step 4. Review current water management strategies

After reviewing the results obtained from WaterMiner and identifying where
improvement to water management can be made, a review of each sites current
water management strategies was undertaken. This would determine the best way to
implement the results into current site practices. The Literature Review in Chapter
1.4 of this report gives a summary of the current water management strategies
conducted by Newmont at each of the four sites. While the ‘Current Site Water
Management’ section of each chapter provides a more specific account of each
site’s individual approach to water management.

Step 5. Make recommendations for water management

The final step in the course of this study is the implementation of the results and
findings into water efficiency management plans for each site. By incorporating the
results through this process it will allow a smooth transition to improved water
management in an easy to follow approach. The final recommendations for each site
are located in the ‘Recommendations’ section of each chapter in this report.

1.6

Assumptions & Constraints

WaterMiner was developed by the University of Queensland for the purpose of
improving mine water management, specifically within the coal mining industry. This
study will be the first time the program has been used for the purposes of water
management in the gold mining industry. Though both styles of mining share many
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similarities there are also several key differences that may affect the results obtained
from WaterMiner.

The one major difference between the two mining practices is the use of cyanide
(CN-) in the gold processing procedure. Cyanide is a very hazardous substance and
when exposed to humans has the potential to cause serious injury and even death.
Cyanide is used in ore processing to help extract gold from ore, and as a result large
traces of cyanide can be found in the tailings produced from gold processing plants.
This provides limited opportunities for reusing and recycling this water. As cyanided
is not used in the processing of coal, the tailings discharged from the process plant
are subsequently of a much higher quality, and hence the water stored in the tailing
storage facilities (TSF’s) have greater opportunity for reuse and recycling.

Unfortunately WaterMiner does not account for these variations in tailings and
cannot depict the traces of cyanide that are present. Therefore it must be assumed
in the WaterMiner results that any flows identified for storage or reuse opportunities
derived from tailings or a TSF must be excluded from the results.

Assumptions must also be made in regards to the data obtained from the water
audits of Robert Cocks at each of the mine sites. The water audits were conducted
over a period from 2007 – 2009 and although conducted within the last 5 years
there would no doubt be changes to the water flows and tasks at each of the
operations. Therefore it must be assumed that the water sources, flows, tasks, water
stores and discharge areas are the same as they were at the time of the audit.

Whilst conducting reviews on the current water management at each mine site I was
unable to locate any information in regards to water management plans implemented
at the Jundee and Tanimi Operations. Though it was stated that a water
management plan for the Jundee Operation was under development in 2010
(Newmont 2011) no further details of this plan were provided. Therefore for the
purpose of this study I will assume that no current water management plans are
implemented at the Jundee and Tanimi Operations.
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The constraints for this project are not just limited to the study of four different gold
mines, but in addition include factors such as; compliance with ground water and
operating licences, abiding by requirements for the reuse of water on site, and the
possible major costs involved through the use of alternative sources of water and redirecting water flows. A list of the project constraints are identified and described in
Table 3.

Table 3 Project Constraints
Constraints

Description

Remoteness

Each of the mine sites is located in very remote parts of Australia
& New Zealand, in some cases hundreds of kilometres away
from the nearest capital city. Therefore there are large time
constraints on the availability of supplies and equipment. Freight
via road trains is the only method of receiving materials, and if
urgent and required immediately this can create a problem.

Licence

Whilst exploring various methods for reusing water and creating

Conditions

water management strategies, the recommendations must
comply with the required licensing conditions. On a mine site
this will particularly include; ground water licences, water quality
and consumption licences, scheduled water monitoring, and
pump and pipeline conditions.

Costs

Through the creation of water management strategies,
recommendations for alternative sources of water, such as the
construction of new bores, or the re-design of a major piping
system to recycle water will prove to be quite costly.

The increases in water efficiency and conservation for each of
the mine sites must prove to be viable. There is no point
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recommending unrealistic changes with a great expense, if only
small increases to water efficiency will be made.

Environmental

If a number of changes are to be made to the way in which

Impacts

water is used on a mine site there will always be the potential
for environmental impacts. With various water qualities being
used for different processes regular water monitoring must take
place.

If monitoring indicates unacceptable impacts due to
groundwater abstraction or other water activities, the DoW
should be notified within seven days of the event. The cause of
the event must be investigated and the implementation of
appropriate management measures in consultation with DoW
and suitable groundwater specialists will be put in place.

If the groundwater monitoring indicates unacceptable impacts
(via water level or results from comprehensive analysis) the
Operation will:


Advise DoW and DEC regarding the nature of the impact;



Undertake an investigation to establish the likely cause of the
impacts and assess the options available to mitigate against
the impact;



Present to DoW a proposed remedial action and a means of
assessing its effectiveness; and



Implement the remedial action and report on its
effectiveness in the Annual Aquifer Review.
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2

Results & Discussion

2.1

Jundee Operation

2.1.1 Site Description

The Newmont Jundee Operation (NJO) is located approximately 1,150km north east
of Perth and 50km northeast of the Wiluna Township, in the north eastern goldfields
of Western Australia, see Figure 1. Jundee is located in the Yandal Greenstone belt
and began production in late 1995 (Newmont Asia Pacific 2010). Today the site
comprises of a combination of two gold operations, the Jundee and Nimary open cut
pits, which both supply ore to the Jundee Process Plant.

The Jundee Process Plant is supplied with raw water from the Sandhill and Dingo
Well Borefield which are located 14km northeast of the Jundee Plant, this supply is
the plants major water source. The Plant also uses extracted mine water from dewatering and water from a number of old decommissioned pits, which are primarily
used for storage.

Potable water for the Jundee Plant and Village is supplied from a number of bores
located on the north, east and south eastern side of the mining areas, known as the
Potable Water Borefields. Water supplied from the Mine Return Circuit is used for
Road Watering/ Dust suppression.

The above ground Tailings Storage Facility (TSF) at Jundee is comprised of two
cells. The southern cell, TSF1, commenced operation in December 1996 and ceased
in November 1999. The northern cell, TSF2, commenced operation in November
1999. In July 2004 the Fisher Pit was commissioned as an InPit TSF (Rich
Consulting Services 2008). The TSF receives water from the Gold Plant and
Wastewater Treatment Plant. Water is discharged via decant return to the Process
Water Dam and Seepage Recovery Bores.
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2.1.2 Current Site Water Management

As mentioned in section 1.4 the Literature Review, it was stated that a water
management plan for the Jundee Operation was under development in 2010
(Newmont 2011). Unfortunately the details of this plan were not provided, nor were
any targets or achievements regarding water management at the site. Therefore for
the purpose of this study I will assume that no current water management plan is
implemented at the Jundee Operation.

A report conducted by Rich Consulting Services in 2008 provides a water balance
study of the Jundee Operation (Rich Consulting Services 2008). The purpose of the
report was to; quantify the volumes of supplies and flows from each water source
and discharge point, update water circuit schematics, and provide recommendations
from these results (Rich Consulting Services 2008). The report contained no details
of a water management plan in place at the site, nor did it suggest the
implementation of one at the conclusion of the report.

Though the final conclusions to the report primarily focused on the installation of flow
meters throughout the site, the Water Balance Study did however include several
recommendations which will be of assistance to this project. These included
recommended alterations to current flows to help improve the efficiency of the
system. They are summarised in the following points (Rich Consulting Services
2008):


The historically minimally used line from the central decant of the Jundee
TSF2 to the Raw Water Tank, represents a risk of introducing slurry into the
Raw Water Tank and is recommended to be disconnected.



It is advisable to revisit the design and layout of the current pipping
arrangement around the pits, in an attempt to make the mine dewatering
system more efficient and transparent.
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To counteract a continuous trend in decreasing water supply, NJO should
adapt a two way approach in which water supply is enhanced and water
conservation techniques are investigated. Increasing supply measures could
include but should not be limited to borefield remediation as identified in the
report “Sandhill Well & Dingo Well Borefields Analytical Modelling”, (Rich
Consulting Services 2008). Investigation into new water resources is also
recommended. Water conservation techniques could include measures to
minimise evaporation in water storage pits and TSF’s.

The final point suggests further investigation into monitoring the water extracted from
the current borefields in use, and to look into alternate water sources to find a
solution to the depleting water supply.

Whether the recommendations from the Water Balance Study were further
investigated by NJO are unknown, but through this study it has been made evident
that the Jundee operation still uses the Sandhill Well & Dingo Well Borefields as a
major source of water. It is also possible that the recommendations made in the
Water Balance Study are being implemented in the water management plan that is
currently under development.

2.1.3 WaterMiner Results & Analysis

To obtain the desired results from WaterMiner, the program must run what is called a
‘simulation’ on each site. The simulation involves the program tracking the
movement of water flows in, around and out of the mine sites. The CWiMI provides a
brief description of how the program functions:

Mine sites provide WaterMiner with a snapshot of their water system detailing
where water is stored and used on site as well as its off-site source and
destination. Based on this information, WaterMiner calculates, for a given time
period, how much water mine sites use, re-use and recycle as well as how
storage volumes change with altering climate conditions (Centre for Water in
the Minerals Industry 2011).
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The results are then presented in a series of tables, providing a detailed account of
the mine site, including possible alternate flows and further recommendations. The
complete WaterMiner results for each site are located in Appendices A – D, with
selected results extracted and presented in the ‘WaterMiner Results & Analysis’
section of each chapter.

The results provided for the Jundee Operation include; the WaterMiner Flow Chart
Figure 9, the Site Water Account Table 4, Replacement Flows Table 5, Additional
Recommended transfers Table 6, and a Task Flow Summary Table 7.
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The WaterMiner flow chart presented in Figure 9 shows the complete site water
balance at the Jundee Operation. The flow chart represents the boundary of the
system with the inputs, outputs and processes in between, all inclusive. Arrows
connecting each of the boxes (Water Objects) indicate the direction of flow, while the
numbers on the chart represent the rate of water usage for that flow in ML/month.
The green ‘Import’ boxes signify the sources of water for the site. The blue ‘store’
boxes represent water objects that are capable of storing water such as tanks, pits,
dams, and borefields. Grey ‘Task’ boxes are objects that use water to perform that
particular task. Water ‘Treatment Plants’ are shown in the form of a purple box, and
finally the water ‘Exports’ leaving the site are indicated by a red box.

The Jundee Operation consists of two water imports, rainfall/runoff and gold ore
moisture. While the water from the gold ore is directed straight to the Gold Plant, the
water from rain/runoff flows into the open cut pits and borefields. The Potable
borefields are used to supply 6ML/month of potable water to the mine village and a
much larger supply of 55ML/month to the Gold Plant via Ion exchange and Gold
Elution. The Sandhill and Dingo bores supply 65ML/month solely to the Gold Plant.

The Gold Plant discharges 230ML/month of process water into the TSF, here various
losses occur in the form of seepage and evaporation, 65ML/month and 58ML/month
respectively. Around 100ML/month of TSF water is recycled back to the Gold Plant
via the Process Water Dam and Seepage Recovery Bores.

Water from Open Cut Pits and Mine Dewatering is used in the Mine Return Circuit.
The majority of this water is sent to the Turkeys Nest with the remaining amount
discharged to the Process Water Dam. 20ML/month of water from the Turkeys Nest
is used for road watering, losses then occur via evaporation and seepage.
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Table 4 Jundee Water Account
Imports and Exports (ML)
Imports (ML)

2210

Exports (ML)

2305

Difference (Imports - Exports) -96
The Jundee Water Account, Table 4, summarises the difference of the total imports
and total exports of the system. The difference of -96 indicates a negative water
balance as expected. A further calculated percentage difference of 4.12% indicates
that the water balance falls within the required ±10% range necessary for closure
(Sturman et al. 2004).

Table 5 Jundee Replaced Flows (ML/yr)
Original Source

Original
Destination

New Source

New Destination

Volume
(ML/yr)

Converted open-cut Mine return
pits
circuit

Sandhill and Dingo Mine return
Well-fields
circuit

2.09

Converted open-cut Mine return
pits
circuit

Underground mine
dewatering

0.52

Mine return
circuit

Freshwater tank

Ion exchange
water treatment

Potable water bore- Ion exchange
fields
water treatment

21.51

Freshwater tank

Ion exchange
water treatment

Sandhill and Dingo Ion exchange
Well-fields
water treatment

431.00

Gold plant

Tailings storage
facility

Gold plant

Converted opencut pits

Gold plant

Tailings storage
facility

Gold plant

Sandhill and
1439.02
Dingo Well-fields

253.83

Ion exchange water Potable water
treatment
storage tanks

Ion exchange water Converted opentreatment
cut pits

197.25

Jundee process
water dam

Gold plant

Converted open-cut
Gold plant
pits –via MRC

26.14

Jundee process
water dam

Gold plant

Sandhill and Dingo
Gold plant
Well-fields

52.54

Mine return circuit

Jundee process
water dam

Mine return circuit

Converted opencut pits

45.84

Mine return circuit

Jundee process
water dam

Mine return circuit

Turkey nests

3.34
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Mine return circuit

Turkey nests

Mine return circuit

Converted opencut pits

1.39

Mine return circuit

Turkey nests

Mine return circuit

Jundee process
water dam

2.25

Potable water boreMine village
fields

Freshwater tank

Mine village

0.07

Potable water boreMine village
fields

Raw water storage
tank -retic

Mine village

0.33

Potable water boreMine village
fields

Turkey nests

Mine village

0.07

Potable water boreMine village
fields

Underground mine
dewatering

Mine village

0.20

Potable water
storage tanks

Gold Elution

Potable water boreGold Elution
fields

0.59

Potable water
storage tanks

Gold Elution

Sandhill and Dingo
Gold Elution
Well-fields

472.66

Raw water storage
tank

Gold plant

Converted open-cut
Gold plant
pits

28.53

Raw water storage
tank

Gold plant

Jundee process
water dam

Gold plant

3.57

Raw water storage
tank

Gold plant

Potable water boreGold plant
fields

4.27

Raw water storage
tank

Gold plant

Sandhill and Dingo
Gold plant
Well-fields

558.38

Raw water storage
tank

Gold plant

Underground mine
dewatering

Gold plant

1.45

Turkey nests

Road watering

Freshwater tank

Road watering

0.22

Turkey nests

Road watering

Raw water storage
tank

Road watering

0.22

Underground mine
dewatering

Mine return
circuit

Jundee process
water dam

Mine return
circuit

0.23

village wastewater
treatment plant

Tailings storage
facility

village wastewater
treatment plant

Jundee process
water dam

0.66

village wastewater
treatment plant

Tailings storage
facility

village wastewater
treatment plant

Turkey nests

0.57

The results presented in the Jundee Replacement Flows, Table 5, provides options
for alternate sources and destinations for current water flows at the site. The purpose
of these replacement flows are to demonstrate all possible sources of water
available to a water object and all possible destinations a water object can transfer
water to.
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By having this information available the Jundee mine site will be able to compensate
for a water source when possible issues arise such as pipe failures, maintenance,
depleting water sources, etc. Another advantage to the replacement flows is that
when a water store such as a Water Tank is reaching its full capacity, the identified
‘new destination’ for the flow going into the Water Tank can then be utilised to avoid
overflowing.

Table 5 is an extract of the complete Jundee Replaced Flows table located in
Appendix A of this report. The complete table includes additional replacement flows
that have been identified as not suitable options for the Jundee Operation. The text
in the Table 5 has been divided into two colours; green to symbolise appropriate
replacement options and red to define the replacement flows that have been deemed
as not suitable.

The complete results produced by WaterMiner have been reviewed by both myself
and project supervisor Robert Cocks, to highlight all appropriate recommendations.
This task was performed as the WaterMiner program is not able to identify all the
factors involved in the gold mining process. Issues such as cyanide contamination,
vast distances between water objects, and no aquifer recharge, all add to a list of
factors that can classify a flow as unsuitable. This review process has also been
repeated for the Additional Recommended Transfer table, see Table 6, where the
same issues have occurred.

