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EXECUTIVE SUMMARY (AMENDED 5 JUNE 2009)
Following the completion of the Draft Pilbara Regional Water Plan (DoW 2008), the Department
of Water and Department of Regional Development, through the Royalties for Regions program,
engaged MWH in association with KBR and Marsden Jacob, to undertake a prefeasibility study
to identify water supply integration opportunities in the Pilbara Region of Western Australia.
The outcomes of this study were to be used for a submission to obtain funding to conduct
further detailed investigations to discount some water supply options or develop new
possibilities in consultation with industry. As part of the prefeasibility study, water supply
schemes were identified that were supported with the objectives of the Pilbara Regional Water
Plan. The objectives were:
•

security of supply

•

balanced use of water

•

management of cumulative impacts

•

integrated land use and water planning

•

Aboriginal and heritage values

•

appropriate quality allocation

•

support high value industrial/agricultural use.

This report identified a range of options for water in the Pilbara:
1. use of water extracted by mine dewatering operations
2. supplemental groundwater for water supply schemes
3. development of aquifers near the coast
4. construction of transfer pipelines from source to demand locations
5. desalination options.
The estimated cost of options varies considerably depending on the level of complexity and
scale, however, there are some known entry level opportunities with development of agriculture
and other diversification options utilising mine dewater.
The development of such projects were estimated to start at $74 million. A number of areas in
the Pilbara may be suited to irrigated agriculture developments and provide for the development
of a more diversified economy in the region. The least-cost option was an abridged (8GL/yr)
version of Option 1.
The regional large scale and more complex options would require but further investigation
through the development of a full feasibility study. The scope of such a study would include, but
not be limited to:
•

water sources (volume & quality) assessment

•

demands assessment

•

analysis of potential options (including those identified in Pre Feasibility Study)

•

identification of environmental constraints

•

economic analysis.
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WATER SOURCES
Water source investigations focused on existing surplus mine discharges with possible
supplementation from unused or underutilised aquifer systems. The investigations identified
mine water surplus as short to medium term opportunities as well supply from underutilised
aquifers.
It was concluded that water surplus from mines dewatering activity should not be considered as
a sustainable long term reliable water supply. Normally during the mine life dewatering volumes
decrease with time with limited amounts as forecast at later stages of mine life. For the
purposes of this study, existing surpluses were treated as “opportunistic” sources of water which
could be used in the short term, but which should not be the basis for developing long term
sustainable groundwater supplies.
The total long term supply from the identified sources was estimated to be around 171 GL/yr
(giga litres per annum). Possible future groundwater abstractions were estimated at 335 GL/yr
while the estimated current licensed withdrawals is 261 GL/yr.
Water quality of the aquifers is generally good and in many locations may not require treatment.

WATER DEMANDS
Water supply demands were assessed, discussions were held with various stakeholders and
investigations were undertaken to explore potential agricultural opportunities. Water demands
were determined for the various sub regions of the Pilbara and by category of use.
Overall the fastest growing subregion is expected to be South Coastal Region, mainly due to
the proposed operation of the Citic Pacific Mining project at Cape Preston. The total demand for
water in the Pilbara is expected to increase from 90 GL/yr in 2007 to 214 GL/yr in 2031.

CONCEPT DESIGN OPTIONS
Thirteen Water Supply Concept Design Options were developed using a combination of mine
water discharge, unused or underutilised aquifers, and seawater desalination to provide supply.
Options were developed to meet the demands of the townships, ports, mining operations,
industrial use, tourism and agriculture.
The water supply scheme options were developed following three primary design concepts;
•

Transferring mine discharge and potential aquifer discharges to potential agricultural
locations to the north of Newman and Woodie Woodie; and utilising desalination for the
coastal demands (Options 1a, 1b).

•

Transferring mine discharge and potential aquifer yields to the coast and meeting any
demands short falls with desalination (Options 2a-2g).

•

Transferring mine discharge from Woodie Woodie to agricultural areas and coastal areas
with any short fall in demand to be met by desalinisation (Options 3a-3d).
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FINANCIAL ASSESSMENT
Capital and operating cost estimates were prepared for each option. The cost estimates reflect
pricing and work methods used by a private commercial entity. The estimates have been
developed to an Order of Magnitude standard with a nominal accuracy of ±50% and include a
non capital investment allocation calculated of 74%. Details of the cost estimates including
assumptions, exclusions and qualifications are provided in Appendix B of this report.
Direct capital cost estimates for the options commence at $74 million for an initial development.
The regional scale and more complex options require further investigation of the localised
components. A detailed assessment of such components may identify opportunities for
increasing the productivity of the Pilbara region.
The financial viability of components of the Concept Design Options may be improved by
optimising the pipeline lengths and pumping requirements, piping materials, grades and
dimensions, number and capacity of tanks and pumping stations and number of river crossings
following a detailed assessment of pipeline routes and topography. Accurate determination of
sites for the desalination plants may also aid to decrease pipeline lengths and pumping
requirements. Interfacing the Concept Design Options with existing water supply schemes
where appropriate may also lead to potential cost savings. In addition, the cost estimates were
developed using a location factor of 60% which may be subject to change considering the
changes in the market conditions.

ENVIRONMENTAL ASSESSMENT OF OPTIONS
An environmental assessment was made of each water supply scheme option. The assessment
covered six key environmental factors: Register of National Estate, Wetlands, Vegetation and
Flora, Fauna, Public Drinking Water Source Areas and Protection Zones and Aboriginal
Heritage. Indicative greenhouse gas emissions were also assessed for each option.
Each of the proposed options passes through areas of environmental significance where
environmental approval must be obtained. However, considerable portions of each option pass
through existing transport infrastructure corridors reducing the potential issues associated with
gaining approvals within these portions. Further detailed investigation is required to select the
routes containing least impact and mitigation measures.

SOCIO-ECONOMIC ANALYSIS
A cost benefit analysis was carried out to determine the most economically preferred option.
Due to substantial uncertainty in a number of variables three scenarios were adopted; low
cost/high benefits ratio, medium cost/medium benefit ratio, high cost/low benefit ratio.
Several options have the potential to provide a net benefit to the community, particularly under
the “low cost/high benefit” scenario.
The sensitivity analysis indicated that the key factors affecting the economic results include
whether borefield backup is required, the proportion of indigenous labour utilised, the level of
contingency and the benefit to mining companies of removing excess water from mining
operations
The State should consider investigating options that provide additional social benefits
associated with providing fresh produce and industrial diversity for the region. The State should
also consider the opportunities provided by developing each component of an option in a staged
approach to limit the initial up-front capital cost of developing an option.
A summary bottom line review was conducted to consider the social, regional environmental
impacts of each option. The results of the quantitative analysis are included in this report.
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DELIVERY MODELS AND FUNDING OPTIONS
The delivery and funding of the infrastructure could utilise a number of public or private sector
ownership models all of which could incorporate capital funding from State (e.g. Royalties for
Regions) and/or Commonwealth sources (e.g. Building Australia fund). This funding would
reduce the costs faced by the water infrastructure provider and assist to recover those regional,
environmental and public benefit costs that could not be captured in water charges to
customers.
Delivery models for the development of pipeline infrastructure in the Pilbara are included in
Table ES 1 below.

Low establishment
(i.e. tendering) cost

5

Promotes competition

4

Short lead time

3

Limited impact on State
budget

2

Operation

1

Ownership

Option

Development

Table ES 1 Delivery models and funding options

State

State

State

8

9

8

9

State

Private

Private

8

9

Operation
only

8

Private

Private

Private

9*

8

9

8

Private

Private

Private

9*

8

9

8

Private

Private

Private

9

8

9

8

Delivery Model

Development, ownership and operation by State
agency
Development by State agency with transfer to a
private owner for operation
Competitively establish a regional utility, transfer
all existing assets to utility
Competitively establish a bulk water supplier
Competitively establish a pipeline company, water
users negotiate directly with bulk water suppliers

* Unless successful tenderer is existing State‐owned utility (e.g. Water Corporation, Horizon Power).

Each model has both advantages and disadvantages and need to be further investigated in a
Feasibility Study.
Further investigation regarding the need for supplemental borefields, the potential for greater
indigenous employment and the value of removing excess mining water, would provide a more
accurate project estimates and benefits.
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1. INTRODUCTION
1.1 BACKGROUND
Following the completion of ‘Pilbara Regional Water Plan (DoW 2008), the Department of Water
and Department of Regional Development, through the Royalties for Regions program, engaged
MWH in association with KBR and Marsden Jacob, to undertake a prefeasibility study to identify
water supply integration opportunities in the Pilbara Region of Western Australia.

1.2 SCOPE OF WORK
A scope of work was outlined in RFQ 070-2008 and required the project team to investigate and
prepare a desktop Pre-feasibility Study Report and submission to Infrastructure Australia,
identifying water integration opportunities in the Pilbara region.
In undertaking the assignment the following issues were required to be addressed:
•

Public versus private sector benefit, with a focus on leadership at the State level to support
growth in a key economic region of Western Australia.

•

Potential alignment with other regional infrastructure initiatives (e.g. power, mining
infrastructure).

•

Regulatory and policy context.

•

Interim approach for the preliminary opportunities identified.

•

Key economic, environment and social factors including:
−

Cost of sharing the water;

−

Security of supply issues;

−

Water availability and demand;

−

Impact on indigenous communities in the region.

•

Analysis of water supply and demand forecasts.

•

Market participation and security of supply.

•

Following assessment of the key economic, environment and social factors, a prioritisation
process needs to occur to help identify the scale of the deficiencies.

•

Scenarios including various government/industry participation models.

•

Greenhouse gas emissions, which should be valued according to expected permits
purchased under the carbon pollution reduction scheme.

•

An analysis of the total costs & benefits (public and private) from the project.

This report incorporates the preliminary identification of opportunities and will be used to explore
further opportunities aimed at increasing the productivity of the Pilbara region.
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1.3 STUDY AREA
The study area is located in the Pilbara region, in the north of Western Australia. The Pilbara
region is situated between the Kimberley region and the Mid-West region of WA. Main Pilbara
regional centres include Tom Price, Roebourne, Karratha, Newman and Port Hedland. Shires in
the Pilbara include Ashburton, East Pilbara, Roebourne and Town of Port Hedland.
The plan by the Department nominated a regional area (study area) which extends from the coast
to the Northern Territory border (Longitude 129°E). The nominated area covers approximately
500 000 km2, almost 20 percent of the land area of the State. The eastern half of the nominated
area is the most arid region of Australia and there is no surface drainage system to the ocean.
There are several terminal salt lakes and a chain of salt flats. Except for two mines (Telfer and
Nifty) there is virtually no development in the eastern half of the Pilbara Region
The study area is generally defined by surface catchment areas as shown in Figure 1-1.
The West Canning Basin is a groundwater basin (not a defined surface catchment) but is
included in the study area. It is defined as the area between the De Grey River basin and the
Indian Ocean. The eastern limit of the West Canning Basin was established at 121°E.
The river basin immediately south west of the Ashburton Basin (Yonnarie River Basin) is not
included in this study due to adverse water quality and limited data.
The Upper Fortescue River Basin has been measured an area of approximately 30,000 km2
(WRC, 2000b) but rarely discharges to the ocean. Under current conditions, all surface flows in
the Upper Basin discharge into the Fortescue Marsh and ultimately evaporate. Seasonal and
surface water in the Marsh is usually hyper saline but there are also good quality groundwater
resources in the Basin as well.
The area east of the study area extends 800 km to the state border (129°E). Most of the region
east of the study area is known as the Gibson Desert. The region is the most arid region in
Australia with rainfall averages between 200 and 300 mm per annum. Average Annual
Evaporation is in the range of 3200 to 4000 mm year. Because of the overall aridity, and limited
potential development, this region was excluded from the study area.
The study area comprises 246 220 km2 (including 8380 km2 of the West Canning Basin). Each of
the sub areas in the study area are designated in Table 1-1.The study area covers 9.3 percent of
Western Australia.
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Table 1-1 Pilbara region study area
Basin

River length
(km)

Basin area
(km2)

Ashburton River Basin

860

118 190
1

60 370

Comments

De Grey River Basin

430

Lower Fortescue River Basin

375

18 360

Upper Fortescue River Basin

265

14 620

Landlocked2

Port Hedland Coast Basin

1903

16 910

Includes Harding, Maitland, Turner,
Sherlock and Yule Rivers.

Onslow Coast Basin

2104

9 390

Includes Cane and Robe Rivers.

West Canning Basin

No river

8 380

No defined surface drainage.

Total
1.
2.
3.
4.

Largest mean flow

246 220

Includes Coongan and Shaw Rivers
Upper Fortescue Basin does not discharge to ocean. See text
Yule River
Robe River

1.4 STUDY METHODOLOGY
The principal goal of the PFS is to identify water integration opportunities in the Pilbara utilising
mine dewatering discharges and other sources to meet demands from other mining activities,
town water supplies as well as diversification opportunities for indigenous and agricultural
sectors. This is aimed at increasing the overall productivity of the Pilbara Region.
To meet these goals, a methodology was developed which included the following procedures and
investigations:
•

Data collection

•

Meetings and workshops

•

Review of infrastructure programs

•

Value engineering

•

Option identification

•

Environmental assessment

•

Public/Private aspects

•

Cost benefit analysis.

An initial draft report followed by a final draft and final report were compiled following comment
from various stakeholders.
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Figure 1-1 Pilbara study area
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2. EXISTING ENVIRONMENT
2.1 CLIMATE
The climate of the Pilbara Region is classified as arid-tropical, with two distinct seasons. Hot
summers occur from October to April, with mild winters from May to September.
Rainfall in the area is influenced by two primary climatic systems; a northern rainfall system
associated with tropical lows and a winter rainfall event associated with low pressure frontal
systems. Rainfall averages between approximately 280 and 400 mm a year, mostly falling during
the summer period, from thunderstorm or cyclonic activity (Van Vreeswyk et al, 2004). Flooding is
a major hazard in the Pilbara and the coastal areas of the Pilbara experience tropical cyclones.
Temperatures in the summer months are very high, often exceeding 400C, with a minimum of
approximately 250C. Winters are milder with temperatures in the daily range of approximately
280C maxima to 140C minima (Van Vreeswyk et al, 2004). Annual evaporation is approximately
3150 mm (mean daily average 8.7 mm).The excess of evaporation over rainfall is typical for arid
and semi-arid areas in Australia. Figure 2-1 shows rainfall and temperature data from the Marble
Bar Bureau of Meteorology weather station in the Pilbara region (Bureau of Meteorology, 2008).
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Figure 2-1 Climate data from Marble Bar weather station, Pilbara
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2.1.1

CLIMATE CHANGE

Since 1970 the Pilbara region has been in a zone of marginally increased rainfall. The actual
increase is equivalent to an additional 1 to 5 mm of rainfall per annum. It is a minor increase but it
is well defined and demonstrates that there has not been adverse reduction in rainfall. Annual
rainfall trends are shown in Figure 2-2.

Figure 2-2 Trend in annual total rainfall for Australia 1970-2008 (mm/10 yrs)
Source: Bureau of Meteorology, 2008

Climate-change scenarios developed by CSIRO for north-west Australia predict however, a
decrease of 1.5 per cent in annual rainfall, with higher evaporative demand and a consequent
reduction in river flow (DoW, 2008a). These predicted changes will affect both water supply and
demand and consequently will have implications across the Pilbara community and environment.
The uncertainty in predicting the impacts of climate change suggests a risk-management
approach should be adopted for any further detailed studies regarding water resource planning in
the Pilbara.
The temperature change in the Pilbara is not as well defined. Most of the study area has
experienced a mean temperature increase (since 1970) in the range of 0.05 to 0.15°C per
decade (approximately 0.01°C per year average) BOM (2008). The trend is shown on Figure 2-3.
In the past 38 years, mean temperature in the region has increased from 0 to 0.6°C. The increase
is more evident in coastal areas.
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Figure 2-3 Trend in mean temperature (1970-2008) (°C/10 yrs)
Source: Bureau of Meteorology, 2008

Overall, there is an indication of subtle climate change in the Pilbara. There is a small increase in
rainfall which indicates that historical run off data is a reliable basis for planning. Temperature
changes are marginal.

2.2 TOPOGRAPHY AND SOILS
2.2.1

TOPOGRAPHY

More than a third of the Pilbara consists of rugged hills, ranges and plateaux occurring mostly in
central and southern parts. The central and central east area consists of extensive gently
undulating granitic plains, tor fields, drainage tracts and occasional low greenstone hill tracts (Van
Vreeswyk et al, 2004). In the far north-east and south-east, hills and mesas give way to broad
sandplains and eolian dune fields. In the west, low ranges give way towards the coast to gently
sloping peneplains, level sandy plains and alluvial plains (Van Vreeswyk et al, 2004). The whole
length of the Pilbara coastal strip includes bare mudflats, coastal dunes, sandy plains and broad
deltaic deposits associated with the estuaries of major rivers.
2.2.2

SOIL LANDSCAPE SYSTEM

The main characteristic of the soils in the Pilbara region is the predominant red colour. The most
extensive soils are shallow, stony soils on hills and ranges and sands on sandplains (Van
Vreeswyk et al, 2004). Other soil types present in the region include red earths overlying
hardpan, cracking and non-cracking clay soils and duplex soils.
The Department of Agriculture and Food Shared Land Information Platform (SLIP) database
indicates that the Pilbara region predominately consists of deep sandy and sandy earth soils, rock
or stony soils and gravelly soils (Department of Agriculture, 2008).
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2.2.3

SUITABILITY OF SOILS FOR AGRICULTURE

The land systems with the highest probability of containing soils that may be suitable for irrigated
agricultural development were identified based on the assessment of the land systems provided
in Van Vreeswyk et al. (2004). These are identified by green areas on a map of each option and
total 14,795 km2.
The land surfaces in the Pilbara can very broadly be described as either erosional or depositional
surfaces. Erosional surfaces are characterised by very shallow soil (<0.5m) over parent rock
materials (often in upper landscape areas). These are generally not suitable for intensive
agriculture. Depositional surfaces are typically deeper (>1m) and more varied with respect to
surface and subsurface soil layers. Soils in depositional areas with sufficient depth, water holding
capacity and the absence of physical and chemical constraints (such as extremes of pH, salinity
or potential to undergo erosion) are the most likely to be suited to agricultural development.
The Pilbara region is comprised of 21 broad soil groups. Of these soil groups, four were identified
as having the characteristics most likely to support agricultural developments, including soil depth
(>1 m), texture (sandy to light clay), pH and low salinity. The four soil groups are:
•
•
•
•

Group 506 - red deep loamy duplex;
Group 544 - red loamy earths
Group 405 - red deep sandy duplex
Group 463 - red sandy earth.

Land systems that contained at least one of these soil groups were identified. The following
criteria were then applied to determine the land systems that had the highest probability of
containing soils most appropriate for agriculture.
•
•
•
•

Salinity - any land system which contained saline soils was discarded.
Natural vegetation - land systems containing woodlands and tall trees were preferable to
those supporting herblands and grasslands based on the fact that the soils supporting trees
may indicate significant (>1 m) soil depth.
Areas of any or all the four soil groups within a land system relative to the total overall size of
the land system and the size of other soils that are considered to be constraints.
Elevation - any land system that contained significant proportions of elevated topography was
discarded.

The most suitable land systems identified were Bonney, Boolgeeda, Christmas, Fan, Fortescue,
Marillana, Narbung, Spearhole, Urandy and Washplain. Many of these land systems are located
in the Fortescue Valley and at least 50% of their total area is comprised of at least one soil group
selected as potentially being suitable for irrigated agriculture. Other land systems with potentially
suitable soils, but on the periphery of the Pilbara Region (well away from identified water sources)
were given a lower priority (e.g. the Buckshot and Dollar Land Systems). The most suitable land
system areas are shown in the Water Supply Scheme Figures 7.1 – 7.13.
The area within each option where soils were considered possibly suitable for agriculture (the
green areas) are outlined below:
1.
2.
3.
4.
5.

Hatched agriculture area within Option 1a – Newman No.1 - 745 km2
Hatched agriculture area within Option 3e – Newman No. 2 – 210 km2
Hatched agriculture area within Option 1b – Newman No. 3 - 1477 km2
Hatched agriculture area within all options- Woodie Woodie No. 1 – 66 km2
Hatched agriculture area within Options 3b, 3c & 3d - nodes (Nos. 2, 3 and 4) on pipe line to
west of Woodie Woodie – Woodie Woodie No. 2 25 km2, Woodie Woodie No.3 75 km2 and
Woodie Woodie No.4. 52 km2.
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Discussions held with the Dept of Agric and Food conducted during this project indicate that the
feasibility of using excess water from mining operations for agricultural activities has been
considered but is only at a preliminary stage at this point in time. At least one mining company is
exploring the potential for disposing of mine dewatering for the purposes of irrigating pasture but
development of this concept is only at an early stage.

2.3 GROUNDWATER AND SURFACE HYDROLOGY
2.3.1

GROUNDWATER AND HYDROGEOLOGY

Groundwater originates from direct infiltration by rainfall and from surface water flows.
Groundwater in the Pilbara occurs in various hydrogeological environments, ranging from surficial
and sedimentary aquifers with intergranular porosity, to weathered and fractured aquifers (Van
Vreeswyk et al, 2004). The Waters and Rivers Commission Central Pilbara Groundwater Study
(Waters and Rivers Commission 2001) identified three major aquifer groups in the central Pilbara.
These consist of unconsolidated sedimentary aquifers (valleyfill comprising alluvium and
colluvium), chemically-deposited aquifers (calcrete and pisolitic limonite) and fractured-rock
aquifers (dolomite and banded iron-formation).
Valleyfill deposits, up to 200 m thick, comprise interbeded sequences of clay, sand and gravel
derived from alluviated drainages, outwash fans and scree slopes. These deposits form the major
unconfined aquifer and are often in hydraulic connection with underlying calcrete and basement
rocks. The groundwater salinity is variable, ranging from fresh to hypersaline beneath the
Fortescue Marsh (Waters and Rivers Commission 2001).
Calcrete and pisolithic limonite aquifers were chemically-deposited within Tertiary drainages or
paleodrainages. The calcrete is characterised by secondary porosity with karstic features
developed through the partial dissolution of calcrete via percolating surface water and
groundwater movement. The calcrete aquifer is capable of large bore yields up to 5,000 kL/day at
Millstream. Groundwater salinity generally ranges from fresh to marginal (Waters and Rivers
Commission 2001).
Dolmitic formations (such as the Wittenoom Dolomite) are important fractured-rock aquifers, with
the largest yields (greater than 5,000 kL/day) occurring where the dolomite is overlain by a thick
sequence of valleyfill. The Brockman and Marra Marra Iron formations contain localised aquifers
associated with deformation, fracturing and mineralised ore bodies. The fractures fill during
rainfall events and stream flows and then decline due to periods of extraction or no rainfall.
(Waters and Rivers Commission 2001).
2.3.2

SURFACE HYDROLOGY

The major rivers of the Pilbara region include the De Grey (with the largest shallow estuary in
northwest Australia), Ashburton, Fortescue, Yule, Sherlock, Cane, Robe, Harding, Maitland and
Turner rivers. These major rivers discharge over the coastal flats towards the Indian Ocean, often
through wide and braided flow paths. The discharge points are frequently a combination of direct
ocean outlets and dispersal through marshy flats. The rivers also contribute significant recharge
to groundwater resources in the alluvial aquifers on the coastal plains (DoW 2008b).
Stream flows are mostly a direct response to rainfall and are highly seasonal and variable. Most
runoff occurs from January to March as a result of episodic cyclonic activities. Other rainfall
comes from local thunderstorms and the northern edge of frontal systems that bring winter rains
to the south-west of the state. In the western coastal sector, these winter rains produce a lesser
stream-flow peak in June. All watercourses are ephemeral, drying up for at least part of each year
(DoW 2008b).
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Tropical lows or cyclones can bring heavy rainfall and associated flooding. The flood potential of
a system is not directly related to cyclone intensity but is associated with its track, speed, the
geographic area it affects and the degree to which catchments are saturated from prior rainfall
events. Rainfall totals of more than 100 mm are common with tropical lows that move over land.
Flooding is enhanced when multiple tropical lows occur within a few weeks of each other. Large
cyclones and the flooding rain they bring can reshape the landscape by changing streamlines and
reshaping pools, particularly in rivers with sandy channel beds such as the lower reaches of the
Yule and De Grey rivers (DoW 2008b).
There are several Public Drinking Water Source Areas (PDWSAs) in the Pilbara, mainly located
in the west of the region (Figure 2-4). The protection of PDWSAs relies on statutory measures
available in water resource management and land use planning legislation. The DoW policy for
the protection of PDWSAs includes three risk management based priority classification areas and
two types of protection zones.
Priority classification areas
Priority 1 (P1) classification areas are managed to ensure that there is no degradation of the
drinking water source by preventing the development of potentially harmful activities in these
areas. The guiding principle is risk avoidance. This is the most stringent priority classification for
drinking water sources. P1 areas normally encompass land owned or managed by State
agencies, but may include private land that is strategically significant to the protection of the
drinking water source (e.g. land immediately adjacent to a reservoir). Most land uses create some
risk to water quality and are therefore defined as “Incompatible” in P1 areas.
Priority 2 (P2) classification areas are managed to ensure that there is no increased risk of
water source contamination/ pollution. For P2 areas, the guiding principle is risk minimisation.
These areas include established low-risk land development (e.g. low intensity rural activity).
Some development is allowed within P2 areas for land uses that are defined as either
“Compatible with conditions” or “Acceptable”.
Priority 3 (P3) classification areas are defined to manage the risk of pollution to the water
source from catchment activities. Protection of P3 areas is mainly achieved through guided or
regulated environmental (risk) management for land use activities. P3 areas are declared over
land where water supply sources coexist with other land uses such as residential, commercial
and light industrial development. Land uses considered to have significant pollution potential are
nonetheless opposed or constrained (DoW, 2004 (Previously the DoE)).
PDWSAs in the project area include the Millstream Water Reserve, the Harding Dam catchment
area and the De Grey River Water Reserve. The PDWSAs in the region are mainly classified as
Priority 1, which are managed to ensure that there is no degradation of the drinking water source
and Priority 2, which are managed to ensure there is no increased risk of water source
contamination/pollution (DoW, 2008c).
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Figure 2-4 Public Drinking Water Source Areas and Protection Zones for Public Drinking Water Source Areas
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2.4 VEGETATION AND FLORA
Vegetation
The Pilbara region can be divided into four subregions; Chichester, Fortescue Plains, Hamersley
and Roebourne.
In the main central area of the Pilbara (Chichester sub-region) the predominant vegetation
formations are tree and shrub steppe (hummock grassland) communities, with Eucalyptus trees,
Acacia shrubs and Triodia pungens and T. wiseana hummock grasses. Mulga (Acacia aneura)
communities occur in valleys and short bunch grasslands occur on alluvial plains (Van Vreeswyk
et al 2004).
The Fortescue Plains consist of extensive salt marsh, mulga-bunch grass, and short grass
communities on alluvial plains in the east. River gum woodlands fringe the drainage lines. This is
the northern limit of Mulga (Acacia aneura). An extensive calcrete aquifer (originating within a
palaeo-drainage valley) feeds numerous permanent springs in the central Fortescue, supporting
large permanent wetlands with extensive stands of river gum and cajuput woodlands. To the
north of the Fortescue valley shrub steppe with Kanji bush (Acacia inaequilatera) on granite
plains, and tree steppe with snappy gum (Eucalyptus leucophloia) on ranges are the dominant
vegetation formations (Australian Natural Resources Atlas, 2008).
In the rugged Hamersley sub-region on the south side of the Fortescue Valley, tree steppe with
snappy gum is predominant. Mulga low woodland occurs in the valleys. In the south west corner
there is sharp shrub steppe with snakewood on drainage lines and around Red Hill homestead
there is shrub steppe with snake wood.
In the Roebourne sub-region the river deltas support a mosaic unit of bunch grasslands mixed
with spinifex. Along much of the coastline there are bare tidal mud flats and areas of mangrove.
Along the major rivers there are sclerophyll woodlands, mostly coolibah (Eucalyptus victrix) and
river red gum (E. camaldulensis). Between the Fortescue and the Robe Rivers on the coast there
is a mosaic of shrub savannah (with snakewood-Acacia xiphophylla) and shrub steppe (with kanji
bush) (Van Vreeswyk et al 2004).
Flora
The native flora of Western Australia is protected under the provisions of the Wildlife
Conservation Act 1950-1979, making it an offence to remove or harm native flora species without
approval. In addition to this basic level of statutory protection, a number of plant species are
assigned an additional level of conservation significance based on the fact that there are a limited
number of known populations, some of which may be under threat. Listed plant species and
vegetation communities are also protected under the provisions of the Commonwealth
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act).
Species of the highest conservation significance are designated Declared Rare Flora (DRF),
either extant or presumed extinct:
X: Declared Rare Flora - Presumed Extinct: taxa which have not been collected, or otherwise
verified, over the past 50 years despite thorough searching, or of which all known wild
populations have been destroyed more recently, and have been gazetted as such, following
approval by the Minister for the Environment, after recommendation by the State’s Endangered
Flora Consultative Committee;
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R: Declared Rare Flora - Extant: taxa which have been adequately searched for, and are
deemed to be in the wild either rare, in danger of extinction, or otherwise in need of special
protection, and have been gazetted as such, following approval by the Minister for the
Environment, after recommendation by the State’s Endangered Flora Consultative Committee
(Atkins 2008). (Threatened Flora = Endangered + Vulnerable)
Species that appear to be rare or threatened, but for which there is insufficient information to
properly evaluate their conservation significance, are assigned to one of four Priority flora
categories:
P1: Priority One - Poorly Known: taxa which are known from one or a few (generally <5)
populations which are under threat, either due to small population size, or being on lands under
immediate threat, e.g. road verges, urban areas, farmland, active mineral leases, etc., or the
plants are under threat, e.g. from disease, grazing by feral animals, etc. May include taxa with
threatened populations on protected lands. Such taxa are under consideration for declaration as
‘rare flora’, but are in urgent need of further survey.
P2: Priority Two - Poorly Known: taxa which are known from one or a few (generally <5)
populations, at least some of which are not believed to be under immediate threat (i.e. not
currently endangered).Such taxa are under consideration for declaration as ‘rare flora’, but are in
urgent need of further survey.
P3: Priority Three - Poorly Known: taxa which are known from several populations, at least
some of which are not believed to be under immediate threat (i.e. not currently endangered).
Such taxa are under consideration for declaration as ‘rare flora’, but are in need of further survey.
P4: Priority Four - Rare: taxa which are considered to have been adequately surveyed and
which, whilst being rare (in Australia), are not currently threatened by any identifiable factors.
These taxa require monitoring every 5–10 years (Atkins, 2008).
The locations of declared rare flora are outlined in Figure 2-5.
Threatened Ecological Community (TEC)
A threatened ecological community is one which is found to fit into one of the following
categories: “presumed totally destroyed”, critically endangered”, “endangered” or “vulnerable”.
Possible threatened ecological communities that do not meet survey criteria are added to DEC’s
Priority Ecological Communities List under priorities 1, 2 and 3.
Information on the location of threatened ecological communities (TEC’s) in the area was
obtained from data layers supplied by the Department of Water; 28 TEC’s were found to occur in
the area (Figure 2-5). The Department of Water also provided information on the occurrence of
Declared Rare Flora (DRF) and Priority Flora in the area. A total of 242 priority flora were found in
the area and 33 declared rare flora.
In terms of impact of perennial vegetation by pastoral usage, approximately 77% of traverse
records indicated that vegetation was in good or very good condition, 11% indicated fair condition
and 12% indicated poor or very poor condition. Taken overall these summary data show that the
vegetation in the Pilbara Region is generally in better condition than recorded from most regional
surveys in Western Australia (Van Vreeswyk et al 2004). The relationship of DRF and TEC to the
options developed in this study are outlined in Section 8.3.
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Figure 2-5 Location of Declared Rare Flora and Threatened Ecological Communities in the Pilbara
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2.5 FAUNA
The native fauna of Western Australia is protected under the provisions of the Wildlife
Conservation Act 1950-1979. In addition some species of fauna are covered under the 1991
ANZECC convention, while certain birds are listed under the Japan and Australia Migratory Bird
Agreement (JAMBA) and the China and Australia Migratory Bird Agreement (CAMBA).
Classification of rare and endangered fauna under the Wildlife Conservation (Specially Protected
Fauna Notice 2008(2) recognises four distinct schedules of taxa:
Schedule 1 taxa are fauna which are rare or likely to become extinct and are declared to be
fauna in need of special protection.
Schedule 2 taxa are fauna which are presumed extinct and are declared to be fauna in need of
special protection.
Schedule 3 taxa are birds which are subject to an agreement between the governments of
Australia and Japan relating to the protection of migratory birds and birds in danger of extinction,
which are declared to be fauna in need of special protection ; and
Schedule 4 taxa are fauna that are in need of special protection, otherwise than for the reasons
mentioned in paragraphs (1), (2) and (3).
In addition to the above classification, CALM also classifies other fauna species of potential
significance under four Priority codes:
Priority One: Taxa with few, poorly known populations on threatened lands. Taxa which are
known from a few specimens or sight records from one or a few localities on lands not managed
for conservation. The taxon needs urgent survey and evaluation of conservation status before
consideration can be given to declaration as threatened fauna.
Priority Two: Taxa with few, poorly known populations on conservation lands, or taxa with
several, poorly known populations not on conservation lands. Taxa are known from few
specimens or sight records from one or a few localities on lands not under immediate threat of
habitat destruction or degradation. The taxon needs urgent evaluation of conservation status
before consideration can be given to declaration as threatened fauna.
Priority Three: Taxa with several, poorly known populations, some on conservation lands. Taxa
which are known from few specimens or sight records from several localities, some of which are
on lands not under immediate threat of habitat destruction or degradation. The taxon needs
urgent survey and evaluation of conservation status before consideration can be given to
declaration as threatened fauna.
Priority Four: Taxa in need of monitoring. Taxa which are considered to have been adequately
surveyed or for which sufficient knowledge is available and which are considered not currently
threatened or in need of special protection, but could be present if circumstances change. These
taxa are usually represented on conservation lands. Taxa which are declining significantly but are
not yet threatened.
Priority Five: Taxa in need of monitoring. Taxa which are not considered threatened but are
subject to a specific conservation program, the cessation of which would result in the species
becoming threatened within five years.
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The presence of some threatened fauna species may also mean that it may be necessary to refer
proposals to the Federal Minister for the Environment under the terms of the EPBC Act 1999.
A Threatened and Priority Fauna database search in the vicinity of the proposed pipe routes of
the Pilbara region was undertaken by the DEC. The results of this search are summarised in
Section 8.6. The locations of threatened and priority fauna are outlined in Figure 2-6.
2.5.1

