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showed' that indirect water consumption in the metul
on life cycle, in particular that due to electnicity generation, can
make a significant contribution 1o the embodied water vaiue, eg
aluminium prodiction. When expressed in terms of mt ore, the resuits
for all metals considered indicated thut the embodied waler is roughly, on
average, three times the waier consumption of the mining and
concentration stage. It was also shown that the economic value per m? of
water consumed for the minerals industry exceeds that for the agricultural
and industrial sectors, supporting the view that allocating water resources
to the minerals industry has a strong underlying economic basis.

Water reforms currently taking place in Australia aim 0 address issues
such as competition for water access. reduced security of supply and
increase in cost. Consequently the minerals industry, along with others,
can be expected (o come under increasing pressure 1o reduce fresh or raw
water use and 10 integrate water use across sectors. While waler recycling
18 an obvious candidate to help reduce water consumption in the minerals
industry, issues such as wazer quality. among others. will influence the
extent to which this can be achieved.

In addition, wastewater volumes can be minimised using techniques
such as pinch analysis to establish and use the minimum  water
requirement for the process. The use of dry or near-dry processing
technologies, for which the demand for water is small or zero, may be a
more radical solution to the water consumption problem; however. it is
possible that the introduction of dry processing would bring with it a new
set of problems, including dust.

INTRODUCTION

Without water there cannot be life. However, population growth,
changing  weather patterns, increased industrialisation and
competition among users continues o affect the reliability of
water supply and society s beginning 1o address issues
pertaining to our finite water resource,

Internationally  the United Nations General Assembly
proclaimed the yeurs 2005 10 20135, as the International Decade
for Action: *Water for Life’. The UN concluded that water
is essential for life, that water is crucial for sustainable
development, including the preservation of our natural
environment and the alleviation of poverty and hunger and that
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of UN-Water, 2003).

Austriili_ah experts’ co-opted onto an ‘Australian  Water
Futures Panel’ (Dunlop, Foran and Poldy, 2001a) raised drivers
of change in water use that the workshop conveners (CSIRO
Sustainable Ecosystems} grouped into four categories {Dunlop,
Foran and Poldy, 2001b):

® domestic and export market driven growth in commodity
production;

2013 (Secretariat

e social attitudes toward water use (and reuse) and the
environment;

3 government policy; and
* uncertainty assoctated with global climate change.

In Australia. global climate change is expected to affect water
resources and allocation procedures will need to become
adaptive enough to cope with increasing climatic variability.
The water debate is raging in many sectors, and the national and
sltate  water reforms  currently occurring in Australia are
addressing sustainability issues by providing an allocation to the
environment and establishing markets for water trading. It is
against this background that the mining, mineral processing and
metal production industries are endeavouring to maintain current
water supplies and seek new sources of water for their existing
and future operations.

This paper describes a study that was carried out to add a life
cycle perspective to the debate about water resources and their
sustainabibty, particularly with regard to the life cycles and
supply chains of metal production. Life cycle assessment (L.CA)
methodology was used to estimate typical water consumptions
(in terms of water (fresh or raw) consumed per tonne of refined
metul) for the production of a number of metals, and in some
Instances by alternative processing routes (eg pyrometallurgical
versus hydrometallurgical). The paper concludes with a brief
discussion of other issues affecting the ability of the minerals
industry 10 meet its water needs, including water recycling, water
quality and dry processing.

AUSTRALIAN WATER RESQURCES

In hydrology and water management, two concepts are often
used to ussess water resources in a region — ‘static freshwater
storage’ and ‘renewable waler resources’ (Shiklomanov, 2000).
Static freshwater storage conventionally includes freshwater with
a period of full renewal of muny vears or decades (large lakes,
groundwater, glaciers, etc). lts intensive use unavoidably results
in storage depletion and potentially unfavourable ecological
consequences. Renewable water resources include the water
yearly replenished in  the process of water turnover
(precipitation) on the earth, The annually renewed volume,
usually measured as volume per unit of time (eg km¥fvear)
consists mainly of the regional run-off and the inflow  of
groundwater into the river network. Australia is characterised by
large variations in its water cycle, receiving a yearly average of
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about 3300 km'/year of rainfull {Dunlop. Foran and Poldy.
2001b): however, this is distributed very unevenly across
Australia. throughout the year and between years. Evaporation
also varies widely across the country. In vast areas of Australia
surface evaporation exceeds rainfall, but there are also large areus
m northern Australia that have large seasonal surface run-off