Table 5 has provided some ideal replacement flows for the Jundee operations,
producing twenty four possible options for the site. The two major replacement flows
presented include a replacement of the Fresh Water Tank to the Ion Exchange
Water Treatment flow, with a flow from the Sandhill and Dingo Well-fields to the Ion
Exchange Water Treatment. This replacement flow is capable of providing the Ion
Exchange water treatment with a water supply of 431ML/yr. The second major
replacement flow is a replacement of the Raw Water Storage Tank to Gold Plant
flow, with a flow from Sandhill and Dingo Well-fields to the Gold Plant. This
replacement flow is capable of supplying the Gold Plant with 558.38ML/yr.
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An additional notable replacement flow includes water from the Mine Circuit Return
being transferred to the Converted Open-Cut Pits, as a substitute for the original
source, the Jundee Process Water Dam. The replacement flow can transfer
45.84ML/yr and is an ideal location to store water if the Process Water Dam was
approaching full capacity.

Replacement flows presented in red text indicate unsuitable options. An example of
this is the suggested replacement of the Gold Plant to Tailings Storage Facility (TSF)
flow, with a flow from the Gold Plant to the Converted Open-Cut Pits. The suggested
replacement flow is capable of transferring 253.83ML/yr. This option is unsuitable as
the water discharged from the Gold Plant to TSF has traces of cyanide. The TSF is
the only location equipped to handle the storage of cyanide on site. If this flow was
transferred to the Converted Open-Cut Pits as recommended, there would be
significant impacts to the environment as well as major breaches to licensing
conditions.

Table 6 Jundee Additional Recommended Transfers (ML/yr)
Source

Destination

Volume (ML/yr)

Converted open-cut pits

Jundee process water dam 26.14

Converted open-cut pits

Potable water storage tanks 30.67

Converted open-cut pits

Raw water storage tank

28.53

Freshwater tank

Potable water bore-fields

0.07

Potable water bore-fields

Freshwater tank

21.51

Potable water bore-fields

Potable water storage tanks 0.59

Potable water bore-fields

Raw water storage tank

4.27

Potable water storage tanks

Converted open-cut pits

197.25

Raw water storage tank

Turkey nests

0.22

Sandhill and Dingo Well-fields Converted open-cut pits

2.09

Sandhill and Dingo Well-fields Jundee process water dam 52.54
Sandhill and Dingo Well-fields Potable water storage tanks 472.66
Sandhill and Dingo Well-fields Raw water storage tank

558.38

Tailings storage facility

Converted open-cut pits

256.46

Tailings storage facility

Jundee process water dam 168.39

Tailings storage facility

Seepage recovery bores

5.37

Turkey nests

Converted open-cut pits

1.39
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Turkey nests

Jundee process water dam 2.25

Underground mine dewatering Converted open-cut pits

0.52

Underground mine dewatering Raw water storage tank

1.45

Underground mine dewatering Turkey nests

0.44

In addition to the first replacement flow table, WaterMiner provides an additional
table that consists of Additional Recommended Transfers for the mine site, see
Table 6. This table differs from the previous table as it just provides a Source and a
Destination for the flow, and not a replacement. This means that the Additional
Recommended Transfers can be implemented into the system in addition to a flow
already in place, i.e. not having to replace that flow.

As mentioned previously, the green text in the table represents appropriate transfers
that can be implemented at the Jundee Operation. Table 6 provides a possible
seventeen recommended transfers that have the potential to be used on site. The
major Recommended Transfers provided include; Sandhill and Dingo Well-fields to
the Raw Water Storage Tank, and the TSF to the Process Water Dam. Both these
flows are capable of transferring 558.38ML/yr and 168.39ML/yr respectively. As both
of these Recommended Transfers are flows that are already in place on site,
WaterMiner is recommending that an additional volume of water can be utilised from
these flows.

Several Recommended Transfers that would result in the installation of new flows
include; Sandhill and Dingo Well-fields to the Process Water Dam, Converted OpenCut Pits to Raw Water Storage Tank, and Converted Open-Cut Pits to the Jundee
Process Water Dam. These flows are capable of transferring volumes of 52.54ML/yr,
28.53ML/yr, and 26.14ML/yr respectively.

An example of an unsuitable Recommended Transfer is the Potable Water Storage
Tanks to the Converted Open-Cut Pits, indicated by red text. The water stored in the
Potable Water Storage Tanks is of high quality and is to be used for the process of
Gold Elution. This water would then be wasted if transferred to the Converted OpenCut Pits for storage, decreasing its quality.
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Table 7 Jundee Task Flow Summary

Task

Intake
(ML/yr)

Raw
(ML/yr)

Worked
(ML/yr)

Treated
(ML/yr)

Reuse &
Avg. Salinity In
Recycled % (ppm)

Avg. Salinity Salt Build
Out (ppm)
Up (KG/yr)

Mine return circuit

614

56

555

3

90

1020

1020

0

Gold plant

1213

92

1119

1

92

987

987

0

Road watering

187

6

180

0

96

980

980

0

Ion exchange water
treatment

472

97

374

1

79

892

892

0

Gold Elution

290

20

270

0

93

1007

1007

0

village wastewater
treatment plant

56

0

56

0

100

542

542

0

Mine village

56

34

21

0

38

542

542

0

Tailings storage
facility

206

166

0

40

20

151

160

0

Total

3092

471

2576

46
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The Jundee Task Flow Summary presented in Table 7, provides a summary of each
Task involved in the Jundee WaterMiner Flow Chart, see Figure 9. The Task Flow
Summary shows the amounts of water each tasks consumes, the quality of water
each task receives, percentage of water reused and recycled, and average salinity
values in and out. Through the analysis of this table the characteristic of each task
are made evident.

The Task Flow Summary makes it easy to identify which tasks are reusing and
recycling water, and the quality of water being used in the process. From these
results and with further investigation it may be discovered that a lower quality of
water can be recommended for a particular task, and areas where water is not being
reused and recycled will be examined for further reuse opportunities.

For the purpose of this study the area of greatest interest is in Reuse & Recycled
percentages. Table 7, indentifies two Tasks with Reuse & Recycled percentages
less than 50%. These include the Mine Village and Tailings Storage Facility, with
percentages of 38% and 20% respectively. In this case the amount of water
available for reuse and recycling from the TSF is restricted due to its quality and
elements of cyanide. Therefore the major focus will be to increase opportunities for
reuse and recycling at the Mine Village. This water can be used for multiple
purposes after receiving treatment at the village wastewater treatment plant.

2.1.4 Proposed Water Management Strategies

A Water Efficiency Management Plan is a process of continuous improvement and
comprises a set of well-planned actions aimed at managing water usage, increase
efficiency and promoting the reuse and recycling of water. (Department of Planning
and Infrastructure 2011) The basis for the proposed Water Efficiency Management
Plan (WEMP) presented in this section, is the Water Efficiency Management Plan
Guidelines for Business developed by the Water Corporation (Water Corporation
2011).
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The major components to the Water Efficiency Management Plan include; An
Introduction, Company Information, Water Use, Indicators and Targets,
Opportunities to Save Water, Management Commitment & Annual Review, and an
Action Plan. The information for all seven components of the WEMP will be detailed
under each heading as follows.

Water Efficient Management Plan for The Jundee Operation

1. Introduction
As stated by the Water Corporation WEMP Guidelines “the introduction includes a
brief description of the current water situation in Western Australia, and reasons why
a WEMP is beneficial to businesses” (Water Corporation 2011). The section must
also include the objectives of the WEMP and the Methodology.

The objectives of the WEMP are to:





Assess current water used on site from all sources (e.g. scheme, self-supplied
groundwater, recycled, reclaimed etc)
Identify inefficiencies and potential water conservation measures
Prepare an action plan to implement water conservation actions
Provide a platform for annual reporting on implementation of water conservation
actions (Water Corporation 2011).

The general methodology of a WEMP is to obtain a history of water usage data at
the site. The next step is to create a water balance diagram, such as that of the
Jundee WaterMiner Flow Chart, see Figure 9. From this information targets and
benchmarks can then be set, opportunities for improvements identified, and finally
implementation of a water management action plan for the site (Water Corporation
2011).
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2. Company Information

This section must include the details of the Jundee Operation, such as information
about the site, mining activities and water usage. An assessment of all water related
activities on site should be undertaken, with the water uses of each component
recorded (Water Corporation 2011).

Any water saving activities, reviews or techniques already implemented on site, such
as the 2008 Water Balance Study conducted by Rich Consulting Services (Rich
Consulting Services 2008) should be noted.

To assist in a successful implementation of the WEMP a Water Management Team
should be formed (Water Corporation 2011). In this case I recommend the water
management team consist of individuals or teams directly involved in the usage of
the water on site, as this is the major focus. This would include members of the
Environment team, De-watering team and staff members stationed at the Jundee
Process Plant as they are all directly involved in the everyday tasks involving water
usage around the entire site.

3. Water Use

To identify where savings can be made on site there needs to be an understanding
of how water is used and the costs involved (Water Corporation 2011). Therefore to
get the most accurate outlook, all sources of water must be incorporated in the
analysis, including bore water, rainwater, recycled water, scheme water etc.

The first step in analysing site water use is to calculate the baseline water use. This
is the amount of water currently being used on site. Baseline use “helps to determine
what potential savings can be achieved in the timeframe identified” (Water
Corporation 2011). This can be done by comparing annual baseline water usage and
checking for improvements.
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To determine the Jundee Operation’s baseline water usage, the history of the sites
water usage must be obtained. The history of the water usage at the Jundee
Operation from 1997 – 2007 is presented in Table 8. The ‘total supply’ indicates the
baseline water usage for each year.
Table 8 Jundee Water Usage 1997 – 2007 (Rich Consulting Services 2008)

The next step in calculating water usage is to obtain a site wide water balance. This
will determine how much water is used by each different ‘water object’ on site. Figure
9, the Jundee WaterMiner Flow Chart provides a good example of a site wide water
balance, providing individual monthly usages as well as the various water flows
throughout the site.

For a more detailed account of water usage a water audit should be conducted on
the site. This will provide information on time and operating hours of water use, flow
rates, storage volumes and water qualities. The results from the water audit
conducted at the Jundee Operation by Robert Cocks will be provided in his PhD
Paper, expected to be published in 2012.

Continuous and ongoing monitoring should be carried out on a scheduled basis. A
database or spreadsheet should be set up to record historical and ongoing water
usage, maintenance and cost information to produce summary reports. This is one of
the most important roles in the water efficient management plan and will require full
contribution from all members of the Water Management Team. Site water usage
must be reviewed frequently. “Report results and progress to management and staff
on a regular basis. This will encourage ongoing commitment to the program”
(Department of Planning and Infrastructure 2011).
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4. Indicators and Targets

When setting indicators and targets, the initial step should be to set benchmarks.
Benchmarking is a measurement that “determines how much water is consumed on
site relevant to the industry, and allows for realistic and measurable targets to be set”
(Water Corporation 2011).

A benchmarking parameter relevant to the Jundee Operation is the water usage per
ounce of gold produced on site, this information is presented in Figure 5, showing
that Jundee uses 5kL of water for every ounce of gold produced.
When setting benchmarks it is also important to be aware how “variables such as
production rates, number of staff/contractors or the number of customers affect water
use when determining water saving targets” (Water Corporation 2011).

Setting water reduction targets for the Jundee Operation will help with a smooth
transition of water management across the site. The set targets must include a
realistic timeframe and a starting period from where comparisons can be made
(Water Corporation 2011).

5. Opportunities to Save Water

There are many opportunities to save water throughout a mine site. There are the
obvious large scale, high cost methods, but in addition there are also many cheap
and effective ways to save water. Simple behavioural changes to improve water use
efficiency are the easiest and cheapest strategies to introduce around site. They cost
nothing and if implemented correctly can save large amounts of water. It is a matter
of implementing these behavioural changes into the staff’s everyday activities for
these strategies to be fully efficient.
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A key ingredient of a successful WEMP is to maintain a high level of awareness
among staff. This can be achieved by formal training and awareness (such as
newsletters and workshops) or incorporation of the management plan into an
existing training program. The WEMP information and reports should be well
communicated (Department of Planning and Infrastructure 2011).

As many mine sites are actively involved with the local community, it is important to
involve them in the WEMP and keep them aware of the current plans and updates.
Additional methods of increasing both staff and community awareness in regards to
water efficiency, include;



Community Education – Stickers and/or posters in all amenities areas
promoting Water Efficiency, Awareness competition with customers.
Staff Education – Water Efficiency addressed at staff meetings, Water
efficiency to be a part of the induction training for new employees (Water
Corporation 2011).

Other methods of improving water management on site include increasing the
efficiency of equipment and machinery used on site. This will ensure that water is
being used in the most efficient and effect way possible. Several methods of
improving the efficiency of equipment include;




Regular water meter readings in an effort to create consumption trends and
allow analysis of data that could lead to the identification of any leaks.
Installation of water efficient taps and showerheads.
Install automatic controls and cut off valves on cleaning hoses to cut off water
use where feasible (Water Corporation 2011).

The most effective way of reducing water use and improving efficiency is through
recycling and reusing water. As highlighted by the WaterMiner results in Table 7, the
two areas of the Jundee Operation with the lowest reuse and recycling percentages
are the Mine Village and the Tailing Storage Facility, with percentages of 38% and
20% respectively. The WEMP Action Plan in the following section will explore
methods for improving the reuse and recycling percentages in both of these areas.
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6. Management Commitment & Annual Review

Commitment from senior management is crucial and should be regularly emphasised
through newsletters and awareness to all employees.

Finally there must be a review of the WEMP results, and the management plan
revised accordingly. The review should detail actions undertaken during the year and
a project implementation plan for the following year (Department of Planning and
Infrastructure 2011).

7. Action Plan

An action plan will be developed based on the results of the water usage
investigations. “The plan should include an implementation timetable and budgetary
requirements” (Department of Planning and Infrastructure 2011). When patterns start
to emerge in the recorded data a greater understanding of water usage, extraction,
discharge, and reuse and recycling will become evident.
The action plan will “identify what, how & when the recommended water saving
opportunities will be implemented. The completion date of these actions may be
influenced by their payback period, or other issues associated with implementation”
(Water Corporation 2011).
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Areas of Actions
- Operational Efficiency and Conservation
- Water Re-use and Wastewater Management
- Education and Awareness

Estimates
Savings ML/year

Proposed Completion
Date

(Only if Applicable)

Objectives



Assess current water used on site from all sources



Identify inefficiencies and potential water conservation measures

November 2012 (Next



Prepare an action plan to implement water conservation actions

Annual Review)



Provide a platform for annual reporting on implementation of water conservation actions

Actions & Responsibilities

Creation of an onsite Jundee Water Management Team, responsible for implementing and

December 2011

managing the WEMP.
Creation of a WEMP database containing a history of water analysis reports, reviews,
usage etc. From this data the Jundee baseline water usage can be calculated.
The PhD paper soon to be published by project supervisor Robert Cocks will contain the

January 2012

water audit results for the Jundee Operation. Data such as water balance models, flow rates,
water quality and more will be available for analysis with further recommendations.
Based on the review of water use history at the Jundee Operation, indicators and targets
must then be set to create realistic goals for the WEMP. Creating benchmarks is a good

January 2012

starting method.
Increase both staff and community awareness. This can be done through the use of
newsletters, posters, and workshops. For staff awareness, methods include formal training

January 2012
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or incorporation of the WEMP into an existing training program. The WEMP information
and reports should be well communicated throughout.
Use of improved technology where economically feasible to replace less efficient

Ongoing (As various

equipment (The University of Queensland 2008).

equipment needs replacing)

Continuous and ongoing monitoring should be carried out on a scheduled basis. A database

Ongoing (weekly &

or spreadsheet should be set up to record historical and ongoing water usage, maintenance,

monthly scheduling

and cost information to produce summary reports.

recommended)

Annual Review. Review the WEMP results and revise the management plan accordingly.