STYGOFAUNA

Groundwater fauna, or stygofauna, are animals that live permanently underground in water. As
part of the Pilbara Region Biological Survey (2002-2007), the Department of Environment and
Conservation reported stygofauna in over 500 bore sites and 20 wetland springs in the Pilbara
region. These sites represented a cross section of the Pilbara's major geological features and
groundwater types.
Before the survey, about 40 species of stygofauna were known to exist in the Pilbara. After the
survey, this number rose to 350 species and the total number of species is estimated to be up to
550. Almost all of these species were new to science and had not been seen or described before
(Department of Environment and Conservation, 2008).
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Figure 2-6 Location of Threatened and Priority Fauna in the Pilbara
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2.6 WETLANDS
The Australian Nature Conservation Agency (ANCA) has compiled a directory of important
wetlands in Australia. The wetlands of the Pilbara Region may be classified as nationally or
internationally important. Wetlands listed as Ramsar sites have been identified as being of
international importance and have met one or more criteria including representativeness,
uniqueness, or significant flora or fauna. In addition, there are specific criteria associated with
waterfowl (ANCA, 1996).
The Pilbara Region contains two Ramsar listed wetlands: Eighty Mile Beach coastal wetland and
Mandora salt marsh, which is a complex of wetlands extending from Eighty Mile Beach about 100
km inland into the Great Sandy Desert. Two are proposed Ramsar listed wetlands: Millstream
Pools and Fortescue Marsh.
Eighty Mile Beach coastal wetland comprises 40,000 ha and is an outstanding example of a
major beach with associated inter-tidal flats and coastal floodplain, located in the arid tropics. It is
one of the most important migration stop-over areas for shorebirds in East Asia-Australasia,
supporting more than 300,000 birds.
The Mandora salt marsh encompasses an area of 80,000 ha including a western claypan
consisting of 8,000 ha. It is significant as an example of a raised peat bog, permanent stream and
palaeodrainage system situated in a tropical desert. It is a major breeding area for stilts and terns.
Millstream Pools comprise 150 ha including Deep Reach Pool of 50 ha. The site comprises 20 km
of the river bed of the Fortescue River, including four permanent river pools (Deep Reach Pool,
Crossing Pool, Livistona Pool and Palm Pools, interconnected by permanent flowing channels)
and a spring-fed pool (Chinderwarriner that flows to the river through a marshland. It is a
significant habitat for rare flora and fauna, and supports endemic palm and endemic insects.
The Fortescue Marsh is the largest wetland encompassing 100,000 ha. The site comprises the
more or less contiguous floodplain (lakes, marshes, pools) in the middle reaches of the Fortescue
River (Department of Water, Environment, Heritage and the Arts, 2008).
Nine wetlands in the area are of national importance: De Grey River wetland system, Fortescue
Marsh, Karijini (Hamersley Range) Gorges, Leslie (Port Hedland) salt fields, pools of the Durba
Hills, Kookhabianna Gorge, Exmouth Gulf East, Lake Dora (Rudall River system) and Millstream
pools (Department of Water, 2008a). The location of these wetlands is shown in Figure 2-7.
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Figure 2-7 Location of wetlands in the Pilbara region
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2.7 NATIONAL PARKS AND RESERVES
The Register of the National Estate has been compiled by the Australian Heritage Commission
since 1976. The Register of the National Estate is Australia's national inventory of natural and
cultural heritage places which are considered as worth preserving for the future. It contains more
than 13,000 natural, historic and indigenous places from all parts of Australia (Heritage Council of
Western Australia, 2008).
The Pilbara is one of the World Wildlife Fund’s Global 200 Eco regions, selected for its unique
and rich biodiversity. There are three major National Parks: Karijini, Millstream-Chichester and
Rudall River. The Barlee Range and the Mungaroona Range are nature reserves. The region
also contains one conservation park: Cane River; and six former pastoral and other leases now
vested with the Conservation Commission: Mt Minnie, Nanutarra, Mentheene, Giralia, Mt
Florence and Wanna (Department of Water, 2008a ). The location of these parks is outlined in
Figure 2-8.
Conservation lands are dominated by uplands and ranges country dominated by hummock grass
communities on skeletal soils of uplands and on scree-slopes. Upper slope and mulga
communities are also present. Networks of gorges, ephemeral watercourses with riparian
woodland communities, freshwater springs and riverine communities are prominent features. A
total of 1.7 million hectares (with examples of 42 of the region's 88 vegetation associations) is in
this conservation estate, which comprises 8.7% of the region's area (Australian Natural
Resources Atlas, 2008).
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Figure 2-8 Register of National Estate Pilbara region
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2.8 ABORIGINAL HERITAGE
Aboriginal people have lived in the Pilbara’s arid and variable landscape for thousands of years.
Their way of life and system of beliefs are intimately linked to water on which their survival
traditionally depended (Department of Water 2008a).
The Pilbara Region had an Aboriginal population of about 7100 people in 2006, living in towns
and 37 scattered communities (Department of Indigenous Affairs 2008). This represents the third
highest proportion of Aboriginal people in the State. Communities extend to Jigalong in the south
and Kunawarritji to the east (Department of Indigenous Affairs 2008) and are illustrated in Figure
2-9.The Aboriginal Heritage Act 1972 (AH Act) was introduced in Western Australia to protect
Aboriginal heritage. Under the Act it is an offence for anyone to excavate damage, destroy,
conceal or in any way alter an Aboriginal site without the approval of the Minister for Indigenous
Affairs. Any proposal to disturb a registered Aboriginal heritage site requires a submission to be
made to the Aboriginal Cultural Material Committee under the provisions of s.18 of the AH Act.
The Committee will evaluate the proposal and make a recommendation to the Minister as to
whether or not consent for the proposal should be given and any required conditions of consent.
Aboriginal heritage sites can be broadly classified as:
•

Archaeological sites: places where material remains associate with past Aboriginal land use

•

Anthropological/Ethnographic sites: places of spiritual importance and significance to
Aboriginal people.

All places reported to the Registrar of Aboriginal Sites are assessed within the terms of Section 5
of the AHA. The site status is the assessment outcome.
The Register has seven types of site status (Department of Indigenous Affairs 2009a). These are:
•

L = Lodged: Lodged with the Registrar, placed on the Register, not assessed against S.5 of
the AHA. The provisions of the AHA apply to these places until they are assessed as places
to which the AHA does not apply.

•

I = Insufficient Information: Lodged with Registrar, placed on Register, assessed as having
insufficient information to complete an assessment within the terms of S.5 of the AHA. The
provisions of the AHA apply to these places until they are assessed as places to which the
AHA does not apply.

•

P = Permanent: Lodged with Registrar, placed on Register, lodged information is assessed
as meeting the terms of S.5 of the AHA. Sites on the Permanent Register are places to which
the AHA applies.

•

S = Stored Data: Lodged with Registrar, placed on Register, lodged information is assessed
as not meeting the terms of S.5 of the AHA. The provisions of the AHA do not apply to these
places unless further information is lodged with the Registrar requiring a reassessment of the
place

•

IR = Insufficient Information (as assessed by Site Assessment Group)

•

PR = Permanent register (as assessed by Site Assessment Group)

•

SR = Stored data (as assessed by Site Assessment Group).
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A search for Aboriginal heritage areas within the Pilbara Region was undertaken using the web
based Department of Indigenous Affairs (DIA) Aboriginal Heritage Inquiry System. Numerous
Aboriginal Sites were found throughout the Region. Large clusters of sites were found to the
northeast of the Pilbara and in the northwest by the coast. Sites become fewer towards the
centre of the region (Figure 2-9).
Native Title
Native title describes the rights that Aboriginal and Torres Strait Islander people hold in the land
and water by virtue of their occupation of Australia prior to British arrival. The Native Title Act
1993 (Commonwealth) sets out the processes and obligations that relate to dealing with land and
water that is or may in the future be subject to a native title claim
A search for areas which may be subject to native title claims was undertaken using the web
based National Native Title Tribunal Inquiry system. GIS layers were provided reflecting
boundaries of native title applications as per their status within the Federal Court. GIS layers
containing detail of areas which have been determined for claimant, non-claimant and
compensation applications were also provided. A large area to the west of the region has been
registered as Native Title (Figure 2-10).
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Figure 2-9 Location of Aboriginal Communities and Heritage Areas in the Pilbara region

BUILDING A BETTER WORLD

24

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY

Figure 2-10 Location of Native Title Areas in the Pilbara region
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2.9 EUROPEAN HERITAGE
There are a range of European heritage sites located across the Pilbara that are included in the
National Heritage List, Register of the National Estate, State Register of heritage places or Mining
Heritage Study.
The National Heritage List is a list of places or groups of places in Australia with outstanding
heritage value to the nation - whether natural, Indigenous or historic or a combination of these.
Places on this list are protected to the full extent of Federal government powers (Heritage Council
of Western Australia, 2008).
The State Register provides official recognition of a place's cultural heritage significance to
Western Australia, and assists the Heritage Council to identify, provide for and encourage the
conservation of heritage places. The State Register also legally protects a place's cultural
heritage significance by ensuring that any proposed demolition, relocation, subdivision,
amalgamation, alteration, addition or new development is in harmony with its cultural heritage
values. Protection is achieved through the requirement under the Heritage Act 1977 that all
development proposals regarding a registered place be referred to the Heritage Council for
advice (Heritage Council of Western Australia, 2008).
Mining Heritage sites are identified to ensure that, wherever possible, places which are of
significance to the mining history of Western Australia are, in the first instance, preserved from
damage, and in selected cases conserved for posterity (Heritage Council of Western Australia,
2008).
National Heritage sites in the Pilbara include the Dampier Archipelago, located on the west
Pilbara coastline. Other heritage sites in the Pilbara include the Karratha Station Group and the
Warrawagine Homestead. There are a range of Mining Heritage sites in the Pilbara, including the
Blue Spec Mine and Normays Mine (Heritage Council of Western Australia, 2008).

2.10 PASTORAL LEASES
Pastoral leases are a particular type of leasehold that allows Crown land to be used for grazing
stock. The leases are granted by The Department of Planning and Infrastructure (DPI) (for the
Crown) under the Land Administration Act 1997 (LAA). It should be noted that “all pastoral leases
expire in the year 2015 but they can be renewed subject to any conditions regarding
management and development of the land” (Department of Indigenous Affairs, 2009b). Current
pastoral leases in the Pilbara Region are outlined in Figure 2-11.
All pastoral leases are required to abide by legislative requirements in relation to environmental
and land use conditions, including the Environmental Protection Act 1986, the Conservation and
Land Management Act 1984, the Soil and Land Conservation Act 1945, and the Rights in Water
and Irrigation Act 1914. The LAA is the vehicle used to administer pastoral leases; Section
108(2) of this Act requires pastoralists to use the methods of best pastoral and environmental
management practice for the management of stock and the management, conservation and
regeneration of pasture for grazing. The Pastoral Land Board has the responsibility of ensuring
that pastoral leases are managed on an ecologically sustainable basis (s.95 of the LAA) (pers
comm. Brian Lloyd Pastoral Liaison Officer, 2008).
Constraints regarding water extraction are imposed by legislation such as the Rights in Water and
Irrigation Act. For an activity authorised under a Diversification Permit, the activity must remain
secondary to the pastoral operation and water used for the permit activity cannot limit pastoral
use of the land. Pastoralists wanting to conduct non-pastoral activities on a pastoral lease
(including irrigated agriculture) must first apply to the Pastoral Lands Board (PLB) for a
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Diversification Permit to undertake those activities. The intent of the permit is to allow minor
changes to occur on leases - i.e. clear land, sow crops, tourism. Permits are issued subject to
permission from other relevant agencies. A decision is made on the application by the PLB after
consultation with stakeholders and after incorporating the requirements of s. 117 of the LAA and
those of the Native Title Act 1993.
Diversification Permits for agricultural activities are issued under s.119 or s.120 of the LAA. A
licence is similar to a permit but is used for non pastoral purposes. Particular restrictions may
apply to specific proposals (and specific conditions may be imposed by the PLB) after
considering responses to referrals. There are currently no Diversification Permits issued for
irrigated agriculture activities in the Pilbara (pers comm. Brian Lloyd 2008).
Any proposed change of land use in the Pilbara will need to be cognisant of these requirements
and to engage with the various stakeholders involved in managing the land to gain approval.
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Figure 2-11 Location of Pastoral Leases in the Pilbara region
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3. WATER RESOURCES REGIONAL CONTEXT
3.1 PILBARA REGIONAL WATER PLAN
3.1.1

PURPOSE OF PLAN

The Pilbara Regional Water Plan (Department of Water 2008) outlined a vision for the Pilbara
region. The vision included seven objectives;
•

Ensure security of water supply for current and future needs

•

Ensure water use is balanced (environment, social, cultural and economic values)

•

Ensure cumulative impacts are managed

•

Integrate land-use and water planning

•

Recognise Aboriginal and heritage values

•

Ensure quantity allocations and quality are appropriate

•

Support high value industrial and agricultural use.

The plan recognised the ongoing and anticipated economic growth in the Pilbara. The
principal thrust of the plan emphasised management of the resource to ensure security,
balance, environment control, equity and beneficial “high-value” use. The seven objectives
are outlined in further detail below.
3.1.2

SECURITY OF SUPPLY

The focus of the plan was “to make sufficient quantities of suitable quality water available to
town and ports”. The security objective is a major goal of the prefeasibility study and includes
identification of future sources of supply. Investigation of the options for sufficient quantities
of water was a major part of the methodology. The water quality aspect of the objective was
also given particular attention.
3.1.3

BALANCED WATER USE

The plan required to ensure water use is balanced between the following values:
•

Environmental

•

Social

•

Cultural

•

Economic values.

In WA, legislation has established procedures and together with the experience from previous
assessments, rational judgements will provide a guide for “balanced” water use. The
approach is incorporated in the environmental review within this prefeasibility study.
3.1.4

CUMULATIVE IMPACTS ON NATURAL FEATURES

The Department’s plan established a goal of managing cumulative or overall impacts. The
impacts listed in the plan related to the protection of the natural features of the region
including;
•

Waterways (and normally dry water courses)

•

Aquifers
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•

Wetlands (including normally dry “marshes”)

•

Springs (and soaks)

•

Floodplains (seasonal and infrequently inundated areas)

•

Estuaries (and tidal rivers).

Water consumption, diversion and transfer have impacts on natural features. Normally, but
not necessarily, the impacts are downstream of diversion points. The impacts may not
necessarily be physical but may influence water quality and consequently vegetation and
biological species.
In the Pilbara, induced vegetation (due to disposal of excess mine dewatering) may be
regarded as adverse in that in may create an unnatural ecosystem downstream of the
discharge point.
3.1.5

INTEGRATE LAND USE

The integration of land use and water resources management planning is a DoW objective.
Mining operations (including transport and port facilities), are initiated mainly by market forces
outside of the State. Land use changes (initiation of irrigation systems, for example) may be
government initiatives.
3.1.6

ABORIGINAL AND HERITAGE ISSUES

There are three aspects to Aboriginal issues associated with this study:
•

The possibilities of serving Aboriginal communities with scheme water

•

Provision of indigenous employment

•

Impacts on Aboriginal sites and heritage.

At the prefeasibility stage, the possibility of serving Aboriginal communities is addressed as is
the likely impact on indigenous employment. Also an initial evaluation of possible constraints
along the routes of pipelines is investigated.
The initial assessment of constraints relative to routes and other possible impacts on
traditional water sources and features will be outlined in Chapter 8, Environmental
Assessment.
3.1.7

QUANTITY ALLOCATIONS AND QUALITY OF WATER

The Plan listed appropriate quantity and quality use as an objective. The Plan also drew
attention to the need to continue a target for improving water use efficiency in industry and
also for residential consumption.
Particular attention is included in the Pilbara prefeasibility study relative to water quality.
Particular attention is directed towards utilisation of water resources that may have previously
been regarded as marginal quality. There is a need to recognise the value of all water
resources including brackish water.
Appendix A outlines key water quality parameters examined in this Pilbara Pre-feasibility
Study.
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3.1.8

HIGH-VALUE USE

One of the objectives of the water plan is to “support high-value use by industry and
agriculture”. The Department’s plan did not tie the term high-value to economics but linked the
term to “best-practice”. The issue of high-value use is also related to beneficial use. Water
should not be allocated to marginal use or semi wasteful applications. It must be beneficially
used and beneficial use is related to the user who is willing to pay the highest price. These
aspects are included in the cost benefit analysis of the report.

3.2 VISION, OBJECTIVES AND ACTION PLAN
The vision for the water supply in the Pilbara is that by 2030:
“Our precious water resources are managed and developed in a sustainable
manner to maintain and enhance our natural environment, cultural and
spiritual values, our quality of life and the economic development of the
Pilbara”.
(Dept of Water 2008)
The vision is supported by the objectives and action plans for each of the objectives, which
align the purpose and objective of the study.
Mine dewatering in the Pilbara drew attention to the quantity and quality of water in the
region. One of the unexpected aspects of mine dewatering was the fact that water quality was
generally good, especially by the standards of water in other areas of Western Australia.
Disposal of mine dewatering by discharge to the environment has been questioned as a
sustainable way of disposing of this water. In the case of the Yandi and Hope Downs 4 mines,
excess water ultimately flowed towards the Fortescue Marsh and evaporated.
At the same time, mining companies are faced with water shortages at the coast. Port
facilities required water for dust control and process needs. There were also growing
domestic and commercial demands.
A previous grand vision in Western Australia was the Goldfields water scheme, 1903. It was,
in its time, a world wonder in engineering.
The situation in the Pilbara, however, does not reflect the situation during the mining boom in
the Kalgoorlie region more than 100 years earlier.
There is not a water shortage in the inland Pilbara mining areas. Good quality groundwater is
usually available from formations adjacent to the iron ore reserves.
It is an irony that there is excess water in the inland Pilbara and a shortage at the coast. The
vision for the Pilbara is to develop water resources to support both inland and coastal water
demands.
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3.3 WATER REFORM
Water Reform in Western Australia is an on-going process.
The issue is also a very broad issue and includes;
•

Public versus private participation

•

Subdivision of the State into divisions or service areas

•

The role and functions of the Water Corporation

•

The division between production and distribution.

There are other reforms that may be in the process of being considered or being initiated. In
general such issues are beyond the scope of this report. It is however, recognised that this
report may initiate discussion on how proposed options should proceed and who should
provide the initiative.

3.4 WATER ENTITLEMENT AND REGULATORY CONSIDERATIONS
The State government is proposing a new Water Resources Management Act to replace the
Rights in Water and Irrigation Act 1914 (WA) (Department of Water, 2008).Through this new
water legislation, the State government will establish a system of water entitlements to allow
water to be taken for consumptive purposes through:
•

Water licences which provide a defined volume of water over a defined period for a
specific purpose, issued to the licence holder subject to defined conditions.

•

Water–access entitlements, which are a share of the consumptive pool issued in
perpetuity to the water entitlement holder on completion of a water allocation plan

•

Basic rights to take limited water for livestock and non-scheme domestic purposes.

An important part of the new water legislation is the establishment of water allocation plans.
Under the new legislation water –allocation plans will be legally enforceable. They will specify
where and how the water entitlements listed above will coexist within the plan area (Dept of
Water 2008).
There are currently no water allocation plans for the Pilbara (Dept of Water 2008). They will
however, be determined for all areas where there are likely to be multiple interests such as
mining, towns and ports seeking to use and/or extract water from the same resource. To
ensure the best outcome for water resource management, water allocation plans will
determine the applicability of water entitlements to the circumstance of the particular plan
area, as well as the appropriate mix of water entitlements.
Western Australia is a signatory to the National Water Initiative (NWI). This will result in
obligations, plus regulation considerations which may be included in new legislation.
In addition to the reforms listed in the previous Section, it was assumed in this study that new
legislation would include regulations relating to;
•

Water trading

•

Water transfer

•

Water-use efficiency

•

Specific considerations relative to mining.
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All these aspects have relevance to the integration of water supply in the Pilbara and any
changes in legislation will need to be cognisant of the impact of these changes. In this
respect, this pre-feasibility study assumes that legislation will be implemented that will permit
rational allocation of resources on a regional basis.
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4. WATER SOURCES
4.1 INTRODUCTION
As part of this study, a review of groundwater and surface water related information, aiming to
identify existing groundwater uses and prospective aquifers along with potential impoundment
sites within the Pilbara region was conducted. These aquifers and impoundments along with
surplus mine discharges, would serve as water supply sources to satisfy increasing water
demand within the area. A full review of water supply data has been conducted as part of this
study.
It was recognised that there may be potentially significant quantities of brackish water
available in groundwater close to the coast. Further studies should explore the potential of the
brackish coastal aquifers in terms of their capacity, water quality and location. Water quality is
discussed in Section 4.5.
Desalinisation also provides possible water source opportunities and this technology is briefly
discussed.

4.2 PILBARA REGION HYDROGEOLOGY
4.2.1

CONCEPTUAL HYDROGEOLOGY SETTING

The hydrogeology of the Pilbara area is dominated by the processes of weathering,
dissolution, enrichment and structurally induced fracturing of the rock mass. Primary porosity
and permeability within the Archean and Proterozoic rock mass is generally very low with
much of the potential interstitial void space lost due to compaction and metamorphic
processes.
Structurally induced permeability of the various geological units occurs via faulting, shearing,
injection in the form of dykes and vein systems, and intense folding induced deformation.
Many of these structures provide the initial conduit for ongoing secondary processes that
further enhance the permeability of the rock mass.
Secondary processes are the principal forms of enhanced permeability in the rock mass. The
processes of weathering, dissolution, chemical precipitation and reworking appear to be the
main contributors to enhanced permeability.
The major aquifer systems identified and present in the study area include:
•

Alluvial aquifers, including colluvium, alluvial and calcrete systems

•

Channel Iron Deposits (CID) aquifers

•

Karstic aquifer development within dolomite units, especially those associated with the
Wittenoom Formation

•

Deep weathering of Proterozoic sediment aquifers

•

Orebody aquifers (Marra Mamba and Brockman Iron Formation deposits), associated with
the dissolution and replacement of components of the primary Banded Iron Formation
(BIF) units that occur during the mineralising processes; and

•

Fractured rock aquifers.
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4.2.2

MINE WATER SURPLUSES

Annual reports submitted to DoW by the major mining companies (BHPB, 2008 & Rio Tinto,
2008) provided information regarding current water use by particular mines and water
surpluses from dewatering activities of those mines. Table 4-1 below summarizes current
water allocations and actual use of water in particular mines. The mine locations are outlined
in Figure 4-1.
Table 4-1 Mine water allocations and use of water
Wellfield

Mine
location

Water
allocation
GL/yr

2007/08
Actual
GL/yr

Surplus
GL/yr

Comment

RTIO Mesa J

A

30.0

23.0

Not Reported

Possibly 5-10 GL/yr

RTIO Yandicoogina JC

C

10.0

7.8

Not Reported

Possibly 3-5 GL/yr*

RTIO Yandicoogina
JSE

C

13.5

12.0

Not Reported

Possibly 5-8 GL/yr*

BHPB Yandi

B

20.5

12.0

9.7*

Hope Downs 1 North

D

40.0

17.8

Not Reported

BHPB Ophthalmia

E

10.0

3.0

1.5

Woodie Woodie

F

60**
124.0

Total

Possibly 15 GL/yr

75.6

* Discharges from Yandi are interrelated. Possible maximum excess of 10 GL/yr
** Personal communication from Gary Humphries, DoW

The aquifers associated with ore bodies tend to be constrained by surrounding less
permeable materials (BIF and shale units). These aquifer systems are therefore generally
considered to be of finite storage which will become depleted over time by dewatering
activities and the aquifer (the ore body) removed by mining activities.
4.2.3

LONG TERM RELIABILITY OF SURPLUS MINE WATER

The nature of mine dewatering is that the aquifer is overdrawn in order to lower water levels
and allow mining to proceed in the dry. Although large volumes may be pumped in the short
term to rapidly lower the water table and remove the groundwater, the medium and long term
abstractions would be considerably smaller.
A good example of this reduction over time is Hope Downs 1. Groundwater abstraction rates
will range between 110 ML/d (initial) and 30 ML/d (long term) at Hope Downs North.
Abstraction rates generally less than 6 ML/d, with peaks up to 40 ML/d are predicted at Hope
Downs South. Surplus water (that exceeding the mine’s water processing demand of 70
ML/day) is predicted to range between 9 and 35 ML/d for the first 9 years, after which no
surplus water is predicted. All the dewatering flow will be required for mine process water (Rio
Tinto, 2008).
This example is included to demonstrate that water surplus from mines dewatering activity
should not be considered as a guaranteed long term reliable water supply. Normally during
the mine life dewatering volumes decrease with time with no surplus predicted at later stages
of mine life.
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For the purposes of this study, existing surpluses have been treated as “opportunistic”
sources of water which can be used in the short term, but which should not be the basis for
developing long term sustainable groundwater supplies.
The most practical option on mine closure is to allow the final mine void to slowly fill with
groundwater (Johnson et al 2003). Over the time, such a ‘pit lake’ would increase in
groundwater salinity. To avoid this from happening groundwater could be pumped from the
void and used as a supply. However, utilization of mine voids was not included as a viable
source of supply in this study because:
−
−
−
−
−

4.2.4

There is little information available to assess the locations
The available quantity and quality of supply from each mine void is unknown
The recharge rate of the mine voids is also not clear, nor is the security of such
bodies of water
Mining processes and possible chemicals used during previous mine life is unknown
so that water quality within the mine void and surrounding aquifer would need to be
monitored to assess suitability and treatment needed.
The yield of the voids is unknown.