On average about 12 per cent of rainfall tie about 380 km*/year)
fows into rivers (Dunlop er «af. 2001). Similar figures ure
reported by Shiklomanoy (2000). Gleick (1998 and Duniop.
Foran und Poldy (2001b). giving a mean value of about 370 km'/
vear, with about 25 per cent {on average) being divertible (hut
not necessarily consumed) for human use. Another 15 km° or
13000 GL (Dunlop er af, 2001} of the annual rainfall collects
underground in artesian” or subartesian® basins and  about
i7 per cent of the water consumed in Australia is sourced from
groundwater (ATSE. 2004,

Total net water consumption in Australia in 2000-01 was
24909 GL (249 km'/vear), with the breukdown into various
sectors shown in Figure 1 (Australian Waterlines, 2004). Net
water consumption refers to the amount of water used and not
actively dischurged back to existing water bodies. The mining
industry consumed 401 GL or 1.6 per cent of Australia’s total
water useage. down from 570 GL (ie three per cent) in 1996-97
(Chartres and Williams, 2003). However. the latter authors
pruject the mining industry will use 810 GL in 2020. while
experts at the Australian Water Futures Panel (Dunlop. Foran and
Poldy. 2001a) suggest that mining in Western Australiz alone
may use up to 940 GL by 2020,

Mining 1.6%—2 '

O Agniculture

m Mining

'O Manufacturing

® Electricity and gas
production

@ Domestic (househoid)

Other

FIG 1 - Australian water consumption by sector (2000-01).
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Suburtesian water — underground water that does not naturally flow
Lo the surface. and which needs 10 be pumped if 11 is 0 be used for
human activities.

Primanly tine-orained host rock after the valuabie muterial hus been
removed

Nationally, the data suggests there 15 not o shortage of water in
Australia: however. the uneven distribution creates a mismatch
between supply and demund. raising the need for water diversion
and allocation procedures. [t is the inadequacies of these water
allocation systems that is largely responsible for the water crisis
now ftucing Australia. according to the recently released Australiun
Water Industry Roadmap (2003),

WATER AND THE MINERALS INDUSTRY

The minerals sector uses relauvely little water in most types of
mining, with the majority of water being used in mineral
processing and refining (Brown. 2002). In particular. operations
such as grinding. flotation. gravity concentration. dense medium
separation and  hydrometallurgical  processes  all  consume
substantial amounts of water. Three factors said to make water
the fluid of choice for mineral processing (Brown, 2002:
Napier-Munn and Morrison, 2003) are:

[ water s an efficient (low energv. low cost) w ay of
transporting particles within and between processes, mixing
particles and supplying reactants to the site of 2 reaction:

2. water is a medium that can provide a suitable vehicle for
the selective action of a distributed force field, eg aravity or
centrifugal force; and

3. water is an essential chemical ingredient in some processes.

For example, grinding generally uses water 1o convey the
particles being ground along the mill and o remove heat. while
flotation exploits the chemical nature of mineral surfaces to
separate them by the selective attachment of bubbles 10 those
minerals naturally hydrophobic or rendered 5o by the addition of
reugents. Water is essential to the chemistry of the method of
discrimination, the medium of separation by eravitational force,
and the transport of the particles in the flotation process.

Waler Is also essential to many chemical processes in which
minerals are concentrated through a change of state. Hydro-
metallurgical processes. such as leaching and electrowinning,
require  aqueous  solutions  of reagents 0 dissolve and
re-precipitaie minerals and metals to concentrate and purify them
(Miller, 2003). Water may be lost during mining and mineral
processing through cither evaporation or seepage. For example,
disposal of tailings” is a major water loss at most mine and
mineral processing sites and in some cases the tailings dams
represent the largest source of water loss as well as being a major
long-term environmental risk. In addition, refining processes
used to extract and purify the valuable metals from the
concentrates produced by muneral processing (eg electrolytic
refining of zine) can also use large amounts of water.

The majortty of water used by the minerals industry is sourced
from purpose-buill dams. rivers, lukes and groundwater sources
of several Kinds, including artesian water as at Olympic Dam.
Sometimes the supply is located some distance from the mine
sile, requiring the use of purpose-built pipelines. According to
Chartres and Witliams (2003) and Anon (2004, only about five
per cent of the water consumed by the Australian mining
industry in 1996-97 was supplied through mains infrastructure,
with 95 per cent sourced locally from surface and groundwater
According to the Minerals Council of Australia (20045, 80 per
cent of water utilised by the minerals indusiry is sourced from
underground water, leaving 15 per cent from surface water

Mining operations may have a significant impact on local and
regional groundwater systems (Hair, 2003). particulurly when
mimng progresses below the groundwater table, creating a
groundwater “sink” and altering the local flow regime fronically.
an inability 1 control inflows of water into mining excavations
threatens some mining operations and at other sites. water egress
o open cut and  underground minine voids needs o be
miimised wnd conurolled 10 ensure safe and dry working
conditions.