November 2012 (Next

The review should detail actions undertaken during the year and a project implementation

Annual Review)

plan for the following year.
Infrastructure Changes (Based on the Jundee WaterMiner results)

To increase reuse/recycling percentage rates at the Mine Village the following water flows
suggested by WaterMiner are recommended for installation:


Village Waste Water Treatment Plant to Jundee Process Water Dam (0.66ML/yr)



Village Waste Water Treatment Plant to Turkeys Nest (0.57ML/yr)

1.23ML/yr

November 2012

173.76ML/yr

November 2012

To increase reuse/recycling percentage rates at the TSF the following water flows
suggested by WaterMiner are recommended for use, in addition to current flows:


Tailing Storage Facility to Jundee Process Water Dam (168.39ML/yr)



Tailing Storage Facility to Seepage Recovery Bores (5.37ML/yr)
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2.1.5 Recommendations

A review of all past and present water management techniques performed at the
Jundee Operation, revealed that no major planning for water management is
conducted at the site. Scheduled water monitoring such as bore standing water
levels and water sampling for cyanide and metals are conducted on a monthly and
quarterly basis, but all monitoring is a requirement of the operation’s groundwater
licensing conditions. Water balance studies have been conducted in the past, yet
there remains no further action in creating a planned approach to water
management.

Analysis of the results from water audits and the development of a site water flow
chart, through the assistance of WaterMiner have established that the Jundee
Operation has many opportunities to improve site wide water management. The
results from this study recommend the implementation of a Water Efficiency
Management Plan, detailed in section 2.1.4. This will not only reduce water
consumption at Jundee but also increase efficiency and reduce the mines impact on
the environment.

The results from the WaterMiner program have indicated where the greatest
opportunities for improving water usage at the Jundee Operation arise. Table 7, has
highlighted that both the Mine Village and Tailings Storage Facility have the greatest
potential for improving water reuse and recycling. By implementing selected flows
presented by WaterMiner in Table 5 and Table 6, the two focus areas have a good
opportunity of improving their water reuse and recycle percentages. As presented in
the Jundee WEMP Action Plan, the replacement flows recommended for the Jundee
Operation are as follows.

To increase reuse/recycling percentage rates at the Mine Village the following water
flows suggested by WaterMiner are recommended for installation:
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Village Waste Water Treatment Plant to Jundee Process Water Dam
(0.66ML/yr)



Village Waste Water Treatment Plant to Turkeys Nest (0.57ML/yr)

To increase reuse/recycling percentage rates at the TSF the following water flows
suggested by WaterMiner are recommended for use, in addition to current flows:


Tailing Storage Facility to Jundee Process Water Dam (168.39ML/yr)



Tailing Storage Facility to Seepage Recovery Bores (5.37ML/yr)

Through implementation of the created Jundee Water Efficiency Management Plan,
and the recommended new water flows, the Jundee Operation does not only have
the opportunity to improve site water management but can also reduce its annual
water usage by 174.99ML/year, approximately 8.01%.
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2.2 KCGM
2.2.1 Site Description
Kalgoorlie Consolidated Gold Mine (KCGM) operates the mining and processing at
the Fimiston Pit and Mt Charlotte Underground Mine, Fimiston Mill, and Gidji
Roaster. The operation is located 600km east of Perth and is a joint venture with
Newmont Australia and Barrick Gold Australia, see Figure 1. At the completion of
mining the ‘Super Pit’ is expected to be about 3.5km by 1.5km in size and 700m
deep (Newmont Asia Pacific 2010).

The Fimiston Mill is located on the eastern side of the Fimiston Pit and processes the
ore from all mining operations. Tailings from the mill are directed into Fimiston 1 and
Fimiston 2 TSF’s. The Gidji Roaster, is a roasting facility located approximately
20kms away from the Fimiston Mill. The Gidji Roaster discharges tailings into the
Gidii Tailings Storage Facility.

Although the operation uses water from a number of different borefields for
processing and various tasks, it is the only site in this study to use scheme water as
a water source. The scheme water is supplied from Perth and is used as a potable
water supply for the village, workshops, admin, Gidji Roaster and Fimiston Mill.

2.2.2 Current Site Water Management

KCGM is one of two sites in this study that has a fully implemented water efficiency
management plan in place. The “Water Efficiency Management Plan” has been
submitted to the Water Corporation on a yearly basis since 2008. The objectives of
this plan include:





assess current water used on site,
identify inefficiencies and potential water savings,
identify inefficiencies and potential cost savings,
prepare an action plan to implement water conservation actions, and,
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provide a process for annual reporting on implementation of water
conservation actions (Newmont Asia Pacific 2010).

The plan also includes a large focus on process water substitution. This requires the
use of mathematical models to assist in optimising “the water use and choice of
water supply sources. The models are also assisting to manage and predict the
storage and fate of process and decant waters” (Newmont Asia Pacific 2010). This
method has assisted in improvements to the operation in the following areas:





reduced water consumption from remote borefields,
reduced lime consumption and greenhouse gas emissions related to lime
manufacture,
a reduction in energy use by pumping water from shorter distances, and
a reduction in the risk of saline water spills along pipeline easements from the
remote borefields to the Fimiston Mill (Newmont Asia Pacific 2010).

The implementation of this plan is believed to have reduced scheme water usage by
5% and assisted the operation in gaining a 3 star water rating (Newmont Asia Pacific
2010).

Furthermore a second management plan in relation to water management is also in
place at KCGM, entitled the Fimiston Operations Seepage and Groundwater
Management Plan (SGMP) (KCGM 2010). Unlike the Water Efficiency Management
Plan, the SGMP was developed for a specific area of the operation with “ the primary
objective of the SGMP is to operate, monitor and develop the Eastern Borefield so
as to minimise environmental impact to the local habitat” (KCGM 2010). Though the
SGMP is not primarily designed to improve water efficiency, it still contains many
aspects of a good water management plan such as benchmark targets and a well
developed groundwater monitoring schedule.

As KCGM already has two water management plans in place, the development of a
new water efficiency management plan would not be suitable. Rather,
recommendations based on the WaterMiner results will be incorporated into the
current Water Efficiency Management Plan already in place.

2.2.3 WaterMiner Results & Analysis
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Figure 10 KCGM WaterMiner Flow Chart
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The WaterMiner Flow Chart presented in Figure 10 shows the complete site water
balance at the KCGM Operation. The flow chart represents the boundary of the
system with the inputs, outputs and processes in between, all inclusive. Arrows
connecting each of the Water Objects indicate the direction of flow, while the
numbers on the chart represent the water usage for that flow in ML/month.

KCGM consists of four water imports; rainfall/runoff, gold ore moisture, Perth
scheme water and treated town wastewater. While the water from the gold ore is
directed straight to the Fimiston Gold Plant, the water from the rain/runoff flows into
each of the bores and pits. The Perth scheme water is used as a potable water
supply for the Fimiston Gold Plant, Gidji Roaster, and Admin and Workshops. The
treated town wastewater is used as a process water supply for the Fimiston Gold
Plant.

The Fimiston Gold Plant receives the majority of its water, 212ML/month from the
Fimiston Process Water Tank. The Process Water Tank is supplied by the Fimiston
Pit, Mt Charlotte, Eastern Borefield, treated town wastewater and Fimiston TSF
decant. The Gold Plant discharges around 292ML/month into the Fimiston TSF.

The Gidji Roaster receives its water supply from Perth scheme water, Eastern
Borefield, and the Fimiston Gold Plant. The Roaster discharges around
299ML/month into the Gidji TSF.
Water from both the Fimiston and Gidji TSF’s are transferred back into the system
via decant returns. The remaining losses occur through seepage, evaporation, and
dust suppression.

Table 9 KCGM Water Account
Imports and Exports (ML)
Imports (ML)

2159

Exports (ML)

2097

Difference (Imports - Exports) 63
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The KCGM Water Account, Table 9, summarises the difference of the total imports
and total exports of the system. The difference of 63 indicates a positive water
balance, this is due to the large number of water imports into the system. In addition
to the general water sources (rainfall/runoff and ore moisture) used at all the sites,
KCGM also includes Perth scheme water and the treated town wastewater as
additional water sources.

A further calculated percentage difference of -2.96% indicates that the water balance
falls within the required ±10% range necessary for closure (Sturman et al. 2004).

Table 10 KCGM Replaced Flows (ML/yr)
Original Source

Original
Destination

New Source

New Destination

Volume
(ML/yr)

Fimiston Gold
Plant

Fimiston TSF

Fimiston Gold
Plant

Trafalgar
Borefield

297.30

Fimiston Potable
Water

Fimiston Gold
Plant

Southern
Borefield

Fimiston Gold
Plant

340.77

Fimiston Process
Water

Fimiston Gold
Plant

Eastern
Borefield

Fimiston Gold
Plant

184.70

Fimiston Process
Water

Fimiston Gold
Plant

Fimiston Pit

Fimiston Gold
Plant

257.35

Fimiston Process
Water

Fimiston Gold
Plant

Mt Charlotte

Fimiston Gold
Plant

625.03

Fimiston Process
Water

Fimiston Gold
Plant

Southern
Borefield

Fimiston Gold
Plant

511.22

Fimiston Process
Water

Fimiston Gold
Plant

Trafalgar
Borefield

Fimiston Gold
Plant

967.82

Gidji Roaster

Gidji TSF

Gidji Roaster

Mt Charlotte

341.25

The results presented in the KCGM Replacement Flows, Table 10, provides options
for alternate sources and destinations for current water flows at the site. The purpose
of these replacement flows are to demonstrate all possible sources of water
available to a water object and all possible destinations a water object can transfer
water to.

Table 10 is an extract of the complete KCGM Replaced Flows table located in
Appendix B of this report. The complete table includes additional replacement flows
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that have been identified as unsuitable options for KCGM. The text in the Table 10
has been divided into two colours; green to symbolise appropriate replacement
options and red to define the replacement flows that have been deemed as not
suitable.

Table 10 has provided five possible replacement flows for KCGM. All five
replacement flows provided by WaterMiner are capable of transferring large volumes
of water, all over 150ML/yr. The replacement flow with the largest volume available
for transfer is the replacement of the Fimiston Process Water Tank to Fimiston Gold
Plant, with a flow from the Trafalgar Borefield to Fimiston Gold Plant. This
replacement flow is capable of supplying the Fimiston Gold Plant with 967.82ML/yr.
The Trafalgar Borefield only supplies water to the Raw Water Tank for Dust
Suppression, therefore the implementation of this replacement flow would have very
little impact on the Trafalgar Borefield supply.

Replacement flows presented in red text indicate unsuitable options. An example of
this is the suggested replacement of the flow from the Fimiston Potable Water Tank
to the Fimiston Gold Plant, with a flow from the Southern Borefields to the Fimiston
Gold Plant. The suggested replacement flow is capable of transferring 340.77ML/yr.
This option is deemed unsuitable as the water supplied to the Gold Plant from the
Potable Water Tank is high quality potable water. By replacing this flow with bore
water it would decrease the quality of the water and it would therefore not be suitable
for a processing task such as gold elution, which requires high quality water.

Table 11 KCGM Additional Recommended Transfers (ML/yr)
Source

Destination

Volume (ML/yr)

Eastern Borefield

Fimiston Process Water 184.70

Fimiston Pit

Fimiston Process Water 257.35

Fimiston TSF

Mt Charlotte

Mt Charlotte

Fimiston Potable Water 216.17

Mt Charlotte

Fimiston Process Water 625.03

274.67

Southern Borefield Fimiston Process Water 511.22
Trafalgar Borefield Fimiston Potable Water 238.04
Trafalgar Borefield Fimiston Process Water 967.82
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Table 11 differs from the previous table as it just provides a Source and a
Destination for the flow, and not a replacement. This means that the Additional
Recommended Transfers can be implemented into the system in addition to the flow
already in place, i.e. not having to replace that flow.

As mentioned previously, the green text in the table represents appropriate transfers
that can be implemented at KCGM. Table 11 provides a possible five recommended
transfers that have the potential to be used on site. The major Recommended
Transfers provided include; the Trafalgar Borefield to the Fimiston Process Water
Tank, and the Southern Borefield to the Fimiston Process Water Tank. These new
flows are capable of transferring volumes of 967.82ML/yr, and 511.22ML/yr
respectively.

An example of an unsuitable Recommended Transfer is the Trafalgar Borefields to
the Potable Water Tank. The water stored in the Potable Water Storage Tanks is of
high quality and is to be used for processes such as gold elution. Bore water cannot
be used in addition to the Perth scheme water flow.
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Table 12 KCGM Task Flow Summary

Task

Intake
(ML/yr)

Raw
(ML/yr)

Worked
(ML/yr)

Treated
(ML/yr)

Reuse &
Recycled %

Avg. Salinity Avg. Salinity
In (ppm)
Out (ppm)

Salt Build
Up (KG/yr)

Gidji Roaster

1436

225

1042

169

85

3963

3963

0

Fimiston Gold Plant

1695

1020

548

127

40

5621

5621

0

Admin and Workshops 135

4

2

129

97

1650

1650

0

Sewerage Treatment

135

0

135

0

100

1650

1650

0

Total

3401

1249

1726

425
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The KCGM Task Flow Summary presented in Table 12, provides a summary of each
Task involved in the KCGM WaterMiner Flow Chart, see Figure 10. The Task Flow
Summary shows the amounts of water each tasks consumes, the quality of water
each task receives, percentage of water reused and recycled, and average salinity
values in and out. Through analysis of this table the characteristic of each task are
made evident.

As previously mentioned the section of greatest significance in this table is in Reuse
& Recycled percentages. Table 12, indentifies one Task with a Reuse & Recycle
percentage less than 50%, the Fimiston Gold Plant with a percentage of 40%. The
Fimiston Gold Plant uses both process and potable water to process the extracted
ore. As this is the only Task with a reuse & recycle percentage under 50%, the major
focus for water reuse and recycling opportunities will be the Fimiston Gold Plant.

2.2.4 Recommendations

As mentioned previously in this report a Water Efficiency Management Plan has
been in place at KCGM since 2008. Therefore the development of a new water
management plan would not be suitable. This study will in turn provide
recommendations to improve water management at KCGM based on the results
obtained from WaterMiner. These recommendations will then be incorporated into
the current Water Efficiency Management Plan already in place.

The WaterMiner results have indicated where ideal opportunities for improving water
management at KCGM can be made. Table 12, has highlighted that the Fimiston
Gold Plant has the greatest potential for improving water reuse and recycling. By
implementing selected flows presented by WaterMiner in Table 10, the Fimiston
Gold Plant can optimise and improve its water reuse and recycle percentage from
40%. The selected replacement flows recommended for KCGM are as follows.
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To increase reuse/recycling percentage rates at the Fimiston Gold Plant the most
suitable option is to replace the Fimiston Process Water supply. The following
replacement water flows suggested by WaterMiner are recommended for installation:


Southern Borefield to Fimiston Gold Plant (511.22ML/yr)



Trafalgar Borefield to Fimiston Gold Plant (967.82ML/yr)

By utilising both recommended flows, there will be a reduction in the load required
from the Fimiston Process Water Tank, which is currently the Fimiston Gold Plant’s
major water supply (212ML/month). Currently both the Southern and Trafalgar
Borefields are only used to supply water to the Raw Water Tank, at a rate of
64ML/month and 14ML/month respectively. Both borefields are capable of supplying
the site with a much larger supply, and with a direct flow to the Fimiston Gold Plant it
will also reduce the demand on the Eastern Borefield, Mt Charlotte and Fimiston Pit.