NEW IDENTIFIED POTENTIAL GROUNDWATER SOURCES

Using publicly available information sources and experience in Pilbara hydrogeology derived
from numerous investigations and testing programs, new potential aquifers were identified
and quantified in terms of storage as part of this study.
Storage volume was calculated based on the literature information on the thickness of the
aquifer, its storage coefficient and an assumed borefield area. The basic aquifer
classifications are presented in Table 4-2, which also displays the potential borefield
abstraction rate in GL/yr. The total potential yield of the identified sources is 171 GL/yr.
The potential borefield abstraction rate has been assessed for each area based on estimates
of annual recharge and the volume of groundwater held in storage within the aquifer.
Recharge was estimated by applying annual rainfall across the areal extent of the aquifer with
recharge coefficients ranging from 1% to 5%.
Given the unreliable and highly variable nature of the rainfall, the potential yield of the new
sources relies on the groundwater storage within the aquifer to sustain abstraction during dry
years.
Better estimation of yields from sites will require greatly improved confidence in the storage
and recharge numbers, and assessment of environmental considerations. The acceptable
long-term annual yield for a site can generally be considered as the recharge plus a small
proportion of storage. The acceptable draw from storage will depend on the sensitivities of the
environment and other users, and the degree to which recharge will be enhanced by lowering
the water table in the borefield.
4.2.5

GROUNDWATER

The potential for new groundwater developments within the study area are significant. There
is a major inventory of groundwater at inland locations.
The hydrogeology balance that has developed relies on loss of natural infiltration to local
water courses, evapotranspiration by vegetation and limited surface evaporation. Because of
the topography of the region, there is not a salinity accumulation. Any inventory of salinity is
dissipated by periodic pluvial events and surface drainage to the ocean (see Section 4.5).
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Table 4-2 Aquifer classification and potential borefield abstraction
Aquifer

1

Sub division

Recharge
GL/yr

Storage
(GL)
Low High

Broome
Sandstone

18

3,200 3

Wallal Sandstone

N/A

54,900 3

Canning Basin

2

Carnarvon Basin

3

Carawine/Warnie
Dolomite

4a
4b

Coastal Aquifers

4c
5

CID

6a
6b
6c
6d

Wittenoom
Dolomite/Alluvial

6e
6f
6g

12 3
14 3
50 4

Discounted on grounds of poor quality water – high salinity
mostly greater than 20,000 mg/L 3
Borefield 1

54

450

15 5

Yule River

14

5743

7

De Grey River

171

823

14 3

Fortescue River

22.7

126 3

93

Bungaroo

14.5

200

10

Borefield 1

1 – 52

14

680

5

Borefield 2

1–5

2

13

670

5

Borefield 3

1–5

2

19

935

5

Borefield 4

1 – 52

15

760

5

Borefield 5

1–5

2

9

465

5

Borefield 6

1 – 52

30

1500

5

Borefield 7

1–5

2

30

1500

5

1–5

2

30

1500

5

Borefield 8

6h

Potential
borefield
abstraction
GL/yr

3

TOTAL 171
1

Recharge data for the entire area of the aquifer (not the area of the borefield)
Recharge data for the specified borefield area
3
From Haig 2008
4
From Leech 1979 assumes exploitation of storage from deep confined aquifer
5
Reported 60 GL/yr discharge to environment at Woodie Woodie
2

4.2.6

INTEGRATION OF EXISTING DEWATERING FACILITIES

When there is no longer a need to extract surplus water at any mine, the remaining facilities
will have limited value. The remaining water infrastructure would probably include:
•
•
•
•
•
•

Dewatering bores
Collection piping
Collection tank(s)
Transfer piping
Bore pumps
Electrical and control equipment.
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Most of the infrastructure would be on the mine site or adjacent lease land. In some instances
it may be possible to incorporate all or part of the facilities into an alternative water system.
Alternatively, pumps and certain valves and piping could be salvaged. Bores may need to be
completely written off. Salvage value would probably be less than 10% of original installed
cost.
As noted above, surplus water would be a diminishing amount during mine life, typically ten to
fifteen years. New economical mineral reserves that will be developed may not be
immediately adjacent to a diminishing resource. From a broad prospective however, other
surplus sources and other developable sources would probably be available to supply a water
supply system for other demands. The project team concluded however, that existing facilities
for mine dewatering may be capable of being integrated into future water source schemes
although it is probable that additional or replacement mines, or other water sources, will be
developed when existing mines reach the end of their economical operation. A more detailed
investigation of a most likely option will be necessary to establish to scale and limits of any
potential scheme.
It was assumed in the subsequent sections of this report, that the options investigated would
include existing mine dewatering systems but, if and when such sources become unavailable,
the other potential sources listed in Table 4-2 would be developed.
4.2.7

FUTURE ADDITIONAL GROUNDWATER RESOURCES

The hydrogeological balance that has evolved in the region relies on natural infiltration, which
is subsequently lost due to;
a) seepage and discharges to water courses
b) evapotranspiration from vegetation
c) limited surface evaporation
Virtually all salt (sodium chloride) that precipitates in the study area is ultimately transferred to
the ocean in surface runoff. With the exception of the upper Fortescue basin, there are no
land locked areas or significant salt accumulation. Near the coast there are areas where high
TDS may limit local groundwater utilisation. CSIRO investigations indicate that salt
precipitation near the coast is more than 10 times higher than inland Pilbara locations. See
Section 4.5.5.
Based on the results of groundwater testing conducted on test bores associated with projects
that MWH have been involved with and DoW annual licence reporting results, it was
estimated that recharge to groundwater averages 1.5 percent of 400 mm of assumed annual
rainfall. Within an area of 223,000 km2, recharge could be in the order of 1320 GL/yr. It is
probable that ultimately a significant portion of recharge (say 25 percent) could be harvested.
If 25 percent of estimated recharge were abstracted, it would be approximately 335 GL/yr
overall. It was estimated by Economics Consulting Services (2007) that total permitted
abstractions across the Pilbara were 261 GL/yr (Table 5-1).
MWH has (over the past four years) conducted desktop investigations of eight potential
borefields in the study area. It was concluded that each site could harvest water from
Wittenoom Dolomite formations and overlying alluvium deposits. Table 4-2 summarises the
potential abstraction from the eight sites plus data from previous DoW investigations. The
estimated total potential abstraction of groundwater from initially identified borefields within
the study area (including the West Canning Basin) is approximately 150 GL/yr.
The percentage of estimated recharge that could be safely abstracted will vary significantly
from site to site. Environmental considerations and actual operating experience may permit a
greater regional yield in the future.
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The potential borefields identified within prospective aquifers of the Pilbara region are
presented in Figure 4-1, along with the existing surplus mine water discharge locations.
To further the development of groundwater resources from the Pilbara region, it was
concluded that the proposed investigation areas be ranked by reference to considerations
including hydrogeological potential, tenure, proximity to infrastructure, access, environment
and heritage. Regional-scale geological and geophysical investigation programs will be
required to delineate and further define the areas of interest. Significant hydrogeological
drilling and aquifer testing programs will also be required to quantify the groundwater
available and demonstrate long term confidence in the groundwater sources.
Identified potential groundwater sources, possible future resources and permitted abstractions
are summarised as follows:
•
•
•

Identified potential sources (Table 4-2)
Possible future total groundwater abstractions
Estimated total permitted abstraction (Table 5-1)

171 GL/yr
335 GL/yr
261 GL/yr.

To further the development of groundwater resources from the Pilbara region, it is
recommended that the proposed investigation areas be ranked by reference to considerations
including hydrogeological potential, tenure, proximity to infrastructure, access, environment
and heritage. Regional-scale geological and geophysical investigation programs will be
required to delineate and further define the areas of interest. Significant hydrogeological
drilling and aquifer testing programs will also be required to quantify the groundwater
available and demonstrate long term confidence in the groundwater sources.
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Figure 4-1 Potential water supply sources Pilbara region
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4.3 SURFACE HYDROLOGY
An unpublished report (Water and Rivers Commission 2000a) included a summary of mean
and median annual flow of each of the major river basins in the Pilbara. Based on the data
extracted from this WRC report, the following criteria are summarised;
233 220 km2

Total surface drainage area
Excludes Upper Fortescue basin and West Canning Basin
Mean annual flow (based on gauging)

2 848 GL

Equivalent annual runoff

12.8 mm

Runoff–percent of estimated rainfall

3.5%

Estimated mean annual regional rainfall

360 mm

Mean flow–weighted total dissolved solids

157 mg/L

Surface flows in the region are intermittent and turbid and there are limited impoundment
locations. It is possible that a number of viable impoundments could be identified but it is
unlikely that substantial capture (by long term storage) will be feasible. No recognised
impoundment sites were identified.
A more likely method of capturing surface flows would be temporary (or permanent) barriers
designed to divert or spread water to areas for recharging groundwater. Another similar
process would be to induce recharge in the vicinity of water courses by lowering the adjacent
water table, similar to the induced recharge system in effect on the Gascoyne River at
Carnarvon. The most likely option would be at the coastal reaches of the Fortescue River
where temporary or permanent barriers could be used to divert flow to areas for ground water
recharge.
Artificial recharging by diversion or induced infiltration during river flow events would have an
additional benefit. During cyclone or other pluvial periods water quality (as indicated by TDS)
is optimum.
The possible recharging methods could be applicable principally to major rivers. Larger rivers
are more predictable and median flow data indicated that possible recharge events on major
rivers are frequent.
The utilisation of surface water, as outlined above, would be a conjunctive use. The source
water would be produced by extraction of groundwater. In addition to increasing overall
groundwater yields, there could be an improvement in overall water quality and the possibility
of avoiding water treatment, other than chlorination.
Possible conjunctive use schemes in the vicinity of demands (Cape Preston, Karratha, Cape
Lambert and Port Hedland) should be initiated and it will take time to identify recharge
locations. Whilst this aspect has not been examined in the study it should be considered
further in the feasibility stage study. For this study the Fortescue River aquifer was used as a
source of water without the additional capacity which could be derived from a conjunctive use
scheme.
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4.4 DESALINATION
SEAWATER REVERSE OSMOSIS DESALINATION (SWRO)
SWRO enables the ocean to become a potable water resource, offering the distinct
advantage of an almost infinite intake water supply and therefore high security of supply as
well as the possibility of the discharge of waste brine streams into the sea. SWRO plants are
considered a viable option for meeting any of the coastal demand points in the Pilbara that
cannot viably be met with mine discharge water. This approach relies upon the desalination
plant being within relatively close proximity to the demand point and to appropriate intake and
outfall sites, minimising the pipework requirements for the operation.
SWRO desalination plants have substantial energy requirements. The reverse osmosis
techniques involves the application of pressure to force water through a semi-permeable
membrane against the natural osmotic gradient, resulting in the rejection of the majority of
salts and the production of permeate water with very low total dissolved solids (TDS) and a
brine concentrate very high in TDS. As the osmotic gradient increases with TDS, desalination
of seawater requires high feed pressure to overcome this natural gradient. As a general rule,
SWRO processes typically require 2.7-3.7 kWh/kL of treated water capacity (not including
other treatment plant power requirements) (American Water Works Association, 2006).
Higher energy requirements (and therefore higher operating costs) are typically associated
with colder, high TDS water, while less energy is required for warmer, lower TDS waters
(American Water Works Association, 2006). In addition, the achievable recovery of SWRO
desalination can be between 40-50% due to the high TDS in the feed seawater. Indicative
project capital costs and power requirements for various sized SWRO plants is included in
Table 4-3.
Table 4-3 Project capital costs and power requirements for SWRO) desalination plants
and project total costs for MSCL pipe
MSCL pipeline cost ($million)

SWRO Desalination
Capacity
(GL/yr)

1

Project total capital
cost of SWRO plant
only ($million)

Operating
cost
($million)1

Power
(kW)2

10

$325

9.93

25

$560

50

$952

Pipeline length
100 km

200 km

42,502

$237

$466

24.8

106,252

$420

$832

47.6

212,502

$682

$1,357

based on $1/kL production cost and $0.16 kWh

2

based on power requirements of 425 kW/GL

BRACKISH WATER REVERSE OSMOSIS
Desalination of brackish water (1000 to 10000 mg/L total dissolved solids) was considered as
an alternative to SWRO mainly due to a reduction in pre-treatment requirements, lower power
requirements, higher recoveries and brine discharges of lower concentration compared to
SWRO. Brackish groundwater resources would be valuable if they were located near the
coast so that brine streams produced by desalination could be discharged into the sea.
Although the brine streams produced by brackish water reverse osmosis desalination
processes are typically less concentrated than those produced by SWRO, the discharge of
these brine streams inland would pose a significant environmental risk. Therefore,
desalination of brackish water has not been considered further in this study as only one
potential source of suitable brackish water had been identified, which was located in an
aquifer of poor water quality near the coast at Sandalwood Peninsula, at the base of the
Exmouth Gulf.
BUILDING A BETTER WORLD

42

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY

4.5 WATER QUALITY
4.5.1

General

A favourable aspect of water resources in the study area is the generally good quality of both
surface sources and groundwater. The region is in a zone of high evaporation but due to
infrequent but high intensity rainfall events, low salt precipitation, favourable soil types and
topography, the impacts of evaporation are limited. “Salinity” levels are lower than other
regions in Western Australia. Another favourable aspect in the region is that groundwater
generally contains very low levels of iron. In many locations, groundwater may be suitable for
use in public water systems without any treatment, other than disinfection.
4.5.2

SALINITY

Salinity is a broad term that generally refers to total dissolved solids (TDS) in water and not
necessarily to just salt (sodium (Na) and chloride (CI)). In sea water, the principal dissolved
solids are Na and CI (86%), but in the surface waters and groundwater of the study area,
other constituents comprise the majority of the total dissolved solids.
Total dissolved solids (TDS) is a critical parameter for water resources in Australia. It is a
more important indicator of potential utilisation of water than any other constituent. The origin
of salinity is critical in understanding the value of water resources. This is further discussed in
sub-section 4.5.5.
4.5.3

FRESH WATER

Water containing TDS less than 1000mg/L is considered to be fresh water (MWH, 2005).
For water resources planning there is need to be more inclusive than the Australian Drinking
Water Guidelines, 2004. The following classifications are recommended for the purposes of
resources planning.
Table 4-4 Water classification
Quality 1

Drinking water 2

Water resources

0 to 80 mg/L TDS

Excellent 3

Good

80 to 500mg/L TDS

Good

Preferred

500 to 800mg/L TDS

Fair

Good

800 to 1000mg/L TDS

Poor

Useful

1000 to 1500mg/L TDS

Unacceptable

Potentially Useful 4

Over 1500mg/L TDS

Unacceptable

Brackish

Notes:
1.
2.
3.
4.

4.5.4

Parameters other than TDS contribute to acceptability of water. It is implied that none of the constituents of
TDS exceed individual constituent limits.
Australian Drinking Water Guidelines 2004.
Water with TDS less than 80mg/L may be corrosive and unstable
See subsection 4.5.4 (brackish water).

BRACKISH WATER

Brackish water is defined as water between 1000 and 10 000mg/L TDS (MWH, 2005). The
value of brackish water in the Pilbara was judged to vary from “potentially useful” to valuable,
for sources in the range of 1500 to 15 000 mg/L TDS (see subsection 4.5.3).
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The 1000 to 1500 mg/L TDS range can be useful because it can be diluted with fresh water
(including desalinated water) to comply with drinking water guidelines. In addition there is
significant value for agriculture and industrial uses. Also because of the low levels of
contamination in the region, water in this range could be safely utilised during shortages and
emergencies.
For water sources in the 1500 to 10 000 mg/L TDS range, there is the potential to be used for
feedwater for desalination. Brackish groundwater is preferred to seawater for feedwater as
outlined in Section 4.4 for the following reasons:
(a) Pre-treatment requirements are less
(b) Energy requirements are less
(c) Brine wastewater streams are not hyper saline and thus there is more environmental
acceptance.
Brackish groundwater resources may be more valuable if they are located near the coast so
that waste brine can be economically discharged to tidal water.
4.5.5

REGIONAL SALINITY

In 1976, CSIRO published a paper entitled “The Geographic Variation of Salt Precipitation
over Western Australia.” The CSIRO publication established that salt precipitation in the
south west of WA was 5 to 10 times higher than inland Pilbara. Also, the reduction in salt
precipitation away from the coast was more defined in the Pilbara than the south west.
It is important to note that in general, there is not a salinity problem with surface water
sources in the study area. The principal exception is the Fortescue Marsh, although
upstream (Upper Fortescue basin) contributing streams are low in salinity.
Surface waters in the study area include a broad range of TDS. A report by the Department
of Water, Surface Hydrology of the Pilbara Region (SWH) 2000, indicated a, flow-weighted
computation of 157 mg/L TDS. Flow-weighting gives an optimistic impression because
waters with such a low TDS would normally only be available during (and after) flood events.
A more objective TDS guide would be median TDS which was estimated to be in the vicinity
of 400 mg/L TDS. Long term (1-year) detention of surface water in an impoundment or
natural pools could result in TDS concentrations in the order of 1000 mg/L. Typical surface
water TDS data is as follows:
Table 4-5 Surface water TDS data
Surface water source

TDS (mg/L)

Flow-weighted TDS, all major rivers

157

Harding River, median

300

Fortescue River, Deep Reach Pool, median

1009

Robe River, median

500

De Grey River, median

700

De Grey River, range

100 to 1200

Groundwater is generally similar (but harder) than surface water. A review of data from 127
analyses from test bores in the Pilbara (mainly from the Wittenoom Formation) indicated a
range of 150 to 1000 mg/L and a mean of 480 mg/L TDS. Closer to the coast, groundwater
from superficial formations, more than 10 km inland were typically in the range of 500 to 1500
mg/L TDS. Typical groundwater TDS data in the Pilbara is illustrated in Table 4-6.
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Table 4-6 Typical groundwater TDS data
No. of locations investigated

4

No. of exploratory bores tested

127

Range of TDS (mg/L)

150 - 1000

Mean TDS (mg/L)

480

Many bores associated with iron ore mines extract water from Wittenoom dolomite
formations. Groundwater from other formations, including the West Canning Basin and
alluvial deposits adjacent to river courses, have a much broader range of TDS, typically 500
to 2000 mg/L TDS.
There is significant potential for conjunctive use in the region. The Harding Dam and
Millstream borefield scheme is an existing conjunctive use application and there is the
potential for conjunctive use to be used at other sites to improve both yields and marginal
quality waters.
More detailed criteria on quality parameters are outlined in Appendix A.
4.5.6

IRON AND MANGANESE

One important aspect of Pilbara water sources is that they are low in iron. Almost all analyses
of groundwater in the region reported iron (Fe) below the normal detectable concentration
(0.05 mg/L Fe). Manganese is normally associated with iron contamination and is also
absent (or very low) in analyses. In most instances, groundwater could be used directly
(without any physical treatment) for potable purposes.
In surface water sources in the Pilbara, iron may be present in an insoluble form (suspended
solids or turbidity) and could be removed by conventional clarification and/or filtration
processes.
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5. CURRENT AND FORECAST WATER DEMANDS
5.1 BACKGROUND
At present the Pilbara Region is experiencing significant resource and industrial development
growth. As a consequence there is strong growth in water demand which is placing pressure
on the Region’s limited and variable water resources. Water usage is dominated by mine
operations and mine dewatering discharge which account for a total water use of an
estimated 34 per cent and 31 per cent respectively. The growth in mining has also resulted in
an increased demand on water supply schemes that serve towns and ports (Department of
Water, 2008).
In this section, current and forecast water demand data was estimated for ports, residential,
industrial, mining operations, agriculture and tourism.
In the context of this report, the term demand is used to designate current and future water
requirements by users (DoW, 2008a). The term includes on-site utilisation of water and
excludes quantities of (fresh) water that may be discharged to the environment, with potential
subsequent use by others. Such discharges are referred to herein as surplus water.
Many of the Pilbara mining operations employ dewatering programs which provide water to
mining operations, with only the surplus water being discharged into the environment.
Accordingly the use of dewatering water for mine operations was not considered as a demand
in this report. However, any mine sites that do not operate a dewatering program and have
developed water sources (such as borefields) for domestic and operational use or use
dewatering water for domestic purposes would be considered as a water demand.
Surplus water from mining operations is included in the available resources and could (in
some instances) be directly diverted to satisfy demands elsewhere in the region.
All demand figures are expressed on a total mean annual basis and forecasts do not provide
for peak hourly or monthly requirement rates.
Government allocations permit the abstraction of a total of 261 GL/yr of groundwater across
the Pilbara (Economics Consulting Services, 2007). Groundwater abstraction allocations are
dominated by the mining industries, with iron ore mining accounting for 56% and other mining
accounting for 28% of licensed allocations (Economics Consulting Services, 2007). Water
allocations are only indicative of volumes of water withdrawn as they represent maximum
annual abstraction. Allocation licenses include an allowance for the possible volume of water
that may be required to be abstracted from a mine pit following a rainfall event. The
groundwater allocations for each industry are presented in Table 5-1. An abstraction
allocation does not necessarily mean a demand. The allocation can be a demand plus excess
water.
All water demands were expressed as estimated as yearly demands. At the prefeasibility
stage, it was not possible to investigate seasonal variations in demand. In some instances
existing storage or groundwater inventory will be capable of providing for peaking factors. In
other instances it may be necessary to provide a factor in design criteria to allow for peaking.
Such provisions will be included in the next stage of investigation.
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Table 5-1 Water allocations by industry for the Pilbara
Industry

Groundwater
allocation (GL/yr)

Percentage (%)
of total

Iron ore

146

55.9

Other mining

72

27.6

Mining exploration

1

0.4

Water supply schemes (public and private)

41

15.7

Pastoral and industry

1

0.4

TOTAL

261

100

Source: Economics Consulting Services 2007

5.1.1

EXISTING WATER DEMANDS (TOWNSHIPS) (30 GL/yr)

This section details the residential water demand of the townships of the Pilbara and largely
reports the work of Economics Consulting Services (2007).
The region is comprised of four local government areas (LGAs) Port Hedland, Ashburton,
Roebourne and East Pilbara Shires. The major town centres are Port Hedland, South
Hedland and Karratha. Other important centres are Dampier, Roebourne, Wickham, Point
Samson, Onslow, Pannawonica, Paraburdoo, Tom Price, Newman, Marble Bar, Yandeyarra,
Nullagine and Jigalong.
The main water supply scheme networks in the Pilbara Region are the West Pilbara, Port
Hedland and Onslow town water supply schemes. Under the Water Services Licensing Act
1995 (WA) Hamersley Iron Pty Ltd is the licensed service provider for Dampier town (within
the West Pilbara Scheme), receiving the bulk of water from the Water Corporation. The Water
Corporation is the licensed service provider for the remainder of the West Pilbara and for Port
Hedland and Onslow.
The West Pilbara Water-Supply Scheme (WPWSS) supplies the towns and port facilities of
Karratha, Dampier, Roebourne, Wickham, Port Sampson and Cape Lambert. The WPWSS
sources water from the Harding River dam and the Millstream borefield. The Water
Corporation is licensed to abstract a total of 15 GL/yr from these sources. The sources are
operated conjunctively. The 98% reliable yield of the conjunctive sources of supply into the
WPWSS has been determined to be 10 GL/yr under the current conditions of license
(Economic Consulting Services, 2007). The Water Corporation has constructed a seawater
pipeline scheme capable of supplying 100 GL/yr to provide cooling water for industrial
projects. The Water Corporation also operates a desalination plant on the Burrup Peninsula,
providing 1.3 GL/yr of desalinated water to meet the requirements of Burrup Fertilisers
(Economic Consulting Services, 2007).
The Port Hedland water supply scheme services Nelson Point, Finucane Island, Port Hedland
and South Hedland. The scheme draws water from the Yule and De Grey Rivers. The Water
Corporation is currently licensed to extract 13.5 GL/annum from the Yule and De Grey
Borefields. In 2006-07 the Water Corporation extracted 8.7 GL.
Water for the Onslow town water supply is sourced from the Cane River alluvial aquifer and
supplied by the Water Corporation. It is currently licensed to extract 0.35 GL/y but only 0.25
GL was abstracted in 2006-07.
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The township of Newman is supplied with water from a nearby borefield, with the distribution
network owned and operated by the Water Corporation. The Water Corporation also operates
water supplies for the townships of Onslow, Nullagine and Marble Bar. Water supplied to
Onslow is sourced from the Cane River borefields, while Nullagine and Marble Bar are
supplied with water from local borefields. Pilbara Iron owns and operates the distribution
networks for Tom Price and Paraburdoo. The town of Pannawonica is supplied with water by
Robe River Iron Associates.
The populations and water use of the Pilbara townships in 2004-2005 are shown in Table 5-2.
The data in Table 5-2 was adapted from Economics Consulting Services (2007) and from the
Australian Bureau of Statistics (2008).
Table 5-2 Population and water use of Pilbara townships in 2004-2005
Township

Population (number)

Water demand (ML/yr)

Ashburton LGA
Tom Price

2 597

529

Paraburdoo

1 484

302

Onslow

594

121

Pannawonica

519

106

Other

705

144

Total

5 899

1 202

10 788

2 221

Roebourne

1 319

272

Wickham

Roebourne LGA
Karratha/Dampier

2 702

556

Other

691

142

Total

15 500

3 191

Port Hedland

4 424

895

South Hedland

8 107

1 640

Other

969

196

Total

13 500

2 731

Newman

5 985

3 664

Nullagine

197

23

Marble Bar

410

58

Other

118

72

Total

6170

3 817

41609

10 941

Port Hedland LGA

East Pilbara LGA

Pilbara Total

Apparent per capita demands vary from 320 L/day (Nullagine) to 1677 L/d (Newman).
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5.1.2

FUTURE RESIDENTIAL AND COMMERCIAL SCHEME WATER DEMAND
(13 GL/yr)

Population trends in the region are outlined in Table 5-3. The data was derived from a report
compiled by Economics Consulting Services (2007). The table indicates that the total
population for the Pilbara is anticipated to increase to approximately 50 200 by 2031. This
represents a population increase of 17%, comprising increases of 11% for Ashburton LGA,
29% for Port Hedland LGA and 18% by Roebourne LGA, with East Pilbara LGA expected to
decline by 3%.
Table 5-3 Population projections for Pilbara LGAs
Year

Ashburton

Roebourne

2006

5 900

15 500

2011

6 033

2016

Port Hedland

East Pilbara

Total

13 500

8 000

42 900

16 033

14 216

7 953

44 235

6 169

16 585

14 970

7 904

45 630

2021

6 308

17 155

15 764

7 860

47 087

2026

6 451

17 746

16 600

7 814

48 610

2031

6 596

18 356

17 480

7 768

50 200

Source: Economics Consulting Services 2007

These projected population increases were used to predict the residential & commercial water
use in the Pilbara townships which are presented in Table 5-4. The Port Hedland LGA is
expecting the greatest increase in residential consumption of water, with consumption
increasing from 2 731 ML in 2006 to 3617 ML in 2031, an increase of 32% over 25 Years.
Roebourne LGA is expecting an increase of 27%, Ashburton LGA by 16.5% while water
consumption in the East Pilbara LGA is expected to decline by 3% over the 25 year period.
The overall growth in residential consumption of water in the Pilbara region is projected to
increase from 10 940 ML in 2006 to 12 779 ML in 2031, an increase of 16.8%.
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Table 5-4 Forecast residential & commercial scheme water demands (ML/yr)
Year

LGA

2006

2011

2016

2021

2026

2031

Ashburton
Tom Price

529

546

564

583

602

621

Paraburdoo

302

312

322

333

343

355

Onslow

121

141

142

144

146

147

Pannawonica

106

109

112

117

121

124

Other

144

146

147

149

150

152

Total

1 202

1 254

1 289

1 326

1 361

1 399

Karratha/Dampier

2 221

2 340

2 466

2 598

2 737

2 884

Roebourne

272

277

282

287

292

297

Wickham

556

586

617

650

685

722

Other

142

145

147

150

152

155

Total

3 191

3 348

3 512

3 685

3 866

4 058

Port Hedland

895

947

1 001

1 059

1 121

1 185

South Hedland

1 640

1 735

1 835

1 941

2 053

2 172

Other

196

207

219

232

245

260

Total

2 731

2 889

3 055

3 232

3 419

3 617

Roebourne

Port Hedland

East Pilbara
Newman

3 664

3 643

3 621

3 600

3 579

3 558

Nullagine

23

23

23

23

22

22

Marble Bar

57

57

56

56

56

55

Other

72

72

71

71

70

70

Total

3 816

3 795

3 771

3 749

3 727

3 705

Total Pilbara

10 940

11 286

11 627

11 992

12 373

12 779

1

Notes Domestic and commercial demands (excludes mine or industrial demands).
Source: Adapted from Economics Consulting Services, 2007.

BUILDING A BETTER WORLD

50

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY

5.2 INDIGENOUS COMMUNITIES (0.5 GL/yr)
The region has significant indigenous populations often occupying remote settlements. There
are 37 communities (Dept of Indigenous Affairs 2009), the largest being Yandeyarra with 350
persons and Pipunya and Jigalong each with 200 persons (Western Australian Planning
Commission, 2007). Other communities include Weymul, Mingallatharndo, Goodabinya,
Cheeditha, Bindi Bindi, Warralong, Warburton, Wakathuni, Punmu, Parnpajinya, Parnngurr,
Pananykarra, Ngurawaana, Unawarritji and Kiwirrkurra.
Water supply and sewerage schemes are operating for the Aboriginal communities at
Jigalong and Yandeyarra. Water is also supplied to Ngurrawaana, Warralong, Goodabinya,
Punmu and Kiwirrkurra. Remote communities are designated as private suppliers and their
water requirements are provided for under the Remote Area Essential Services Program.
There are 21 Pilbara communities under this program. Communities are provided with
maintenance, repair and capital works for water and wastewater infrastructure. The project is
funded by the (Commonwealth) Office of Indigenous Policy Coordination and the State
Department of Housing and Works.
The Western Australian Planning Commission (2007) reported that though difficult to quantify
Aboriginal migration, the populations of indigenous communities in the Pilbara are not
expected to change significantly with growth limited to townships. Accordingly, the water
demand is not anticipated to change from the current demand, which was estimated to be 0.5
GL/yr, based on a usage of 500 L per person per day.
It was recognised that indigenous communities may increase water demands due to
Aboriginal market gardens and irrigated pastoral activity on indigenous-owned pastoral
stations. Such future large scale (commercial) irrigation is included in 5.5. Anecdotal evidence
however indicates that there are water quality problems at several Aboriginal communities
due to traces of arsenic in well (bore) water. See Appendix A for further details on arsenic in
water.