SUSTAINABLE WATER USE [N MINERALS AND METAL PRODUCTIC

In localities deficient in surface water (eg when evaporution
rates exceed rainfall or surface water storages (dams) are not
reliable) operations rely on artesian waters that may be sourced a
considerable distance from the mining operation itself, Many
mining operations use waler unsuitable for agriculture and reuse
water within the constraints imposed by quality requirements,
water availability and discharge considerations, as discussed later,

LIFE CYCLE ASSESSMENT

Life cycle assessment (LCA) is one of a number of
methodologies that have been developed in recent years to assess
the potential environmental impacts associated with a product,
process or activity during its entire life cycle. It essentially
involves the compilation of an inventory of relevant exchanges
during the life cycle and evaluating the potential impacts
associated with those exchanges. LCA has also been referred to
as “cradle-to-grave’ analysis. The most time-consuming stage of
a LCA is the inventory stage. There is generally a paucity of
publicly availuble LCA inventory dat, although this issue is
slowly being addressed. Furthermore, published inventory data
are rarely mass-balanced for a particular plant or process, and
data must be combined from different sources. This is particularly
true for water consumption, as this is currently one of the least
reported operating parameters of a plant or process. The growing
practice of companies to issue environmental/sustainability
reports has improved this situation, but even then the reported
data are often aggregated over a company’s plant or total
operations, with very little stage-by-stage detail on water
consumption.

LCAs of various metal production processes have previously
been carried out by CSIRO Minerals (eg Norgate and Rankin,
2000; Norgate and Rankin, 2002) to assess the environmental
impacts associated with greenhouse and acid rain gaseous
emissions along with the Gross Energy Requiremen: of the
processes. More recently, water consumption was added to the
environmental impacts of these metal production processes (see
Table 1). The system boundary for these LCAs was ‘cradle-to-
gate’, le the processes were evaluated up to the point where
refined metal is available to the secondary manufacturing sector.
For simplicity reasons the functional unit chosen for the study
was m* (or tonnes) of fresh or raw water consumed per tonne of
refined metal.

The water consumption data used for input inlo the LCAs
(Table 2) were derived solely from publicly available literature,
with the data being cross-checked with more than one source
where possible. It should be noted that water consumption data

between sites can vary widely, even for the same metal
production route, and the data given in Table 2 are meant to be
average or typical values only for each process. In addition to the
direct water consumption data shown in Table 2, LCA
methodology also requires indirect water consumption to be
included, ie water consumed in producing the other raw materials
used in the various process stages, and also in generating the
electricity consumed in the various stages of a metal's life cycle.
While these indirect water consumption amounts were included
in the LCAs, they are not itemised in Table 2.

RESULTS

The LCA ‘cradle-to-gate” water consumption (or embodied water)
results are summarised in Table 3 (column 3) and Figure 2.
Figure 2 shows both the direct and indirect water consumptions
for each metal production process, with the sum of the two
components representing the embodied water values given in
Tuble 3. Because of the high value for gold. and to a lesser extent
nickel (hydrometallurgical), compared to the other metals, the
values for these metals are not plotted in Figure 2. This figure
highlights the finding that indirect water consumption makes a
significant contribution to the embodied water results for those
metals requiring  substantial inputs of eleciricity in  their
production, eg aluminium.
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FiG 2 - Life cycle water {embodied) consumptions — excluding gold
and nickel hydro (m3/t refined metal).

TABLE 1
Metal production processes included in the study.

Metal !

: : Process

Copper L _Smelting/converting and electrorefining
i ] L Heup acid leaching and SX/EW

Nickel 'r Flash furnace smelting and Sherrit-Gordon refining

B ' Pressure acid leaching and SX/EW

Lead b Blast furnace

Imperial smelting process

Zinc ! Imperial smelting process
o i Electrolytic process
_ Aluminium i Bayer/Hall-Heroult processes
. Tianium } Becher/Kuwoll processes
+ lron/steel Blast furnace and basic oxygen furnace
 Stainless steel v Electic are furnace/argon oxysen decarburisation
| 1 _ Electnic arc fumnace/argon oxygen decarburisation
' Gold 1 CIL cyaniduion and EW/smekh