The combination of both recommended flows will have the potential to supply the
Fimiston Gold Plant with 1,479.04ML/year. As the Gold Plant is currently receiving
around 2,544ML/year from the Process Water Tank, the addition of the two proposed
flows will reduce the supply of the Process Water Tank to 1,064.96ML/year. Hence
reducing the extraction rates of the Eastern Borefield, Mt Charlotte and Fimiston Pit,
which all supply the Process Water Tank. The extraction from the combined three
water sources will therefore be reduced by 1,479.04ML/year, approximately 31.27%.
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2.3 Tanami Operation

2.3.1 Site Description

The Newmont Tanami Operations (NTO) is located 540km north west of Alice
Springs, Northern Territory on the edge of the Tanami Desert, see Figure 1.

The site consists of the Callie underground operation located at Dead Bullock Soak,
the underground mine has a current depth of 1.4km. Ore from the mine is processed
at the Granites Mill, located more than 40km to the East of the operation. (Newmont
Asia Pacific 2010). The Granites Mill receives its Raw Water from the Billabong
Bores, Jumbuck Bore and Schist Hills. The Billabong Bores also supply drinking
water to the Village and Mill via two RO Treatment Plants. Water used for Dust
Suppression on site is supplied from Roche Pond and the Ore Crushing CSI.

There are three InPit Tailing Storage Facilities located at NTO, Bunker Hill Pit, Quorn
Pit and Shoe Pit (Water Search Pty. Ltd 2007). All TSF’s have been combined into a
single water store in the WaterMiner flow diagram, see Figure 11. The TSF receives
water from the Mill Thickener, and excess water is supplied to the Process Water
Tank via Decant Pond Return.

2.3.2 Current Site Water Management

The data presented previously in this report, see Figure 2, shows that the Tanami
Operation is the most water efficient site in this study, having the most improved
water extraction rate over the last three years. Previous process water audits were
also conducted at the Tanami Operation in 2001 and 2003 (Cocks 2011). However
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despite the previous audits and good figures, there is no mention of a water
management plan in place at the operation.

Even with no set water management plan implemented, NTO still has excellent water
management monitoring procedures in place. As well as previous audits the history
of NTO’s water data including, extraction, usage, water quality, salinity levels and
discharge rates (Water Search Pty. Ltd 2007) is well documented and is no doubt
having a large influence on the direction of water management at the operation.

The implementation of a water management plan in addition to current water
management procedures at NTO will further improve water management at the site
and place NTO in a good position for future savings and initiatives.

2.3.3 WaterMiner Results & Analysis
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Figure 11 Tanami WaterMiner Flow Chart
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The WaterMiner Flow Chart presented in Figure 11 shows the complete site water
balance at the Tanami Operation. The flow chart represents the boundary of the
system with the inputs, outputs and processes in between all inclusive. Arrows
connecting each of the Water Objects indicate the direction of flow, while the
numbers on the chart represent the water usage for that flow in ML/month.

The Tanami Operation consists of two water imports, rainfall/runoff and gold ore
moisture. While the water from the gold ore is directed straight to the Ore Crushing
CSI, the water from rain/runoff flows into the Jumbuck and Billabong borefields. The
Billabong Bores are used to supply water to both the Village and Gold Mill RO
Plants, converting the supply into potable water after treatment. The majority of
water supplied by the Billabong Bores is transferred to the Raw Water tank for
storage, 67ML/month.

Water supplied from the Jumbuck Bore/Schist Hills is used for Dust Suppression via
Roche Pond, or is sent to the Raw Water Tank. The Raw Water Tank is the major
water supply to the Granites Mill, sending 75ML/month to the Ore Crushing CSI, and
49ML/month to the Milling Platform via the Process Water Tank.

The Potable Water Tank is used to supply water for Gold Elution and water to the
admin facilities. After going through a series of different processes, water from the
Granites Mill is discharged via the Thickener and transferred to the Quorn/Shoe
TSF’s, 142ML/month. Some of this water is put back into the system, but the majority
leaves the system through both evaporation and seepage losses.

Table 13 Tanami Water Account
Imports and Exports (ML)
Imports (ML)

842

Exports (ML)

928

Difference (Imports - Exports) -86
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The Tanami Water Account, Table 13, summarises the difference of the total imports
and total exports of the system. The difference of -86 indicates a negative water
balance as expected. A further calculated percentage difference of 9.26% indicates
that the water balance falls within the required ±10% range necessary for closure
(Sturman et al. 2004).

Table 14 Tanami Replaced Flows (ML/yr)
Original
Source
Billabong
Bores

Original
Destination
Gold Mill RO
Plant

Billabong
Bores

Volume
(ML/yr)

New Source

New Destination

Constructed
Wetland

Gold Mill RO Plant 0.26

Gold Mill RO
Plant

Roche Pond

Gold Mill RO Plant 0.13

Billabong
Bores

Village RO Plant

Constructed
Wetland

Village RO Plant

0.37

Billabong
Bores

Village RO Plant

Decant PVC Pond
(return)

Village RO Plant

45.80

Billabong
Bores

Village RO Plant Roche Pond

Village RO Plant

0.19

Process Water
Tank

Milling Platform Billabong Bores

Milling Platform

28.64

Process Water
Tank

Milling Platform

Decant PVC Pond
(return)

Milling Platform

27.90

Process Water
Tank

Milling Platform

Jumbuck Bore
Schist Hills

Milling Platform

41.84

Process Water
Tank

Milling Platform Roche Pond

Milling Platform

13.95

Raw Water
Tank

Ore Crushing
CSI

Billabong Bores

Ore Crushing CSI

7.28

Raw Water
Tank

Ore Crushing
CSI

Constructed
Wetland

Ore Crushing CSI

4.85

Raw Water
Tank

Ore Crushing
CSI

Decant PVC Pond
(return)

Ore Crushing CSI

320.14

Raw Water
Tank

Ore Crushing
CSI

Jumbuck Bore
Schist Hills

Ore Crushing CSI

12.40

Raw Water
Tank

Ore Crushing
CSI

Quorn/Shoe TSFs

Ore Crushing CSI

4.85

Raw Water

Ore Crushing

Roche Pond

Ore Crushing CSI

4.85
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Tank

CSI

Roche Pond

Dust Suppression

Decant PVC Pond
(return)

Dust Suppression

42.07

Roche Pond

Dust Suppression

Jumbuck Bore
Schist Hills

Dust Suppression

0.29

Thickener

Process Water
Tank

Thickener

Decant PVC Pond
(return)

14.62

Thickener

Process Water
Tank

Thickener

Jumbuck Bore
Schist Hills

1325.15

Thickener

Process Water
Tank

Thickener

Quorn/Shoe TSFs

19.33

Thickener

Process Water
Tank

Thickener

Roche Pond

9.41

The results presented in the Tanami Replacement Flows, Table 14, provides
options for alternate sources and destinations of current water flows at the site. The
purpose of these replacement flows are to demonstrate all possible sources of water
available to a water object and all possible destinations a water object can transfer
water to.

Table 14 is an extract of the complete Tanami Replaced Flows table located in
Appendix C of this report. The complete table includes additional replacement flows
that have been identified as unsuitable options for the Tanami Operation. The text in
the Table 14 has been divided into two colours; green to symbolise appropriate
replacement options and red to define the replacement flows that are deemed as not
suitable.

Table 14 has provided eighteen possible replacement flows for the Tanami
Operation. The replacement flow with the largest volume available for transfer is the
replacement of the Raw Water Tank to the Ore Crushing CSI, with a flow from the
Decant PVC Pond to the Ore Crushing CSI. This replacement flow is capable of
supplying the Ore Crushing CSI with 320.14ML/yr.

An additional replacement flow worth noting includes a flow from the Jumbuck
Bore/Schist Hill to the Milling Platform as a substitute for the original source, the
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Process Water Tank, this is capable of transferring 41.84ML/yr. This replacement
flow would be ideal in the situation of the process water tank being in frequent use
and under heavy demand, or undergoing tank maintenance.

Replacement flows presented in red text indicate unsuitable options. An example of
this is the suggested replacement of the flow from the Thickener to Process Water
Tank, with a flow from the Thickener to the Jumbuck Bore/Schist Hills. The
suggested replacement flow is capable of transferring 1325.15ML/yr. This option is
unsuitable as the Tanami Operation does not perform aquifer recharge. This task
would require further analysis, licence approval, installation and equipment costs and
more. Aquifer recharge at the Tanami Operation may prove to be a viable option in
the future with further investigation.

Table 15 Tanami Additional Recommended Transfers (ML/yr)
Source

Destination

Volume (ML/yr)

Billabong Bores

Process Water Tank

28.64

Billabong Bores

Raw Water Tank

7.28

Constructed Wetland

Raw Water Tank

4.85

Decant PVC Pond (return) Process Water Tank

27.90

Decant PVC Pond (return) Raw Water Tank

320.14

Decant PVC Pond (return) Roche Pond

42.07

Jumbuck Bore Schist Hills Process Water Tank

41.84

Jumbuck Bore Schist Hills Raw Water Tank

12.40

Jumbuck Bore Schist Hills Roche Pond

0.29

Potable Water Tank

Billabong Bores

9.56

Process Water Tank

Decant PVC Pond (return) 14.62

Process Water Tank

Jumbuck Bore Schist Hills 1325.15

Process Water Tank

Quorn/Shoe TSFs

19.33

Process Water Tank

Roche Pond

25.71

Roche Pond

Process Water Tank

13.95

Roche Pond

Raw Water Tank

4.85
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Table 15 differs from the previous table as it just provides a Source and a
Destination for the flow, and not a replacement. This means that the Additional
Recommended Transfers can be implemented into the system in addition to the flow
already in place, i.e. not having to replace that flow.

As mentioned previously, the green text in the table represents appropriate transfers
that can be implemented at the Tanami Operation. Table 15 provides a possible
thirteen recommended transfers that have the potential to be used on site. The major
Recommended Transfers provided include; Billabong Bores to the Process Water
Tank, Decant PVC Pond to Roche Pond, and Jumbuck Bore./Schist Hill to the
Process Water Tank. These new flows are capable of transferring volumes of
28.64ML/yr, 42.07ML/yr, and 41.84ML/yr respectively.

An example of an unsuitable Recommended Transfer is the Potable Water Tanks to
the Billabong Bores, indicated by red text. As mentioned previously Aquifer recharge
does not take place at the Tanami Operation and therefore this transfer would not be
possible.
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Table 16 Tanami Task Flow Summary

Task

Intake
(ML/yr)

Raw
(ML/yr)

Worked
(ML/yr)

Treated
(ML/yr)

Reuse &
Avg. Salinity Avg. Salinity Salt Build Up
Recycled % In (ppm)
Out (ppm) (KG/yr)

Village RO Plant

61

4

8

50

94

3856

3856

0

Gold Mill RO Plant

43

3

6

34

94

3876

3876

0

Dust Suppression

8

2

6

0

74

3639

3639

0

Administration
Facilities

22

0

0

22

100

3955

3955

0

Sewerage Plant

84

0

84

0

100

3883

3883

0

Thickener

113

0

113

0

100

3807

3807

0

Elution

1

0

0

1

99

5793

5793

0

Gold Room

0

0

0

0

100

5793

5793

0

Ore Crushing CSI

32

21

9

2

35

3432

3432

0

Milling Platform

112

53

52

8

53

3799

3799

0

Hydro -Cyclones

112

0

112

0

100

3799

3799

0

Village

61

0

0

61

100

3856

3856

0

Total

649

82

389

178
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The Tanami Task Flow Summary presented in Table 16, provides a summary of
each Task involved in the Tanami WaterMiner Flow Chart, see Figure 11. The Task
Flow Summary shows the amounts of water each tasks consumes, the quality of
water each task receives, percentage of water reused and recycled, and average
salinity values in and out. Through analysis of this table the characteristic of each
task are made evident.

As previously mentioned the section of greatest significance in this table is in Reuse
& Recycled percentages. Table 16, indentifies one Task with a Reuse & Recycle
percentage less than 50%, the Ore Crushing CSI with a percentage of 35%. Another
task with a below average reuse & recycle rate is the Milling Platform, with a
percentage of 53%. Both these tasks are performed within the Granites Mill as part
of the ore processing process. Therefore the major focus for reuse and recycling
opportunities will be at the Granites Mill, exploring opportunity to reuse and recycle
the process water used there.

2.3.4 Proposed Water Management Strategies

A Water Efficiency Management Plan is a process of continuous improvement and
comprises a set of well-planned actions aimed at managing water usage, increase
efficiency and promoting the reuse and recycling of water. (Department of Planning
and Infrastructure 2011) Just as the WEMP developed for the Jundee Operation in
the Chapter 2.1.4, the Tanami WEMP will be based on the Water Efficiency
Management Plan Guidelines for Business developed by the Water Corporation
(Water Corporation 2011).

The major components of the Tanami Water Efficiency Management Plan will
include; An Introduction, Company Information, Water Use, Indicators and Targets,
Opportunities to Save Water, Management Commitment & Annual Review, and an
Action Plan. The description of all seven components of the WEMP will be detailed
under each heading as follows.
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Water Efficient Management Plan for The Tanami Operation

1. Introduction
As stated by the Water Corporation WEMP Guidelines “the introduction includes a
brief description of the current water situation in Western Australia, and reasons why
a WEMP is beneficial to businesses” (Water Corporation 2011). The section must
also include the objectives of the WEMP and the Methodology.

The objectives of the WEMP are to:





Assess current water used on site from all sources (e.g. scheme, self-supplied
groundwater, recycled, reclaimed etc)
Identify inefficiencies and potential water conservation measures
Prepare an action plan to implement water conservation actions
Provide a platform for annual reporting on implementation of water
conservation actions (Water Corporation 2011).

The general methodology of a WEMP is to obtain a history of water use data at the
site. The next step is to create a water balance table, such as that of the Tanami
WaterMiner Flow Chart, see Figure 11. From this information targets and
benchmarks can then be set, opportunities for improvements identified, and finally
implementation of a water management action plan for the site (Water Corporation
2011).

2. Company Information

This section must include the details of the Tanami Operation, such as information
about the site, mining activities and water usage. An assessment of all water related
activities on site should be undertaken, with the water usage of each component
recorded (Water Corporation 2011).

Any water saving activities, reviews or techniques already implemented on site, such
as the 2007 Granites Gold Mine Billabong and Schist Hills Wellfields Status Report
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conducted by Water Search Pty. Ltd (Water Search Pty. Ltd 2007) should be
recorded.

To assist in a successful implementation of the WEMP a Water Management Team
should be formed (Water Corporation 2011). For the Tanami Operation it is
recommend that the water management team consist of individuals or teams directly
involved in the usage of the water on site, as this is the major focus. This would
include members of the Environment team, De-watering team and staff members
stationed at the Granites Mill as they are all directly involved in the everyday tasks
involving water usage around the entire site.

3. Water Use

To identify where savings can be made on site there needs to be an understanding
of how water is used and the costs involved (Water Corporation 2011). Therefore to
get the most accurate outlook, all sources of water must be incorporated in the
analysis, including bore water, rainwater, recycled water, scheme water etc.

The first step in analysing site water use is to calculate the baseline water use. This
is the amount of water currently being used on site. Baseline use “helps to determine
what potential savings can be achieved in the timeframe identified” (Water
Corporation 2011). This can be done by comparing annual baseline water usage and
checking for improvement.
To determine the Tanami Operation’s baseline water usage, the history of the sites
water usage must be obtained. The history of the average groundwater extraction
rates at the Tanami Operation from 1986 – 2007 is presented in Figure 12.
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Figure 12 Tanami Billabong Wellfield discharge 1986 – 2007 (Water Search Pty.
Ltd 2007)

The next step in calculating water use is to obtain a site wide water balance. This will
determine how much water is used by each different ‘water object’ on site. Figure 11,
the Tanami WaterMiner Flow Chart provides a good example of a site wide water
balance, providing individual monthly usages as well as the various water flows
throughout the site.