5.3 MINING OPERATIONS
The water demand for mine operations can be separated into domestic and operational use.
Operational use can be further classified into water used for the processing of ore and water
used for dust suppression. This section details the water demand at the coastal ports as well
as at the mines.
5.3.1

EXISTING WATER DEMANDS AT PORTS (10.0 GL/yr)

Water supplied by Water Corporation to the townships of Dampier, Karratha, Cape Lambert
Roebourne, Wickham, Port Hedland and South Hedland provides for current industrial and
residential demands. Industry has the largest demand, with the majority used in port
operations for storage, and the preparation and loading of iron ore. Water for iron ore
operations is used for dust suppression on roads, iron ore stockpiles and during handling to
preserve iron ore condition, cool equipment, wash down equipment and belts, for gardening
and landscaping and personal use. The use of seawater for dust suppression and port
operations is not an acceptable practice as the high concentrations of chloride in seawater
impact on iron ore blast furnaces and attracts penalties when chlorine concentrations exceed
acceptable limits. The percent average water demand during mining operations is shown in
Table 5-5.
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Table 5-5 Components of water demand due to mine operations at ports and mine sites
Location

Iron ore mining operation

Percentage (%)

Ports

Dust suppression (including wash down of equipment
and belts)

77

Ore conditioning and cooling of equipment

13

Gardening landscape and personal use

10

Total
Mine sites

100

Dust suppression (including wash down of equipment
and belts)

61

Ore conditioning and cooling of equipment

33

Gardening landscaping and personal use

6

Total

100

Source: Economics Consulting Services, 2007

Water is supplied by the Water Corporation by the WPWSS for operations at all terminals.
The downstream processing of iron ore comprises more than a third of the total volume of
WPWSS water used (i.e. this data is separate from residential and industrial and commercial
demands) and in 2006 amounted to a water demand of 3 400 ML. A small proportion of water
is recycled at Cape Lambert with 13% being reused in 2006.
The water demand of the iron ore facilities accounts for almost 50% of all water supplied by
the Water Corporation through the Port Hedland water supply scheme. The water used also
includes reclaimed process water that is recycled onsite. Water is reclaimed and treated in
recovery plants at Nelson Point and Finucane Island where total recoveries of 11% or 4 GL/yr
are achieved.
5.3.2

FUTURE WATER DEMAND AT PORTS (11 GL/yr)

Future water demand by the ports can be estimated as a function of shipments, particularly
iron ore. Western Australia exported 291 million tonnes of iron ore in 2007/2008 (Government
of Western Australia, 2008). The total potential sales of iron ore including small sales in
Australia in 2030 are estimated to be almost 800 million tonnes per year (Mt/yr).
Planned expansions of production indicate that Rio Tinto has committed to increasing its
current production of 165 Mt/yr to 220 Mt/yr with target plans to increase to 320 Mt/yr by
2015. BHP Billiton has also planned to expand from 115 to 155 Mt/yr by approximately 2012
and as part of Rapid Growth Phase 5 to over 300 Mt/yr by 2015 and possibly 350Mt/yr by
2020. FMG expects to expand its operations to approximately 60 Mt/yr with expressions of
long term targets of 90 to 200 Mt/yr. Iron ore shipment projections by Economics Consulting
Services (2007) indicates that Dampier and Cape Lambert ports will exceed 160 Mt/yr by
2030 and Port Hedland port will export 300 Mt/yr by 2015 and almost 400 Mt/yr by 2030.
The forecasts of water demands at Pilbara ports were made in 2007 prior to the current
downturn in iron and water demands. The demands listed in Table 5-6 may need to be
adjusted to reflect these changes in economic conditions. The most likely scenario is that they
may lag by two years.
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Table 5-6 Projected water demands for iron ore operations at Pilbara ports
Year

Dampier (ML)

Cape Lambert
(ML)

Port Hedland
(ML)

Total
(ML)

2007

2 208

1 202

4 945

10 961

2010

2 200

1 760

7 001

10 961

2020

2 800

2 750

10 050

15 600

2030

3 200

3 740

11 700

18 640

Source: Economics Consulting Services, 2007

The projections suggest that water demand will increase substantially from 8 355 ML/yr in
2007 (Economics Consulting Services, 2007) to 18 640 ML/yr in 2030. This equates to an
increase of 123% over this time period with the majority of the anticipated increase in demand
to occur at Port Hedland. Haig (2008) reported slightly higher demand projection for Port
Hedland. Dust suppression at Port Hedland would peak at 14 500 ML in 2015, before
decreasing to 12 800 ML in 2020 and remaining constant at that volume until 2030.
5.3.3

EXISTING DEMANDS AT IRON ORE MINES (56 GL/yr)

Economic activity in the Pilbara is dominated by the mining industry. This section considers
the water used by iron ore mining as other mining operations are discussed in Sections 5.3.5
and 5.3.6.
Rio Tinto’s iron ore mines include Brockman, Paraburdoo, Marandoo, Pannawonica-Mesa J,
Tom Price, West Angelas, Channar, Eastern Range and Yandicoogina. In 2007, 57 GL was
abstracted from the mining operations, with expansion projects withdrawing 20 GL of water. A
combined volume of 42 GL of water was discharged to the environment during the same
period by Rio Tinto’s mining operations and expansion projects.
BHP Billiton mining operations in the Pilbara are located at Mount Whaleback, Jimblebar,
Yandi, Area C and Satellite ore bodies 23, 25, 29, and 30. Total water used by BHP Billiton’s
mining operations in 2006-2007 was 15 GL.
5.3.4

FUTURE WATER DEMANDS AT IRON ORE MINES (124 GL/yr)

A detailed review of major mine development and water demands in the region was
undertaken for this prefeasibility study. Projected water use data for the four mining areas of
the Pilbara region is presented in Table 5-7. The four areas are as follows: the North Coastal:
centred on Port Hedland; South Coastal: centred on Dampier and Onslow; Central West:
centred on Tom Price and Paraburdoo; and East Pilbara: centred on Newman.
A large magnetite project has been officially launched by CITIC Pacific and consists of a
mining operation at Cape Preston, approximately 100 km south west of Karratha on the
Pilbara Coast. Along with the CITIC Pacific’s Sino Iron magnetite mine, CITIC Pacific plan to
construct a power station as well as a desalination plant to produce 51 GL/yr of desalinated
water if groundwater reserves are not adequate with a future demand of a further 50 GL/yr
(ProjectConnect, 2009).
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Table 5-7 Iron ore mining water demand projections for the Pilbara sub-regions
Year

2009
2010
2015
2020
2025
2030

North Coastal
(GL/yr)

South Coastal
(GL/yr)

Central West
(GL/yr)

East Pilbara
(GL/yr)

Total
(GL/yr)

1
2
2
2
3
3

5
5
53
53
53
53

30
26
35
36
40
43

20
24
25
25
25
25

56
56
115
116
121
124

Water demand in the mining sector can be divided into water used by the mine operations
and water that is discharged into the environment (excess water not shown). In 2007, 59% of
water used by the mining sector was used in mining operations with the remaining 41% being
discharged into the environment (Economics Consulting Services, 2007). This trend is
expected to reverse over the next four to five years with the relative proportions being closer
to 40% for mining operations and 60% for the water discharged into the environment.
However, by 2031 the total volumes of water used by mining operations and the total volumes
of water discharged to the environment are expected to be equivalent. However, this is not
the case for individual regions where projections for the South Coast sub-region indicate that
more than four times the volume of water used by mining operations would be discharged to
the environment. Similarly, the East Pilbara sub region is expected to discharge 27% more
water to the environment than is used in mining operations. In contrast, in the Central West
sub region it is anticipated that 28% more water will be used in the mining processes than
discharged to the environment. (Water demands for mining include on-site use for personnel
and other incidental demands for offices and non-process operations).
All sub regions are expected to increase in water demand over the projected period,
particularly the South Coastal sub region which occurs almost entirely as a result of the
significant potential demand by CITIC Pacific mining operation at Cape Preston.
5.3.5

OTHER MINING, EXISTING WATER DEMANDS (6 GL/yr)

There are significant mining operations in the Pilbara other than iron ore operations and
include mining for manganese, gold, copper, tantalite, silver, lead and zinc. Economics
Consulting Services (2007) identified groundwater allocation license holders from the
Department of Water and details relating to existing and prospective mines from the
Australian Mining Register. Each of the minerals being mined in the Pilbara have significant
water allocations, except for silver, lead and zinc which are yet to reach production
(Economics Consulting Services 2007). Current water use by mining other than iron ore is
approximately 5 438 ML and water discharged to the environment is 7 747 ML/yr (Economics
Consulting Services 2007).
Manganese is mined at four pits at Woodie Woodie. Consolidated Minerals hold three water
abstraction licenses and these comprise a significant part of the total water allocation of the
area. The Woodie Woodie mining operations currently use minimal volumes of water and this
is not expected to change. However, water withdrawn by dewatering operations is anticipated
to increase markedly (more than 300%) as mining operations commence in new pits.
Gold is currently mined by five companies in the Pilbara. Each of the mines use small
volumes for operations and other needs. No summary was made of demands for gold mining
due to the relatively small quantity of water associated with the operations.
Copper and nickel is mined at four locations. Each miner holds only a relatively small
allocation and, with the exception of Whim Creek, do not have dewatering operations. All
expect to use 60 to 80% of their current allocations indefinitely.
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Silver, lead, zinc and platinum reserves have been identified at the Elizabeth Hill mining
tenement 40 km south of Karratha. Current water use is 60 ML/yr and will remain constant
during the exploratory phase. No water use predictions for a full mining operation are
available.
Tantalite is mined at three Wodgina mines located 100 km south of Port Hedland. These mine
operations each have a water allocation licence to abstract water from three borefields
(Economics Consulting Services 2007).
Other mining prospects include the potential mining of molybdenum as Moly Metals has
indicated it will study its Spinifex Ridge reserve 150 km south of Port Hedland. No water
demands were identified.
5.3.6

OTHER MINING - FUTURE WATER DEMANDS (6 GL/yr)

Future demands of other mining projects are outlined in Table 5-8 (Economics Consulting
Services, 2007).
Table 5-8 Water demand projections for the volumes of water used at mine sites for
other mining
Year

North Coastal
(GL/yr)

South Coastal
(GL/yr)

Central West
(GL/yr)

East Pilbara
(GL/yr)

Total
(GL/yr)

2009

3

1

1

1

6

2010

3

1

1

1

6

2015

3

1

1

1

6

2016

3

1

1

1

6

2020

3

1

1

1

6

2025

3

1

1

1

6

2030

3

1

1

1

6

2031

3

1

1

1

6

Economics Consulting Services (2007) estimated that in 2031, 62 GL/yr of excess water will
be returned to the environment from other (non iron ore) mining operations.
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5.4 OTHER INDUSTRIAL USE
5.4.1

EXISTING WATER DEMANDS (20 GL/yr)

Heavy industry is more capital intensive, requiring a large fixed facility and have a larger
environmental impact. In the Pilbara, heavy industry consists of salt processing, liquefied
natural gas processing and fertiliser production on the Burrup. The heavy industry category
also includes the iron ore shipping ports. However, as the ports are the highest users of water
in the heavy industry category, this data has been presented separately under Mining in
Section 5.4.2.
The light and heavy industry of the Pilbara is supplied predominantly by the various scheme
water networks outlined in Section 5.1.1. The WPWSS supplies the industrial precincts and
ports of Dampier and Cape Lambert. The Port Hedland Water Supply Scheme supplies, the
industrial precincts and ports at Port Hedland and Finucane Island.
Table 5-9 presents a summary of water use for the various water supply networks. Economics
Consulting Services (2007) estimated that existing total industrial demands served from
scheme water systems was approximately 20 GL/yr.
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Table 5-9 Average industrial scheme water demand from 1995-2006

WPWSS

Light industrial
Heavy industrial
Other
Total industrial

Average use
(ML/yr)
1 779
3 017
848
5 644

Port Hedland

Light industrial
Heavy industrial
Other
Total industrial

2 072
4 370
1 932
8 374

3 477
5 788
unknown
9 265

Onslow

Industrial
Other
Total industrial

104
2
106

106
unknown
106

Marble Bar

Industrial
Other
Total industrial

47
1
48

63
unknown
63

Nullagine

Industrial
Other
Total industrial

18
1
19

22
unknown
22

Newman

Industrial
Other
Total industrial

3 114
0
3 114

3 540
unknown
3 540

Tom Price

Industrial
Other
Total industrial

423
0
423

874
unknown
874

17 728

19 811+

Scheme water supply network

Total

Maximum annual use
data from 1999-2006 (ML)
2 306
3 635
unknown
5 941

Data adapted from Economics Consulting Services, 2007

Comparison of the most recent water demand data with data from the previous 11 years
indicated that industrial water demand remained relatively constant.
5.4.2

FUTURE WATER DEMAND (27 GL/yr)

Woodside Petroleum Ltd is currently completing a fifth liquefied natural gas (LNG) train at the
Burrup site. Economics Consulting Services (2007) indicate that the completion of this train
will lead to an 11% increase in current water use.
BHP Billiton has the potential to develop the Scarborough gas reserve located about 280 km
to the north west of Onslow. The water requirements for the gas processing plant associated
with the development will be met by desalination water and water produced from cooling
operations (Economics Consulting Services, 2007).
Total water demand by LNG industries is expected to increase to a maximum of 500 ML/yr by
2010. Approximately 30% of this demand will be supplied by seawater desalination though
this may vary according to the supply adopted by the Water Corporation for the LNG activities
on the Burrup Peninsula (Economics Consulting Services 2007).
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Dampier Salt operates production plants at Dampier, Port Hedland and Lake McLeod near
Onslow. Straits Resources Yannarie Salt aims to develop a salt operation near Exmouth Gulf
with an initial capacity of 3 Mt/yr eventually expanding to 10 Mt/yr. Mitsui and Co Ltd plan to
expand the operations of Onslow Salt from current production of 2.5 Mt/yr.
The largest salt plants have an individual water demand of less than 100 ML/yr. Total water
use by the industry is typically around 220 ML/yr which is expected to increase to 270 ML
within 3 years and 430 ML within 10 years. The majority of the current water requirements are
supplied by scheme water networks.
One of the world’s largest ammonia plants was built on the Burrup Peninsula by Burrup
Fertilisers and commenced production in April 2006. The plant uses natural gas as feedstock
to produce fertiliser and other industrial products (Economics Consulting Services, 2007). A
dual supply of seawater (22 600 ML/yr) and desalinated water (1 300 ML/yr) is supplied to the
processing plant by the Water Corporation. The water demand by the Burrup Fertiliser plant
has not been included by Economics Consulting Services (2007) in water demand
calculations for industry on the basis that water is supplied via a separate supply scheme.
Burrup Nitrates Pty Ltd is developing a technical ammonium nitrate production facility on the
Burrup Peninsula and is expected to require similar quantities of water as the Burrup fertiliser
plant.
As part of a possible NWIS vision for a 220 kV transmission ring in the Pilbara, a feasibility
study is being undertaken by Horizon Power, Oswal Power and Fichner Solar.
The group are considering a solar thermal generation unit for operation by 2012-2013 to
produce 100 MW. By 2017 it is expected it could be expanded to 500 MW. It was estimated
that the facility would initially require 1000 ML/yr and 5000 ML/yr in 2017.
Economics Consulting Services (2007) calculated projected water demand by industrial
activities in the Pilbara. The projected water demand volumes are listed in Table 5-10.
Table 5-10 Projected water demands by light and heavy industry activities in the
Pilbara Sub-regions
Year

2008
2009
2010
2015
2020
2025
2030
2031

North
Coastal

South
Coastal

Central
West

East
Pilbara

Total
Pilbara

Industry
(GL/yr)

Industry
(GL/yr)

Industry
(GL/yr)

Industry
(GL/yr)

Industry
(GL/yr)

9
10
10
11
11
12
12
12

6
6
6
6
6
6
6
6

1
1
1
1
1
1
1
1

3
3
3
4
8
8
8
8

19
20
20
22
26
27
27
27

Source: Economics Consulting Services, 2007

The highest overall demand is expected to occur in the North Coastal sub region. If the
proposed solar thermal power generation plant is constructed, the projected overall water
demand will increase in the East Pilbara sub region. The total increase for the East Pilbara
sub region and the Pilbara as a whole would be affected by a choice not to build the proposed
solar thermal power plant.
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5.5 AGRICULTURE
5.5.1

EXISTING WATER DEMAND (11 GL/yr)

The current demand for water by agriculture in the Pilbara is limited to livestock. The majority
of livestock farming occurs on pastoral stations with livestock grazing pastures. There is little
production of livestock via feedlot operations. Pastoral stations occur throughout the western
third of the Pilbara accounting for approximately 14.6 million hectares (covering about 28% of
the Pilbara).
The two main livestock activities are wool production and live cattle exports. There are an
increasing number of cattle in the Pilbara in response to strong export demands with
estimates in 1996 of 163 000 and 250 000 in 2001, while sheep numbers have declined from
217 000 in 1996 to 49 000 in 2001 (Department of Agriculture, 2003). The majority of the
livestock occur in the western point of the region, although some cattle can be found in the
southern parts of the East Pilbara LGA.
Economics Consulting Services (2007) calculated the livestock water demand based on the
daily average water use per head. This is established to be 100 L per day for cattle and 9 L a
day for sheep. Accordingly, the estimated water use is 9 125 ML/yr for cattle and 161 ML/yr
for sheep requiring a total of 9 286 ML/yr. This water demand can be allocated to individual
LGAs on the basis of livestock numbers to produce estimated volumes of 4 200 ML/yr for
Ashburton, 1 400 ML/yr for Roebourne, 2 800 ML/yr for Port Hedland and 900 ML/yr for East
Pilbara.
5.5.2

FUTURE WATER DEMAND (25 GL/yr)

Economics Consulting Services (2007) reported that seasonal conditions are expected to
cause variations in livestock numbers. However, livestock numbers are expected to remain
relatively constant for the medium to long term future. Accordingly, water demand by livestock
is not expected to vary significantly from 9 300 ML/yr (Economics Consulting Services 2007).
Existing (and future) livestock water requirements continue to be served by individual bores
and in some cases from natural springs and pools. Because of the diverse nature of livestock
watering, and due to the widespread availability of groundwater in the region there is no
overriding reason to link livestock water with regional production and transfer options.
Livestock water requirements cover a wider range of quality requirements than other uses.
Normally there is no need to disinfect livestock water and marginal quality water - 1000 to
2000 mg/L TDS - is acceptable for both cattle and sheep. Most livestock will tolerate higher
TDS under drought or emergency conditions. TDS higher than say 2500 mg/L TDS may
however, be unacceptable to some graziers over the medium to long term. Subsequent
regional supply system options do not include provisions for livestock water.
The potential to use any available water for the production of crops was also considered.
Table 5-11 provides a table for the water demand by a number of crops which could
potentially be grown on the area identified as possibly suitable for agricultural pursuits. The
values presented below are water demand per unit area for different food crops (and pasture)
(pers comm. M Lewis DAF November 2008). The water demand for each crop has a given
demand which is presented as Gigalitres per square kilometre per year.
For Newman and Woodie Woodie, the available water is specified and thus the potential crop
area based on water availability is calculated. In all instances the calculation remains:
Water available/Water Demand = Potential Crop Area
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Table 5-11 Water availability and potential crop areas
Crop type

Water demand

Water available (GL/yr)

(GL/yr per sq km)

Newman

Sugar

1
2
1.75 - 2

33

Cereals

0.153 - 11

33

1

33
33

Vegetables

0.85

Orchard fruit

1.75

1

1.35

1

Grapes
Pasture (sub
tropical grasses)
Sugar, fruit &
vegetables

1

4

2.0 -2.75
5

3.4

Woodie Woodie

Potential crop area (sq km)
Newman

Woodie Woodie

15

16.5 - 18.9

7.5 - 8.6

15

33 - 220

15 - 100

15

38.8

17.6

15

18.9

8.6

33

15

24.4

11.1

33

15

12.0

5.5

33

15

9.7

4.4

1 Brennan, D. (2006) Current and future demand for irrigation water in Western Australia, Resource Management
Technical Report 307, Department of Agriculture Government of Western Australia, May 2006.
2 KBR recent projects for confidential clients
3 Water demand & management in sugarcane production, Graham Kingston, BSES, 24/06/05
4 Mark Lewis (2008) Manager Policy and Industry Development for the Rangelands, Department of Agriculture and
Food, November 2008.
5 State Water Strategy: Irrigated Agriculture in Western Australia.
http://dows.lincdigital.com.au/files/IRRIGATIONINDUSTRYCHAPTER6.pdf retrieved 20/04/09

5.6 TOURISM
A detailed review of estimated visitors to the Pilbara Region was made based on data from
Tourism Western Australia, 2008 and Economic Consulting Services, 2007. It was estimated
that there were 282 200 visitors to the Pilbara in 2007, resulting in 2 782 500 overnight stays
being recorded (average stay 9.86 nights per person). Not all visitors were tourists as a large
percentage of visits were for commercial purposes.
Available facilities for visitors vary from tent and caravan sites to motels and hotels. Tourism
Western Australia 2008 estimated that 664 lettable units were completed in 2007 (the figure
also included Broome and Kununurra). Based on an occupancy rate of 70 percent and an
average of 1.5 persons per unit. It was estimated that there would have been approximately
7 250 lettable units in the Pilbara in 2007.
In September 2008 Tourism Research Australia projected that overall tourism in Australia
(international, interstate and intrastate could increase from 284 000 in 2007 to 357 000 in
2031 (approximately 26 percent). If the same increase applied to the Pilbara the estimate
amount of overnight visitors would be 3 500 000.
Based on estimated per capita demand of 560 L/d, total demands for visitors could increase
from 1.56 GL/yr in 2007 to 1.96 GL/yr in 2031.
Identified water demands for visitors would be less than one per cent of overall water
demands for the region. From the perspective of water planning there does not appear to be
any reasons to differentiate between residential and commercial scheme water demands and
visitor demands. Estimated 2011 and 2031 visitor demands were included in Table 5.4.
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5.7 TOTAL
The total water demands for each category for the four sector sub-regions of the Pilbara are
shown in Table 5-12 to 5-15, with a total water demand for the Pilbara region presented in
Table 5-16. The four sub-regions are: North Coastal: centred on Port Hedland; South Coastal:
centred on Dampier and Onslow; Central West: centred on Tom Price and Paraburdoo; and
East Pilbara: centred on Newman.

Table 5-12 Estimated total water demand in the North Coastal Sub- Region
Year

Port
(GL/yr)

Residential
(GL/yr)

Industrial
(GL/yr)

Mine
operations1
(GL/yr)

Agriculture
(GL/yr)

Total
(GL/yr)

2007

5

3

2

4

3

17

2008

6

3

2

4

3

18

2009

7

3

2

4

3

19

2010

7

3

2

5

3

20

2015

10

3

3

5

3

24

2020

10

3

3

5

3

24

2025

11

3

3

6

3

27

2030

12

3

3

6

3

27

2031

12

3

3

6

3

27

(1)

All mining operations including “non iron ore” see text.

Table 5-13 Estimated total water demand in the South Coastal Sub-Region
Year

Port
(GL/yr)

Residential
(GL/yr)

Industrial
(GL/yr)

Mine
operations1
(GL/yr)

Agriculture
(GL/yr)

Total
(GL/yr)

2007

3

3

4

5

3

18

2008

3

3

4

6

3

19

2009

3

3

4

6

3

19

2010

4

3

4

6

3

20

2015

5

4

4

54

3

70

2020

6

4

4

54

3

72

2025

6

4

4

54

3

72

2030

7

4

5

54

3

73

2031

7

4

5

54

3

73

(2)

All mining operations including “non iron ore” see text.

BUILDING A BETTER WORLD

61

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY

Table 5-14 Estimated total water demand in the Central West Sub-Region
Year

Port
(GL/yr)

Residential
(GL/yr)

Industrial
(GL/yr)

Mine
operations1
(GL/yr)

Agriculture
(GL/yr)

Total
(GL/yr)

2007

0

1

1

30

4

36

2008

0

1

1

30

4

36

2009

0

1

1

31

4

37

2010

0

1

1

27

4

33

2015

0

1

1

36

5

43

2020

0

1

1

37

6

45

2025

0

1

1

41

7

50

2030

0

1

1

44

8

54

2031

0

1

1

44

9

55

(1)

All mining operations including “non iron ore” see text.

Table 5-15 Estimated total water demand in the East Pilbara Sub-Region
Year

2007

0

4

3

Mine
operations1
(GL/yr)
19

2008

0

4

3

20

1

28

2009

0

4

3

21

1

29

2010

0

4

3

25

1

33

2015

0

4

4

26

3

37

2020

0

4

8

26

5

43

2025

0

4

8

26

7

45

2030

0

4

8

26

9

47

2031

0

4

8

26

10

48

(1)

Port
(GL/yr)

Residential
(GL/yr)

Industrial
(GL/yr)

Agriculture
(GL/yr)

Total
(GL/yr)

1

27

All mining operations including “non iron ore” see text.

In the North Coastal sub-region, by 2031 the highest single demand for water will be from the
port facilities in Port Hedland.
Currently in the South Coastal sub-region total water demand is approximately 19 GL/yr. The
proposed CITIC operation near Cape Preston will dominate future demands in the South
Coastal sub-region.
In the Central West area there are far fewer people and areas of industry not directly related
to mining. An expected increase in mining and agricultural demand is indicated in Table 5-14.
The East Pilbara sub-region is expected to have a reasonably stable residential water use.
Water use in industry, mining and agriculture is expected to increase as show in and Table
5-15.
Overall, the fastest growing sub-region is expected to be the South Coastal sub-region,
mainly due to the proposed CP Mining operation at Cape Preston.
In summary, the total water use in the Pilbara is expected to increase nearly 140% by 2031.
Broken down by aspects;
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•

Ports will increase nearly 140% to 19 GL/yr

•

Residential use will increase 20% to 13 GL/yr

•

Industrial use will increase 50% to 27 GL/yr

•

Agriculture may increase 130% to 25 GL/yr.

Based on the data outlined in Table 5-12 to Table 5-15, the total water demand in all four subregions is outlined in Table 5-16.
Table 5-16 Forecast total water demand in all four Sub-Regions
Year

Port
(GL/yr)

2007

8

11

18

42

11

90

2008

9

11

19

54

11

104

2009

10

11

20

62

11

114

2010

11

11

20

62

11

115

2015

15

12

22

121

14

184

2020

16

11

26

122

17

192

2025

17

12

27

127

20

193

2030

19

12

27

130

23

203

2031

19

13

27

130

25

214

(1)

Residential
(GL/yr)

Industrial
(GL/yr)

Mine
operations1
(GL/yr)

Agriculture
(GL/yr)

Total
(GL/yr)

All mining operations including “non iron ore” see text.
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6. EXISTING AND PLANNED INFRASTRUCTURE
6.1 INTRODUCTION
The existing infrastructure of the Pilbara Region provides a framework for the construction of
the proposed water supply scheme options through the Pilbara Region. The existing rail, road
and power infrastructure provides corridors that been previously evaluated and received
environmental approval prior to development. The majority of options developed in this study
have been design to follow these corridors to minimise delays to the approvals process. It
should be noted however that there are restrictions on the use of these corridors for other
than their intended purpose. As an example, approval must be gained before any
construction, such as the construction of a water pipeline, is undertaken in the Dampier to
Bunbury Natural Gas Pipeline (DBNGP) corridor.
This section provides an overview of the existing and planned infrastructure in the Pilbara
region and highlights some of the constraints and opportunities provided by this infrastructure
in the development of any the proposed water supply schemes.

6.2 EXISTING INFRASTRUCTURE
Roads
Despite the Pilbara's remoteness and sparsely distributed population the region has a road
system of relatively high standard. The Pilbara is easily accessible by road from Perth by two
major highways - the Great Northern Highway (national highway) and the North West Coastal
Highway. The existing road network is shown Figure 6-1
Rail
The Pilbara has a rail network totalling 1 264 kms in length (Figure 6-1). The network is
owned and operated by the region's four major iron ore producers:
•

Hamersley Iron Pty Ltd

•

BHP Billiton Iron Ore Pty Ltd

•

Robe River Iron Mining Company Pty Ltd

•

Fortescue Metal Group Ltd.

These companies use the rail lines to transport iron ore from their inland operations to major
ports in the region for export (Pilbara Development Commission, 2009).
Power
The North West Interconnected System (NWIS) is the electricity grid that links the coastal
regions of Port Hedland, Wickham/Cape Lambert and Dampier/Karratha and extends as far
as Pannawonica, Paraburdoo and Shay Gap. It was formed by the interconnection of systems
owned and operated by Western Power, Pilbara Iron, Alinta and BHP Billiton. The existing
power lines are shown in Figure 6-2.
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The NWIS currently has a total installed generation capacity of some 450MW with an
additional 35MW currently under construction. The facilities are predominantly fuelled by
natural gas sourced from the North West Shelf and comprise a mixture of ageing thermal
stations and more modern gas turbine generators.
Ports
The ports in the Pilbara region handle tonnage far in excess of any other ports in the State
dominated by the export trade of commodities such as iron ore salt and LNG. The Pilbara’s
three largest ports are located at:
•
•
•

Port Hedland
Dampier; and
Walcott (Cape Lambert).

The existing port locations are outlined in Figure 6-1
In addition, the Department for Planning and Infrastructure operates harbours at Point
Samson (John’s Creek) and Onslow (Beadon Creek) which primarily service the fishing
industry and provide general marine services. A landing port also exists at Barrow Island
(Department for Planning and Infrastructure 2008b).
Gas
The Dampier Bunbury Natural Gas Pipeline (DBNGP) crosses the north western section of
the Pilbara Region (Figure 6-2). It is Australia’s longest gas pipeline covering more than 1 530
km, transferring natural gas from the Burrup Peninsula near Dampier to Bunbury in the
State’s south west. The DBNGP corridor is currently managed by the Infrastructure Corridors
Branch within the Department of Planning and Infrastructure (DPI) on behalf of the Minister.
This branch controls access to the DBNGP corridor for the purpose of constructing and
operating gas pipeline and manages land use in the corridor to protect the integrity and safety
of the pipelines.
The Goldfields Gas Transmission (GGT) pipeline transports natural gas from Yarraloola in the
North West Pilbara to Kalgoorlie in the heart of the Goldfields region. The pipeline is
maintained and operated on behalf of GGT by Agility a subsidiary of the Australian Gas Light
Company (AGL). All work activities carried out in the pipeline easement are required by law to
conform to the pipeline system health, safety and environmental policies and therefore must
have written approval. These policies and approvals may be directly obtained from either
GGT or Agility.
6.2.1

OPPORTUNITIES

The existing road, rail and power infrastructure corridors throughout the Pilbara region have
been previously evaluated and received environmental approval prior to development.
Previous studies associated with the construction of this infrastructure have identified
engineering, geotechnical and environmental issues and have developed mitigating measures
to manage these issues. The proposed water supply scheme options outlined in Chapter 7
are designed to follow the routes of existing infrastructure corridors to minimise delays in the
approvals process.
6.2.2

CONSTRAINTS

The DBNGP has interests in the proposed pipe routes (Options 2a, 2b, 2c, 2d and 2g) which
extends south west from Dampier along the coast of the region (Figure 6-2).
According to the provisions of the Dampier to Bunbury Pipeline Act 1997 written approval
must be sought from the DPI to carry out any work including digging, drilling, trenching,
drainage, land levelling, contouring, use of vibrating machinery and transportation of heavy
goods within the DBNGP corridor. Hence the construction of the proposed pipelines in the
DBNGP corridor must be approved by the Minister.
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The GGT pipeline extends from the North West to the south east of the Pilbara Region.
Written approval from GGT or Agility is required before conducting any works in the vicinity of
the pipeline or associated laterals. The GGT pipeline is not in the vicinity of any of the
proposed routes.
The construction of the proposed pipelines in the vicinity of road and railway lines may cause
disruption to traffic and transport services during the construction stage. A suitable buffer
distance is required between powerlines and water pipes.

6.3 PROPOSED
Corridors associated with a number of future infrastructure developments in the Pilbara region
also provide possible opportunities for water supply pipelines to be located. An outline of
prospective corridors associated with proposed infrastructure is outlined below.
Roadways
Although the roadways of the Pilbara are of a relatively high standard, there are a number of
links requiring attention. These have been identified in Main Roads WA's recently released
Regional Road Network Plan for the Pilbara (2008). Significant road network projects include:
•

Great Northern Highway – Port Hedland realignment (port access upgrade)

•

Completion of Karratha-Dampier Road duplication

•

Upgrade the Port Hedland-Marble Bar-Nullagine-Newman road link

In addition to these links there is a need in the medium term to complete the sealed road link
between Karratha and Tom Price (DPI) 2008a.
Rail
In 2006 the joint development of a State based access regime for haulage on the Pilbara Iron
ore railways between the State Government and BHP Billiton was approved. This underwent
public consultation in 2008 and is currently under negotiation (DPI, 2008b).
BHPBIO, RTIO and FMG were in the process of duplicating their mine to port trunk rail
systems, to increase ore shipment capacity. This network expansion is now under review. In
late September 2008 a decision handed down by the High Court ruled BHP Billiton's Mt
Newman and Goldsworthy railway lines were not part of the production process thus paving
the way for junior minors to negotiate access to these lines. This decision also raises the
possibility of accessing the rail corridor for other than mining related activities, provided all
approvals relevant to accessing the corridor are obtained.
Power
The power generation system in the Pilbara is now ageing having for the most part been
constructed by mining companies in the early 1970s. The lack of interconnection in the NWIS
remains a key issue in the region. Current practice involves energy solutions being developed
on a company by company basis. This has resulted in the installation of a large number of
relatively small and inefficient generators with little interconnecting infrastructure.
Horizon Power is proposing the development of a 220kV power grid system and governance
structure that links the North-West Network with the urban centres of the East Pilbara. The
development of an appropriately built transmission network would increase system security
and bring about a significant reduction in isolated inefficient generation development.
Expansion of the power network is the subject of a current Infrastructure Australia
submission.
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Ports
A study was undertaken on behalf of the Department of Planning and Infrastructure in 2007
before the current economic downturn on the port requirements to meet anticipated increases
in iron ore production from the Pilbara region.
This study, undertaken by Worley Parsons anticipated that within 20 years, it is likely that the
supply of iron ore from the Pilbara could grow from its current level of approximately 235
million tonnes per annum (Mtpa) to between 409 Mtpa and 596 Mtpa in 10 years and to
between 564 Mtpa and 893 Mtpa in 20 years if China’s growth is to be sustained beyond the
next 10 years. The study concluded that a new port facility is required as there is insufficient
capacity for existing ports to cater for these anticipated increases. A new port would not only
address a shortfall in capacity in other ports, but would also serve a risk minimisation purpose
and allow major iron ore producers to diversify their port options. A preliminary study for a
new port examined six potential sites:
•

Cape Preston

•

West Intercourse Island

•

Cape Lambert

•

Sherlock River (Depuch Island)

•

Ronsard Island

•

Cape Thouin.

Ronsard Island about 85km west of Port Hedland was identified as the most suitable site for
the new port (Worley Parsons, 2007).
According to the latest Department of Planning and Infrastructure Annual Report work on
Ronsard Island as the site for the new port in the Pilbara has been deferred. The Port
Authority is currently conducting fatal flaw analysis on a proposed outer harbour development
at Port Hedland. This multi-user outer harbour is to provide for increasing iron ore exports and
would have a capacity of 400 million tonnes per annum (DPI 2008b).
6.3.1

OPPORTUNITIES

Water supply scheme Options 2a-2g extend from Karratha in the north of the region to south
of Tom Price in the south of the region. There may be opportunities to construct sections of
these proposed pipelines along the proposed sealed road between Karratha and Tom Price.
This proposed road would have been previously evaluated and received prior approval for
development. Constructing the proposed pipeline along this route would minimise delays to
the approvals process.
The development of an integrated power supply to the Pilbara Region would influence the
sustainability and growth of communities in the region. A reliable power supply coupled with
a reliable water supply would assist in the development of larger more permanent
communities in region.
6.3.2

CONSTRAINTS

The construction of the proposed pipelines in the vicinity of road and railway lines may cause
disruption to traffic and transport services during the construction stage.
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Figure 6-1 Existing infrastructure of the Pilbara region 1
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Figure 6-2 Existing infrastructure of the Pilbara region 2
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7. REGIONAL WATER SUPPLY SCHEME OPTIONS
7.1 WATER SOURCES
The water supply sources were outlined in Section 4 of this report. The main sources used as the
basis of supply for the scheme options are:
•
•

Discharges from mine dewatering operations at Mesa J, Yandicoogina, Hope Downs 1,
Ophthalmia and Woodie Woodie.
Potential sources in the Canning Basin, Carowine/Warnie dolomite, coastal aquifers around
the Yule, De Grey and Fortescue rivers, Channel Iron Deposits at Bungaroo and Wittenoom
Dolomite formation.