I
}

r

Sulfide ore (3% Cu)
_Sulfide ore (2% Cu) i
Sulfide ore (2.3% Ni) L i
Ldgerite ore (1% Ni) }
Sulfide ore (8.6% Zn: 5.5% Pb)
Sulfide ore (8.6% Za; 5.5% Ph) ;
Sulfide ore (8.6% Zn; 5.5¢ !
Suifide ore (8.6% Zn:
Bauxite (17.4% Al

Mineral sands (9.8% Ti)
fron ore (64% Fe)
Ferronickel (23% Ni, 60% Fe)
Nickel (100% Nij
Gold vre (3.6 ¢ Au/t)
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ferronickel feedstock
Electnic are turnace/urgon oxygen decarburisation
nickel teedstock

Gold : CIL cyanidation and EW/smelt

7 Stage-by-stage data not avatlabie.

The largest embodied water value was for gold production at
252087 m” water/t gold, followed by nickel produced by the
hydrometallurgical (pressure acid leaching) route at 377 m'
water/t nickel. Producing nickel by the pyrometalilurgical route
was about five times more water efficient than by the hydro-
metallurgical route. Steel production had the lowest embodied
water value al 2.9 m® water/t steel. .

The embodied water values for the production of single
element metals (ie excluding stainless steel produced from iron,
chrome and nickel ores) largely reflect the grade of the inital ore
used o produce each metal us shown in Figure 3. The equation
of the line fitted to the data in Figure 3 is given below. und may
be used to give a rough first estimate of the embodied water
value for the production of most refined metals.

W= 167.7G "9 =09106)
where:
W = embodied water (m7/1 refined metal)

G = grade of vre used o produce metal (per cent metal)

TABLE 2
Water inventory data used in study.
gt Process - . b, waliss vimStagey Water consumption
Copper melung/converting and electrorefining Lo Mine apd coneentrator o v 037 mitore ‘
' i !_ - Smelting [ e S8 R Gy |
) L : R;Jﬁrjipg Ty : i :x: {}6 m¥t Cu ]
Heap acid leaching and SX/EW I Minirig and heap leaching | 23.0 % Cu i
i ‘ i i T N f " 64 mh Cu 4
Nicke: _ Flash furnace smehing and Sherrin-Gordon ilet'm_ing i Mine and concentrator i 053 m¥1t ore
! . Smelting i
: o 1 Refining ) i ;
! . Pressure acid leaching and SX/EW i Totl all stages” 1 34 mi ore
Lead 4 Blast furnace ! Mine and concentrator (.64 m ore
Smelting ) 4.85 m Ph
: Refining _ 0.47 m'A Pb
| Imperial smelting process i Mine and concentrator 0.64 m*/t ore
Smelting ) 12.73 m¥t P
! i Refining ) 0.47 m' Py
_Zinc H Imperiai smelting process . Mine and concentrator 0.64 m*#t ore .
Smelung : 12,73 ' Zan
Refining : 0.54 m*t Zn
Electrolyvtic process Mine and concentrator 0.64 mt ore
: | ) A Electrolvtic refiming 1233 m¥ Zn
~Aluminum | Baver/Hall-Heroult processes . Mining . ‘ 0.03 m't bauxite
Bayer alumina refining 2.9 m'/t alumina
1 1 Hall-Heroult smelting 1.5 min Al
~Titanium | Becher/Kroll processes Mine and concentrator 5.16 m*/t ilmenite
‘ Becher process 6 m¥t S rutile
‘ b Kroll process D minTi
lron/steel : Blast furnace and basic oxygen furnace Mine and concentrator 0.21 m*t ore
Sintering . 0.15 m'h sinter .
BF and BOF 1.94 m* steel
Stainless steel Electne are turnace/argon oxygen decarburisation Smehimg and refining 224 m'ns steel

ra

Smelting and refining 24 m'fs sieel

Total all slages” 0.74 m*A1 ore

Although the functional unit of the LCAs was one tonne of
refined metal as outlined earhier, Table 3 also includes the
results expressed per tonne of ore extracted from the ground.
When expressed this way, the reduced spread of results further
sugeest that embodied water in the metal product s strongly
mnfluenced by ore grade. The mean embodied water value for all
metals was 2.1 mYt ore, with the mean value of water
consumed n the mining and concentration stage for all metals
being 0.7 m™/t ore. which agrees with the mean value (0.7 m¥t
ored of the range (0.4 — 1.0 m™/t ore) reported by Brown (20033
for the amount of water tvpically consumed in mimng and
concentrating operalions.

The economic or menetary value of each metal per m* of
waler consumed in their production is also included in Table 3
and  plotted  in Figure 4. Nickel  produced  via  the
pyrometatlurgical route had the highest $/m* water value.
followed by titanium. Stainless steel produced using terronicket
feedstock had the lowest $/m’ water value of all the metals
considered.
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TABLE 3
Embodied (‘cradle-to-gate’t water consu??pr.'on for metal production.