For a more detailed account of water usage a water audit should be conducted on
the site. This will provide information on time and operating hours of water use, flow
rates, storage volumes and water qualities. The results from the water audit
conducted at the Tanami Operation by Robert Cocks will be provided in his PhD
Paper, expected to be published in 2012.

Continuous and ongoing monitoring should be carried out on a scheduled basis. A
database or spreadsheet should be set up to record historical and ongoing water
usage, maintenance and cost information to produce summary reports. This is one of
the most important roles in the water efficient management plan and will require full
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contribution from all members of the Water Management Team. Site water usage
must be reviewed frequently. “Report results and progress to management and staff
on a regular basis. This will encourage ongoing commitment to the program”
(Department of Planning and Infrastructure 2011).

4. Indicators and Targets

When setting indicators and targets, the initial step should be to set benchmarks.
Benchmarking is a measurement that “determines how much water is consumed on
site relevant to the industry, and allows for realistic and measurable targets to be set”
(Water Corporation 2011).

A benchmarking parameter relevant to the Tanami Operation is the water usage per
ounce of gold produced on site, this information is presented in Figure 5, showing
that Tanami uses 3.2kL of water for every ounce of gold produced.
When setting benchmarks it is also important to be aware how “variables such as
production rates, number of staff/contractors or the number of customers affect water
use when determining water saving targets” (Water Corporation 2011).

Setting water reduction targets for the Tanami Operation will help with a smooth
implementation of water management across the site. The set targets must include a
realistic timeframe and a starting period from where comparisons can be made
(Water Corporation 2011).

5. Opportunities to Save Water

There are many opportunities to save water throughout a mine site. There are the
obvious, high cost methods, but in addition there are also many cheap and effective
ways to save water. Simple behavioural changes to improve water use efficiency are
the easiest and cheapest strategies to introduce around site. They cost nothing and
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if implemented correctly can save large amounts of the annual site water usage. It is
a matter of implementing these behavioural changes into the staff’s everyday
activities for these strategies to be fully efficient.

A key ingredient for a successful WEMP is to maintain a high level of awareness
among staff. This can be achieved by formal training and awareness (such as
newsletters and workshops) or incorporation of the management plan into an
existing training program. The WEMP information and reports should be well
communicated (Department of Planning and Infrastructure 2011).

As many mine sites are actively involved with the local community, it is important to
involve them in the WEMP and keep them aware of the current plans and updates.
Additional methods for increasing both staff and community awareness in regards to
water efficiency, include;



Community Education – Stickers and/or posters in all amenities areas
promoting Water Efficiency, Awareness competition with customers.
Staff Education – Water Efficiency addressed at staff meetings, Water
efficiency to be a part of the induction training for new employees (Water
Corporation 2011).

Other methods of improving water management on site include increasing the
efficiency of equipment and machinery used on site. This will ensure that water is
being used in the most efficient and effect way possible. Several methods of
improving the efficiency of equipment include;




Regular water meter readings in an effort to create consumption trends and
allow analysis of data that could lead to the identification of any leaks.
Installation of water efficient taps and showerheads.
Install automatic controls and cut off valves on cleaning hoses to cut off water
use where feasible (Water Corporation 2011).

The most effective way of reducing water use and improving efficiency is through
recycling and reusing water. As highlighted by the WaterMiner results in Table 16,
the two areas of the Tanami Operation with the lowest reuse and recycling
percentages are the Mine Village and the Tailing Storage Facility, with percentages
of 38% and 20% respectively. The WEMP Action Plan in the following section will
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explore methods for improving the reuse and recycling percentages in both of these
areas.

6. Management Commitment & Annual Review

Commitment from senior management is crucial and should be regularly emphasised
through newsletters and awareness to all employees.

Finally there must be a review of the WEMP results, and the management plan
revised accordingly. The review should detail actions undertaken during the year and
a project implementation plan for the following year (Department of Planning and
Infrastructure 2011).

7. Action Plan

An action plan will be developed based on the results of the water usage
investigations. “The plan should include an implementation timetable and budgetary
requirements” (Department of Planning and Infrastructure 2011). When patterns start
to emerge in the recorded data a greater understanding of water usage, extraction,
discharge, and reuse and recycling will become evident.
The action plan will “identify what, how & when the recommended water saving
opportunities will be implemented. The completion date of these actions may be
influenced by their payback period, or other issues associated with implementation”
(Water Corporation 2011).

69

Areas of Actions
- Operational Efficiency and Conservation
- Water Re-use and Wastewater Management
- Education and Awareness

Estimates
Savings ML/year

Proposed Completion
Date

(Only if Applicable)

Objectives



Assess current water used on site from all sources



Identify inefficiencies and potential water conservation measures

November 2012 (Next



Prepare an action plan to implement water conservation actions

Annual Review)



Provide a platform for annual reporting on implementation of water conservation actions

Actions & Responsibilities

Creation of an onsite Tanami Water Management Team, responsible for implementing and

December 2011

managing the WEMP.
Creation of a WEMP database containing a history of water analysis reports, reviews,
usage etc. From this data the Tanami baseline water usage can be calculated.
The PhD paper soon to be published by project supervisor Robert Cocks will contain the

January 2012

water audit results for the Tanami Operation. Data such as water balance models, flow rates,
water quality and more will be available for analysis with further recommendations.
Based on the review of water use history at the Tanami Operation, indicators and targets
must then be set to create realistic goals for the WEMP. Creating benchmarks is a good

January 2012

starting method.
Increase both staff and community awareness. This can be done through the use of
newsletters, posters, and workshops. For staff awareness, methods include formal training

January 2012

WaterMiner – Mine Water Management
2011

or incorporation of the WEMP into an existing training program. The WEMP information
and reports should be well communicated throughout.
Use of improved technology where economically feasible to replace less efficient

Ongoing (As various

equipment (The University of Queensland 2008).

equipment needs replacing)

Continuous and ongoing monitoring should be carried out on a scheduled basis. A database

Ongoing (weekly &

or spreadsheet should be set up to record historical and ongoing water usage, maintenance,

monthly scheduling

and cost information to produce summary reports.

recommended)

Annual Review. Review the WEMP results and revise the management plan accordingly.

November 2012 (Next

The review should detail actions undertaken during the year and a project implementation

Annual Review)

plan for the following year.
Infrastructure Changes (Based on the Tanami WaterMiner results)

To increase the reuse/recycling percentage rates at the Granites Mill the following water
flows suggested by WaterMiner are recommended for installation (Replacements flows for
the Raw Water Tank):


Decant PVC Pond to Ore Crushing CSI (320.14ML/yr)



Constructed Wetlands to Ore Crushing CSI (4.85ML/yr)



Roche Pond to Ore Crushing CSI (4.85ML/yr)
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2.3.5 Recommendations

In comparison with the other three sites in this study Tanami has proven to be the
most water efficient. The review of past and present water management at the
operation has indicated that a number of process water audits have been conducted
in the past, as well as a review of the sites groundwater extraction in 2007 (Water
Search Pty. Ltd 2007). The steps taken by Tanami in conducting past reviews and
water audits has no doubt contributed to its good current water management
position. As is the case with all mine sites in possession of a groundwater licence,
scheduled water monitoring for bore standing water levels and water sampling for
cyanide and metals are conducted on a monthly and quarterly basis.

Analysis of the results from water audits and the development of a site water flow
chart, through the assistance of WaterMiner have established that the Tanami
Operation has a number of opportunities to improve site wide water management.
The results from this study suggest the implementation of a Water Efficiency
Management Plan, detailed in section 2.3.4. This will not only reduce water
consumption at Tanami but also increase efficiency and reduce the mine’s overall
impact on the environment.

The results from the WaterMiner program have indicated where the greatest
opportunities for improving water usage at the Tanami Operation arise. Table 16,
has highlighted that the Ore Crushing CSI at the Granites Mill has the greatest
potential for improving water reuse and recycling. By implementing selected flows
presented by WaterMiner in Table 14, the Ore Crushing CSI can optimise and
improve its water reuse and recycle percentage from the low 35%. The selected
replacement flows recommended for the Tanami Operation are as follows.

To increase reuse/recycling percentage rates at the Granites Mill the most suitable
option is to replace the Raw Water Tank supply. The following replacement water
flows suggested by WaterMiner are recommended for installation:
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Decant PVC Pond to Ore Crushing CSI (320.14ML/yr)



Constructed Wetlands to Ore Crushing CSI (4.85ML/yr)



Roche Pond to Ore Crushing CSI (4.85ML/yr)

By utilising the three recommended flows, there will be a reduction in the load
required from the Raw Water Tank, which supplies the Ore Crushing CSI with
around 900ML/year.

The Raw Water Tank is currently supplied with around 804ML/year from the
Billabong Bores and 684Ml/year from Jumbuck Bore/Schist Hill.

Both Roche Pond and the Constructed Wetlands are currently being used as water
stores, with the majority of their water being lost to evaporation. Roche pond
contributes 9ML/month to Dust Suppression, while the Constructed Wetlands
primary application is to receive water discharge. The combination of both stores as
a new water supply to the Ore Crushing CSI will reduce extraction from Jumbuck
Bore/Schist Hill and the Billabong bores by 9.70ML/year.

The additional replacement from the Decant PVC Pond to Ore Crushing CSI is
capable of supplying the Granites Mill with 320.14ML/year. This water has already
been through the system for processing and therefore this new flow will improve the
Mill’s reuse/recycle percentage significantly.

The combination of all three recommended flows will have the potential to supply the
Ore Crushing CSI with 329.84ML/year. As the Ore Crushing CSI is currently
receiving around 900ML/year from the Raw Water Tank, the addition of the three
proposed flows will reduce the supply of the Raw Water Tank to 570.16ML/year. In
turn reducing the extraction rates of the Jumbuck Bore/Schist Hill and the Billabong
Bores, which all supply the Raw Water Tank. The extraction rate from both these
water sources will therefore be reduced by 329.84ML/year, approximately 17.20%.
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2.4 Waihi Gold

2.4.1 Site Description

The Newmont Waihi Gold (NWG) operation consists of the Martha open cut pit and
Favona underground mines, located in the town of Waihi, around 150km south of
Auckland, New Zealand (Newmont Asia Pacific 2010). The operation also consists of
a single processing plant, waste water treatment plant and two Tailing Storage
Facilities, TSF1 and TSF2, with the former ceasing tailings storage in July 2005.

Because of its location Waihi experiences a very high annual rainfall and with
licensed permission to extract water from a nearby river the site operates with a net
positive water balance. Waihi Gold is also the only site that has obtained a licence
for permission to discharge water into a river. The Ohinemuri River receives treated
water from TSF2, the Waste Water Treatment Plant and RO Plant. No bores are
used to supply process water to the site, and all water is extracted from mine
dewatering, the river, and collection ponds.

2.4.2 Current Site Water Management

As mentioned previously in the literature review, there was no indication of a water
management plan in place at Waihi Gold. Through the water audit conducted by
Robert Cocks, he discover the existence of a water management plan at the site.
The obtained copy of this plan is the 2006 Martha and Favona Mine Projects - Water
Management Plan (Newmont Waihi Gold 2006).
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The water management plan is highly detailed consisting of the various water
sources, water storage options, a water management programme, implications,
practices, monitoring and reporting. The purpose of the Plan is to set out (Newmont
Waihi Gold 2006):


water management objectives, and how these objectives will be met,



the water management system to be applied across the project areas,



current areas of focus and investigation as they relate to mining progress,



how the Company intends to manage water while meeting the consent
conditions,



contingency plans, and



monitoring and reporting requirements.

Due to a water management plan already implemented at Waihi Gold, the
development of a new water efficiency management plan would not be suitable.
Rather, recommendations based on the WaterMiner results will be incorporated into
the current Martha and Favona Mine Projects - Water Management Plan already in
place.

2.4.3 WaterMiner Results & Analysis
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Figure 13 Waihi Gold WaterMiner Flow Chart
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The WaterMiner flow chart presented in Figure 13 shows the complete site water
balance at the Waihi Gold Operation. The flow chart represents the boundary of the
system with the inputs, outputs and processes in between all inclusive. Arrows
connecting each of the Water Objects indicate the direction of flow, while the
numbers on the chart represent the water usage for that flow in ML/month.

Waihi Gold consists of four water imports; rainfall/runoff, gold ore moisture, river
water and ground water. While the water from the gold ore is directed straight to the
Gold Treatment Plant, the water from the rain/runoff flows into the Martha Pit,
Favona Mine and TSF2. The River water is used as a higher quality water source for
the process of gold elution, using around 8ML/month. Groundwater is supplied to the
Martha Pit, Favona Mine and TSF2.

Large amounts of water from the Martha Pit and Favona Underground Mine are
transferred to the Water Treatment Plant, after treatment this water is used to supply
the Gold Treatment Plant. After processing of the ore water is then discharged to
TSF2, at a rate of around 31ML/month. Water is transferred to the discharged TSF1
where process water is recycled via the TSF collection ponds, with the remaining
water lost through seepage and evaporation.

Losses to the system via river discharge occur from the Water Treatment Plant, RO
Plant and TSF2. The Martha Pit is used as the sole supply of water for Road
Watering, 135ML/month.

Table 17 Waihi Gold Water Account
Imports and Exports (ML)
Imports (ML)

16313

Exports (ML)

16152

Difference (Imports - Exports) 161
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The Waihi Gold Water Account, Table 17, summarises the difference of the total
imports and total exports of the system. The difference of 161 indicates a positive
water balance, this is due to the large number of water imports into the system and
high annual rainfall experienced at the site. In addition to the general rainfall/runoff
and ore moisture, other water sources at the operation include river water and
groundwater.

A further calculated percentage difference of -0.97% indicates that the water balance
falls within the required ±10% range necessary for closure (Sturman et al. 2004).

Table 18 Waihi Gold Replaced Flows (ML/yr)
Original Source

Original
Destination

New Source

New Destination

Volume
(ML/yr)

Favona
Underground Mine

Waihi WTP

TSF 1A

Waihi WTP

4.44

Gold treatment plant TSF 2

Gold treatment
Martha Pit
plant

6.60

Martha Pit

Road watering/belt
TSF 1A
wash

Road watering/belt
158.00
wash

Martha Pit

Waihi WTP

TSF 1A

Waihi WTP

873.23

TSF Collection
Ponds

Waihi WTP

TSF 1A

Waihi WTP

5.46

The results presented in the Waihi Gold Replacement Flows, Table 18, provides
options for alternate sources and destinations of current water flows at the site. The
purpose of these replacement flows are to demonstrate all possible sources of water
available to a water object and all possible destinations a water object can transfer
water to.

Table 18 is an extract of the complete Waihi Gold Replaced Flows table located in
Appendix D of this report. The complete table includes additional replacement flows
that have been identified as unsuitable options for Waihi Gold. The text in the Table
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18 has been divided into two colours; green to symbolise appropriate replacement
options and red to define the replacement flows that are deemed as not suitable.

Table 18 has provided four possible replacement flows for the Waihi Gold Operation.
The two major replacement flows provided with the largest volume available for
transfer include; the replacement of the Martha Pit to Road Watering/Belt Wash, with
a flow from the TSF1A to Road Watering/Belt Wash. This replacement flow is
capable of supplying the Road Watering/Belt Wash with 158ML/yr.

The second major replacement flow is the replacement of the Martha Pit to Water
Treatment Plant flow, with a flow TSF1A to the Water Treatment Plant. This
suggested replacement flow is capable of transferring 873.23ML/yr.

Replacement flows presented in red text indicate unsuitable options. An example of
this is the suggested replacement of the flow from the Gold Treatment Plant to TSF2,
with a new flow from the Gold Plant to Martha Pit capable of transferring
6.60ML/year. This option is unsuitable as the water discharged from the Gold
Treatment Plant to TSF2 has traces of cyanide. TSF2 is the only location equipped
to handle the storage of cyanide on site. If this flow was transferred to Martha Pits as
recommended, there would be significant impacts to the environment as well as
major breaches to licensing conditions.