In addition to the above sources other possible sources considered include:
•

Seawater Desalination (See Section 4.4 for further discussion)

•

Brackish Water Desalination (See Section 4.4 for further discussion)

•

Surface Water Conjunctive Use (See Section 4.3 for further discussion)

•

Mine Void Water (See Section 4.2.3 for further discussion)

7.2 WATER SUPPLY DEMANDS
The water demands of the Pilbara were outlined in Section 5 of this report.
The major demand points for the Pilbara occur at the coastal townships of Karratha/Dampier,
Cape Lambert and Port Hedland, resulting from residential, industrial and port activities. The
water demand of these activities, particularly port operations, at Karratha/Dampier, Cape Lambert
and Port Hedland is projected to increase. The proposed CITIC Pacific mining operation at Cape
Preston will result in the single most significant water demand of the Pilbara region.
Other future water demands considered include the development of irrigated agricultural areas
and the proposed solar thermal power plant. While the Concept Designs focused on these key
water demands, other water demand opportunities such as Aboriginal communities that were not
highlighted in the Concept Designs but occur along or within reasonable distance to the proposed
routes, can also be met by the proposed schemes.
Particular attention was given to possible increase in agriculture in the region. The suitability of
the soil of the Pilbara region for agricultural use is discussed in Section 2.2.3. The most suitable
land system areas are shown in the Water Supply Scheme Figures 7.1-7.14.

7.3 WATER SUPPLY SCHEMES
The key components of the approach towards the development of these Concept Design Options
were:
•

Each Concept Design Option has to fulfil the nominal demands by using available water
sources;

•

Agricultural areas are to be developed in the vicinity of available mine discharge water
resulting from mine operations (dewatering programs);
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•

Natural groundwater resources as a source of water for agriculture will be considered only
as a backup to the mine discharge water;

•

Desalinated water is used for townships and industry; its use for agriculture is not considered
appropriate due to the excessive cost.

Three broad water supply options were developed and are described below. Option 1 comprises
sub options 1a and 1b, Option 2 comprises sub-options 2a to 2g while Option 3 comprises suboptions 3a to 3d. Capital cost estimates were developed for these Concept Design Options. The
cost estimates presented in Table 7-4 and Appendix B do not include costs for the development
of any agricultural area. The estimates only reflect the cost of the water supply to the area.
7.3.1

COST ESTIMATES

The cost estimates reflect pricing and work methods as deployed by a private commercial entity.
The estimates have been developed to an Order of Magnitude standard with a nominal accuracy
of ±50% and are only suitable to be used for comparison of the Concept Design Options. It must
be noted that the study was classified to Prefeasibility level by the Government of Western
Australia Department of Water. Details of the cost estimates including assumptions, exclusions
and qualifications are provided in Appendix B.
The cost estimates reflect the methodology used to develop the Concept Design Options where
the mine discharge water is the primary water source, with groundwater from potential borefields
to provide a backup supply. Seawater desalination plants were considered to meet the shortfall in
the capacity of mine discharge water delivered to coastal water demand points. Concept Design
Option 2g was developed using a combination of mine discharge water and groundwater from
potential borefields to minimise the requirement for desalinated water.
The cost estimates have been developed by using cost curves factored from previous studies,
with updated costs for mild steel concrete lined (MSCL) and high density polyethylene (HDPE)
pipe. Installation costs were based on a percentage of pipe supply costs. Cost curves were
developed for pipe supply, pipe installation, pump stations, borefields, and desalination plants.
Costs for desalination plants were derived using published total costs for desalination plants as
reported by Wittholz et al. (2008) and for several recent Australian desalination plants, with
validation of this published data by comparison with available historical data.
Quantities for cost estimation were based on: pipe lengths measured in GIS; longitudinal profiles
to determine pumping requirements and piping material (MSCL versus HDPE); pump stations
based on pump power calculated from static head and friction loss estimates; storage tanks (9
ML) located every 50 to 100 kilometres along the pipeline routes and one river crossing per 100
kilometres of pipeline.
Concept Design Option 1
Under this option water from mine sites near Yandicoogina and Newman was proposed to supply
local potential agricultural areas. Similarly, mine discharge water from Woodie Woodie mine site
was proposed to supply a nearby potential agricultural area; the coastal area demands would be
met utilizing seawater desalination.
Within this option there are 2 sub options 1a and 1b. Option 1a has the agricultural area located
adjacent to the Fortescue River where there is the highest potential for soils suitable for
agriculture. It has an area of approximately 745 km2. Mine discharge water could be conveyed
to this area at an estimated cost for the mine discharge water pipeline alone (i.e. excluding the
borefields and pipelines) of $324 million (see appendix B2). The estimated total cost for the
discharge water pipeline, borefields and associated pipelines required to utilise groundwater as a
backup water source is estimated at $1.22 billion (see Appendix B4).
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Option 1b has an agricultural area of approximately 1477 km2 and is closer to Newman,
minimising worker travel distance and transport distance for the agricultural product. However, it
is further from any surplus water supply at Yandicoogina. The mine discharge water pipeline to
convey water to this area and borefields and pipelines providing a backup supply is estimated to
cost $1.39 billion (see Appendix B4). The estimated cost for the mine discharge pipeline alone
(i.e. excluding the backup borefields and pipelines) is $493 million (see Appendix B2).
The Woodie Woodie East agriculture area, common to both Options1a and 1b, has an area of
approximately 66 km2. An estimated $468 million (see Appendix B5) would be required to deliver
mine discharge water and develop the backup borefields and pipelines. The mine discharge
water pipeline (excluding the borefields and pipelines) is estimated to cost approximately $165
million (see Appendix B6).
Desalinated water has the potential to meet the coastal water demand requirements and has
been included in these Concept Design Options to demonstrate another means of increasing the
productivity of the Pilbara. The estimated cost of the desalination plants at Cape Preston,
Karratha/Dampier and Cape Lambert and Port Hedland is $1.94 billion (see Appendix B8).
The Concept Design Options are described in Table 7-1 and are presented in Figure 7-1 and
Figure 7-2.
Table 7-1 Water supply scheme Option 1
Sub
Option

Water source

1a

33 GL/yr from existing mine
dewatering in the YandiNewman area

Water demand

Pipeline details

28 GL/yr for agricultural area
adjacent Fortescue River.

89 km of transfer pipeline,
174 km of borefield
pipeline. Transfer pipeline
route along railways and
highway

5 GL/yr for proposed thermal
power plant

30 GL/yr backup supply
from potential borefields
15 GL/yr from existing
Woodie Woodie mine

100 km of transfer pipeline;
23 km of borefield pipeline

65 GL/yr in coastal region
between Cape Preston and
Port Hedland

94 km of transfer pipeline

28 GL/yr for agricultural area
adjacent Fortescue river. 5
GL/yr for proposed thermal
power plant

149 km of transfer pipeline,
174 km of borefield
pipeline. Transfer pipeline
route along railways and
highway

15 GL/yr from existing
Woodie Woodie mine

15 GL/yr for agricultural use
close to mine site

100 km of transfer pipeline,
23 km of borefield pipeline

65 GL/yr from 3 seawater
desalination plants

65 GL/yr in coastal region
between Cape Preston and
Port Hedland

94 km of transfer pipeline

65 GL/yr from 3 seawater
desalination plants

1b

15 GL/yr for agricultural use
close to mine site

33 GL/yr from existing mine
dewatering in the YandiNewman area

30 GL/yr backup supply
from potential borefields
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Figure 7-1 Concept design: Option 1a
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Figure 7-2 Concept design: Option 1b
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Option 2
Under Concept Design Option 2, discharge water from mine sites near Yandicoogina and
Newman plus additional aquifer discharge was proposed to meet demands at the coast.
Seawater desalination was proposed to meet the shortfall in water demands of coastal townships.
Mine discharge water from Woodie Woodie was proposed to supply a nearby potential
agricultural area (as in Concept Design Option 1).
Within this Option there are seven sub Concept design Options (2a - 2g). Option 2a would use
mine discharge water to supply coastal demand at Cape Preston. Three SWRO plants are
required, one to meet the short fall in demand at Cape Preston and the others to supply
Karratha/Dampier and Cape Lambert and Port Hedland. The transfer pipeline from the mines is
routed along the Fortescue River and then railway corridor to the coast to minimise the need for
pumping. Potential supply from additional aquifers is also considered. A pipeline to convey the
mine discharge water from Newman/Yandi to Cape Preston with the required backup borefields
and associated pipelines was estimated to cost approximately $3.68 billion (see Appendix B4).
The estimated cost of the mine discharge pipeline alone is $2.2 billion (see Appendix B2). To
meet the future water demand, construction of the three SWRO plants is estimated to cost an
additional $1.27 billion (see Appendix B8).
Concept Design Option 2b is similar to Option 2a but the transfer pipeline would be routed along
the railway corridor for the full length. This route has a higher pumping requirement compared to
Concept design Option 2a. However, because the route is in an existing infrastructure corridor, it
may have less environmental restriction placed on it. The cost of this route was estimated at
$3.73 billion (see Appendix B4) for the mine discharge pipeline and borefields and pipelines, with
the mine discharge pipeline alone estimated to cost $2.40 billion (see Appendix B2). The three
SWRO plants have been estimated to cost an additional $1.27 billion (see Appendix B8).
Concept Design Option 2c is also similar to Option 2a, but requires only two SWRO plants - one
at Cape Preston and one at Port Hedland, with mine discharge water being conveyed to
Karratha/Dampier and Cape Lambert. The cost of the pipeline has been estimated at $3.87 billion
(see Appendix B4) including the borefields and $2.41 billion (see Appendix B2) for the mine
discharge pipeline alone. The cost of constructing the two SWRO plants is estimated at $1.02
billion (see Appendix B8).
Concept Design Option 2d is similar to Option 2c and has the same approach to meeting the
coastal water demands. However, the mine discharge pipe follows the existing railway rather than
traversing the Fortescue River as in Option 2c. Option 2d requires only two SWRO plants, located
at Cape Preston and at Port Hedland. The cost of the mine discharge pipeline and borefields and
pipelines has been estimated at $3.85 billion (see Appendix B4). The mine discharge pipeline
alone has an estimated cost of $2.53 billion (see Appendix B2). The estimated cost for
constructing the two SWRO plants is $1.02 billion (see Appendix B8).
Concept Design Option 2e utilises mine discharge water to supply the coastal demand at Port
Hedland. Two seawater SWRO plants are required to supply the water demand at Cape Preston
and Karratha/Dampier and Cape Lambert. Potential supply from additional aquifers would only be
used as backup supply. The transfer pipeline would be routed along the existing railway corridor.
The estimated cost of the mine discharge pipeline to Port Hedland and the backup borefields and
pipelines was $1.96 billion (see Appendix B4). The cost for the mine discharge pipeline only is
$1.05 billion (see Appendix B2). The two SWRO plants are estimated to cost an additional $1.57
billion (see Appendix B8).
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Concept Design Option 2f is similar to Option 2e but includes a hypothetical town, located
between Port Hedland and Cape Lambert. This Option was developed to explore the impact of
additional development and water demand on the coast and utilises available water from mines
and potential aquifers. The estimated cost of the mine discharge water pipeline and backup
borefield and associated pipelines is $2.55 billion (see Appendix B4). The cost for the mine
discharge pipeline (excluding the borefields and pipelines) is $1.64 billion (see Appendix B2). The
two SWRO plants are estimated to cost an additional $1.57 billion (see Appendix B8).
Concept Design Option 2g utilises a combination of mine discharge water and groundwater from
the potential aquifers to deliver a cumulative volume of water to supply the coastal demand at
Cape Preston, Karratha/Dampier and Cape Lambert. Accordingly, only one SWRO plant is
required to supply the water demand at Port Hedland. The mine discharge water pipeline would
be routed along the Fortescue River and then the existing railway corridor to the coast to
minimise the requirement for pumping. The estimated cost of the mine discharge pipeline and
borefields and pipelines forming the primary water source as well as the backup borefields and
pipelines is $4.90 billion (see Appendix B4). The estimated cost of the mine discharge pipeline
and borefields and pipelines forming the primary water source minus the estimated cost of the
backup borefields and pipelines is $3.99 billion (see Appendix B2). The SWRO plant is estimated
to cost an additional $363 million (see Appendix B8).
The Concept Design Options are described in Table 7-2 below and are presented in Figure 7-3 to
Figure 7-9.
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Table 7-2 Water supply scheme Option 2
Sub option

Water source

Water demand

Pipeline details

2a

33 GL/yr from existing mine
dewatering in the YandiNewman area

65 GL/yr in coastal region
between Cape Preston and
Port Hedland. 5GL/yr for
proposed thermal power
plant

592 km of transfer pipeline
routed along Fortescue
river and railway
corridor.(gravity pipeline)

2b

2c

2d

59 GL/yr backup supply
from potential borefields

392 km of borefield pipeline

37 GL/yr from 3 seawater
desalination plants

90 km transfer pipeline

15 GL/yr from existing
Woodie Woodie mine

15 GL/yr for agricultural use
close to mine site

100 km of transfer pipeline,
23 km of borefield pipeline

33 GL/yr from existing mine
dewatering in the YandiNewman area

65 GL/yr in coastal region
between Cape Preston and
Port Hedland. 5 GL/yr for
proposed thermal power
plant

724 km of transfer pipeline
routed along railway
corridor. (pumped pipeline)

59 GL/yr backup supply
from potential borefields

313 km of borefield pipeline

37 GL/yr from 3 seawater
desalination plants

90km transfer pipeline

15 GL/yr from existing
Woodie Woodie mine

15 GL/yr for agricultural use
close to mine site

100 km of transfer pipeline,
23 km of borefield pipeline

33 GL/yr from existing mine
dewatering in the YandiNewman area

65 GL/yr in coastal region
between Cape Preston and
Port Hedland. 5 GL/yr for
proposed thermal power
plant

756 km of transfer pipeline
routed along Fortescue
river and railway
corridor.(gravity pipeline)

59 GL/yr backup supply
from potential borefields

387 km of borefield pipeline

37 GL/yr from 2 seawater
desalination plants

32 km transfer pipeline

15 GL/yr from existing
Woodie Woodie mine

15 GL/yr for agricultural use
close to mine site

100 km of transfer pipeline,
23 km of borefield pipeline

33 GL/yr from existing mine
dewatering in the YandiNewman area

65 GL/yr in coastal region
between Cape Preston and
Port Hedland.

724 km of transfer pipeline
routed along railway
corridor. (pumped pipeline)

59 GL/yr backup supply
from potential borefields

5 GL/yr for proposed thermal
power plant

323 km of borefield pipeline

37 GL/yr from 2 seawater
desalination plants

2e

32 km transfer pipeline

15 GL/yr from existing
Woodie Woodie mine

15 GL/yr for agricultural use
close to mine site

100 km of transfer pipeline,
23km of borefield pipeline

33 GL/yr from existing mine
dewatering in the Yandi-

65 GL/yr in coastal region
between Cape Preston and

431 km of transfer pipeline
routed along railway
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Sub option

Water source

Water demand

Pipeline details

Newman area

Port Hedland. Additional 10
GL/yr for possible township
on coast between Pt Hedland
and Cape Lambert.

corridor to Port Hedland.
(pumped pipeline)

30 GL/yr backup supply
from potential borefields

5 GL/yr for proposed thermal
power plant

174 km of borefield pipeline

65 GL/yr from 2 seawater
desalination plants

15 GL/yr for agricultural use
close to mine site

74 km transfer pipeline

15 GL/yr from existing
Woodie Woodie mine
2f

33 GL/yr from existing mine
dewatering in the YandiNewman area

100 km of transfer pipeline,
23 km of borefield pipeline
65 GL/yr in coastal region
between Cape Preston and
Port Hedland.

487 km of transfer pipeline
routed along railway
corridor to Port Hedland.
(pumped pipeline)

Additional 10 GL/yr for
possible township on coast
between Pt Hedland and
Cape Lambert.
30 GL/yr backup supply
from potential borefields

5 GL/yr for proposed thermal
power plant

174 km of borefield pipeline

65 GL/yr from 2 seawater
desalination plants

15 GL/yr for agricultural use
close to mine site

74 km transfer pipeline

15 GL/yr from existing
Woodie Woodie mine
2g

33 GL/yr from existing mine
dewatering in the YandiNewman area

100 km of transfer pipeline,
23 km of borefield pipeline
65 GL/yr in coastal region
between Cape Preston and
Port Hedland. 5 GL/yr for
proposed thermal power
plant

641 km of transfer pipeline
routed along Fortescue
river and railway
corridor.(gravity pipeline)

29 GL/yr from potential
borefields.
30 GL/yr backup supply
from potential borefields

174 km of borefield pipeline

10 GL/yr from seawater
desalination plant at Port
Hedland

20 km transfer pipeline

15 GL/yr from existing
Woodie Woodie mine
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Figure 7-3 Concept Design: Option 2a
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Figure 7-4 Concept Design: Option 2b
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Figure 7-5 Concept Design: Option 2c
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Figure 7-6 Concept Design: Option 2d
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Figure 7-7 Concept Design: Option 2e
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Figure 7-8 Concept Design: Option 2f
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Figure 7-9 Concept Design: Option 2g
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Concept Design Option 3
Mine discharge water from Yandicoogina/ Newman would be used for local agricultural area as in
Concept Design Options 1a and 1b. The proposed thermal power plant presents an additional
water demand however the capital cost estimates do not make any cost allowance for meeting
this water demand. Mine discharge from Woodie Woodie mine site would be used for the nearby
potential agricultural area and the coastal demand between Cape Preston and Port Hedland. The
hatched agriculture area within Options 3b, 3c & 3d, contain three options (north, central and
south) along the pipeline route to the west of Woodie Woodie, and are 25 km2, 75 km2 and 52
km2 in area respectively.
Seawater desalination would be used to meet the shortfall in coastal water demands.
Within this Concept design Option, there are four sub Concept Design Options (3a – 3d). Option
3a details the transfer of mine discharge water from Woodie Woodie to the coastal townships of
Port Hedland, Cape Lambert and Karratha/Dampier, terminating at Cape Preston. A SWRO plant
would be required to meet the projected shortfall in water supply to Cape Preston. Water from
mine sites near Yandicoogina/Newman would be used to supply local potential agricultural areas
identified north of Newman as in Concept Design Options 1a and 1b. The cost of the Woodie
Woodie mine discharge pipeline and borefields and associated pipelines was estimated at
approximately $5.8 billion (see Appendix B5). The estimated cost for the mine discharge pipeline
alone is $4.0 billion (see Appendix B7). The SWRO plant at Cape Preston is estimated to cost
$695 million (see Appendix B8). The cost of the Yandicoogina/Newman mine discharge water
pipeline and backup borefields and pipelines is estimated to cost $1.34 billion (see Appendix B4).
The estimated cost for the mine discharge pipeline alone (i.e. excluding the backup borefield and
pipeline) is $454 million (see Appendix B2).
Concept Design Option 3b utilises water from Woodie Woodie to supply Port Hedland, with the
potential for delivery to the proposed agricultural area/s located between Woodie Woodie and
Port Hedland. The water demands of Cape Preston, Karratha/Dampier and Cape Lambert would
be met by two SWRO plants. Water from mine sites near Yandicoogina/Newman would be used
to supply potential local potential agricultural areas as in Concept Design Options 1a and 1b. The
cost of the mine discharge pipeline and backup borefields and pipelines to Port Hedland was
estimated at $2.30 billion (see Appendix B5), while the estimated cost for the mine discharge
pipeline alone is $824 million (see Appendix B7). The two SWRO plants are estimated to cost is
$1.57 billion (see Appendix B8).
Concept Design Option 3c utilises mine discharge water from both Yandicoogina/Newman and
Woodie Woodie, which is to be transferred to meet the water demands at Port Hedland. The
surplus water would also be transferred along the coast to meet the water demands at the
townships of Cape Lambert and Karratha/Dampier before terminating at Cape Preston. Under
this option there would be no requirement for any SWRO plants, however, this is the most
expensive Concept Design Option of all the Options considered. The estimated costs of the mine
discharge water pipelines and backup borefields and associated pipelines is $2.10 billion (see
Appendix B4) for Yandicoogina/Newman and $7.3 billion (see Appendix B5) for Woodie Woodie.
The estimated costs of the mine discharge water pipelines alone are $1.22 billion (see Appendix
B2) and $5.5 billion (see Appendix B7) for Yandicoogina/Newman and Woodie Woodie
respectively.
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Concept Design Option 3d is similar to Option 3b but includes a hypothetical town located
between Port Hedland and Cape Lambert to assess the impact of an additional development and
water demand on the coast. Two SWRO plants are used to supply the water demands at Cape
Lambert and Karratha/Dampier and Cape Preston. The estimated costs of the mine discharge
water pipelines and backup borefields and pipelines are $3.8 billion (see Appendix B5) from
Woodie Woodie to the hypothetical town and $1.33 billion (see Appendix B4) from
Yandicoogina/Newman to the potential agricultural area. The estimated costs of the mine
discharge water pipelines alone are $2.3 billion (see Appendix B7) from Woodie Woodie to the
hypothetical town and $444 million (see Appendix B2) from Yandicoogina/Newman to the
potential agricultural area. The cost for the two SWRO plants is estimated to be $1.57 billion (see
Appendix B8).
The Concept Design Options are detailed in Table 7-3 below and are presented in Figure 7-10
through to Figure 7-13.
Table 7-3 Water supply scheme Option 3
Sub option

Water source

Water demand

Pipeline details

3a

33 GL/yr from existing mine
dewatering in the YandiNewman area

28 GL/yr for agricultural
area adjacent Fortescue
River. 5 GL/yr for proposed
thermal power plant

742 km of transfer mains
routed along roads and
railways.
400 km of borefield
pipelines

30 GL/yr backup supply
from potential borefields

60 GL/yr from existing
Woodie Woodie mine

15 GL/yr for agricultural use
close to mine site

82 GL/yr backup supply
from potential borefields

65 GL/yr in coastal region
between Cape Preston and
Port Hedland

100km
pipelines

of

transfer

30 GL/yr from 1 seawater
desalination plant at Cape
Preston

3b

33 GL/yr from existing mine
dewatering in the YandiNewman area

28 GL/yr for agricultural
area adjacent Fortescue
River. 5 GL/yr for proposed
thermal power plant

174 km borefield mains

30 GL/yr backup supply
from potential borefields

60 GL/yr from existing
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Sub option

Water source

Water demand

Pipeline details

Woodie Woodie mine

and Port Hedland

railway

82 GL/yr backup supply
from potential borefields

10 GL/yr at Port Hedland

145 km borefield mains

65 GL/yr in coastal region
between Cape Preston and
Cape Lambert

74 km transfer mains

75 GL/yr in coastal region
between Cape Preston and
Port Hedland

331 km transfer mains
routed along railway to
Port Hedland

65 GL/yr from 2 seawater
desalination plants at Cape
Preston and Karratha

3c

33 GL/yr from existing mine
dewatering in the YandiNewman area

174 km borefield pipelines

30 GL/yr backup supply
from potential borefields

60 GL/yr from existing
Woodie Woodie mine

18 GL/yr for agricultural use
near Woodie Woodie

82 GL/yr backup supply
from potential borefields

3d

680 km transfer pipelines
routed along roads and
railway between Woodie
Woodie
and
Cape
Preston.

24 km borefield pipelines

33 GL/yr from existing mine
dewatering in the YandiNewman area

28 GL/yr for agricultural
area adjacent Fortescue
River. 5GL/yr for proposed
thermal power plant

149 km of transfer mains
routed along railways and
roads

30 GL/yr backup supply
from potential borefields

40 GL/yr for agricultural use
close to mine site

174 km borefield mains

60 GL/yr from existing
Woodie Woodie mine

10 GL/yr to Port Hedland

426 km transfer pipelines
along roads and railway
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Sub option

Water source

Water demand

82 GL/yr backup supply
from potential borefields

Additional
10GL/yr
for
possible township on coast
between Pt Hedland and
Cape Lambert.

147 km of borefield
pipelines

65 GL/yr from 2 seawater
desalination plants at Cape
Preston and Karratha

65GL/yr in coastal region
between Cape Preston and
Karratha.

74 km of transfer
pipelines
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Figure 7-10 Concept Design: Option 3a
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.
Figure 7-11 Concept Design: Option 3b
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Figure 7-12 Concept Design: Option 3c
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Figure 7-13 Concept Design: Option 3d
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7.4 SUMMARY OF COST ESTIMATES
The project total capital cost estimates for the Concept Design Options range from $3.63 billion
for Option 1a to $9.43 billion for Option 3c as illustrated in Table 7-4. The cost estimates were
also provided for individual components as shown in Table 7-5 and Appendix B including:
a) mine discharge pipelines only;
b) borefields and pipelines only; and
c) SWRO plants and associated pipework only.
Further cost breakdown cannot be provided considering the level of detail in the associated
design.
The cost estimates presented in Table 7-4, Table 7-5 and Appendix B do not include costs for the
development of any agricultural area. The estimates only reflect the cost of the water supply to
the area.
The range in cost estimates for mine discharge pipelines only is from $0.32 to $4.0 billion at
Yandicoogina/Newman and $0.30 to $5.0 billion at Woodie Woodie. The estimates for the
borefields and pipelines only range from $0.90 to $1.5 billion at Newman and $0.16 to $1.8 billion
at Woodie Woodie. Cost estimates for the individual SWRO plants range from $0.37 to $1.15
billion. As a general guide, this project indicates that the total cost of a SWRO plant is
comparable to the total cost of a pipeline of 150 to 200 km in length for the same volume of water.
The financial viability of the Concept Design Options may be increased by refinement of the
pipeline lengths and pumping requirements, piping materials, grades and dimensions, number
and capacity of tanks and pumping stations and number of river crossings following a detailed
assessment of pipeline routes and topography. Accurate determination of sites for the SWRO
plants may also aid to decrease pipeline lengths and pumping requirements. Interfacing the
Concept Design Options with existing water supply schemes where appropriate may also lead to
potential cost savings. In addition, the cost estimates have been developed using a location factor
of 60% (i.e. the direct cost estimates are multiplied by the location factor (1.6) as shown in
Appendix B). While this location factor has been derived based upon the actual data available to
the project team over the last few years in the mining sector, there is evidence to suggest that,
considering the changes in the market conditions, this factor may be lower in the future.
Furthermore, this factor may be lower for some of the works that are to be undertaken within a
single Concept Design Option i.e. simpler versus more complex activities.
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Table 7-4 Summary of costs associated with the various options
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Table 7-5 Summary of water supply scheme option cost estimates
Note: these cost estimates are to be used only for discussion and to allow comparison for the Concept Design Options only and are no suitable for budgetary
purposes. It must also be noted that these cost estimates are provisional only.
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7.5 WATER SUPPLY SCHEME OPTION SUMMARY
Water supply scheme Concept Design Option 1 provides for maximum agricultural use of the
mine discharge water and maximum seawater desalination to meet the coastal water demands. It
has the shortest pipe length but the highest power consumption. It has the lowest capital cost.
Water supply scheme Concept Design Option 2 maximises the use of mine discharge water from
Yandicoogina/ Newman to meet the coastal water demand. This option reduces the reliance on
seawater desalination but has significantly longer pipelines than Option 1. Pipe routes have been
selected either for maximum use of existing infrastructure corridors (with associated pumping) or
gravitational flow following the natural contours of river valleys. The schemes with gravitational
flow have the lowest power usage. Option 2 has higher capital costs than Option 1, but the
Options (2c, 2d and 2g) utilising gravitational flow has significantly lower operating costs.
Concept Design Option 3 maximises use of mine discharge water from Woodie Woodie for
coastal demand and uses mine discharge water from Yandicoogina/Newman for local agricultural
use. The high capital costs for this Option are a result of the extensive pipeline lengths. The
operating costs for Option 3 vary, ranging from the lowest of all Options (3c) to being comparable
to the highest operating costs of Concept Design Option 1.

7.6 POTENTIAL AGRICULTURAL AREAS - CONCEPT
7.6.1

LARGE SCALE OPTIONS

This study identified the possible use of excess water supply generated from dewatering activities
at mine sites for the development of agricultural precincts within the vicinity of the dewatering
discharge. As identified in Sections 7.3, water could be conveyed to agricultural precincts
established at either Newman or Woodie Woodie for the total capital costs (±50%) indicated in
Table 7-6. The derivation of the total capital cost figures can be found in Appendix B.
Table 7-6 Total capital costs to convey mine water to Newman and Woodie Woodie
agricultural precincts
Available Water
from mine sites
(GL/yr)

Area (km2)

Newman

Woodie
Woodie

Mine water pipelines
(Project total capital cost
$million AUS)

1)

745

1)

33

1)

323

2)

210

2)

33

2)

446

3)

1477

3)

33

3)

493

1)

66

1)

15

1)

303

2)

25

2)

15

2)

525

3)

75

3)

15

3)

540

4)

52

4)

15

4)

555
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These capital cost values do not however, allow a low entry point as there is a considerable
financial outlay required to develop any one of the agricultural areas under these scenarios.
There is considerable potential however, to develop agricultural area within the vicinity of this
proposed pipeline, providing the opportunity for these areas to be developed in a staged
approach. In doing so, the capital cost to construct the entire pipeline is deferred and only
budgeted for as the agricultural precinct expands.
7.6.2

ABRIDGED VARIATION OF OPTION 1A

An abridged variation of Option 1a was investigated. It involves supplying 8 GL/yr of excess
water generated from dewatering activities at the Yandicoogina mine site to a possible
agricultural precinct located in the vicinity of Newman. This proposed agricultural area lies
adjacent to the Fortescue River and is located to the immediate north west of the agricultural area
shown in Concept design Option 1a. The indicative project total capital cost (±50%) to convey
water to this agricultural area is shown below in Table 7-7. The project total capital cost reflects the
mine discharge water pipeline only and does not include the development of a borefield/s to
provide backup supply or the development of the agricultural area. Details of the cost estimates
are provided in Appendix X. The assumptions and exclusions listed in Appendix B:12 also apply
to this cost estimate.
Table 7-7 Project total capital cost, potential area and capacity of available water for irrigation of the agricultural
development.

Mine water pipeline (project total
capital cost $million AUD)

Nominal area of agricultural
area (sq km)

$74

198

Available water
mine site (GL/yr)

from

8

This variation to Concept design Option 1a is a smaller scale concept and highlights the
opportunity of conveying 8 GL/yr of water to a potential agricultural development 29 km from the
mine site. The project total capital cost of $74 million reflects a pipeline of 30 km in length, of
which 20 km is comprised of MSCL pipe (DN 500 mm) and the remainder of HDPE pipe (DN 800
mm). The hatched area (Figure 7-15) representing the agricultural area has a nominal area of
198 square km. However, the actual size of the agricultural area will be determined by the type of
crop/s, the quantity of available water and the site opportunities and constraints. The water
demand of various crops and the corresponding potential crop areas that may be grown using 8
GL/yr of available water are presented in Table 7-8.
Table 7-8 Water availability and potential crop areas.