Metal Process Water consumption Metal § value /m?

i i . water consumed
. ! (m? water/t metal) (m® water/t ore) ’
. Copper . Smelting/converting and electrorefining . 229 . 0.7 | 158
) i Heap acid leaching and SX/EW ! 38.0 i 0.5 ' 103
~ Nickel ~ Flash furnace smelting and Shernit-Gordon refining 79.0 i 14 i 250
Pressure acid Jeaching and SX/EW i 376.0 . 3.3 | 52
" Leud ] Blast furnace 4 12.6 J 05 i 95 .
i Imperial smelting process . 21.7 ¢ 0.9 35
| Zinc Imperial smelting process I 212 L I | i 66 H
! y Electrolytic process : 26.3 ] 1.8 1 93 1
CAluminium Bayer/Hall-Heroult processes | 35.9 i 6.2 ¥ 68
. Tianium I Becher/Kroll processes . Lo i 5.4 , il 216
| lrondsteel Blast furnace and basic oxygen furnace ! 29 N 1.8 ! 125
" Stuniess steli Electric arc furnace/urgon oxygen decarburisation - | 74.0 13.7 25

ferronickel feedstock *

Electric arc turnace/argon oxveen decarbunsation - 134 2.0 139
nickel feedstock

Goid { CIL cyamdaton and EW/smelt i 252087 0.8 ) 80

concentration stage {when expressed in terms of m¥/t ore) - a

Teeaid I result not readily obtained without using LCA methodology. This
T 100000 ! illustrates the contribution that LCA can make to the debate
£ about sustainable water resources and their allocation.
% 10000
£ DISCUSSION
T 1000
E ;
B 100 Economic value of water
§ 10 Table 4 presents a summary of the economic value per m® (or
2 kL) of water consumed for a range of goods and services across a
= 1 ; _ number of industry sectors, taken from various sources including

0.0001  0.001 0.01 0.1 1 10 100 the values calculated in the current study. All data in this table

Ore grade (% metal) are _life-cycle _buaed_, ie represent embc_)died water, \:v‘ith the
possible exception of the Farmweb data, for which the life cvcle
boundary is unclear. Low water use sectors with high economic
outputs, such as the service sectors, have the highest water
values, as indicated in Table 4. Averaging all the values for a
particular sector in Table 4 for simplicity purposes suggests a
w mean economic value per m? of water of 1.7, 37, 83 and 115 for

] the agricultural, industrial, mining and metal products and

| services sector respectively. Foran and Poldy (2002) have
™ i suggested that in international trade terms it could be o

FiG 3 - Embodied water as a function of ore grade.

300

‘ B
250 ' -
200 | Australia’s advantage to quantify the embodied water content of
! the goods and services it imports and exports. These authors
i report that Australia exports an estimated 4000 GL of embodied
| waler more than it imports, (which is roughly double the amount
of domestic water used each vear in Australia - see Figure 1) and
they point out that an important national guestion to be addressed
is whether Australia receives adequate monetary return for this
net outflow of water resources.

i Pye
150
100 |

1 ISF
[ | Hydre Elect

T As the majority of water used in the minerals industry is
RLEPTSEPTSEN S C . . . 5
& v W & sourced locally, as pointed out earlier, the price paid for water by
S g i - : -
- the industry is not widely reported. 1t is generally made up of a
water access charge (in the form of an annual licence fee) and a
FIG 4 - Metal economic value/m® water consumed in production. water \-'L)IL_m_n: charge. Water for agncul[m_'ai use 1s based on a
similar pricing structure. Although these fees and charges may
vary between locations, the price of water for mining and

Metal A$ value/ m3 water consumed

The above results show that using 2 life cycle approach agricultural purposes s typically in the order of $0.01/KL.
enables a more accurate assessment of the consumption of water (NRM, 20035). This compares with typicul prices currently paid
over the supply chain of metal production to be made. In the in Australia for water for industrial and domestic purposes of
processes studied, the mean embodied (“cradle-to-gate’) water about $0.38/kL and $1.00/kL respectively. The water values and

value was approximately three times the mean for the mining and prices lor the various sectors are compared in Figure 3.
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TABLE 4
Economic vaiue per m” of water consumed for various sectors.