Table 19 Waihi Gold Additional Recommended Transfers (ML/yr)
Source Destination
TSF 1A Martha Pit

Volume (ML/yr)
1031.24

TSF 1A TSF Collection Ponds

5.46

TSF 2

Favona Underground Mine 31.72

Table 19 differs from the previous table as it just provides a Source and a
Destination for the flow, and not a replacement. This means that the Additional
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Recommended Transfers can be implemented into the system in addition to a flow
already in place, i.e. not having to replace that flow.

As mentioned previously, the green text in the table represents appropriate transfers
that can be implemented at Waihi Gold. Table 19 provides a possible two
recommended transfers that have potential to be used on site. The major
Recommended Transfer provided includes TSF1A to Martha Pit. This potential new
flow is capable of transferring a volume of 1031.24ML/yr. Martha Pit provides an
ideal location to store water if TSF1A was approaching full capacity and another
storage location was required.

An example of an unsuitable Recommended Transfer is TSF2 to the Favona
Underground Mine. As Favona is an underground operation it is not capable of
storing large amounts of water, therefore this additional transfer would not be a
recommended option.
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Table 20 Waihi Gold Task Flow Summary

Intake
(ML/yr)
Road watering/belt wash 1620

Raw
(ML/yr)
1454

Worked
(ML/yr)
164

Treated
(ML/yr)
2

Reuse &
Avg. Salinity
Recycled % In (ppm)
10
861

Avg. Salinity Salt Build
Out (ppm)
Up (KG/yr)
861
0

Gold treatment plant

28

6

7

14

78

3055

3055

0

Waihi WTP

256

72

177

7

72

2736

2736

0

Waihi RO plant

30

0

0

30

100

2736

2736

0

Elution

7

7

0

0

0

2000

2000

0

TSF 1A

14869

14865

3

1

0

304

528

0

Total

16809

16404

351

54

2
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The Waihi Gold Task Flow Summary presented in Table 20, provides a summary of
each Task involved in the Waihi Gold WaterMiner Flow Chart, see Figure 13. The
Task Flow Summary shows the amounts of water each tasks consumes, the quality
of water each task receives, percentage of water reused and recycled, and average
salinity values in and out. Through analysis of this table the characteristic of each
task are made evident.

As previously mentioned the section of greatest significance in this table is in Reuse
& Recycled percentages. Table 20, indentifies two Task with a Reuse & Recycle
percentage of 0%, Elution and TSF1A. Also identified with a low percentage is Road
Watering/Belt Wash with 10%. As Elution is a very a complex Task, that requires a
high quality of water to operate, opportunities for water reuse and recycling may be
difficult. TSF1A is a decommissioned Tailings Storage Facility, capable of storing
large amounts of water. Therefore there will be a large focus on reuse and recycling
opportunities from TSF1A as well as Road Watering/Belt Wash.

2.4.4 Recommendations

As mentioned previously in this report Waihi Gold currently has a WEMP in place
entitled the Martha and Favona Mine Projects - Water Management Plan (Newmont
Waihi Gold 2006). The Water Efficiency Management Plan at Waihi Gold dates back
to 2006, therefore the development of a new water management plan would not be
suitable. This study will subsequently provide recommendations to improve water
management at Waihi Gold based on the results obtained from WaterMiner. These
recommendations will then be incorporated into the current Water Efficiency
Management Plan already in place.

The WaterMiner results have indicated where ideal opportunities for improving water
management at Waihi Gold can be made. Table 20, has highlighted that TSF1A and
the Road Watering/Belt Wash have the greatest potential for improving water reuse
and recycling. By implementing selected flows presented by WaterMiner in Table 18,
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TSF1A and the Road Watering/Belt Wash can optimise and improve their water
reuse and recycle percentage from 0% and 10% respectively. The selected
replacement flows recommended for Waihi Gold are as follows.

To increase reuse/recycling percentage rates at both TSF1A and the Road
Watering/Belt Wash the most suitable option is to replace the Martha Pit water
supply with flows from TSF1A. The following replacement water flows suggested by
WaterMiner are recommended for installation:


TSF1A to Road Watering/Belt Wash (158ML/yr)



TSF1A to Waihi WTP (873.23ML/yr)

By utilising both recommended flows, there will be a significant reduction in the load
required from Martha Pit, which is currently supplying around 1,620ML/year to the
Waihi WTP and 1,620ML/year to the Road Watering/Belt Wash.

The two proposed flows from TSF1A are capable of recycling around
1,031.23ML/year of processed water. This will not only improve TSF1A’s
reuse/recycle percentage but also decrease the extraction rate from Martha Pit from
3,240ML/year to 2,208.77ML/year. Therefore the proposed reuse of process water at
the Waihi Gold Operation will decrease extraction rates and save around
1,031.23ML/year, approximately 14.67%.
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Conclusion

This thesis report presents an in depth study of the application and practice of water
management within the Australian and New Zealand gold mining industry. A review
of current water management strategies at four different gold mines has provided a
good indication at the level of water management practices within the industry.
Through the use of the WaterMiner mine water management program,
recommendations have then been made to improve water management at each of
the sites.

In summary the methodology of the study was divided into five steps:


Analysis of Water Audit Results: Results were obtained from water audits
conducted at each of the gold mines. The results were then reviewed and
prepared in the appropriate format for entry into the WaterMiner program.



Modelling in WaterMiner: Required data such as water flows, salinity
concentrations, catchment areas and volumes were used to create flow
charts in the WaterMiner program. Climate data for each site was also
included. On completion the program was able to run simulations on all four
of the study sites.



Review of WaterMiner results: The results from the simulations were
presented in a series of tables and charts. A review of the results was
conducted to identify suitable and non suitable recommendations.



Review current water management strategies: A review of each sites current
water management strategies was conducted to identify where significant
improvements to water management could best be made.



Make recommendations for water management: The final step was to provide
recommendations for each site, based on the WaterMiner results and current
water management strategies in place.
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In conclusion I believe that the three key objectives set out at the start of the study
have been achieved. The WaterMiner program was able to provide a number of
alternative methods for reusing and recycling water at each of the study sites. A
review of past and present water management strategies has revealed that some
form of water management has been undertaken at each site, but there are many
opportunities for improvement. Finally WEMP’s were developed for both the Jundee
and Tanami Operations, and recommendations made for all four sites to provide new
methods for managing water usage more efficiently.
In today’s society mining companies are heavily scrutinised by the public and the
media for every little ill performed action, especially in relation to environmental
impacts. It is for this reason I was very surprised to find that half of the mine sites in
this study did not have water management plans in place, especially as they are run
by one of the largest gold mining companies in the world. However in Newmont’s
latest sustainability report the company has acknowledged that there are many areas
for improvement in relation to water management and is taking the right steps
forward to improving this ongoing issue.

A WEMP provides an effective approach to water management. This study has
shown that by implementing a WEMP a mine site will benefit significantly, through
gaining a better understanding of its water usage and identifying further areas for
improvement. It is therefore recommended that all mine sites relevant to this study
should implement a WEMP, not only to reduce costs and water usage, but to use
water more efficiently and to reduce the impact on the environment.
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4

Recommendations for Future Work

As mentioned previously water management at all mine sites is an ongoing process.
Therefore it is imperative that WEMP’s are reviewed annually, to maintain a current
understanding of water usage and keep up to date with the latest advancements in
technology.

It is also recommended that water audits continue to be conducted at each of the
sites, perhaps once every two to three years. This will provide updated information
on all site water use, and further assist the WEMP with indentifying new
opportunities to reduce water consumption and reuse water.

In regards to the WaterMiner program, the results produced some very good
recommendations for each of the site. However along with the good came the bad,
with a number of unsuitable recommendations also being produced. Long reviews
then had to follow to separate the good from the bad. Therefore I feel there is still
much room for improvement within the program.

As mentioned in section 1.6 Assumptions and Constraints, the WaterMiner program
was initially developed for use in the coal mining industry. Due to a number of factors
such as the use of cyanide in gold processing etc, the program was not able to
adjust and hence produced a number of unsuitable options. With further investigation
into developing and improving WaterMiner for use in the gold industry, I believe the
program has the potential to have a significant impact on water management in the
Australian mining industry.
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Appendix A

Jundee WaterMiner Results

Site Summary
Water Account
Storage Volumes (ML)

Imports and Exports (ML)

Storage at End of Period (ML) 0

Imports (ML)

2210

Storage at Start of Period (ML) 96

Exports (ML)

2305

Change in Storage (ML)

-96 Difference (Imports - Exports) -96

Global Reporting Indicators (GRIs)
About the Indicators
In recent years, concerns about the sustainability and social responsibility of mining have led
the mining industry to reach consensus on sustainability principles through an extensive
global process known as The Mining, Minerals and Sustainable Development Project
(MMSD 2002), later implemented by the International Council on Mining and Minerals
(International Council on Mining and Minerals 2003). This process achieved the development
of a sustainability framework comprising three elements: a set of ten principles, independent
assurance and public reporting, for instance via the Global Reporting Initiative (GRI), which
provides a suggested list of contents for corporate sustainability reports (Global Reporting
Initiative 2005, 2006). Water issues feature in the framework, through specific reporting
indicators.
References
Global Reporting Initiative. (2005). "GRI Mining and Metals Sector Supplement Pilot
Version 1.0."
Global Reporting Initiative. (2006). "Indicator Protocols: Environment, version 3.0".
International Council on Mining and Minerals. (2003). "ICMM Sustainable Development
Framework: ICMM Principles." ICMM.
MMSD. (2002). Breaking New Ground: Mining, Minerals, and Sustainable Development.
Earthscan, London and Sterling.
EN8: Total water withdrawal by source (ML/yr)
Quality:

1

2

3

Total

Surface

690

16

0

706

Ground

0

32

0

32

Sea

0

0

0

0
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Third Party

0

0

0

0

Unspecified

0

0

0

0

690

48

0

738

Total

EN21: Total water discharge by destination (ML/yr)
Quality:

1

2

3

Total

Surface

0

0

0

0

Ground

0

55

0

55

Sea

0

0

0

0

Third Party

0

0

0

0

Evaporation

175

149

0

325

Entrainment

0

0

0

0

Other

0

390

0

390

Unspecified

0

0

0

0

175

594

0

770

Total
EN10: Water reused and recycled*
Volume (ML/yr ) :

9080

Percent of Volume Imported:

429

*Please note that the GRI reuse figure includes rain and runoff water.

Replaced Flows (ML/yr)
Original Source

Original
Destination

Volume
(ML/yr)

New Source

New Destination

Converted open-cut Mine return
pits
circuit

Jundee process
water dam

Mine return circuit 2.04

Converted open-cut Mine return
pits
circuit

Sandhill and Dingo
Mine return circuit 2.09
Well-fields

Converted open-cut Mine return
pits
circuit

Underground mine
Mine return circuit 0.52
dewatering

Freshwater tank

Ion exchange
water treatment

Converted open-cut Ion exchange
pits
water treatment

32.41

Freshwater tank

Ion exchange
water treatment

Jundee process
water dam

Ion exchange
water treatment

14.12

Freshwater tank

Ion exchange
water treatment

Potable water bore- Ion exchange
fields
water treatment

21.51

Freshwater tank

Ion exchange
water treatment

Sandhill and Dingo Ion exchange
Well-fields
water treatment

431.00

Freshwater tank

Ion exchange
water treatment

Underground mine Ion exchange
dewatering
water treatment

3.59
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Gold plant

Tailings storage
facility

Gold plant

Converted opencut pits

253.83

Gold plant

Tailings storage
facility

Gold plant

Jundee process
water dam

167.74

Gold plant

Tailings storage
facility

Gold plant

Potable water
bore-fields

4.96

Gold plant

Tailings storage
facility

Gold plant

Sandhill and
1439.02
Dingo Well-fields

Gold plant

Tailings storage
facility

Gold plant

Seepage recovery
5.04
bores

Ion exchange water Potable water
treatment
storage tanks

Ion exchange water Converted opentreatment
cut pits

197.25

Ion exchange water Potable water
treatment
storage tanks

Ion exchange water Jundee process
treatment
water dam

55.29

Ion exchange water Potable water
treatment
storage tanks

Ion exchange water Potable water
treatment
bore-fields

46.32

Ion exchange water Potable water
treatment
storage tanks

Ion exchange water Sandhill and
303.81
treatment
Dingo Well-fields

Ion exchange water Potable water
treatment
storage tanks

Ion exchange water Seepage recovery
24.70
treatment
bores

Ion exchange water Potable water
treatment
storage tanks

Ion exchange water Underground mine
2.43
treatment
dewatering

Jundee process
water dam

Gold plant

Converted open-cut
Gold plant
pits

26.14

Jundee process
water dam

Gold plant

Sandhill and Dingo
Gold plant
Well-fields

52.54

Mine return circuit

Jundee process
water dam

Mine return circuit

Converted opencut pits

Mine return circuit

Jundee process
water dam

Mine return circuit

Sandhill and
33.76
Dingo Well-fields

Mine return circuit

Jundee process
water dam

Mine return circuit Turkey nests

Mine return circuit

Jundee process
water dam

Mine return circuit

Underground mine
0.89
dewatering

Mine return circuit Turkey nests

Mine return circuit

Converted opencut pits

1.39

Mine return circuit Turkey nests

Mine return circuit

Jundee process
water dam

2.25

Mine return circuit Turkey nests

Mine return circuit

Sandhill and
0.44
Dingo Well-fields

91

45.84

3.34

WaterMiner – Mine Water Management
2011

Mine return circuit Turkey nests

Mine return circuit

Seepage recovery
0.47
bores

Mine return circuit Turkey nests

Mine return circuit

Underground mine
0.46
dewatering

Potable water boreMine village
fields

Converted open-cut
Mine village
pits

0.07

Potable water boreMine village
fields

Freshwater tank

Mine village

0.07

Potable water boreMine village
fields

Jundee process
water dam

Mine village

0.46

Potable water boreMine village
fields

Raw water storage
tank

Mine village

0.33

Potable water boreMine village
fields

Turkey nests

Mine village

0.07

Potable water boreMine village
fields

Underground mine
Mine village
dewatering

0.20

Potable water
storage tanks

Gold Elution

Converted open-cut
Gold Elution
pits

30.67

Potable water
storage tanks

Gold Elution

Jundee process
water dam

Gold Elution

0.59

Potable water
storage tanks

Gold Elution

Potable water boreGold Elution
fields

0.59

Potable water
storage tanks

Gold Elution

Sandhill and Dingo
Gold Elution
Well-fields

472.66

Potable water
storage tanks

Gold Elution

Underground mine
Gold Elution
dewatering

1.80

Raw water storage
tank

Gold plant

Converted open-cut
Gold plant
pits

28.53

Raw water storage
tank

Gold plant

Jundee process
water dam

Gold plant

3.57

Raw water storage
tank

Gold plant

Potable water boreGold plant
fields

4.27

Raw water storage
tank

Gold plant

Sandhill and Dingo
Gold plant
Well-fields

558.38

Raw water storage
tank

Gold plant

Underground mine
Gold plant
dewatering

1.45

Turkey nests

Road watering

Freshwater tank

Road watering

0.22

Turkey nests

Road watering

Jundee process
water dam

Road watering

0.65

Turkey nests

Road watering

Raw water storage
tank

Road watering

0.22

92

WaterMiner – Mine Water Management
2011

Turkey nests

Road watering

Underground mine
Road watering
dewatering

0.44

Underground mine Mine return
dewatering
circuit

Freshwater tank

Mine return circuit 0.23

Underground mine Mine return
dewatering
circuit

Jundee process
water dam

Mine return circuit 0.23

village wastewater Tailings storage
treatment plant
facility

village wastewater Converted opentreatment plant
cut pits

2.64

village wastewater Tailings storage
treatment plant
facility

village wastewater Jundee process
treatment plant
water dam

0.66

village wastewater Tailings storage
treatment plant
facility

village wastewater Potable water
treatment plant
bore-fields

0.50

village wastewater Tailings storage
treatment plant
facility

village wastewater Sandhill and
1.28
treatment plant
Dingo Well-fields

village wastewater Tailings storage
treatment plant
facility

village wastewater Seepage recovery
0.33
treatment plant
bores

village wastewater Tailings storage
treatment plant
facility

village wastewater
Turkey nests
treatment plant

village wastewater Tailings storage
treatment plant
facility

village wastewater Underground mine
0.38
treatment plant
dewatering

0.57

Additional Recommneded Transfers (ML/yr)
Source
Converted open-cut pits

Destination
Freshwater tank

Volume (ML/yr)
32.41

Converted open-cut pits

Jundee process water dam

26.14

Converted open-cut pits

Potable water bore-fields

0.07

Converted open-cut pits

Potable water storage tanks

30.67

Converted open-cut pits

Raw water storage tank

28.53

Freshwater tank

Potable water bore-fields

0.07

Freshwater tank

Turkey nests

0.22

Freshwater tank

Underground mine dewatering 0.23

Jundee process water dam

Converted open-cut pits

47.89

Jundee process water dam

Freshwater tank

14.12

Jundee process water dam

Potable water bore-fields

0.46

Jundee process water dam

Potable water storage tanks

0.59

Jundee process water dam

Raw water storage tank

3.57

Jundee process water dam

Sandhill and Dingo Well-fields 33.76

Jundee process water dam

Turkey nests

Jundee process water dam

Underground mine dewatering 1.12
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Potable water bore-fields