Crop type

Water demand

Water available

Potential crop
area

(GL/yr per km )

(GL/yr)

(km )

1

2

8

4 - 4.6

3

1

8

8 - 53

8

9.4

8

4.6

8

5.9

8

2.9 - 4

8

2.4

2

Sugar
Cereals

1.75 - 2
0.15 - 1

Vegetables

0.85

1

Orchard fruit

1.75

1

1.35

1

Grapes
Pasture (sub
tropical grasses)
Sugar, fruit &
vegetables

1

4

2.0 -2.75
5

3.4

2

1 Brennan, D. (2006) Current and future demand for irrigation water in Western Australia, Resource Management
Technical Report 307, Department of Agriculture Government of Western Australia, May 2006.

BUILDING A BETTER WORLD

99

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY
2 KBR recent projects for confidential clients
3 Water demand & management in sugarcane production, Graham Kingston, BSES, 24/06/05
4 Mark Lewis (2008) Manager Policy and Industry Development for the Rangelands, Department of Agriculture and Food,
November 2008.
5 State Water Strategy: Irrigated Agriculture in Western Australia.
http://dows.lincdigital.com.au/files/IRRIGATIONINDUSTRYCHAPTER6.pdf retrieved 20/04/09

Table 7-8 indicates that for the majority of the crops, the potential cropping areas that can be
grown with 8 GL/yr of available water range from 2 to 10 square km. The range in water demand
data for the cereals indicates that with 8 GL/yr of available water, the potential cropping area for
these types of crops may range from 8 to 53 square km. It must be noted that the crops listed in
Table 7-8 reflect those with available water demand data, and other crops and agricultural
activities such as agroforestry, livestock production and horticulture are also worthy of
consideration.
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Figure 7-14 Potential agricultural precincts
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Figure 7-15 Option 1a Variation – Yandicoogina Agricultural Area

BUILDING A BETTER WORLD

102

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY

8. ENVIRONMENTAL ASSESSMENT
8.1 INTRODUCTION
An environmental assessment of each of the proposed options was conducted to identify and
address any environmental constraints that may affect the progress of any of the preferred
options through the approval process. The environmental approvals process and relevant
legislation are detailed in Section 8.2. Key environmental factors were identified based on
relevant Environmental Protection Authority (EPA) environmental factors and objectives (EPA
2004). Assessment criteria were identified for each of the key environmental factors and used to
identify any potential constraints. A comparison of the key environmental factors for each of the
options is shown in Section 8.5.

8.2 ENVIRONMENTAL APPROVALS
8.2.1

LEGISLATION

In addition to gaining approval for the project from the Western Australian Minister for
Environment and the Commonwealth Minister for the Environment, Heritage and the Arts, there
are a number of other legislative and regulatory requirements. A summary of key legislation and
regulations is listed in Table 8-1.
Table 8-1 Environmental approval key legislation and regulatory requirements
Legislation

Requirements

WA Government
Aboriginal
1972

Heritage

Act

An s.18 approval to disturb sites that cannot be avoided (surveys yet to be
conducted).

Agricultural and Related
Resources Protection Act
1976

Under s.49 the occupier of any private land shall control declared plants and
declared animals on and in relation to that land.

Bush Fires Act 1954

Under s.27A of the Act regulation of blasting and matters likely to cause bush fire
danger.

Conservation and Land
Management Act 1984

Approvals required for project development sited on land vested in the
Conservation Commission. Use must be compatible with Management Plan.

Contaminated
2003

Reporting and remediation of contaminated sites.

Sites

Country
Areas
Supply Act 1947
Environmental
Act 1986

Act
Water

If any part of the project is in a public drinking water source area there may be
additional controls on certain actions (e.g. clearing).

Protection

Part IV approval of Project.
Part V Works Approval and Licensing for various project elements.
Clearing of Native Vegetation Regulations 2004 Controlled Waste Regulations
2007.

Health Act 1911
Land
1997

Administration

Construction and operation of wastewater treatment system.
Act

Issue of appropriate leases.

Main Roads Act 1930

Control of access Areas – s.28A.

Mining Act 1978

Division 3 – Mining lease.
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Legislation

Requirements

WA Government
Occupational Safety
Health Act 1984

and

Part III of the Act sets out the duty of care requirements for employers and
employees

Planning and Development
Act 2005

Development approvals required from LGA if development occurs within Town
Planning Scheme.

Public Works Act 1902

Under s.96 of the Act a private railway can only be built under the authority of a
dedicated Act.

Rail Safety Act 1998

Owners and operators of railway must be accredited and comply with rail safety
standards.

Rights in Water
Irrigation Act 1914

and

Licences required for taking or diverting of water in proclaimed areas. Permits
required for infrastructure crossing watercourses.

Soil and Land Conservation
Act 1945 and Soil and Land
Conservation Regulations
1992

Under s.4 of the Regulations notice of intent to clear land must be given to the
commissioner of Soil and Land Conservation for registration and assessment.

Waterways
Act 1976

Licence required for proposals in waterways management areas.

Conservation

Wildlife Conservation Act
1950

Approval to disturb declared rare plants which cannot be avoided.

Water Services Licensing
Act 1995

All organisations providing water supply (potable & non potable) sewerage,
irrigation or drainage services in a controlled area must hold a license.

Commonwealth Government
Environment Protection and
Biodiversity Conservation
Act 1999

If any aspect of the proposal is considered to be a “controlled action” under the
EPBC Act approval of the Federal Minister for the Environment, Heritage and the
Arts will be required. This is expected to be considered under the accredited State
environmental approval process in accordance with the bilateral agreement
between the State and the Commonwealth.

Native Title Act 1993

Consultation will be required with any Native Title claimants.

Local Government
Local Government Act 1995

Excavation for stone gravel sands clay limestone loam or other material when on
private land requires approval by local government.

Planning and Development
Act 2005

Development approvals required from LGA if development occurs within a Town
Planning Scheme

8.2.2

OVERVIEW OF APPROVALS PROCESS IN WESTERN AUSTRALIA

Development proposals that are likely to have a significant effect on the environment should be
referred to the EPA under Section 38 of the Environmental Protection Act 1986 (EP Act) for a
decision on whether or not they require assessment under the Act. If the EPA determines that the
proposal requires formal assessment the assessment options are:
•

Assessment on Referral Information (ARI)

•

Proposal Unlikely to be Environmentally Acceptable (PUEA)

•

Environmental Protection Statement (EPS)

•

Public Environmental Review (PER)

•

Environmental Review and Management Programme (ERMP).
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Once a decision has been made to assess a proposal s.41A of the EP Act provides that it is an
offence for any person to do anything to implement the proposal before Ministerial approval to do
so under s.45 of the Act (EPA 2002). The PER and ERMP approvals process is shown in Figure
8-1.
The Environmental Protection and Biodiversity Conservation Act 1999 is a Commonwealth Act
that is administered by the Australian Commonwealth Government Department of Environment
Water Heritage and Arts. The Commonwealth approval process is triggered by an action which
will or is likely to have a significant impact on matters of national significance.
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Figure 8-1 Approval processes under Part IV of Environmental Protection Act 1986
Source: Enesar 2007
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8.3

KEY ENVIRONMENTAL FACTORS

Each of the proposed options are assessed against the environmental factors outlined in Table
8-2 below.
Table 8-2 Environmental assessment criteria
Environmental factor

Assessment criteria

Constraints

Register of National Estate

Presence of areas of
outstanding Heritage valuenatural Indigenous or
historic

Development proposals must
be referred to the National
Heritage Council

Wetlands

Presence of RAMSAR
Wetlands
Presence ANCA Wetlands
Presence of Threatened
Ecological Communities
(TECs)

Vegetation and flora

Presence of Declared Rare
or Priority flora

Fauna

Presence of Declared
Threatened fauna, Priority
fauna or other specially
protected fauna

Public Drinking Water
Source Areas
Protection Zones for Public
Drinking Water Source
Area

Presence of Public Drinking
Water Source Areas
Protection Zones for Public
Drinking Water Source Area
Presence of Aboriginal sites
of significance

Aboriginal Heritage

Presence of Native title area
Presence of areas listed on
the Register of National
Estate

Activities with significant impact
on RAMSAR wetlands must be
referred to the Minister and
undergo environmental
assessment & approval
processes

Avoid disturbance; apply for
appropriate permits if
disturbance cannot be avoided.
Prepare management plans

Avoid disturbance; apply for
appropriate permits if
disturbance cannot be avoided.
Prepare management plans
Certain land uses are not
acceptable in Protection zones
for PDWSA
Certain land uses are not
acceptable in Public Drinking
Water Source Areas
A disturbance to a registered
heritage site requires approval
from the Minister for Indigenous
Affairs
For determined native title
areas negotiations need to be
held with claimants before
disturbing the area

8.4 COMPARISON OF OPTIONS
8.4.1

OPTIONS 1a and 1b

Register of National Estate
The Register of the National Estate is a list of natural Indigenous and historic heritage places
throughout Australia that have been evaluated and considered to be worth preserving. The
location of the proposed options and the Register of National Estate areas are outlined in Figure
8-2. Option 1a consists of a proposed pipeline in the south of the Pilbara to the northwest of
Newman. These proposed pipelines are approximately 80km from Karijini National Park.
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The proposed pipeline to the north of the Region extending from Port Hedland to the coast runs
through the South West Creek indigenous area.
The remaining routes outlined as part of Option 1a and Option 1b are not in the vicinity of any
National Estate Areas.
Wetlands (ANCA and RAMSAR)
The ANCA has compiled a directory of nationally and internationally important wetlands
throughout Australia as outlined in Section 2.7. The locations of these wetlands and the
proposed options are outlined in Figure 8-3. The proposed pipeline to the south east of the
region to the northwest of Newman lies approximately 25 km from the Fortescue Marshes, a
proposed Ramsar site.
Declared Rare and Priority Flora
The proposed pipeline between to the northwest of Newman is within approximately 13km of a
population of Declared Rare Flora (DRF).Two populations of Priority 1 flora lie within
approximately 9 km of this pipeline. The locations of these populations are outlined in Figure
8-4.
Several populations of DRF also lie within approximately 9km of the proposed pipeline to the
northwest of Newman. Six populations of Priority 1 flora lie within 2km of this pipeline. This
proposed pipeline also runs through a single population of Priority 2 flora.
Two populations of Priority 3 flora lie approximately 2km north and south of the proposed
pipeline to the north of the region between Cape Lambert and Karratha/Dampier.
Threatened Ecological Communities
There are seven ecological communities listed as priority within approximately 3 km of the
proposed line to the northwest of Newman in the south east of the region. The locations of
these communities are outlined in Figure 8-5.
Three ecological communities listed as priority lie within approximately 7km of the proposed
pipeline in the north west of the region between Cape Lambert and Karratha/Dampier.
Threatened and Priority Fauna
There are several Priority fauna listed as Priority 4 (taxa in need of monitoring) in the vicinity of
the proposed pipeline to the northwest of Newman. Several Declared Threatened Fauna listed
under Schedule 1 of the Wildlife Conservation Notice 2008 are found within approximately 5km
of this proposed pipeline.
Several fauna listed Priority 4 also lie in the vicinity of the proposed pipeline to the north of the
region between Cape Lambert and Karratha Dampier. Six Declared Threatened Fauna listed
under Schedule 1 also lie within approximately 6km of this proposed pipeline.
The location of these species and the proposed options is outlined in Figure 8-6.
Public Drinking Water Source Areas & Protection Zones for Public Drinking Water Source
Areas
There are no protection zones for public drinking water source areas in the vicinity of the
pipelines proposed as part of Options 1a and 1b (Figure 8-7).

BUILDING A BETTER WORLD

108

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY

Aboriginal Heritage
There are numerous Aboriginal Sites of significance throughout the Pilbara (Figure 8-8).
Several of these sites are along the proposed pipeline route to the northwest of Newman. The
majority of sites along this proposed route have “P” status. The terms of the AHA Act apply to
these sites. These sites include Juna Downs Station, Mount Robinson, Yandicoogina and
Dowling’s Spring.
The proposed pipeline to supply Port Hedland passes through the Turner River an Aboriginal
Site of significance. This site has “S” status. The provisions of the AHA Act do not apply to
these places unless further information is lodged with the registrar requiring a reassessment of
the site.
There is a cluster of Aboriginal Sites of Significance on the western side of the proposed
pipeline between Karratha/Dampier and Cape Lambert. The majority of these of these sites are
registered as “L” or “P”. There are five other sites with “P” status along this route.
Another Aboriginal site with “P” status lies approximately 4km from to the north east of the
proposed pipeline approximately 100 km from Newman.
Communities
The Parnpajinya Community lies in the vicinity of Newman approximately 50km south of the
proposed pipeline to the northwest of Newman. There are no other Aboriginal Communities in
the vicinity of the proposed pipeline.
The Tkalka Boorda and the Drovers Rest Communities lie approximately 22km from the
proposed pipeline from Port Hedland to the coast.
Native Title
The Schedule of Native Title Applications includes claimant non-claimant and compensation
Native Title applications. The location of these areas and the proposed options is shown in
(Figure 8-9).The proposed pipeline to the northwest of Newman passes through an area subject
to Native Title Applications.
The proposed pipeline from Port Hedland along the coast also passes through areas subject to
Native Title applications.
The proposed pipeline between Karratha/Dampier and Cape Lambert passes through a
registered Native Title area.
8.4.2

OPTIONS 2a, 2b, 2c, 2d & 2g

Register of National Estate
The proposed pipeline, which extends from the water source in the vicinity Newman to Karratha/
Dampier (Option 2a), runs through Chichester Range National Park. The southern part of this
line lies approximately 22km north of Karijini National Park.
Option 2b also consists of a line which extends from the water source in the vicinity of Newman
to Karratha/Dampier; however this line follows a different route. This proposed pipeline runs
through Chichester Range National Park and Karijini National Park.
The location of the proposed options and the Register of National Estate are shown in Figure
8-2.
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Wetlands (ANCA and Ramsar)
The proposed pipeline, which extends from the water source in the vicinity of Newman to
Karratha/Dampier (Option 2a) (Figure 8-3), runs through the Fortescue Marshes a proposed
Ramsar wetland. The section of this pipeline closer to the coast lies approximately 16km north
of Millstream Pools.
Option 2b also consists of a proposed line which extends from the water source in the vicinity of
Newman to Karratha/Dampier. This proposed pipeline lies approximately 72km south of the
Fortescue Marshes. The section of this pipeline closer to the coast lies approximately 16km
north of Millstream Pools.
The remainder of the proposed routes outlined as part of Options (2a-2d & 2g) is not in the
vicinity of any wetlands.
Declared Rare and Priority Flora
The proposed pipeline extending from the water source in the vicinity of Newman to Karratha/
Dampier (Option 2a) (Figure 8-4) intersects six populations of Priority flora of which two are
Priority 1 and four are Priority 2.
Approximately eleven populations of priority flora are found along the proposed line extending
from the water source in vicinity of Newman to Karratha/Dampier (Option 2b). These
populations consist of six populations of Priority 1 flora and five population of Priority 2 flora.
The proposed pipeline which extends from the water source in the vicinity of Newman to
Karratha Dampier has an eastern extension to supply an agricultural area. This proposed
pipeline intersects three populations of Priority 2 flora.
There is a single population of Priority 1 flora approximately 3km from the proposed pipeline
from Cape Preston to the south (Option 2d) in the north west of the region.
Threatened Ecological Communities (TEC)
There are three ecological communities listed as Priority communities along the proposed
pipeline from the water source near Newman to Karratha/Dampier (Option 2a) (Figure 8-5).
There are approximately seven ecological communities along the proposed pipeline southeast
of (Option 2b). Of these communities three are listed as Priority and four are listed as
Threatened.
There is also a TEC listed as Priority on the eastern extension of the proposed line from the
water source near Newman to Karratha/Dampier.
Threatened and Priority Fauna
A few Priority fauna listed as Priority 3 and Priority 4 are found along the proposed pipeline
which extends from the water source near Newman to Karratha/Dampier (Option 2a) (Figure
8-6). Approximately eight species listed under Schedule 1 lie within approximately 23km of the
proposed pipeline.
Several Declared Threatened fauna listed under Schedule 1 are found in the vicinity of the
proposed pipeline which extends south west towards the coast from Option 2b.There are also
five fauna listed as Priority 3 and Priority 4 in the vicinity of the proposed pipeline which extends
in a south easterly direction along the coast from Karratha/Dampier. This proposed line also
intersects two Declared Threatened Fauna listed under Schedule 1.
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Public Drinking Water Source Areas & Protection Zones for Public Drinking Water Source
Areas
There are two Public Drinking Water source areas to the north of Tom Price along the proposed
line from the water source near Newman to Karratha/Dampier (Figure 8-7).The public drinking
water source area nearest Roebourne contains a Priority 1 Public Drinking Water Source
Protection area. This protection area lies approximately 22km north of the proposed pipeline.
Aboriginal Heritage
There are numerous Aboriginal sites of significance along the proposed line from the water
source in the vicinity of Newman to Karratha/Dampier (Option 2a). Sites with “P” status along
this route include Kurluburu, Thalu, Mount Herber, Bullfrog Talu and Whim Creek.
The proposed Option 2b also intersects several sites of Aboriginal significance. Sites with “P”
status along this route include Weelamurra Creek, Ceremonial Ground, Kartaynha Law Ground,
Ophthalmia River and Banjima Pool.
The eastern extension of the proposed line from the water source in the vicinity of Newman to
Karratha/Dampier also contains Aboriginal sites of significance with “P” status.
There also Aboriginal sites of significance registered “P” along the proposed route south of
Cape Preston. These sites include Janjinkarra Wiruwandi Plan, Mount Nicholson and Du Boulay
Creek.
Communities
There are several Aboriginal communities along the proposed line from the water source in the
vicinity of Newman southeast to Karratha/ Dampier (Figure 8-8):
• The Gurra Bunja and the Weymul Communities are located ~7km east of this pipeline
• Ngurawaana Community is located ~15km from the pipeline
• Youngaleena Community is located ~10km from the pipeline.
Native Title
The southern part of the proposed pipeline extending from the water source in the vicinity of
Newman to Karratha/Dampier (Option 2a) passes through an area subject to Native Title
applications.
The southern section of the proposed pipeline extending from the water source in the vicinity of
Newman to Karratha/Dampier (Option 2b) also passes through an area subject to native title
applications.
The proposed pipeline to the south of Cape Preston and the eastern extension of the route from
the water source in the vicinity of Newman to Karratha/Dampier passes through areas subject to
Native Title Applications.
The northern section of the proposed line from the water source in the vicinity of Newman to
Karratha/Dampier (Options 2a & 2b) passes through an area registered as Native Title. The
southern part of this proposed line (Option 2b) north of Tom Price intersects an area registered
as Native Title.
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8.4.3

OPTIONS 2e & 2f

Register of National Estate
The proposed pipeline extending from the water source in the vicinity of Newman to Port
Hedland (Options 2e & 2f) passes through the Abydos Woodstock Art Sites. These sites are
listed on the Register of National Estate due to their significance as indigenous sites.
Wetlands (ANCA and RAMSAR)
The proposed pipeline extending from the water source in the south east of the region to Port
Hedland passes through the Fortescue Marshes (Figure 8-3).
Declared Rare and Priority Flora
There are several communities of priority flora along this proposed pipeline (Figure 8-4). One
community registered as a Priority 1 species is found to the south of the proposed line. There
are five communities registered as Priority 2 species approximately 5km from the proposed line
towards the north of the region. There are also three Priority 2 species found along the
proposed line in the centre of the region.
Threatened Ecological Communities
The nearest TEC lies within 18km of this proposed route (Figure 8-5) and is registered as a
Priority community.
Threatened and Priority Fauna
Several fauna listed as Priority 3 and 4 are found along the proposed pipeline from the water
source in the vicinity of Newman extending to Port Hedland. Approximately five Declared
Threatened Fauna listed under Schedule 1 are found within 18km of this proposed line.
Public Drinking Water Source Areas & Protection Zones for Public Drinking Water Source
Areas
There is a Public Drinking Water Source Area to the east of this proposed route in the north of
the region (Figure 8-7). This PDWSA lies approximately 10km east of the proposed route and
approximately 14km south of Port Hedland.
Aboriginal Heritage
There are several Aboriginal sites with “P” status along the proposed routes (Options 2e & 2f)
(Figure 8-8). These sites include Dambara, Yambara, Kartangku Talu and Lukis Granites.
Communities
There are also several Aboriginal communities along this route:
•

Dovers Rest Community

•

Kaparrkurra Community

•

Abydos Village Community

•

Woodstock New Village Community

•

Woodstock Homestead Community
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•

Mumbultjari Community.

Native Title
All the land this proposed pipeline passes through is subject to Native Title Applications (Figure
8-9). The nearest area from this proposed pipeline that is registered as Native Title lies
approximately 16km east of Port Hedland.
8.4.4

OPTIONS 3a, 3b, 3c, & 3d

Register of National Estate
The proposed pipeline from Port Hedland to Cape Lambert (Figure 8-2) lies approximately
44km north of the Chichester Range National Park. The remaining proposed routes outlined as
part of Options 3a-3d are not in the vicinity of any areas on the Register of National Estate.
Wetlands (ANCA and RAMSAR)
The proposed line extending from the water source in the north east of the region to Port
Hedland (Figure 8-3) crosses the De Grey River which is registered as a nationally important
wetland.
The proposed line which runs from Port Hedland to Karratha/Dampier (Figure 8-3) lies
approximately 10km south of the Leslie (Port Hedland) Salt fields System.
Declared Rare and Priority Flora
A single population of priority flora lies approximately 24 km north of the proposed line between
Port Hedland and Karratha (Figure 8-4). There are no other populations of DRF in the vicinity of
the proposed routes outlined as part of Options 3a-3d.
Threatened Ecological Communities
There are two TECs with priority status within 2km of the proposed line between Port Hedland
and Karratha/Dampier. The location of the TECs is outlined in Figure 8-5.
Threatened and Priority Fauna
The proposed pipeline from the water source in the northeast of the region to Port Hedland
passes through several fauna species listed as Priority 4. Several Declared Threatened fauna
listed under Schedule 1 lie within 22km of the proposed pipeline.
The proposed pipeline from Port Hedland to Cape Lambert also intersects several fauna
species listed as Priority 4. A few Declared Threatened fauna listed under Schedule 1 are also
found within 10km of this pipeline.
Public Drinking Water Source Areas & Protection Zones for Public Drinking Water Source
Areas
The proposed line extending from the water source in the north east of the region to Port
Hedland goes through a Priority 1 Public Drinking Water Source Protection Area. The Public
Drinking Water Source Area and Protection Zones are outlined in Figure 8-7.The proposed line
from Port Hedland to Karratha/Dampier passes through two Public Drinking Water Source
Areas. The Public Drinking Water Source Area to the east contains a Priority 1 Public Drinking
Water Source Protection area which lies approximately 22km from the proposed pipeline.
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Aboriginal Heritage
There are many Aboriginal sites of significance along the proposed routes to the north of the
region (Figure 8-8). Several sites with “P” status lie along the pipeline extending from the water
source in the northeast of the region to Port Hedland. These sites of significance include:
Warrawagine, Callawa, Chinaman Springs, Ulungnganya, Kimberley Gap Cliffs, Yarrie Birmal,
and Muccan Station.
Several Aboriginal sites of significance with “P” status also lie along the pipeline between Port
Hedland and Karratha/Dampier. These sites include Sherlock Station, Waliana Talu, Little
George, Bundoora Munga, East Harding River, Government Well and Quartz Hill.
Communities
Six Aboriginal communities lie within 2km of the proposed pipeline extending from the water
source in the north east of the region to Port Hedland (Figure 8-8).These include the
Pananykarra, Marta Marta and the Punju Njamal Communities.
Three Aboriginal communities lie within 2km of the proposed pipeline between Port Hedland
and Karratha/Dampier.
Native Title
The southern end of the proposed line extending from the water source in the northeast of the
region to Port Hedland passes through an area that is subject to several Native Title
applications. The northern part of this line passes through a registered Native Title area.
The eastern half of the proposed line from Port Hedland to Karratha /Dampier passes through
an area subject to several Native Title applications. The western part of this line passes through
a registered Native Title area.

8.5 GREENHOUSE GAS EMISSIONS
CO2 equivalents for each option were calculated using emission factors obtained from the
National Greenhouse Accounts (NGA) Factors Manual (Department of Climate Change 2008).
Although the proposed system will be connected to the Northwest Interconnected System
emissions factors for this system are currently unavailable. Hence the CO2 equivalents were
calculated based on emission factors for the Southwest Interconnected System. These
calculations are outlined in Appendix C.
Option 3b has the highest CO2 equivalent level value of 345 657 599 KgCO2e and Option 2g
has the lowest CO2 equivalent level with a CO2 equivalent value of 86 637 451 KgCO2e.

8.6 ENVIRONMENTAL CONCLUSIONS
The majority of the proposed pipelines pass through existing transport corridors such as railway
lines and roads and hence the difficulty in obtaining environmental approvals in these areas
should be somewhat reduced.
Several populations of DRF and Priority 1 flora exist in the vicinity of Options 1a and 1b. If it is
established that a population of DRF is to be disturbed a permit needs to be obtained from
DEC. These two options also pass through an area subject to Native Title Applications. This
route passes through existing transport infrastructure which has already gained environmental
approvals.
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Options 2b and 2d pass through the centre of Karijini National Park a registered National Estate
Area. This development must be referred to the National Heritage Council for Approval. Options
2a-2d and 2g also pass through a registered Native Title Area, requiring negotiations to be held
with claimants before disturbing the area. Options 2a and 2c cross a small portion of the
Fortescue Marshes, a proposed Ramsar site. Considerable portions of routes 2a-2d and 2g
pass through existing transport infrastructure which has already gained environmental
approvals.
Options 2e and 2f pass through the centre of the Fortescue Marshes, a proposed Ramsar site.
Activities which may have a significant impact on listed Ramsar site must be referred to the
Minister for Environment, Heritage and Arts, and undergo environmental assessment and
approval at both a State and Commonwealth level. This route also passes through an area
subject to Native Title applications and several Aboriginal Sites of Significance. Any disturbance
to significant Aboriginal sites requires approval from the Minister for Indigenous Affairs. This
route passed through existing transport infrastructure which has already gained environmental
approvals.
Options 3a-3d pass through De Grey River a registered ANCA wetland. Several Aboriginal Sites
of Significance and registered Native Title Areas are also found along this route. Option 3a also
passes through a Public Drinking Water Source Area. Considerable portions of this route pass
through existing transport infrastructure which has already gained environmental approvals.
In summary each of the proposed options passes through areas of environmental significance
where environmental approval must be gained prior to disturbance. However considerable
portions of each of the options pass through existing transport infrastructure where
environmental approvals have already been gained reducing the potential issues associated
with gaining environmental approval along these sections of the proposed routes. There is no
existing transport infrastructure along the western portions of options of Options 2a and 2c
which pass through the Fortescue Marshes and the areas subject to Native Title applications.
As no environmental approvals for similar projects have been gained in these areas this may
make gaining environmental approval more difficult. In light of the significant issues associated
with all the options, further detailed investigations are required to select the route containing the
least number of issues and amount of disturbance.
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Figure 8-2 Location of Register of National Estate and proposed options
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Figure 8-3 Location of wetlands and proposed options
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Figure 8-4 Location of Declared Rare and Priority Flora and proposed options
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Figure 8-5 Location of Threatened Ecological Communities and proposed options
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Figure 8-6 Location of Threatened and Priority Fauna and proposed options
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Figure 8-7 Location of Public Drinking Water Source Areas and Protection Zones for Public Drinking Water Source Areas and Proposed Options
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Figure 8-8 Location of Aboriginal Heritage Sites, Aboriginal Communities and proposed options
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Figure 8-9 Location of Native Title Areas and proposed options
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9. COST BENEFIT ANALYSIS
To understand the relative merit of the options developed in this study, a cost benefit analysis
and triple bottom line review were conducted to identify and where possible to quantify the
economic, social and environmental costs and benefits of each option. Due to the substantial
uncertainty in a number of variables we adopted three scenarios when reviewing each option:
•

a low cost/high benefit scenario

•

a medium cost/medium benefit scenario

•

a high cost/low benefit scenario.

The assumptions underlying each scenario are described in more detail in Sections 9.1 and 9.2
and summarised in Section 9.3 below.
Based on the results of this analysis, in addition to sensitivity and Triple Bottom Line
considerations in Sections 9.4 to 9.5, the final section concludes by identifying several of the
most promising options that may warrant further investigation.

9.1 SCHEME COSTS
The cost benefit analysis conducted for this study considered each of the thirteen options
against a base case or “without project” scenario. The “without project” scenario assumed that
water from dewatering operations will continue to be discharged to environment and that
desalination plants will be constructed to meet shortfalls in supply for coastal towns and for new
mining operations at Cape Preston.
Direct construction costs for each scheme were based on a review of similar projects conducted
throughout Western Australia, as described in previous chapters. A number of additional factors
were also considered to capture the full cost of providing a large scale water supply. Several of
these factors were varied under each of the low, medium and high scenarios to reflect the
inherent uncertainties associated with a prefeasibility cost analysis including:
•

contingencies measure the unknown costs that cannot be accounted for directly.
Costs that cannot be readily identified in the early stages of analysis can account for a
substantial part of final project costs. In addition to provisions for river crossing, cathodic
protection, cost escalation over time and indirect contracting costs, we have also
allowed for contingencies in the low cost scenario of 10%, in the medium cost scenario
25% and in the high cost scenario 40%;

•

town and mining water users will require a steady supply over time. By contrast, water
available from mine dewatering may rise and then fall sharply after the first few years of
mine operation. It is unclear at this stage whether water from existing and proposed
mines will be available on a continuous basis over the period of the project. We
assumed in the low cost case that all water can be met by dewatering operations. By
contrast, in the high cost case, we assumed that 100% of the dewatering supply would
require a borefield backup. In reality, it is unlikely that a 100% backup would be
required from day one, as the backup essentially duplicates the system and provides
double the water required. However, a borefield backup could be required after just a
few years if mining operations fail or if the level of dewatering fluctuates significantly
from year to year. For the medium case scenario we assumed that 30% of the cost of
borefield backup may be required over the life of the scheme. 30% was chosen as a
plausible level of backup that might be required to cater for year to year fluctuations in
dewatering from the various mine sites. In practice, the construction of this backup
might be deferred for a number of years until demonstrably required.
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In all cases the construction of the pipeline, borefields and desalination plants were assumed to
occur by the year 2015. However, while it is reasonable to assume that the pipeline options
would be constructed as one unstaged project, the costs of bore development and desalination
could potentially be staggered based on demand. We note that the largest individual area of
demand is from Cape Preston, for which CP Mining has indicated that it will require an unstaged
50 gigalitre per year water source. To supply this volume via either a pipeline or desalination
option would require immediate construction of the majority of the infrastructure. Therefore, as
the majority of infrastructure will be required in the short term regardless of the option selected,
and due to the uncertainties associates with staging for the town supplies, this pre-feasibility
analysis has not attempted to establish the potential for staging in greater detail. We
recommend that staging should form part of any more detailed future feasibility analysis.
Operating expenditure for the options examined in this study will predominantly comprise
pumping and desalination energy costs. This study assumed an electricity tariff of $0.16/kWh
based on recent studies in the region. We also assumed that the Carbon Pollution Reduction
Scheme will be operational by 2010 and will increase the cost of carbon emissions in
accordance with the Australian Government’s 2008 report Australia’s Low Pollution Future: The
Economics of Climate Change Mitigation.
For this exercise administrative costs for the scheme were not included on the basis that the
Water Corporation (which has an existing regional presence) could construct the scheme with a
minimal increase in administrative costs compared with the “without project” case and should
therefore be considered the benchmark service provider. In a competitive process private sector
operators would be required to match or better the Water Corporation’s benchmark cost in order
to provide the service.