Industry sector

i This study 4
Agriculture

Rice ] .19

_ Wheat and =ruin

Sugar cane i ! 042
Cotton £ 0.61
Frun and vegetables ' 1.60
Mining and metal production
Copper !
Nickel 132
Lead 151
Zine ! 75
_Aluminium 60
Tuanium | 68
Iron and steel 1 216
~Stumless steel 125
Gold 82
~ Black coal ] 30
. Crude o1l
ron ore
Bauxite
_Industrial
_ Pulp and paper
Basic chemicals
Cement and concrete
~Services )
. Health and education
~Banking |

Community service
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FIG 5 - Comparison of water value and price for vanous sectors.

Previously.  governments  in Australia subsidised  water
infrastructure. but the aim under the National Waier Initiative
Agreement 1s for water prices to reflect the cost of supply and
management. It is worth noting that the above prices for
industrial and domestic water are not high by international
stundards. as shown in Figure 6 (Australian Water Indusiry
Roadmap. 2003;

Farmweb web site

$;—\_;'m‘1 water consumed

Urban Ecology Australia web site | Foran and Poidy (2002)
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Water allocation and reform

While humans presently use 40 per cent of the world’s accessible
water. Falkenmark (1998) sugeests that this will have increused
to 80 per cent by 2025 because of anticipated requirement for the
dilution of pollution loadings in rivers. Substantial re-allocation
of water resources will be reguired to achieve this. This has
already started to oceur in Australiz. and was one of the driving
forces behind the Natonal Water Initiative Agreement (Anon,
2004; DPMC, 20047 established in 2004 by the Council of
Aunstralian - Governments  (COAG)  for  the  efficient and
sustainable reform of the Australian water industry. The issue of
water resource allocation 1s a complex one involving many
factors, and is bevond the scope of this paper. However, any
proposed sysiem for water allocation needs to fit within and
encourage behaviour that aligns with the national vision and
results in equituble and just water atlocation between competing
users,

Water reform in the Australian stales is taking place oo the
basis of the principles espoused in the National Water Initintive
Agreement, the key elements of which are:

s lmprove the security of water access entitlements, by clear
assignment of risks of reductions in future water availability
and by rewrning  over-allocaied  systems  to sustainable
allocation levels:
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® ensure ecosystem health by implementing regimes o protect
environmental assets at a whole-of-basin. aguiter or catchment
scale:

® ensure waler is put to best use by encouraging the expansion
of water markets and trading across and between districts and
states (where water systems are physically shared), involving
clear rules for trading, robust water accounting arrangements
and pricing based on full cost recovery principles: and

® encourage water conservation in our cities, including better
use of stormwater and recycled water.

The implications of water reforms for the mining industry are
discussed by Gilbert and Fenton (2003), who suggested that:

@ in areas where water resources are limited and systems are
already stressed, reform plans will restrict or ban access o
new entitlements and access to water may become solely
dependent on being able 10 acquire water entitlements from
existing users under trading rules;

® for new mining projects or projects undergoing expansion,
and which are located in areas subject to developing water
planning. it is likely that moratoriums on new waler
development will be mmposed pending the outcome of
catchment  hydrologicul  assessments  and  subsequent
operational plans: and

® in other areas where water sharing plans are in force
(typically current for ten vears) it will be important to
understand  and  monitor ¢hanges in supply reliability,
especially Tor entilements that amount to a share of a
variable resource - the assumption of guarantesd supply is
not valid.
These water reforms will fikely see increased pressure on the
minerals industry, along with others, to reduce total raw water
usage. mmprove recycling and o integrate waler use between
compamies  and across industry  sectors. The LCA  resuls
presented above support the view that allocaung water resources
10 the minerals industry has o strong underlving economic basis.

#  Some underzround water is much more saling than seawater. «
phenomenon well known in Western Australia

SUSTAINABLE WATER USE [N MINERALS AND METAL PRODUCTIC,

Water quality

Water quality is an important operational 1ssue in mineral
processing operations such as grinding, classification, filtration,
thickening and flotation. In general, water quality is relevant
whenever the chemical nature of the mineral surface is
important. However. relutively little research etfort has been
devoted to understunding und controlling the influence of water
guality on these processes. Historically, this probably stems from
the perception of water as an mert transport medium. However,
the changing attitude towards water as a valuable resource has
given impetus to increasing requirements to use relatively impure
make-up water (Schumann et al, 2003).

High qualuty water is not always required. The quality of water
can range from very high quality to poor quality hard water (high
levels of dissolved calcium and magnesium) from underground
aquifers and o even lower quality saline groundwater” and
seawater (very high levels of dissolved solids including sodium
chloride). For example, gold projects in Western Australia have
operated effectively with water containing close to 300 000 mg/L
total dissolved solids (TDS) together with pHs as low as 3.0 - 3.5
for CIP/CIL processing, while the Mt Keith nickel project uses a
process water supply that can be well over 100 000 mg/L TDS
despite the opumum water quality for the project being specified
as between 15 000 and 20 000 mg/L (Dundon. 2000;.