Freshwater tank

21.51

Potable water bore-fields

Potable water storage tanks

0.59

Potable water bore-fields

Raw water storage tank

4.27

Potable water storage tanks

Converted open-cut pits

197.25

Potable water storage tanks

Jundee process water dam

55.29

Potable water storage tanks

Potable water bore-fields

46.32

Potable water storage tanks

Sandhill and Dingo Well-fields 303.81

Potable water storage tanks

Seepage recovery bores

Potable water storage tanks

Underground mine dewatering 2.43

Raw water storage tank

Potable water bore-fields

0.33

Raw water storage tank

Turkey nests

0.22

24.70

Sandhill and Dingo Well-fields Converted open-cut pits

2.09

Sandhill and Dingo Well-fields Freshwater tank

431.00

Sandhill and Dingo Well-fields Jundee process water dam

52.54

Sandhill and Dingo Well-fields Potable water storage tanks

472.66

Sandhill and Dingo Well-fields Raw water storage tank

558.38

Tailings storage facility

Converted open-cut pits

256.46

Tailings storage facility

Jundee process water dam

168.39

Tailings storage facility

Potable water bore-fields

5.45

Tailings storage facility

Sandhill and Dingo Well-fields 1440.30

Tailings storage facility

Seepage recovery bores

5.37

Tailings storage facility

Turkey nests

0.57

Tailings storage facility

Underground mine dewatering 0.38

Turkey nests

Converted open-cut pits

1.39

Turkey nests

Jundee process water dam

2.25

Turkey nests

Potable water bore-fields

0.07

Turkey nests

Sandhill and Dingo Well-fields 0.44

Turkey nests

Seepage recovery bores

Turkey nests

Underground mine dewatering 0.46

0.47

Underground mine dewatering Converted open-cut pits

0.52

Underground mine dewatering Freshwater tank

3.59

Underground mine dewatering Potable water bore-fields

0.20

Underground mine dewatering Potable water storage tanks

1.80

Underground mine dewatering Raw water storage tank

1.45

Underground mine dewatering Turkey nests

0.44

Task Flow Summary
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Task

Worke
Intake Raw
d
(ML/yr (ML/yr
(ML/yr
)
)
)

Treate
d
Reus Recycle
(ML/yr e % d %
)

Avg.
Salinit
y In
(ppm)

Salt
Avg.
Build
Salinit
Up
y Out
(KG/yr
(ppm)
)

Mine
return
circuit

614

56

555

3

90

0

1020

1020

0

Gold plant 1213

92

1119

1

92

0

987

987

0

Road
watering

6

180

0

96

0

980

980

0

Ion
exchange
472
water
treatment

97

374

1

79

0

892

892

0

Gold
Elution

20

270

0

93

0

1007

1007

0

village
wastewate
56
r treatment
plant

0

56

0

100

0

542

542

0

Mine
village

56

34

21

0

38

0

542

542

0

Tailings
storage
facility

206

166

0

40

0

20

151

160

0

Total

3092

471

2576

46

83

1

187

290

Task Downtime Summary
Rainfall Above
Rainfall Below Minimum
Maximum Threshold
Threshold (days/year)
(days/year)
Mine return circuit 0
0
Task

Total
(days/year)
91

Gold plant

0

0

204

Road watering

0

0

82

Ion exchange water
0
treatment

0

105

Gold Elution

0

0

204

village wastewater
treatment plant

0

0

82

Mine village

0

0

82
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Imports Summary
Note: Asterix(*) indicates values simulated directly by WaterMiner, caret(^) indicate values
supplied externally.
Imports
*Rainfall

Volume (ML/yr) Source Type
Quality
522
Surface Precipitation 1

Rainfall/runoff

0

Surface Precipitation 2

*Undisturbed Runoff

168

Surface Runoff

1

^Outside Series Runoff 0

Surface Runoff

2

*Disturbed Runoff

16

Surface Runoff

2

Gold ore

32

Ground Unknown

2

Total

738

Exports Summary
Note: Asterix indicates values simulated directly by WaterMiner.
Exports

Volume
(ML/yr)

Destination Type

Quality

Constraint
Violated (days/yr)

*Seepage

9

Ground

Seepage

2

0

Seepage losses

47

Ground

Unknown

2

0

*Evaporation

175

Evaporation Evaporation

1

0

Evaporation losses 149

Evaporation Evaporation

2

0

*Uncontrolled
Discharge

390

Other

2

0

Total

770

Unknown
Discharge
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Appendix B

KCGM WaterMiner Results

Site Summary
Water Account
Storage Volumes (ML)

Imports and Exports (ML)

Storage at End of Period (ML) 535 Imports (ML)

2139

Storage at Start of Period (ML) 484 Exports (ML)

2087

Change in Storage (ML)

51

Difference (Imports - Exports) 51

Global Reporting Indicators (GRIs)
About the Indicators
In recent years, concerns about the sustainability and social responsibility of mining have led
the mining industry to reach consensus on sustainability principles through an extensive
global process known as The Mining, Minerals and Sustainable Development Project
(MMSD 2002), later implemented by the International Council on Mining and Minerals
(International Council on Mining and Minerals 2003). This process achieved the development
of a sustainability framework comprising three elements: a set of ten principles, independent
assurance and public reporting, for instance via the Global Reporting Initiative (GRI), which
provides a suggested list of contents for corporate sustainability reports (Global Reporting
Initiative 2005, 2006). Water issues feature in the framework, through specific reporting
indicators.
References
Global Reporting Initiative. (2005). "GRI Mining and Metals Sector Supplement Pilot
Version 1.0."
Global Reporting Initiative. (2006). "Indicator Protocols: Environment, version 3.0".
International Council on Mining and Minerals. (2003). "ICMM Sustainable Development
Framework: ICMM Principles." ICMM.
MMSD. (2002). Breaking New Ground: Mining, Minerals, and Sustainable Development.
Earthscan, London and Sterling.
EN8: Total water withdrawal by source (ML/yr)
Quality:

1

2

3

Total

Surface

2306

1

0

2307

Ground

0

0

0

0

Sea

0

0

0

0

97

WaterMiner – Mine Water Management
2011

Third Party

0

0

261

261

Unspecified

0

0

0

0

2306

1

261

2568

Total

EN21: Total water discharge by destination (ML/yr)
Quality:

1

2

3

Total

Surface

0

0

0

0

Ground

0

28

0

28

Sea

0

0

0

0

Third Party

0

0

0

0

Evaporation

54

0

0

54

Entrainment

0

0

0

0

Other

0

1023

0

1023

Unspecified

0

1401

0

1401

54

2453

0

2506

Total
EN10: Water reused and recycled*
Volume (ML/yr ) :

3552

Percent of Volume Imported:

166

*Please note that the GRI reuse figure includes rain and runoff water.

Replaced Flows (ML/yr)
Original Source

Original
Destination

New Source

New Destination

Volume
(ML/yr)

Fimiston Gold
Plant

Fimiston TSF

Fimiston Gold
Plant

Eastern Borefield

217.32

Fimiston Gold
Plant

Fimiston TSF

Fimiston Gold
Plant

Fimiston Pit

126.39

Fimiston Gold
Plant

Fimiston TSF

Fimiston Gold
Plant

Gidji TSF

115.15

Fimiston Gold
Plant

Fimiston TSF

Fimiston Gold
Plant

Mt Charlotte

238.82

Fimiston Gold
Plant

Fimiston TSF

Fimiston Gold
Plant

Southern Borefield 230.15

Fimiston Gold
Plant

Fimiston TSF

Fimiston Gold
Plant

Trafalgar Borefield 355.79

Fimiston Potable
Water

Admin and
Workshops

Eastern
Borefield

Admin and
Workshops

0.44

Fimiston Potable
Water

Admin and
Workshops

Fimiston Pit

Admin and
Workshops

2.21
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Fimiston Potable
Water

Admin and
Workshops

Mt Charlotte

Admin and
Workshops

5.28

Fimiston Potable
Water

Admin and
Workshops

Southern
Borefield

Admin and
Workshops

2.61

Fimiston Potable
Water

Admin and
Workshops

Trafalgar
Borefield

Admin and
Workshops

3.95

Fimiston Potable
Water

Fimiston Gold
Plant

Eastern
Borefield

Fimiston Gold
Plant

39.58

Fimiston Potable
Water

Fimiston Gold
Plant

Fimiston Pit

Fimiston Gold
Plant

63.48

Fimiston Potable
Water

Fimiston Gold
Plant

Mt Charlotte

Fimiston Gold
Plant

161.58

Fimiston Potable
Water

Fimiston Gold
Plant

Southern
Borefield

Fimiston Gold
Plant

354.25

Fimiston Potable
Water

Fimiston Gold
Plant

Trafalgar
Borefield

Fimiston Gold
Plant

246.10

Fimiston Process
Water

Fimiston Gold
Plant

Eastern
Borefield

Fimiston Gold
Plant

260.05

Fimiston Process
Water

Fimiston Gold
Plant

Fimiston Pit

Fimiston Gold
Plant

259.27

Fimiston Process
Water

Fimiston Gold
Plant

Mt Charlotte

Fimiston Gold
Plant

420.79

Fimiston Process
Water

Fimiston Gold
Plant

Southern
Borefield

Fimiston Gold
Plant

619.03

Fimiston Process
Water

Fimiston Gold
Plant

Trafalgar
Borefield

Fimiston Gold
Plant

986.98

Gidji Roaster

Gidji TSF

Gidji Roaster

Eastern Borefield

81.93

Gidji Roaster

Gidji TSF

Gidji Roaster

Fimiston Pit

175.07

Gidji Roaster

Gidji TSF

Gidji Roaster

Mt Charlotte

186.66

Gidji Roaster

Gidji TSF

Gidji Roaster

Southern Borefield 59.13

Gidji Roaster

Gidji TSF

Gidji Roaster

Trafalgar Borefield 224.15

Additional Recommneded Transfers (ML/yr)
Source
Eastern Borefield

Destination
Volume (ML/yr)
Fimiston Potable Water 40.02

Eastern Borefield

Fimiston Process Water 260.05

Fimiston Pit

Fimiston Potable Water 65.69

Fimiston Pit

Fimiston Process Water 259.27

Fimiston TSF

Eastern Borefield
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Fimiston TSF

Fimiston Pit

126.39

Fimiston TSF

Gidji TSF

115.15

Fimiston TSF

Mt Charlotte

238.82

Fimiston TSF

Southern Borefield

230.15

Fimiston TSF

Trafalgar Borefield

355.79

Gidji TSF

Eastern Borefield

81.93

Gidji TSF

Fimiston Pit

175.07

Gidji TSF

Mt Charlotte

186.66

Gidji TSF

Southern Borefield

59.13

Gidji TSF

Trafalgar Borefield

224.15

Mt Charlotte

Fimiston Potable Water 166.87

Mt Charlotte

Fimiston Process Water 420.79

Southern Borefield Fimiston Potable Water 356.86
Southern Borefield Fimiston Process Water 619.03
Trafalgar Borefield Fimiston Potable Water 250.05
Trafalgar Borefield Fimiston Process Water 986.98

Task Flow Summary

Task

Worke
Intake Raw
d
(ML/yr (ML/yr
(ML/yr
)
)
)

Treate
d
Reus Recycle
(ML/yr e % d %
)

Avg.
Salinit
y In
(ppm)

Salt
Avg.
Build
Salinit
Up
y Out
(KG/yr
(ppm)
)

Gidji
Roaster

1953

185

1527

242

78

12

3747

3747

0

Fimiston
2305
Gold Plant

938

976

391

42

17

5298

5298

0

Admin
and
135
Workshop
s

2

11

122

8

90

1862

1862

0

Sewerage
135
Treatment

0

135

0

100

0

1862

1862

0

Total

1126

2648

755

58

17

4528

Task Downtime Summary
Task

Rainfall Below Minimum
Threshold (days/year)

Rainfall Above Maximum
Threshold (days/year)

100

Total
(days/year)
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Gidji Roaster

0

0

166

Fimiston Gold
Plant

0

0

166

Admin and
Workshops

0

0

0

Sewerage
Treatment

0

0

0

Imports Summary
Note: Asterix(*) indicates values simulated directly by WaterMiner, caret(^) indicate values
supplied externally.
Imports
Ore Moisture

Volume (ML/yr) Source
Type
Quality
261
Third-Party Third-Party Entity 3

*Rainfall

248

Surface

Precipitation

1

*Undisturbed Runoff

1510

Surface

Runoff

1

^Outside Series Runoff

0

Surface

Runoff

2

*Disturbed Runoff

0

Surface

Runoff

2

Perth Scheme Water

548

Surface

Surface Storages

1

Treated Town Wastewater 1

Surface

Surface Storages

2

Rainfall/Runoff

0

Surface

Unknown

3

Total

2568

Exports Summary
Note: Asterix indicates values simulated directly by WaterMiner.
Exports

Volume
(ML/yr)

Destination Type

Quality

Constraint
Violated (days/yr)

*Seepage

28

Ground

2

0

*Evaporation

54

Evaporation Evaporation

1

0

*Uncontrolled
Discharge

1023

Other

Unknown
Discharge

2

0

Dust Suppression

0

Unknown

Unknown

2

0

Seepage

370

Unknown

Unknown

2

0

Evaporation

1031

Unknown

Unknown

2

0

Total

2506

Seepage
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Appendix C

Tanami WaterMiner Results

Site Summary
Water Account
Storage Volumes (ML)

Imports and Exports (ML)

Storage at End of Period (ML) 1

Imports (ML)

842

Storage at Start of Period (ML) 86

Exports (ML)

928

Change in Storage (ML)

-86 Difference (Imports - Exports) -86

Global Reporting Indicators (GRIs)
About the Indicators
In recent years, concerns about the sustainability and social responsibility of mining have led
the mining industry to reach consensus on sustainability principles through an extensive
global process known as The Mining, Minerals and Sustainable Development Project
(MMSD 2002), later implemented by the International Council on Mining and Minerals
(International Council on Mining and Minerals 2003). This process achieved the development
of a sustainability framework comprising three elements: a set of ten principles, independent
assurance and public reporting, for instance via the Global Reporting Initiative (GRI), which
provides a suggested list of contents for corporate sustainability reports (Global Reporting
Initiative 2005, 2006). Water issues feature in the framework, through specific reporting
indicators.
References
Global Reporting Initiative. (2005). "GRI Mining and Metals Sector Supplement Pilot
Version 1.0."
Global Reporting Initiative. (2006). "Indicator Protocols: Environment, version 3.0".
International Council on Mining and Minerals. (2003). "ICMM Sustainable Development
Framework: ICMM Principles." ICMM.
MMSD. (2002). Breaking New Ground: Mining, Minerals, and Sustainable Development.
Earthscan, London and Sterling.
EN8: Total water withdrawal by source (ML/yr)
Quality:

1

2

3

Total

Surface

842

0

0

842

Ground

0

3

0

3

Sea

0

0

0

0
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Third Party

0

0

0

0

Unspecified

0

0

0

0

842

3

0

845

Total

EN21: Total water discharge by destination (ML/yr)
Quality:

1

2

3

Total

Surface

0

0

0

0

Ground

0

0

0

0

Sea

0

0

0

0

Third Party

0

0

0

0

Evaporation

284

0

0

284

Entrainment

0

0

0

0

Other

0

543

0

543

Unspecified

0

103

0

103

284

646

0

931

Total
EN10: Water reused and recycled*
Volume (ML/yr ) :

696

Percent of Volume Imported:

83

*Please note that the GRI reuse figure includes rain and runoff water.