9.2 BENEFITS
The proposed options will provide a number of substantial economic, environmental and
community benefits. Those benefits that could be expressed in monetary terms, and were
therefore included in the economic cost benefit analysis, include:
•

under all options, water from mine dewatering would no longer be discharged to the
environment as in the “without project” case. While the benefit is difficult to quantify, for
the purposes of this prefeasibility analysis we assumed that six of the ten or so major
mine expansions proposed for the area will begin dewatering by approximately 2015.1
We have assumed that all options could remove excess water from all six operations,
with the exception of option 1a and 1b, which we assume can remove excess water
from only four operations due to the lesser volume required and the more confined
footprint of the schemes. ABARE estimate that average capital expenditure on iron ore
expansion projects will be in the order of $1 billion.2 It is expected that environmental
approvals for dewatering operations will becoming increasingly difficult and may result
in costly investigation, construction of alternative disposal options and/or delays to the
project of 12 months or more. We assumed in the low benefit scenario that there would
be no benefit from providing an alternative water discharge method. In the medium
benefit scenario we assumed a benefit equal to 2% of the project value and in the high
benefit scenario a benefit of 4% of the project value. The medium scenario of $20
million per project was considered to be a reasonable estimate of the costs that may be
incurred by a mining company to investigate alternative solutions. We also note that if a
firm has already organised financing for a project, then the value of a one year delay
may be much higher. Valued at the opportunity cost of capital (i.e. the value of
alternative investments), a one year delay may be worth in the order of 15% - 30% for a
mining industry investment. Due to the potentially large impact of this benefit, and the

1

Four of these projects are already committed including the Hope Downs expansion, Yandi expansion,
Area C expansion ($712 million) and Atlas Iron Pardoo Hematite (75km east of Port Hedland)
2
28 potential iron ore projects in Australia with a potential capital expenditure of $28,581 million giving
an average value of $1,021 million. Source: ABARE Minerals and energy Major development projects ‐
April 2008 listing
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substantial uncertainties regarding its magnitude, it is recommended that more detailed
analysis be conducted in consultation with mining proponents for future studies. The
true value of this benefit could also be revealed if mining companies were charged for
the right to discharge to the pipeline;
•

for schemes in which agricultural land will be developed (Options 1a-b, 2e, 2f, 3a-d)
we applied the forecast value of undeveloped agricultural land in the North West as a
proxy for the long term economic value of production (on the basis that purchasers
would pay no more than the risk adjusted future value of the land). It is plausible that
due to the long transport distances to export product and the lack of infrastructure
(internal roads, power etc) that agriculture may be infeasible in the areas identified.
However it is also possible that the lack of fresh fruit and vegetable supply in the region
may induce a substantial premium for locally grown fresh produce. This analysis
therefore applies a lower bound benefit of zero, a medium estimate of $2,000 per
hectare and a high estimate of $4,000 per hectare based on similar projects elsewhere
in the North West. Note that these land prices are lower than prices in established
areas, as they assume that the developer or land owner will be required to provide local
and on-farm irrigation infrastructure. We have also assumed that land prices will
escalate at 2.5%, 3.5% and 5% per annum in the low, medium and high benefit
scenarios respectively;

•

several options (Options 2a-g, 3a-d) provide sufficient water to coastal towns or to Cape
Preston to allow for the deferral of desalination plants that are proposed in the
“without project” case. The avoided capital and operating costs of desalination are
therefore treated as a benefit against each of these options;

•

two options include the development of a hypothetical town. These options provide an
understanding of the costs involved in supplying water to an additional town however
the benefits would be dependent on the location of the town and the opportunities for
infrastructure development or access to services. If a suitable alternative site were
available then a more detailed town planning exercise would be required to determine
the relative cost or benefit of developing in that location. For the current study we did
not include any additional cost or benefit for the development of the hypothetical town
but have included the water supply cost for information purposes;

•

many of the options will also provide benefits to remote communities. The Remote
Area Essential Services Program (RAESP) provides power water and wastewater
services to 91 remote Aboriginal communities in WA. RAESP is managed by the
Department of Housing and Works and provides a contracted maintenance service
(every 6-8 weeks) monthly water testing and capital works to the communities. For this
project we estimated which communities could potentially be serviced by each pipeline
option, although exact locations were not available and therefore some judgement has
been required. In some cases the cost of providing spur lines to more distant
communities may prove prohibitive. In addition, a recent report An Overview of the
Economic Impact of Indigenous Disadvantage prepared by Access Economics for
Reconciliation Australia, outlined that non communicable diseases account for 70% of
the health gap between indigenous and other Australians and that the provision of
environmental services including water, were vital in attempts to close the gap.
Therefore, improved water supplies to remote communities are expected to provide
health benefits to indigenous communities serviced by the RAESP program, in addition
to towns that are not included in the program. For example, Mingullatharndo, near
Roebourne, is not included in the RAESP but has significant water quality issues due to
the level of arsenic in the water. Due to the small community size (population of 25) the
cost of treating the water is currently prohibitive. For this exercise we assumed that
health benefits in non-RAESP communities will be at least equal to the cost savings per
person identified in RAESP communities;3

3

Based on the assumption that existing expenditure per person in the (typically larger) RAESP towns is
cost benefit justified.
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•

in northern Western Australia, employment rates for indigenous people are generally
much lower than for non-indigenous people. In addition, local indigenous communities
are typically less likely to seek work outside of their region. Therefore projects that
employ indigenous labour are able to make use of a resource with a very low
opportunity cost,4 which can be treated as a benefit (or more correctly a cost-offset) in
the cost benefit analysis. The analysis assumes that only pipe laying activities can
make use of local indigenous labour (in contrast to the manufacture of materials and
specialised infrastructure such as desalination plants). For the low benefit scenario we
assumed that 5% of the labour for pipe laying could be sourced from local indigenous
communities, 25% for the medium scenario and 50% for the high benefit scenario. The
higher figure assumes that the project uses an indigenous civil works company such as
Ngarda. We note the success of recent road infrastructure programs in Queensland
which utilise approximately 70% indigenous labour and which have also been tailored to
provide civil works qualifications that, at the end of the construction period, have
allowed participants to achieve a re-employment rate of 80%.5 A similar program for WA
could potentially provide higher benefits than the “high benefit” scenario presented in
this study. The methodology for calculating the value of indigenous labour is intended to
be indicative only and we note that there are substantial uncertainties with each
assumption underpinning the estimate. Therefore, as this item has a substantial bearing
on the results of the project, we recommend that indigenous employment programs
should be considered in greater detail in future studies.

9.3 SUMMARY OF COST BENEFIT RESULTS
The economic costs and benefits outlined in the previous sections were incorporated into a 50
year cash flow model. A 5.4% real pre-tax discount rate was applied to determine Net Present
Value and Benefit Cost Ratio results. A discount rate of 5.4% approximates the current
Weighted Average Cost of Capital (WACC) applicable for water industry projects in WA.6
We examine three overarching scenarios – illustrated in Table 9-2 to Table 9-4 and Figure 9-1to
Figure 9-3 below and then consider more detailed scenarios in Sections 9.4 and 9.6. The
assumptions behind each of the three scenarios were described in detail under each of the key
costs and benefits in Sections 9.1 and 9.2, and are summarised in Table 9-2.
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Table 9-1 Summary of high/medium/low assumptions
Cost/Benefit

High cost/

Medium cost/

Low cost/

Low benefit

Medium
benefit

High benefit

Agricultural land escalation rate

2.5%

3.5%

5.0%

Contingencies

10%

25%

40%

Indigenous employment

5%

25%

50%

$0/ha

$2,000/ha

$4,000/ha

Level of borefield backup required

100%

30%

0%

Value of removing excess water from mine
sites

0%

2%

4%

Proportion of pipe laying cost
Agricultural land value
(net of internal infrastructure costs)

(proportion of project value)
We assume that the objective of the employment programs is to reduce unemployment and therefore
that the opportunity cost is the cost of leisure time, which we assumed to be 40% of the average wage
for an indigenous person ($22,000 x 40%). This compares with an estimated wage of approximately
$45,000 for civil works crews.
1
Pers comms, Les Dunn and Colin Neville, Main Roads Queensland, 19/2/09. For more information see
information on the ‘Constructive Mob’ program at www.mainroads.qld.gov.au > Community and
environment > Indigenous programs.
1

See Economic Regulation Authority Draft Report - Inquiry into Tariffs of the Water Corporation,
Aqwest and Busselton Water (18 March 2009). Sensitivities using a discount rate of 4%, 7%
and 10% will be calculated for Commonwealth submissions, in accordance with Infrastructure
Australia guidelines
Based on the above assumptions, in addition to those fixed assumptions described in the
previous sections, the full results of the analysis of each ‘overarching’ scenario are shown
below. Note that figures shaded in green are those where the Net Present Value is greater than
one.
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Table 9-2 High cost/low benefit scenario
High cost/low benefit scenario
1A
1B
2A
2B
2C
2D
2E
2F
2G
3A
3B
3C
3D
COSTS
Mine Dewater Pipeline Capex 557
706 2,253 2,397 2,409 2,509 1,198 1,718 3,842 3,902 1,457 5,990 2,408
Borefield Backup Capex
947
947 1,429 1,326 1,438 1,326
963
963
955 2,387 2,099 2,387 2,108
Pipeline Opex
22
73
73
78
68
78
27
31
102
162
57
288
141
Carbon permits (vs base case)
2
2
‐71
‐72
‐96
‐95
‐20
‐19
‐62 ‐108
‐28 ‐130
‐29
TOTAL COST
1,527 1,728 3,684 3,728 3,818 3,817 2,168 2,694 4,837 6,343 3,585 8,535 4,629
BENEFITS
Defer desalination capex
Defer desalination opex
Environmental approval
Agricultural land sales
Indigenous employment
Remote community benefits
TOTAL BENEFITS
TOTAL CASHFLOW

0
0
0
0
28
7
35

0
738
738 1,002 1,002
0
484
484
619
619
0
0
0
0
0
0
0
0
0
0
31
70
71
74
73
7
8
8
8
8
38 1,300 1,301 1,702 1,702

409
130
0
0
40
10
589

409 1,726 1,354
130
964
711
0
0
0
0
0
0
50
92
123
10
8
9
600 2,790 2,196

409 2,124
130 1,094
0
0
0
0
69
164
9
10
616 3,393

409
130
0
0
87
9
635

‐1,493 ‐1,690 ‐2,384 ‐2,427 ‐2,116 ‐2,116 ‐1,579 ‐2,094 ‐2,047 ‐4,146 ‐2,969 ‐5,143 ‐3,994

High Cost/Low Benefit Scenario
10,000

TOTAL COST

8,000

TOTAL
BENEFITS

Value ($AUS)

6,000
4,000
2,000
0
2,000
4,000
1A

1B

2A

2B

2C

2D

2E 2F
Scenario

2G

3A

3B

3C

3D

Figure 9-1 High cost/ low benefit scenario
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Table 9-3 Medium cost/medium benefit scenario
1A

1B

2A

2B

2C

2D

2E

2F

2G

3A

3B

3C

3D

COSTS
Mine Dewater Pipeline Capex
Borefield Backup Capex
Pipeline Opex
Carbon permits (vs base case)
TOTAL COST

497
254
11
5
767

630 2,011 2,140 2,151 2,240 1,069 1,534 3,430 3,484 1,301 5,349 2,150
254
383
355
385
355
258
258
256
639
562
639
565
72
72
77
67
76
26
31
101
136
56
263
120
5
‐64
‐67
‐90
‐89
‐17
‐16
‐62 ‐103
‐16 ‐128
‐12
961 2,402 2,505 2,513 2,583 1,337 1,807 3,726 4,157 1,903 6,122 2,823

BENEFITS
Defer desalination capex
Defer desalination opex
Environmental approval
Agricultural land sales
Indigenous employment
Remote community benefits
TOTAL BENEFITS

0
0
50
2
69
7
128

0
659
659
895
895
0
484
484
619
619
50
75
75
75
75
2
1
1
1
1
82
227
237
242
247
7
8
8
8
8
140 1,454 1,464 1,839 1,844

TOTAL CASHFLOW

‐639

‐821

‐948 ‐1,041

‐674

‐738

365
130
75
1
121
10
703

365 1,541 1,209
130
964
711
75
75
75
1
1
2
168
356
402
10
8
9
749 2,944 2,408

‐633 ‐1,057

365 1,897
130 1,094
75
75
2
1
178
586
9
10
760 3,663

365
130
75
3
261
9
843

‐781 ‐1,749 ‐1,143 ‐2,459 ‐1,980

Medium Cost/Medium Benefit Scenario
8,000

TOTAL COST

6,000

TOTAL
BENEFITS

4,000

Value ($AUS)

2,000
0

2,000
4,000
6,000
1A

1B

2A

2B

2C

2D

2E
2F
Scenario

2G

3A

3B

3C

3D

Figure 9-2 Medium cost/medium benefit scenario
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Table 9-4 Low cost/high benefit scenario
1A

1B

2A

2B

2C

2D

2E

2F

2G

3A

3B

3C

3D

COSTS
Mine Dewater Pipeline Capex
Borefield Backup Capex
Pipeline Opex
Carbon permits (vs base case)
TOTAL COST

438
0
6
6
450

555 1,770 1,883 1,893 1,971
0
0
0
0
0
71
71
76
66
76
7
‐62
‐64
‐87
‐86
633 1,780 1,895 1,871 1,961

941 1,350 3,019 3,066 1,145 4,707 1,892
0
0
0
0
0
0
0
26
30
101
126
55
252
111
‐15
‐14
‐62 ‐100
‐11 ‐128
‐5
951 1,366 3,058 3,091 1,189 4,831 1,998

BENEFITS
Defer desalination capex
Defer desalination opex
Environmental approval
Agricultural land sales
Indigenous employment
Remote community benefits
TOTAL BENEFITS

0
0
101
4
78
7
190

0
580
580
787
787
0
484
484
619
619
101
151
151
151
151
4
1
1
1
1
101
334
358
360
375
7
8
8
8
8
212 1,558 1,582 1,926 1,941

321
130
151
3
170
10
785

TOTAL CASHFLOW

‐260

‐421

‐222

‐314

55

‐19

‐166

321 1,356 1,064
130
964
711
151
151
151
1
1
4
252
583
598
10
8
9
866 3,063 2,537
‐499

5

‐554

321 1,669
130 1,094
151
151
5
2
217
921
9
10
833 3,847
‐356

321
130
151
6
363
9
979

‐984 ‐1,019

Note: Green shaded cells represent NPV > 0.

Low Cost/High Benefit Scenario
6,000
5,000

TOTAL COST

4,000
3,000
2,000
Value ($AUS)

1,000
0

1,000
2,000
3,000
4,000
5,000
1A

1B

2A

2B

2C

2D

2E 2F
Scenario

2G

3A

3B

3C

3D

Figure 9-3 Low cost /high benefit scenario
The results demonstrate that by far the largest benefit is the deferral of desalination plants on
the coast. However, the employment of indigenous labour also contributes strongly to the
results.
Note that individual costs for desalination, pipeline and borefield infrastructure shown in Table
9-2 and Figure 9-1 may appear greater than the raw costs shown in Appendix B of this report
because summary costs are comprised of the raw cost plus:
-

pump station and tank costs
contractor preliminaries
location factors
indirect costs
provisional sums
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-

EPCM costs
owners costs
contingencies
escalation from 2009-2015

Also, as the cost benefit analysis represents the difference between the situation with and
without the project, some caution is required when comparing the costs presented in Appendix
B with those shown above. For example, several options do not supply water to the coast (e.g.
the agricultural supply options such as 1a and 1b) and in these options it has been assumed
that desalination plants will be required to meet domestic demand for the coastal town sites and
processing demand at Cape Preston. As the cost of desalination is in both the “with project” and
the “without project” case in these situations, the cost of desalination plants is not shown as
either a cost or a benefit in Table 9-2, however it is shown in Appendix B as part of the total
regional cost that would be incurred if the project were to proceed. In options where some or all
of the coastal water supply is provided by the pipeline scheme, the avoided cost of constructing
desalination plants is shown as benefit when compared against the “without project” case.

9.4 SENSITIVITY ANALYSIS
Table 9-7 provides an analysis of the Net Present Value impact (on the ‘medium’ case scenario)
of varying each key variable individually. See Sections 9-1 and 9-2 above for a more complete
description of each variable.
Table 9-5 Sensitivity analysis ($ million)
Cost/Benefit
Borefield backup

Change

1A
1B 2A
2B
2C 2D
+232 +228 +344 +319 +346 +319
‐542 ‐533 ‐802 ‐744 ‐807 ‐744
30% to 100%
+48 +61 +206 +217 +221 +227
Indigenous
25% to 50%
25% to 5%
‐39 ‐49 ‐165 ‐173 ‐177 ‐181
employment
25% to 40%
+60 +74 +159 +170 +146 +152
Contingency
‐60 ‐74 ‐159 ‐170 ‐146 ‐152
25% to 10%
+50 +50 +75 +75 +75 +75
Value of removing 2% to 4%
2% to 0%
‐50 ‐50 ‐75 ‐75 ‐75 ‐75
excess water
$2,000 to $4,000/h
+2
+2
+1
+1
+1
+1
Agricultural
land value
‐2
‐2
‐1
‐1
‐1
‐1
$2,000 to $0/ha
+0
+0
+0
+0
+0
+0
Agricultural land 3.5% to 5% pa
‐0
‐0
‐0
‐0
‐0
‐0
escalation rate
3.5% to 2.5% pa
30% to 0%

2E
+233
‐543
+100
‐80
+79
‐79
+75
‐75
+1
‐1
+0
‐0

2F
+233
‐543
+147
‐118
+129
‐129
+75
‐75
+1
‐1
+0
‐0

2G
3A
+232 +585
‐540 ‐1,366
+332 +345
‐266 ‐276
+189 +237
‐189 ‐237
+75
+75
‐75
‐75
+1
+2
‐1
‐2
+0
+0
‐0
‐0

3B
3C
3D
+502 +587 +509
‐1,171 ‐1,369 ‐1,189
+149 +529 +206
‐120 ‐423 ‐164
+127 +357 +188
‐127 ‐357 ‐188
+75
+75
+75
‐75
‐75
‐75
+4
+1
+3
‐4
‐1
‐3
+0
+0
+0
‐0
‐0
‐0

The sensitivity analysis demonstrates that the project results are highly sensitive to assumptions
regarding the level of borefield backup required – in particular those options requiring
substantial volumes from the Woodie Woodie mine site (i.e. option 3a-3d), which would require
an additional cost of between $1.171 billion and $1.369 billion to increase borefield backup from
30% to 100%.
The proportion of indigenous employment also has a significant impact on the results, with the
impact being greater for those options with greater capital expenditure. For example, in the
largest of the schemes (option 3c), varying the value of indigenous employment between 50%
and 5% impacts the results by +$529 million to -$423 million compared with the ‘medium’
scenario of 25% indigenous labour.
The level of contingency and the value to mining companies of removing mine dewatering water
also has a significant, but lesser impact on the results. Varying contingencies from 25% to 10%
(in the low cost scenario) and 40% (in the high cost scenario) alters the final result by +/-$357
million for the largest scheme (option 3c) and +/-$60 million for the smallest scheme (option 1a).
Altering the value of removing excess water by +/- 2% of the total project value changes the
final result by between +/-$50-75 million.
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As illustrated by the last four lines of Table 9-5, the price of agriculture land and its escalation
rate have relatively little bearing on the final result due to the small absolute value of agriculture
compared with the cost of the scheme.

9.5 TRIPLE BOTTOM LINE ASSESSMENT OF OPTIONS
In addition to the economic analysis, the project team conducted a high level triple bottom line
review to consider the social, regional and environmental impacts of each option. Triple bottom
line assessments have become more prevalent in recent years as projects are increasingly
assessed on their sustainability. A triple bottom line analysis includes aspects such as:
•

environmental performance e.g. impacts made through the amount of energy consumed
and its origin resource and material usage emissions effluents and waste management
land use and management of habitats;

•

social performance e.g. employee relations health and safety ratio of wages to cost of
living, non-discrimination, indigenous rights, impact of community involvement and
customer satisfaction;7

•

economic performance. In this assessment we have, wherever possible, captured social
and environmental factors in economic terms such as the cost of carbon dioxide
production and the economic benefit of local indigenous employment.

A number of approaches have traditionally been used to assess intangible factors in a triple
bottom line analysis, including purely qualitative assessment, multi-criteria analysis and
monetarisation through non-market valuation techniques such as choice modelling and hedonic
pricing.
Because the primary driver for the choice of an option for this project is considered to be
economic, and the prefeasibility analysis did not allow a detailed assessment of the intangible
environmental and social factors, we have reviewed intangible factors using threshold analysis.
That is, the economic implications of each option were costed to the fullest extent practical and
then intangible factors were assessed on a 5 point scale with impact ratings varying from
strongly negative to strongly positive. The intangible factors were then compared against the
economic value of each project to allow a subjective assessment of whether the intangible costs
and benefits should alter the status of each option and its ranking.

Intangible social and environmental impacts
In addition to economic impacts, the social and environmental factors shown below were
considered in the overarching triple bottom line review.
Regional impacts
The project would provide significant regional benefits through the development and
maintenance of vibrant regional communities in the Pilbara. The benefits and other impacts
include:
•

agricultural options will allow the region to diversify its industry base providing longer
term economic stability for the region, thereby leaving a legacy beyond mining;

•

options that allow the development of agriculture will also offer the potential to provide
fresh produce for the region which will particularly benefit inland areas such as
Newman;

•

a temporary increase in regional employment during construction, plus potential longer
term employment in the region as a result of developing new industries such as

7

Suggett Dahle and Goodsir Ben Triple Bottom Line Measurement and Reporting In Australia ‐ Making it
Tangible (2002)
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agriculture. Increased employment, particularly for groups with high unemployment
such as indigenous communities, also has flow on social and health benefits for the
individual and for the community. (To avoid double counting, for the purposes of the
triple bottom line review, this benefit relates only to the additional employment above
and beyond the employment of indigenous people already captured in the economic
analysis);
•

health benefits of improving the water supply for indigenous communities on the
pipeline route (above and beyond the cost of RAESP services captured under the
economic analysis); and

•

potential Aboriginal Heritage issues, as sections of the pipeline may run through or past
Aboriginal land. This item would be considered a cost (rather than a benefit) unless
managed and mitigated correctly.

Environmental impacts
Environmental impacts of the project include:
•

reduced environmental impact of discharging water from mine dewatering to the
environment (i.e. in addition to the economic impact on mining companies). The most
serious impacts are expected to be mitigated through environmental regulation;

•

the impact of discharging brine to the ocean from additional desalination plants. The
most serious impacts are expected to be mitigated through environmental regulation;

•

the carbon impact of electricity demand for desalination and pumping. Our analysis
considered the carbon impacts to be neutral for every option after the introduction of the
Carbon Pollution Reduction Scheme. The economic analysis included an allowance for
the purchase of carbon permits; and

•

impact on Native Vegetation due to land clearing for the pipeline and agricultural land.
The most serious impacts are expected to be mitigated through environmental
regulation.

The project team considered each of the above impacts in a five point, subjective assessment
scale. Note that the assessment of each issue represents a variation against the base case, i.e.
a case in which desalination plants are used to supply Cape Preston and coastal town water
supplies.
Options that include greater agriculture (Options 1a, 1b, 3a, 3b and 3d) were given the highest
score for “diversification of industry in the region” and “local fresh produce from agriculture”.
Those options that provide little or no agriculture were scored as neutral against the status quo.
Regional employment was scored 5 where the project led to longer term employment in
agriculture, but only 4 for options that would provide a temporary increase in employment during
construction.
Aboriginal heritage and native vegetation issues were scored as negative or strongly negative
compared with the status quo due to the impact of pipeline construction and land clearing for
agriculture. However, in most cases it was expected that the worst of the impacts would be
mitigated by selecting an appropriate pipeline route or agricultural development site to minimise
the environmental impact and meet relevant state and Commonwealth regulations. Options that
required substantial land clearing for agriculture were given the lowest rating (of 1).
Environmental discharge from mines would be reduced in all cases, however the impact was
greatest in the schemes where large volumes of water were transported to the coast (options 2
and 3).
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The discharge of brine from desalination plants is shown as neutral in Options 1a and 1b
because there will be no impact on coastal desalination under these options. In the remaining
options, desalination is substantially reduced, although the benefit is shown only as “positive”
rather than “strongly positive”, because environmental regulations are expected to mitigate the
most serious of the environmental impacts.
Finally, carbon impacts were assumed to be neutral as the economic analysis has assumed that
an increased price will be paid for electricity to reflect the cost of purchasing carbon permits
through the Commonwealth Carbon Pollution Reduction Scheme.
The results of the high level assessment are shown in Table 9-6.

Option

1A
1B
2A
2B
2C
2D
2E
2F
2G
3A
3B
3C
3D

‐1,493
‐1,690
‐2,384
‐2,427
‐2,116
‐2,116
‐1,579
‐2,094
‐2,047
‐4,146
‐2,969
‐5,143
‐3,994
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Table 9-6 High level assessment of economic social and environmental impacts

Economic
‐639
‐260
‐821
‐421
‐948
‐222
‐1,041
‐314
‐674
55
‐738
‐19
‐633
‐166
‐1,057
‐499
‐781
5
‐1,749
‐554
‐1,143
‐356
‐2,459
‐984
‐1,980 ‐1,019

5
5
3
3
3
3
4
4
3
5
5
4
5

5
5
3
3
3
3
4
4
3
5
5
4
5

Social
5
5
4
4
4
4
4
4
4
5
5
4
5

4
4
5
5
5
5
5
5
5
5
5
5
5

2
2
2
2
2
2
2
2
2
2
2
2
2

4
4
5
5
5
5
5
5
5
5
5
5
5

Environmental
3
3
3
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3
4
3

1
1
2
3
2
2
2
2
2
1
1
2
1

Legend
1

Strongly Negative

2

Negative

3

Neutral

4

Positive

5

Strongly Positive

9.6 SOCIO-ECONOMIC CONCLUSIONS
Based on the analysis above, several options have the potential to provide a net benefit to the
community, particularly under the “low cost/high benefit” scenario. Options 2c and, 2g each
have an NPV greater than zero and Benefit Cost Ratio greater than one in the “low cost/high
benefit” scenario. However, none of the options provide a net economic benefit under the
medium or high cost/low benefit scenario. This result implies that a careful review of the key
factors impacting the project is required to maximise the benefits and minimise the costs in
order to make the project economically viable.
As demonstrated by the sensitivity analysis, the key factors affecting the economic results
include whether borefield backup is required, the proportion of indigenous labour utilised, the
level of contingency and the benefit to mining companies of removing excess water. The latter
two factors are not within the State’s control, however further empirical research may provide
clearer guidance on the magnitude of each factor.
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The State has a greater degree of control over the first two issues (i.e. whether borefield backup
is required and the proportion of indigenous labour utilised) and can employ strategies to
maximise the benefit of each. For example, the need for borefield back up to the system could
potentially be mitigated if mining companies were contractually required to dewater at peak
levels for the course of their operation, even when peak draws were not required by the
operation itself.
With regard to the employment of indigenous labour, we have previously noted models from
other jurisdictions, including the highly successful indigenous employment program utilised by
the Main Roads Department of Queensland. This program has resulted not only in high
indigenous employment during the construction of infrastructure, but has also provided civil
works qualifications aimed at generating ongoing employment in mining, local government and
other industries.
In addition, for Options 1a-2g, it was found that the capital expenditure required to source water
from Woodie Woodie was very high compared with the relatively low benefits that would be
derived by providing water for agriculture in the area.
Therefore, a final sensitivity was tested by adjusting the medium scenario for those key factors
that are potentially within the State’s control. It was found that Option 2c would generate an
NPV marginally greater than zero, with several other options (particularly Options 2d and 2g)
only marginally negative, provided that:
a) the State were able to develop contractual or other arrangements that removed the
need for borefield backup;
b) strategies could be developed to achieve high levels of indigenous employment;
c) the project did not provide water from Woodie Woodie; and
d) all other factors are equal to the medium scenario assumptions.
The modified results for each option are shown in Options 3a-3d results are not shown as these
options rely on water supplied from Woodie Woodie. (Note also that the value of indigenous
labour in this scenario is lower than the value in the ‘medium’ scenario presented earlier as the
total expenditure on pipeline construction is also lower.)

Table 9-7 'Medium scenario economic results with no borefield backup costs and high
indigenous labour benefits
1A

1B

2A

2B

2C

2D

2E

2F

2G

COSTS
Mine Dewater Pipeline Capex
Borefield Backup Capex
Pipeline Opex
Carbon permits (vs base case)
TOTAL COST

257
0
6
6
269

391 1,775 1,904 1,915 2,004
0
0
0
0
0
71
71
76
66
76
7
‐62
‐64
‐87
‐86
469 1,785 1,916 1,893 1,994

831 1,297 3,167
0
0
0
26
30
101
‐15
‐14
‐62
842 1,313 3,206

BENEFITS
Defer desalination capex
Defer desalination opex
Environmental approval
Agricultural land sales
Indigenous employment
Remote community benefits
TOTAL BENEFITS

0
0
50
1
42
7
100

0
659
659
895
895
0
484
484
619
619
50
75
75
75
75
1
0
0
0
0
67
332
359
362
380
7
8
8
8
8
126 1,559 1,586 1,959 1,976

365
130
75
1
146
10
728

TOTAL CASHFLOW
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‐169

‐344

‐226

‐330

136

65

‐18

‐114

365 1,541
130
964
75
75
0
0
239
610
10
8
820 3,198
‐492

‐8
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‘Medium’ scenario
4,000

(no borefield backup costs & ‘high’ indigenous labour benefits)
TOTAL COST

3,000

TOTAL
BENEFITS

Value (AUS$millions)

2,000
1,000
0

1,000
2,000
3,000
4,000
1A

1B

2A

2B

2C
Scenario

2D

2E

2F

2G

Figure 9-4 'Medium scenario'(no borefield back-up costs and 'high’ indigenous labour
benefits)
Note that the results in Table 9-7 do not take into account the environmental, regional and other
social benefits considered in the Triple Bottom Line assessment. Assuming that Aboriginal
Heritage and Native Vegetation issues can be successfully managed through the detailed
selection of pipe routes and sites for agricultural development, the potential economic and
intangible benefits – including improved regional employment, water for remote communities
and a reduced need for desalination on the coast – indicate that Options 2c and 2g may warrant
further investigation. Option 2d which is similar to Option 2c but with a more conservative
pipeline route could be considered a backup option.
Further investigation regarding the need for borefield backup, the potential for greater
indigenous employment and the value of removing excess mining water, would greatly assist in
providing a firmer understanding of the project costs and benefits and a rationale (or otherwise)
for pursuing a more detailed feasibility assessment.
In addition to Options 2c and 2g, the State may also consider investigating Option 1a on the
basis that it provides additional social benefits associated with providing fresh produce and
industry diversity for the region.
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10. IMPLEMENTATION PLAN
10.1 FUNDING SOURCES
Development of further pipeline infrastructure in the Pilbara will allow water from mine
dewatering desalination and borefields to be supplied to a range of users within the region
including the populations of regional towns mining and minerals processing operations
agriculture and power generation. The funding of the infrastructure could be predominantly
funded by the State or could utilise private sector ownership models, with the expectation that
investments would achieve commercial rates of return. Several mining companies have
indicated that investing in water infrastructure could potentially provide a cost-effective
alternative to their current secondary processing obligations (as detailed under the relevant
State Agreement Acts).
In addition to investment from the private sector, capital funding could also be sourced from the
State, in particular through the Royalties for Regions program, or from the Commonwealth. The
key Commonwealth funding source currently open for major infrastructure projects is the
Building Australia fund, a $20 billion program to support “nation building projects”. The Building
Australia fund will be guided by an infrastructure priority list developed by Infrastructure
Australia, the first of which has recently been finalised. It is unclear how the current economic
downturn will impact the timing or magnitude of future funding rounds.
In addition, the National Water Initiative (NWI), is assisted by funding through the Water for the
Future program, which includes $12.9 billion over 10 years to “secure the long term water
supply of all Australians”. Water for the Future is comprised of a number of programs, of which
the two that appear most relevant for the current project are:
•

the Water Smart Australia program ($937 million), which “aims to accelerate the
development and uptake of smart technologies and practices in water use across Australia.”
The value of announced projects to date suggests that the program may already be largely
allocated; and

•

Northern Australia Futures ($20 million). It appears that the majority of this funding has
been committed to developing a knowledge base regarding sustainable water resource
yields in Northern Australia. Therefore the program could provide assistance, but potentially
not core funding, for the development of infrastructure in the Pilbara.