Laboratory flotation tests on a copper-gold ore {Schumann
er al, 2003) indicated thul while copper recovery is generally
unaffected by the type of water used, both gold and sulfur (in
sultide mineruls) recovery are influenced by the water used
during flotation. The results suggested that gold recovery in
particular appears 1o be lower in water where the salinity is very
low (surtace collected dam water). Sulfur recovery was dependent
on water TDS, with those waters having higher TDS, resulting in
higher recovery. Gold recovery showed a similar but much less
significant effect, while copper recovery was independent of
TDS in the water used for tlotation. While these observations
suggest that salinity (ie TDS) improves gold recovery within
certain limits, the authors advocate that further research be
carried out to better understand the impact of water quality on
sulfide flotation. The effect of water quality on flotation has also
been studied by Levay er al (2001), while Janssen (2003)
examined the effect of sediment in water on mining and mineral
processing operations.

In light of the above comments, the water strategy that should
be adopted by mining, mineral processing and metal production
operations is to use water that is *fit for purpose’, an approach
that is used by Rio Tintw (O’ Reilly, 2003).

Water recycling

The two main objectives of water recycling in the muneral
process industry are to reduce the demand tor tresh or raw water
and 1o reduce the volume of effluent. reuse of water 1s not a new
concept, with the reuse of process water. generally without
treatment, long being a feature of water management in mineral
processing plants internationally (Brown, 2002

The treatment and reuse of process. mine, domestic and
industrial  waters 1s now becoming a significant means of
minimising overall water consumption. as well as minimising the
volume of contaminated water that may require treatment prior
w transfer to long-term water storages. streams or sale to a third
party. The effect of recycled water properties on  plant
performance. including issues regarding the recycle of organic
molecules, inorganic and  mucrobiological species, and the
butld-up of collectors. 15 discussed by Johnson (2003) and also
by ATSE (2004). Typically. treatment before reuse is required to
reduce acidity or to remove metals, dissolved salts or suspended
sohds. mcluding biological materials und micro-organisms. The
major contaminants and their typical sources are given by Brown

.
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4 WIGC EmeC o water treatment options
alable and m ds wath v ks capiial and OpEruling Costs
wt are favou ¢ mimerals industry (due w the prevarling
ow salue of ¢ prodocts o general) are discussed by
Johnson (2002
ln add SOmsidoTing wasle waler treatiment oplions, many

he amount of waste water generated.
iocan be used o do this (Wang and
1994 15 pinch anulysis, an approach
methedology developed Tor heat exchange:
whworks By Limhot! and Hindmarsh (19831, Pinch analysis

ng muximum o concentration hmits for each
mponent i the water ar the inler and outlet ot
h processing stage, and determining the minimum water flow
ired 1o achieve these targets. A composite limiting water
ts then derived for the entire process. and by maiching the
water supply to this profile. the minimum water flow rate for the
process 1s obtuined. A worked example of the methodology s
given by Smith et af (19947,

prof

The contribution of recycled water, includmg both nternally
recycled fie within the oull or concentraiors and externally
recyeled Ge external to the mill or concentrator e from the
tailings damy water to the total amount of waier consumed on a
mining and mineral processing sl sanes from location
focation. Thompson and Minns (20031 reported that the average
percentage of water recyeled for Newmoni Austridia’s operations
m 2002 was 44 per cent. while the average percentage of waler
recyeled for Rio Tino's worldwide operations i 2002 was
25 per cent {O'Reilly. 20031 The highest water recveling rate
known 1o the authors. 80 per cent. was reported by Schumann
er al (2003) for Newcrest Minings Cadia Hill gold mine in
central New South Wales

Dry processing

While increased water recychng s an obvious option 1o help
reduce the water consumption of mineral processing plants.
maore radical solution to the problem. dry or near-dry processing
technologies. muay be applicable when water s unavaiiable,
In reviewing opportunities  for dry processing 1o replace
comventonal mineral processing. Napier-Munn and Morrison
£2003) highlighted two areas 1o be addressed

® a new paradigm will be required for the design and
evaluation of processing flow sheets - this will need to
extend o innovative ways of valuimg particular process
rouies. eg more emphasis placed on achieving selective
mineral liheration i dlasting and coarse comminution so that
simple {dry1 methods can be used 1o remove waste prior 1o
conventional processing: and

®reseaich will be required o develop current div methods w
ierease throughput and overcome other disadvantages. and
o develop new dry separation methods. perhaps exploiting
alternative mineral properties.