Replaced Flows (ML/yr)
Original
Source

Original
Destination

New Source

New Destination

Billabong
Bores

Gold Mill RO Plant

Constructed
Wetland

Gold Mill RO Plant 0.26

Billabong
Bores

Gold Mill RO Plant

Decant PVC Pond
(return)

Gold Mill RO Plant 26.37

Billabong
Bores

Gold Mill RO Plant Potable Water Tank Gold Mill RO Plant 7.48

Billabong
Bores

Gold Mill RO Plant

Billabong
Bores

Gold Mill RO Plant Quorn/Shoe TSFs

Gold Mill RO Plant 0.26

Billabong
Bores

Gold Mill RO Plant Roche Pond

Gold Mill RO Plant 0.13

Billabong
Bores

Village RO Plant

Constructed
Wetland

Village RO Plant

0.37

Billabong
Bores

Village RO Plant

Decant PVC Pond
(return)

Village RO Plant

45.80

Process Water
Tank

103

Volume
(ML/yr)

Gold Mill RO Plant 5.93
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Billabong
Bores

Village RO Plant

Potable Water Tank Village RO Plant

2.08

Billabong
Bores

Village RO Plant

Process Water
Tank

Village RO Plant

9.23

Billabong
Bores

Village RO Plant

Quorn/Shoe TSFs

Village RO Plant

0.37

Billabong
Bores

Village RO Plant

Roche Pond

Village RO Plant

0.19

Gold Mill RO Potable Water
Plant
Tank

Gold Mill RO Plant

Decant PVC Pond
(return)

0.14

Gold Mill RO Potable Water
Plant
Tank

Gold Mill RO Plant

Jumbuck Bore
Schist Hills

9.76

Gold Mill RO Potable Water
Plant
Tank

Gold Mill RO Plant Quorn/Shoe TSFs

0.26

Gold Mill RO Potable Water
Plant
Tank

Gold Mill RO Plant Roche Pond

0.13

Potable Water
Elution
Tank

Decant PVC Pond
(return)

Elution

0.13

Potable Water
Elution
Tank

Process Water
Tank

Elution

0.19

Process Water
Milling Platform
Tank

Billabong Bores

Milling Platform

28.64

Process Water
Milling Platform
Tank

Decant PVC Pond
(return)

Milling Platform

27.90

Process Water
Milling Platform
Tank

Jumbuck Bore
Schist Hills

Milling Platform

41.84

Process Water
Milling Platform
Tank

Roche Pond

Milling Platform

13.95

Raw Water
Tank

Ore Crushing CSI

Billabong Bores

Ore Crushing CSI

7.28

Raw Water
Tank

Ore Crushing CSI

Constructed
Wetland

Ore Crushing CSI

4.85

Raw Water
Tank

Ore Crushing CSI

Decant PVC Pond
(return)

Ore Crushing CSI

320.14

Raw Water
Tank

Ore Crushing CSI

Jumbuck Bore
Schist Hills

Ore Crushing CSI

12.40

Raw Water
Tank

Ore Crushing CSI

Quorn/Shoe TSFs

Ore Crushing CSI

4.85

Raw Water
Tank

Ore Crushing CSI

Roche Pond

Ore Crushing CSI

4.85
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Roche Pond

Dust Suppression

Decant PVC Pond
(return)

Dust Suppression

42.07

Roche Pond

Dust Suppression

Jumbuck Bore
Schist Hills

Dust Suppression

0.29

Roche Pond

Dust Suppression

Potable Water Tank Dust Suppression

11.54

Roche Pond

Dust Suppression

Process Water
Tank

Dust Suppression

16.30

Sewerage Plant

Decant PVC Pond
(return)

Sewerage Plant

Jumbuck Bore
Schist Hills

0.25

Thickener

Process Water
Tank

Thickener

Billabong Bores

358.51

Thickener

Process Water
Tank

Thickener

Decant PVC Pond
(return)

14.62

Thickener

Process Water
Tank

Thickener

Jumbuck Bore
Schist Hills

1325.15

Thickener

Process Water
Tank

Thickener

Quorn/Shoe TSFs

19.33

Thickener

Process Water
Tank

Thickener

Roche Pond

9.41

Additional Recommneded Transfers (ML/yr)
Source
Billabong Bores

Destination
Process Water Tank

Volume (ML/yr)
28.64

Billabong Bores

Raw Water Tank

7.28

Constructed Wetland

Billabong Bores

0.63

Constructed Wetland

Raw Water Tank

4.85

Decant PVC Pond (return) Billabong Bores

72.17

Decant PVC Pond (return) Jumbuck Bore Schist Hills 0.25
Decant PVC Pond (return) Potable Water Tank

0.13

Decant PVC Pond (return) Process Water Tank

27.90

Decant PVC Pond (return) Raw Water Tank

320.14

Decant PVC Pond (return) Roche Pond

42.07

Jumbuck Bore Schist Hills Process Water Tank

41.84

Jumbuck Bore Schist Hills Raw Water Tank

12.40

Jumbuck Bore Schist Hills Roche Pond

0.29

Potable Water Tank

Billabong Bores

9.56

Potable Water Tank

Decant PVC Pond (return) 0.14

Potable Water Tank

Jumbuck Bore Schist Hills 9.76
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Potable Water Tank

Quorn/Shoe TSFs

0.26

Potable Water Tank

Roche Pond

11.67

Process Water Tank

Billabong Bores

373.67

Process Water Tank

Decant PVC Pond (return) 14.62

Process Water Tank

Jumbuck Bore Schist Hills 1325.15

Process Water Tank

Potable Water Tank

0.19

Process Water Tank

Quorn/Shoe TSFs

19.33

Process Water Tank

Roche Pond

25.71

Quorn/Shoe TSFs

Billabong Bores

0.63

Quorn/Shoe TSFs

Raw Water Tank

4.85

Roche Pond

Billabong Bores

0.32

Roche Pond

Process Water Tank

13.95

Roche Pond

Raw Water Tank

4.85

Task Flow Summary

Task

Worke
Intake Raw
d
(ML/yr (ML/yr
(ML/yr
)
)
)

Treate
d
Reus Recycle
(ML/yr e % d %
)

Avg.
Salinit
y In
(ppm)

Salt
Avg.
Build
Salinit
Up
y Out
(KG/yr
(ppm)
)

Village RO
Plant

61

4

8

50

12

82

3856

3856

0

Gold Mill RO
43
Plant

3

6

34

13

81

3876

3876

0

Dust
Suppression

2

6

0

74

0

3639

3639

0

Administratio
22
n Facilities

0

0

22

0

100

3955

3955

0

Sewerage
Plant

84

0

84

0

100

0

3883

3883

0

Thickener

113

0

113

0

100

0

3807

3807

0

Elution

1

0

0

1

0

99

5793

5793

0

Gold Room

0

0

0

0

100

0

5793

5793

0

Ore Crushing
32
CSI

21

9

2

29

6

3432

3432

0

Milling
Platform

112

53

52

8

46

7

3799

3799

0

Hydro Cyclones

112

0

112

0

100

0

3799

3799

0

8
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Village

61

0

0

61

0

100

Total

649

82

389

178

60

27

3856

3856

0

Task Downtime Summary
Task

Rainfall Below Minimum Rainfall Above Maximum Total
Threshold (days/year)
Threshold (days/year)
(days/year)

Village RO Plant

0

0

41

Gold Mill RO
Plant

0

0

43

Dust Suppression

0

0

353

Administration
Facilities

0

0

41

Sewerage Plant

0

0

41

Thickener

0

0

353

Elution

0

0

353

Gold Room

0

0

353

Ore Crushing CSI 0

0

353

Milling Platform

0

0

353

Hydro -Cyclones

0

0

353

Village

0

0

41

Imports Summary
Note: Asterix(*) indicates values simulated directly by WaterMiner, caret(^) indicate values
supplied externally.
Imports

Volume (ML/yr) Source Type

*Rainfall

427

Surface Precipitation 1

Rainfall/Runoff

0

Surface Precipitation 2

*Undisturbed Runoff

415

Surface Runoff

1

^Outside Series Runoff 0

Surface Runoff

2

*Disturbed Runoff

0

Surface Runoff

2

Gold Ore

3

Ground Unknown

2

Total

845

Exports Summary
Note: Asterix indicates values simulated directly by WaterMiner.
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Exports

Volume
(ML/yr)

Destination Type

Quality

Constraint
Violated (days/yr)

*Seepage

0

Ground

2

0

*Evaporation

284

Evaporation Evaporation

1

0

*Uncontrolled
Discharge

543

Other

Unknown
Discharge

2

0

Seepage

22

Unknown

Unknown

2

0

Evaporation

82

Unknown

Unknown

2

0

Total

931

Seepage
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Appendix D

Waihi Gold WaterMiner Results

Site Summary
Water Account
Storage Volumes (ML)

Imports and Exports (ML)

Storage at End of Period (ML) 841 Imports (ML)

16313

Storage at Start of Period (ML) 680 Exports (ML)

16152

Change in Storage (ML)

161 Difference (Imports - Exports) 161

Global Reporting Indicators (GRIs)
About the Indicators
In recent years, concerns about the sustainability and social responsibility of mining have led
the mining industry to reach consensus on sustainability principles through an extensive
global process known as The Mining, Minerals and Sustainable Development Project
(MMSD 2002), later implemented by the International Council on Mining and Minerals
(International Council on Mining and Minerals 2003). This process achieved the development
of a sustainability framework comprising three elements: a set of ten principles, independent
assurance and public reporting, for instance via the Global Reporting Initiative (GRI), which
provides a suggested list of contents for corporate sustainability reports (Global Reporting
Initiative 2005, 2006). Water issues feature in the framework, through specific reporting
indicators.
References
Global Reporting Initiative. (2005). "GRI Mining and Metals Sector Supplement Pilot
Version 1.0."
Global Reporting Initiative. (2006). "Indicator Protocols: Environment, version 3.0".
International Council on Mining and Minerals. (2003). "ICMM Sustainable Development
Framework: ICMM Principles." ICMM.
MMSD. (2002). Breaking New Ground: Mining, Minerals, and Sustainable Development.
Earthscan, London and Sterling.
EN8: Total water withdrawal by source (ML/yr)
Quality:

1

2

3

Total

Surface

16803

763

0

17567

Ground

0

0

6

6

Sea

0

0

0

0
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Third Party

0

0

0

0

Unspecified

0

259

0

259

16803

1022

6

17831

Total

EN21: Total water discharge by destination (ML/yr)
Quality:

1

2

3

Total

Surface

230

0

0

230

Ground

0

460

0

460

Sea

0

0

0

0

Third Party

0

0

0

0

Evaporation

303

1202

0

1505

Entrainment

0

0

0

0

Other

0

15460

0

15460

Unspecified

0

0

0

0

533

17122

0

17655

Total
EN10: Water reused and recycled*
Volume (ML/yr ) :

16403

Percent of Volume Imported:

93

*Please note that the GRI reuse figure includes rain and runoff water.

Replaced Flows (ML/yr)
New Source

New Destination

Volume
(ML/yr)

Favona
Waihi WTP
Underground Mine

TSF 1A

Waihi WTP

4.44

Gold treatment
plant

TSF 2

Gold treatment Favona
19.80
plant
Underground Mine

Gold treatment
plant

TSF 2

Gold treatment
Martha Pit
plant

Martha Pit

Road watering/belt
TSF 1A
wash

Road watering/belt
158.00
wash

Martha Pit

Waihi WTP

TSF 1A

Waihi WTP

873.23

TSF Collection
Ponds

Waihi WTP

TSF 1A

Waihi WTP

5.46

Waihi RO plant

TSF 2

Waihi RO
plant

Favona
11.92
Underground Mine

Waihi RO plant

TSF 2

Waihi RO
plant

Martha Pit

Original Source

Original
Destination
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Additional Recommneded Transfers (ML/yr)
Source Destination

Volume (ML/yr)

TSF 1A Favona Underground Mine 4.44
TSF 1A Martha Pit

1031.24

TSF 1A TSF Collection Ponds

5.46

TSF 2

Favona Underground Mine 31.72

TSF 2

Martha Pit

16.73

Task Flow Summary

Task

Worke
Intake Raw
d
(ML/yr (ML/yr
(ML/yr
)
)
)

Treate
d
Reus Recycle
(ML/yr e % d %
)

Avg.
Salinit
y In
(ppm)

Salt
Avg.
Build
Salinit
Up
y Out
(KG/yr
(ppm)
)

Road
watering/bel 1620
t wash

1454

164

2

10

0

861

861

0

Gold
treatment
plant

6

7

14

26

52

3055

3055

0

Waihi WTP 256

72

177

7

69

3

2736

2736

0

Waihi RO
plant

30

0

0

30

0

100

2736

2736

0

Elution

7

7

0

0

0

0

2000

2000

0

TSF 1A

14869

14865

3

1

0

0

304

528

0

Total

16809

16404

351

54

2

0

28

Task Downtime Summary
Task

Rainfall Below Minimum Rainfall Above Maximum Total
Threshold (days/year)
Threshold (days/year)
(days/year)

Road
watering/belt
wash

0

0

0

Gold treatment
plant

0

0

339

Waihi WTP

0

0

339

Waihi RO plant

0

0

339

Elution

0

0

339
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Imports Summary
Note: Asterix(*) indicates values simulated directly by WaterMiner, caret(^) indicate values
supplied externally.
Imports
*Rainfall

Volume (ML/yr) Source
14369
Surface

Type
Precipitation

Quality
1

*Undisturbed Runoff

2434

Surface

Runoff

1

^Outside Series Runoff 0

Surface

Runoff

2

*Disturbed Runoff

756

Surface

Runoff

2

River water

7

Surface

Lakes and Rivers 2

Rainfall runoff

0

Surface

Unknown

3

Gold Ore

6

Ground

Unknown

3

Groundwater

259

Unknown Unknown

2

Total

17831

Exports Summary
Note: Asterix indicates values simulated directly by WaterMiner.
Exports

Volume
(ML/yr)

Destination Type

Quality

Constraint
Violated (days/yr)

River discharge

230

Surface

Discharge to
River

1

0

*Seepage

43

Ground

Seepage

2

0

Seepage

417

Ground

Seepage

2

0

*Evaporation

303

Evaporation Evaporation

1

0

Evaporation

1202

Evaporation Evaporation

2

0

*Uncontrolled
Discharge

15460

Other

2

0

Total

17655

Unknown
Discharge
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