Dry processing hos been applied 1w mamy products in the
minerads andustry including gyvpsum. sat. phosphate. tale,
magnesite, diamonds. imestone. potash. sold. coal. uranium and
copper-lead-zine ores (Brown. 20031, In recent vears at CSIRO
Minerals. dry particle separation research has focesed on using o
vibrating plate separator that ¢lassifies particles on the busts of
stee and densits (O°Connor er af. 2002) While health and

emir

ontental issues related 1o dust ure sernous known problems.
there are many other unknoewns ivolved. and 1 is likels that the
mtraducton of dry processing will bring with 1t g new set of
problems

Commercial sottware s avadable for performing s tpe of anady s
IWATER Version 18 UMIST 20035

Climate change

Chmate change s contributing 1o the uncertainty  of  water
supplies. There is growing evidence of globul warming and
current estimales suggest that annual average lemperatures in
Austrahia will increase by between 0.4 10 2.0°C by 2030, The
projected changes in annual ranfall in the range of -20 per cent
W +3 per cent by 2030 in the south-west, and -10 per cent to
+5 per cent in parts of south-eastern Australia (Pittock, 20031 are
Bikely 10 reduce water supplies and accentuate  competition
between users. including the minerals industry, In addition,
lngher water wemperatures are expected 1o contiibute o a general
devradutien of water quality as well as lead 1o increased
evaporative losses, particufarly in rrigation areas

CONCLUSIONS

LOA methodology has been used 1o provide insights inio the
sajue denved from wuter usage within the minerals sector and o
add @ Bile eyvele perspective 1o the debate about water resources
across industry seciors. Using water consumption data derived
from the hierature 1 has been shewn that the “cradle-to-vate o
embodiedr water consumption for production of the vanous
metals considered in the study ranged from 2.9 nt'A tor sieel up
o 252 087 s/t for gold. The results fareely reflect the vrade of
the mital ore used to produce each metal and can be
approaintaled by the followine equation:

W= 167.7 G v

w here

W = embodied water fm Yt refined metal)
{ = grade of ore used to produce metal (per cent metah

This correlution between  grade and  water  consumption.
together with varyving degrees ol waler recyehing. partly explains
the wide range in water consumpuon data between mining.
mineral processing und metal production sites often reported in
the Blerature. even when using the same processing route.

The study showed that indirect water consumption i the metal
production  life ovele, in particular that due o electrnicin
veneration. can make o significant contribution o the embodied
water value, ez aluminium production. When expressed in lerns
of m/tore. the resulis for all metals considered indicated that the
embodied wuater s roughly. on average, three times the water
consumption of the mining and concentration stage. It was also
shown that the economie value per m? of water consumed for the
minerais indusirs exceeds that {or the agnculivral and mdustrial
sectors. supporung the view that allocating water resouwrees o the
minerals industes has a strong underlying economic hasis

Water reforms currenthy taking place o Australia wim w
address issues such as competiton for water access, reduced
security ob supphy and nerease in cost. Consequentiy  the
munerals mdustry. along with others. can be expected o come
under increasing pressure 1o reduce fresh or raw waler use and to
micurale water use across sectors. While water recveling s an
obvious candidate 10 help reduce water consumplion in the
munerals mdustey, isstes such as the buid-up of orzame and
morvanic  molecules, microbiological species and  collectors,
among others, will influence the extent o which this can be
achioved Wlile mumy operations currenids use water that s
ursuitabie for agriculiwral use and uniikely 1 be put to any other
anthropogenic use. a flexibie 11 for purpose” water strategy that
accounts tor local conditions and synergies could be more
breadly  adopted by mimimg. mineral processing and  metal
production operations.

I addinon. wastewater volumes can be mimmised  using
techmques, such us pinch analysis. 1o estabhsh and use the
minaum water requirement for the process The wse ol dry o
near-dry provessing technoloeies, for which the demand tor

R

R

2

B
2
g




water is small or zero, may be a more radical solution to the
water consumption problem; however, it is possible that the

introduction of dry processing would bring with it a new set of

problems. including dust.

While the focus of this study has been on water consumption,
it shbuld be borne in mind that when assessing the relative merits
of alternative processing routes for metal production, brouder
impacts  (eg greenhouse and acid rain  gas  emissions,
nutrification. community capacity, economics etc) also need to
be considered in addition to the water consumption/resource
depletion impact considered in this paper. While the paper has
been written for an Australian audience, the methodologies used
and the findings reported have global relevance.
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