Any State or Commonwealth funding received for this project would reduce the costs faced by
the water infrastructure provider and assist to recover those regional, environmental and public
benefit costs that could not be captured in water charges to customers.

10.2 DELIVERY MODELS
As currently occurs, multi-user water infrastructure in the Pilbara could be provided by the State,
through the Water Corporation or by a new agency created specifically for the purpose of
developing Pilbara water supplies. The Water Corporation currently provides water (and
wastewater) services in the Pilbara (and throughout the North of the State), but other agencies
such as Horizon Power have a strong regional presence and the capability to develop and
operate infrastructure facilities. Although other agencies could be assigned the task, the
fundamental choice among delivery models is between State and private ownership of that
infrastructure. Therefore, in the discussion that follows, no further consideration is given to the
implications of alternative forms of State ownership. State ownership is assumed to be through
the agency of the Water Corporation.
Delivery models for the development of pipeline infrastructure in the Pilbara include:
1. pipeline development ownership and operation by a State agency;
2. pipeline development by a State agency with transfer of the infrastructure to a private owner
that would be responsible for the subsequent operation of the scheme;
3. competitively establish a regional utility and transfer all existing regional water supply assets
to the utility;
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4. competitively establish a bulk water supplier that would own or purchase bulk water
supplies and sell bulk water to the Water Corporation, mining companies and other large
water users; and
5. competitively establish a company to own and operate the pipeline asset only, and allow
water users (such and the Water Corporation and mining companies) to negotiate directly
with bulk water suppliers.
Although pipeline development may be by a private owner, that development would be initiated
by the Government of Western Australia through a competitive tendering process designed to
secure government policy outcomes in respect of Pilbara water supply at least cost to water
users.
Within those delivery models involving private ownership, the owner could be one of the mining
companies currently operating in the Pilbara, and able to provide water into the scheme. This
model could be attractive to a mining company seeking investment in infrastructure in lieu of
existing secondary processing obligations (SPOs) under the State Agreement Acts. However,
ownership of the pipeline infrastructure by a single mining company may be seen by other
companies as a barrier to competition. This barrier may be reduced by allowing a consortium of
mining companies to own the infrastructure.
We note that any state or federal Public Private Partnership should be conducted in accordance
with the National Public Private Partnership Policy Framework.8
The key advantages and disadvantages of each model are summarised in Table 10-1 and are
considered in more detail in Appendix D.

Competitively establish a pipeline company, water
users negotiate directly with bulk water suppliers

Low establishment
(i.e. tendering) cost

5

Promotes competition

4

Short lead time

3

Limited impact on State
budget

2

Development, ownership and operation by State
agency
Development by State agency with transfer to a
private owner for operation
Competitively establish a regional utility, transfer
all existing assets to utility
Competitively establish a bulk water supplier

Operation

1

Delivery Model

Ownership

Option

Development

Table 10-1 Summary of project delivery models

State

State

State

8

9

8

9

State

Private

Private

8

9

Operation
only

8

Private

Private

Private

9*

8

9

8

Private

Private

Private

9*

8

9

8

Private

Private

Private

9

8

9

8

* Unless successful tenderer is existing State‐owned utility (e.g. Water Corporation, Horizon Power).

8

http://www.infrastructureaustralia.gov.au/files/National_PPP_Policy_Framework_Dec_08.pdf
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While no one model is without disadvantages, the current difficulties in accessing State funding
and the continuing program of competitive reform suggests that one of the final three models
involving competitive tendering would be an appropriate delivery solution, provided that
infrastructure does not need to be developed rapidly. Option 3, in which Water Corporation
assets and customer are transferred to a private operator would be politically challenging and
the benefits would be questionable in light of the findings from the Economic Regulation
Authority’s recent review of the potential savings from merging Water Corporation and Horizon
Power operations in the North West.
In a competitive delivery model funding from State sources (e.g. Royalties for Regions) and
Commonwealth sources (e.g. Building Australia fund) could be utilised to account for the wider
economic benefits of the project and would be used to reduce the commercial shortfall faced by
private sector operators potentially in the form of gifted assets or capital grants.
Ideally, the State would reduce the demand risk as far as practical prior to issuing competitive
tender requests, by establishing firm volumes and an arm’s length price for water supplied to
the Water Corporation and potentially major mining water users. A reduction in demand risk
would increase private sector interest in the project and increase the value to bidders thereby
reducing the State and Commonwealth subsidy that would be required.

10.3 FEASIBILITY STAGE
Some components of the options developed in this pre feasibility assessment were considered
to be worthy of being taken forward for further evaluation under the feasibility stage. The
objective of the feasibility study would be to evaluate those components for their potential
viability, carrying out a risk analysis and completing a detailed economic and triple bottom line
evaluation to provide a sound business case for the scheme development. The work to be
undertaken in the feasibility stage includes:
Water Sources
•

Verify mine water source discharge volumes and water quality

•

Engage with mining companies to determine likely flow variation with time, future available
surpluses and location specific benefits of avoiding mine water discharge to the
environment

•

Identify and prioritise potential aquifer sites for drilling investigation bores

•

Carry out a controlled test pumping program at each site including sampling for water
quality testing

•

Construct ground water model of prospective water sources and assess source
sustainability and impacts.

Demands
•

Review all demands by discussion with the relevant parties including indigenous
communities, mining companies, industry users, tourism bodies and agricultural/ pastoral
interests. CP mining would be targeted for discussion because the future demand of its
operation represents the single largest demand on the proposed water supply system.

Analysis of Scheme Options
•

Confirm design flows and hydraulic boundary conditions

•

Prepare system schematics and hydraulic profiles

•

Determine pump selection and prepare pump station design

•

Determine tank requirements, location and design

•

Determine pipeline materials and design criteria
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•

Determine staging

•

Carry out topographic survey

•

Carry out geotechnical investigation

Environmental /Approvals
•
•
•
•
•

Undertake a field assessment of potential agricultural areas identified in this study for their
capacity to sustain agricultural products
Conduct an environmental risk assessment along with mitigating measures for the
preferred options
Confirm accessibility and viability of infrastructure corridors associated with the preferred
options
Engage relevant stakeholders e.g. EPA, DEC, DoW, DIA, in the process of determining the
preferred option
Undertake detailed environmental scoping study for each of the preferred options.

Economic Analysis
•

Engage key customers (e.g. Water Corporation, CP Mining) to more accurately determine
the benefits of deferring desalination and other future water supply infrastructure.

•

Determine water quality and quantity requirements, cost and feasibility of supplying remote
communities adjoining the pipeline route.

•

Identify strategies to maximise the benefit of indigenous employment during and after
construction of civil works.

•

Identify scenarios for future electricity prices in the region, and the impact on operating
costs for the “base case” and shortlisted options.

•

Establish a framework for scheme funding, including:
− revenue from agricultural land development and water supplies (where applicable)
including the potential to supply Pilbara towns with locally grown produce;
− indicative bulk water revenue for coastal town supplies;
− indicative bulk water revenue for mining supplies;
− proposed contribution and cost sharing arrangements between the Commonwealth and
the State Government.

•

Conduct a full risk assessment for the project, including environmental, political, health,
technical and economic risk.

•

Complete an economic and Triple Bottom Line evaluation of the project to select the
preferred scheme and to provide a robust business case for action. Identify the costs and
revenues attributable to a potential service provider, in addition to wider economic benefits
to the community. The evaluation should identify costs, benefits and risks in a framework
suitable for submission to Infrastructure Australia and State Government funding programs.

•

Identify a preferred delivery method for the project and seek initial feedback from potential
service providers. Outline the next steps necessary to implement the project.
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11. CONCLUSIONS
The conclusions drawn from this pre-feasibility study are that:
The objectives of the Pilbara Regional Water Plan can be met by the water supply schemes
proposed in this prefeasibility study.
The water surpluses generated from mine dewatering (currently 45- 92GL) can be utilised to
support the creation of localised rather than regional water supply schemes.
Potential borefields (currently 142 GL) could be developed in the aquifers of the region to
provide a long term supply to meet the demands of the Pilbara Region. Any shortfall could be
supplemented by drawing on unidentified resources or desalination.
The water quality in the aquifers of the Pilbara is generally of a high quality and in many
locations would not require any treatment other than to provide disinfection. Aquifers with higher
levels of total dissolved solids may also be used for providing water supply with approved levels
of treatment.
The water demand in the Pilbara is projected to increase from 90 GL/yr in 2007 to 214 GL/yr in
2031. The largest increase in demand is for the coastal region and in particular the South
Coastal sub-region mainly due to operation of Citic Pacific Mining at Cape Preston.
Direct capital cost estimates for the options commence at $74 million for an abridged concept.
The regional large scale and more complex options are probably not feasible but further
investigation of the localised components of these options is warranted.
This study identified the possible use of excess water supply generated from dewatering
activities at mine sites for the development of agricultural precincts within the vicinity of the
dewatering discharge. Water could be conveyed to agricultural precincts established at either
Newman or Woodie Woodie where there are significant land and water resources available, as
indicated in the table below.
Available Water from mine sites
(GL/yr)

Area (km2)
Newman

Woodie
Woodie

1) 745
2) 210
3) 1477

1) 33
2) 33
3) 33

1)
2)
3)
4)

1)
2)
3)
4)

66
25
75
52

15
15
15
15

It should be noted that potential agricultural area located adjacent to the main pipeline to these
agricultural precincts could be developed as this pipeline is constructed. There is considerable
potential agricultural area within the vicinity of this proposed pipeline which provides the
opportunity for these areas to be developed in a staged approach. In doing so, the capital cost
to construct the entire pipeline is deferred and only budgeted for as the agricultural precinct
expands. An abridged variation of Option 1a was investigated. A cost benefit analysis was not
conducted at the prefeasibility stage.
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Environmental assessment of the water supply scheme options showed that all options passed
through areas of environmental significance where approvals must be gained including areas
with potential Aboriginal heritage issues. However, considerable portions of each option pass
through existing infrastructural corridors which are likely to reduce potential issues associated
with gaining approvals.
Several options have the potential to provide a net benefit to the community.
The sensitivity analysis indicated that the key factors affecting the economic results include
whether borefield backup is required, the proportion of indigenous labour utilised, the level of
contingency and the benefit to mining companies of removing excess water.
Social and Environmental benefits achieved with water supply scheme implementation would
include:
•

Positive environmental impact from reduced mine water discharges to the environment.

•

Benefits to indigenous people by improving water supply to indigenous communities and
providing indigenous employment.

Five project delivery models were considered for implementation of the water supply scheme.
The models provide varying level of public and private involvement. Funding for the proposed
scheme can potentially be provided from a combination of sources including Federal
Government Funds (Infrastructure Australia) Western Australian Government Funds and Private
Industry Funding.
Further exploration of a number of these options would be required through the development of
a full feasibility study. The scope of work for such a study would include, but not be limited to:
•

water sources (volume & quality) assessment

•

demands assessment

•

analysis of potential options identified in Pre Feasibility Study

•

environmental approvals

•

economic analysis.

A cost benefit analysis of an abridged variation of Option 1a was not conducted. It was judged,
however, that, clue to the substantially reduced capital cost of the variation, the abridge option
should be investigated in more detail.
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Summary of Water Quality Parameters That May Influence Utilisation of Water Resources
of the Pilbara Region
1. Introduction
Data on the water quality and analyses of water resources in the Pilbara region was collected
from MWH files and from Department of Water reports and records. Many of the analyses were
conducted for private firms (including mining companies). It was assumed that information on
natural water samples were submitted government agencies to comply with water entitlement
provisions and for environmental assessments and, as such, is now public information.
Not all available information is summarised herein.
Available analyses varied relative to the number of parameters that were included. Many
analyses listed only 12 constituents. The most detailed available laboratory reports included 38
constituents. A 16 parameter laboratory report is included as an example of typical analysis
data.
Very few water samples that were taken were analysed for microbiological parameters. It may
be assumed, however, that most groundwater samples taken from test bores and operating
bores would have been negative in respect to pathogenic organisms or to indicator organisms
(E.coli) based on experience elsewhere in the state and local data.
Most groundwater that may be pumped from formations in the Pilbara would be safe to drink
even if there was no disinfection.
In many instances untreated bore water from Pilbara would comply with Australian Drinking
Water Guidelines and could be legally bottled and sold as natural mineral water.
On the other hand, surface water sources were often exceptionally turbid during pluvial period
and would require clarification, filtration and disinfection for domestic (potable) use.
Many of the test bore samples were taken from geological formations generally designated as
the Wittenoom Formation. In many instances, test bore samples were taken from mineralised
iron measure or adjacent formations and aquifers. One of the remarkable aspects of natural
water from the Wittenoom Formations and Pilbara groundwater in general is the exceptionally
low concentrations of iron and manganese.
2. Total Dissolved Solids (TDS)
Total dissolved solids (TDS) content of water resources is the most critical parameter for
determining the potential use (and value) of water resources in Australia. Water resources with
a TDS of less than 1000mg/L may be classified as fresh water. (MWH textbook Water
Treatment Wiley, 2005 page 18). Under Australian Drinking Water Guidelines, 2004, water in
excess of 1000mg/L TDS, is listed as unacceptable (based on taste). From a practical water
resources perspective, however, water in the range of 1000 to 1500 mg/L TDS is valuable and
could be used for many industrial and agricultural purposes plus blending (supplementing) with
other water sources. It also could be safe for use in public water systems during water
shortages and emergencies.
Surface water in the Pilbara covers a broad range of TDS (50 to 1200mg/L). A report by Dept
of Water (SWH 32, 2000) indicated a region-wide flow-weighted computation of 157mg/L TDS.
Flow weighting provided an optimistic figure. The median TDS would be closer to 400mg/L. If
there were impoundments, (long-term open storage) evaporation may raise TDS to above
1000mg/L. Never the less, the TDS of surface waters in the Pilbara is generally lower than the
southwest of WA.
Selection of preferred (low TDS) sources and management of available sources in some
locations, could result in development of surface sources with a median TDS of less than
500mg/L. A TDS range of 400 to 800mg/L appears to be an appropriate goal for public water
supplies in the region.
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Table AB 1 Typical Pilbara Water Analysis

Groundwater quality in the region is more predicable than surface water, based on TDS. A
review of more than 127 analyses from test bores (mainly from Wittenoom dolomites and
adjacent formations) indicated a range of 150 to 1000 and a mean of 480mg/L TDS. In coastal
area there are formations with typical TDS levels in the range of 500 to 1500mg/L.
Typical mean TDS data for various Pilbara locations are:
Mean

Range

Hope Downs 4 (2005)

335mg/L

210 to 770 mg/L

Hope Downs 4 (2005)

375mg/L

150 to 830 mg/L

Bungaroo (2005)

220mg/L

180 to 360 mg/L

Yandi (2004)

670mg/L

500 to 1000 mg/L

Nammuldi (2004)

475mg/L

340 to 860 mg/L

Marandoo (2005)

567mg/L

500 to 620 mg/L

3. Conductivity
Water is not a good conductor of electricity. Conductivity in distilled water is low but it increases
as water becomes more mineralised. Conductivity is a simple, quick and inexpensive test. It can
be measured on site or in a laboratory with a probe immersed in a water source or in a
container.
Most analyses of both surface and groundwater include a conductivity figure in µS/cm (micro
Siemens per centimetre).
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The conductivity is a comparable parameter. It is a practical guide to TDS. The factor for
converting conductivity to TDS varies from approximately 0.55 to 0.9. In the Pilbara, the range is
generally between 0.6 and 0.8. The factor for a water from a common source is normally
consistent (in a narrow range) say plus or minus 2%.
4. Turbidity
Turbidity is the indication of the cloudiness (or relative clarity) of water. It is an expression of the
optical property that causes light to be scattered. The unit of measurements is “nephelometric
turbidity units” (NTU). “Nephelometric” means cloudiness measurement. NTU is not a weight
measurement. Turbidity is an important indicator of the potability (safety).
The Australian Drinking Water Guidelines from turbidity is 5 NTU max. The preferred level is 1.0
NTU.
In the Pilbara, most groundwater from established (developed) bores is less than 1.0 NTU.
Turbidity data from bores is limited. Water samples taken during pump testing are not indicative
of long term quality.
Surface waters in the Pilbara may vary from 5 NTU (for certain pools) to more than 1000 NTU
for flood waters.
The principal components of turbidity in Pilbara surface waters include clays, silica and fine
ferric oxide particles, which are normally, less than one micron in diameter. Highly turbid natural
waters can also carry high counts of microorganisms.
It is important to note that turbidity is not a measure of suspended solids. Total suspended
solids is a measurement (by weight) of larger particles that would normally settle out of water
within 10 minutes. Turbidity, on the other, may take days (or even weeks) partially clarify.
The reason for the delay in settling of turbidity is due to the fact most clay particles in water
have a negative charge on the surface, which repels other particles and prevents contacts and
gravity settling. When coagulants (or cationic polymers) are mixed with turbid water, water will
clarify in a shorter period (typically less than 1 hour).
In summary
• Some groundwater sources in the Pilbara are low in turbidity and may not require treatment
to reduce turbidity.
• Surface water in the Pilbara is often very turbid during high flow events. Most surface water
would require treatment (clarification, filtration or other processes) to remove turbidity.
• Most available groundwater analyses did not include turbidity data. If a source were
proposed for public water systems, stepped rate pumping and 72 hour constant flow tests
and turbidity monitoring would be required.
• Turbidity monitoring of treated surface water sources or natural groundwater sources would
be required for potable use.
5. Sodium and chloride
The source of sodium (Na) and chloride (Cl) in Pilbara waters is principally from “sea salt
aerosols” (residual of sea spray blown inland from the coast). Within the study area there is only
one major salt lake (Fortescue Marsh). It is a land-locked area that does not normally discharge
to the ocean.
In sea water, sodium and chloride make up 86 percent of all dissolved solid. In fresh water in
the Pilbara, the percentage is normally lower, in the range of 15 to 30 percent of TDS.
The Australian Drinking Guideline for sodium (Na) is 180mg/L and for chloride (Cl) is 250mg/L.
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There does not appear to be problems on the use of groundwater (or treated surface water) for
public water systems due to sodium or chloride. Potential irrigation use may require soil and
sodium ratio evaluations on a case by case basis.
6. pH
Most groundwater analyses in the Pilbara indicate pH readings in the range of 7.5 to 8.0, which
is normal and ideal for most potential uses. Available data indicates that groundwater is
generally well buffered and pH would be stable.
Surface water is less predictable. During pluvial events surface flows may be low in pH, say 6.0.
Under median flow conditions pH will generally stabilise in the 7.0 to 7.5 range.
There will be a need for a case by case investigation of any potential surface water source.
There is the possibility of the need to add lime during treatment of surface waters to ensure a
stable pH. (See following comments on corrosion potential). Also chlorination disinfection
requirements can dictate appropriate pH levels. For free chlorination, a pH below 8.0 is
generally preferable. For chloramination (combined with ammonia), a pH of 8.3 is optimum.
The drinking water guideline for pH is 6.5 to 8.5.
The area where pH may become critical is in respect to corrositivity. A corrosion index for any
source can be calculated based on four parameters;
• Hardness (as CaCO3)
• Alkalinity (as CaCO3)
• pH
• Temperature
Most groundwater from dolomite (Wittenoom) or adjacent formations are not corrosive.
There could be a need to adjust surface water sources to reduce corrosion potential. Normally
water sources with hardness levels in excess of 150mg/L CaCO3 and pH above 7.5 are not very
corrosive. Low TDS soft waters tend to be corrosive and may need adjustment to be suitable for
domestic, commercial and industrial use.
The usual method of correcting for corrosion potential would be to raise the pH (with lime or
caustic soda) and/or raise the calcium content (with lime). Groundwater would be stable on a
year round basis but surface waters may vary on a seasonal basis.
7. Iron and Manganese
One of the remarkable aspects of almost all Pilbara water is the fact that they are generally very
low in iron and manganese. Most analyses of groundwater samples in the region show iron (Fe)
below the normal detectable concentration (0.02mg/L Fe). Where data is available, manganese
(Mn) is also normally low.
Iron and manganese are generally absent from water that has a positive dissolved oxygen (DO)
content. Surface waters generally have a positive oxygen content and iron and manganese if
present, are in a non soluble oxidised (turbidity and suspended solids) form.
The reason for the lack of soluble iron in most Pilbara water sources is due to climatic factors. In
the Pilbara, vegetation cover is relatively sparse when compared to more pluvial areas. Low
vegetative cover results in limited bush litter and low available soluble organics. Also, the high
intensity (but infrequent) rainfall events mean that infiltration water generally has a low organic
content and thus a low Biological Oxygen Demand (BOD).
When BOD is lower than dissolved oxygen (DO) percolated water reaches the water table with
sufficient oxygen to prevent the groundwater from becoming anaerobic (most groundwater in
medium to high rainfall areas are anaerobic because biological degradation of organics uses up
all available oxygen).
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In the Pilbara, where iron (and manganese) is abundant, groundwater does not tend to dissolve
any form of iron (or manganese) because the presence of oxygen causes the metal oxides to
remain oxidised and thus insoluble.
In the Perth Basin and other groundwater regions of the south west, trace amounts of iron in the
soil are dissolved by anaerobic water and create subsequent problems when exposed to air.
The principal problem with the use of iron bearing water is the discoloration of buildings due to
irrigation water carry over.
There are no health risks with iron. The Australian Drinking Guideline for iron is 0.3 mg/L. The
guideline is based on taste and aesthetic (discoloration) consideration.
The lack of iron in Pilbara groundwater is a bonus and in most cases, physical treatment of
groundwater will not be necessary.
8. Nitrate
The Drinking Water Guideline for Nitrate (NO3) is 50mg/L.
A review of 118 analyses of Pilbara groundwater indicated that no water sample exceeded 25
mg/L NO3. The average was 4.0 mg/L and a third of all samples were less that 1.0 mg/L
There is no issue with natural levels of nitrate in the Pilbara groundwater.
There could, however, be a risk of contamination from mining operations. Large quantities of
ammonium nitrate (NH4 NO3) are used for blasting operations. The quantities used in the
Pilbara could be in the order of 20 000 tonnes per year. The amount that may be “lost” to the
environment, due to spills, misfiring and residuals, could cause a measurable contamination. If
1000 tonnes were “lost” it would be sufficient to contaminate 18 GL/yr (to 50 mg/L). Such an
event is highly unlikely.
The risk of localised contamination, however, is real. There would need to be constant
monitoring, especially downstream of mining operations.
9. Silica
Silica occurs in both Pilbara surface waters and groundwater but it is normally not included in
analyses. When it is listed, it is reported as Silicon (which is the element form) but listed as Si02
(silica). Silica is insoluble and exists in natural waters as a very fine suspended material or in a
colloidal form. It is not toxic and has no health impacts.
It is not adverse for irrigation. It may be adverse for certain industrial uses and as a feedwater
for membrane demineralisation. Levels of silica in Pilbara groundwater may be high (60mg/L)
but, except for limited industrial or demineralisation uses, there are no consequences.
10. Alkalinity
Alkalinity is the measure of the ability to resist changes in pH. The term is interchangeable with
“buffering capacity”. Alkaline waters are more chemically stable than non alkaline waters, such
as rain water. In the Pilbara, groundwater are often classified as alkaline waters whereas
surface water, especially during pluvial events, are non alkaline.
Alkalinity is not always included in analyses. It is however closely related to hardness (which is
listed in all analyses). Alkalinity is not listed as a contaminant in the Australian Drinking Water
Guidelines.
11. Hardness
There are no adverse health impacts relative to hardness. The Australian Drinking Water
Guidelines established a limit of 200mg/L CaCO3. The guideline is based on minimising
deposits (scaling) in hot water systems.
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See attached brochures, “hardness in Water” by the Australian Water Association.
Hardness in the Pilbara is usually associated with groundwater derived from the Wittenoom, or
adjacent formations. Such waters are hard, generally 200-400mg/L CaCO3.
Elsewhere, groundwater may be moderately hard, typically 100 to 200 mg/L CaCO3.
In regions where hardness exceeds 200 mg/L, it may be possible to maintain a suitable
hardness limit through selective bore operation. In other locations, or regional schemes,
blending from different borefield may be required to maintain a suitable limit. (Hard waters are
optimum blend water for desalinated water).
In some instances, softening may be appropriate for public schemes. Individual softeners on hot
water systems could be an option for residences where mean annual hardness exceeds 200
mg/L CaCO3. In addition to hot water system scaling, problems with soap scum and less
efficient cleaning are mentioned as hardness adversities.
There may be instances when hard water is a problem for industrial use but for many
applications, such as dust control, it is not an issue. Hardness may be an issue with irrigation of
certain plant species and/or soil types. It is not an overall problem and many plants do not
display adversities.
12. Sulphate
The Australian Drinking Water Guidelines state that the concentration of sulphate (SO4) should
not exceed 250mg/L. Groundwater in the region are generally in the range of 10 to 110mg/L
and a mean of 50mg/L SO4. Within that range there are no health impacts and normally no
impacts with industrial or agricultural use. The concentration of sulphate in Pilbara surface water
is lower, typically 10 to 25 mg/L.
Sulphate contributes to the total hardness of Pilbara waters (non carbonate hardness). Sulphate
hardness (non carbonate hardness) is marginally more difficult to remove from water. It is,
however, not an issue when hardness is reduced by blending or by means of ion exchange
process.
13. Microbiological Contamination
There are fundamental differences between the levels of microbiological contamination of
surface waters and groundwater. Surface Water in the Pilbara must be regarded as being
contaminated with potential pathogenic organisms, even though population densities are very
low. On the other hand, groundwater drawn from encased bores in homogenous (non
cavernous) formations will normally be free of pathogenic organisms.
All surface water sources in the region are at risk of contamination from human sources and
animal sources. Also the risk of microbiological contamination is higher (and the efficiency of
disinfection is lower) when turbidity exceeds 5 NTU (See Section 3).
In addition to human and animal source pathogens, there is a relative rare organism, Naeglaria
fowleri that is a risk in the Pilbara. It is a risk because the organism can grow in water with a
temperature range of 25 to 40°C. It is not present in groundwater but it can develop in pipelines
and reservoirs. Naeglaria can be controlled by chlorination.
As noticed above, groundwater sources are normally free of pathogenic organisms if drawn
from encased and sealed bores. It is, however, a policy to disinfect all public water supplies to
minimise risks.
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Most water samples taken during pumping tests at mine sites were not assessed for
microbiological data. Seven tests for “Thermophilic naegleria” were conducted (2006 and 2007)
on samples from the camp water supply at Yandicoogina. Naeglaria was “not detected” in any
sample.
14. Bicarbonate
Bicarbonate (HCO3) is usually listed in water analyses but it is not included in the Australian
Drinking Water Guidelines. Bicarbonate is related to carbonate (CO3) and also is not listed in
the Australian Guidelines.
Bicarbonate is not a fixed (permanent) parameter. It exists principally between pH 6 and pH 10.
Rain may contain 10 mg/L bicarbonate. Surface streams seldom exceed 200 mg/L bicarbonate.
Bicarbonate in water is seldom considered to be detrimental.
In Pilbara groundwater, bicarbonate may vary from 90 to 480 mg/L. High Bicarbonate readings
are in Pilbara groundwater usually correlate with high hardness (as CaCO3).
15. Potassium
Potassium is listed in most Pilbara water analyses but it is not included in the Australian
Drinking Water Guidelines. In surface waters in the Pilbara, Potassium averages less than 2.0
mg/L. In groundwater it is usually in the range of 5 to 25 mg/L but there are samples outside of
the range. In practice potassium is similar to sodium. There does not appear to be any health
consequences except that at concentrations above 1000 mg/L it may be cathartic. Potassium
permanganate is a common disinfectant used at concentrations of less than 10 mg/L.
16. Arsenic
The Australian Drinking Water Guidelines (2004) state that “…the concentration of arsenic
should not exceed 0.007 mg/L”. It was not possible to determine if the reviewed samples
complied with this guideline value. Reference to arsenic in groundwater at the Aboriginal
community of Mingullatharndo near Roebourne in Section 9.2 of this report, should be
investigated further to determine its veracity.
Arsenic in groundwater is often associated with anaerobic conditions and dissolved iron. As
noted in item 7 above, most groundwater sources in the Pilbara are free of dissolved iron due to
the presence of dissolved oxygen. Consequently, Pilbara groundwater would be expected to be
low in dissolved arsenic. Detailed analyses of potential water sources - including analysis for
arsenic - should be conducted should this study continue to the feasibility stage.

BUILDING A BETTER WORLD

Appendix A 7

www.mwhglobal.com.au

PREFEASIBILITY STUDY

Appendix B

Capital Cost Estimates

Appendix B:1

Project Total Capital Cost Estimates ($million AUS)

1

Appendix B:2

Newman Mine Discharge Pipeline Cost Estimates ($million AUS)

2

Appendix B:3

Newman Borefield and Pipeline Cost Estimates ($million AUS)

3

Appendix B:4

Newman Mine Discharge Pipeline and Borefield and Pipeline Cost Estimates
($million AUS)
4

Appendix B:5

Woodie Woodie Mine Discharge Pipeline and Borefield and Pipeline Cost
Estimates ($million AUS)
5

Appendix B:6

Woodie Woodie Borefield and Pipeline Cost Estimates ($million AUS)

6

Appendix B:7

Woodie Woodie Mine Discharge Pipeline Cost Estimates ($million AUS)

7

Appendix B:8

Desalination Plant and Pipeline Cost Estimates ($million AUS)

8

Appendix B:9

Cape Preston Desalination Plant and Pipeline Cost Estimates ($million AUS)

9

Appendix B:10 Karratha/Dampier and Cape Lambert Desalination Plant and Pipeline Cost
Estimates($million AUS)
10
Appendix B:11 Port Hedland Desalination Plant and Pipeline Cost Estimates ($million AUS)

11

Appendix B:12 Pilbara Water Prefeasibility: Concept Design Options - Yandicoogina Mine
Discharge Pipeline Cost Estimates
12
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GENERAL
This section summarises key elements related to the cost estimates undertaken as part of the
Pilbara Coast Prefeasibility Study conducted by KBR in 2008/2009. While this section provides
key features, it should be read in conjunction with the Cost Estimates workbook and with
reference to Concept Design maps 1a, 1b, 2a-2g and 3a-3d.pdf to ensure full understanding of
the scope of the work these cost estimates reflect. Importantly, the cost format presented
reflects pricing and work methods as deployed by a private commercial entity.
ESTIMATE PURPOSE
The purpose of the estimate is to establish a capital cost basis for options considered in the
Pilbara Coast Prefeasibility Study (2008/9) for harnessing mine discharge water for the purpose
of meeting the water demand of the Pilbara and to assist the Government of Western Australia
Department of Water in the assessment of the viability of these options with the view of
progressing to a feasibility study.
ESTIMATING METHOD
The estimate has been developed using cost curves factored from previous studies, with
updated costs for MSCL and HDPE pipes and installation costs based on a percentage of pipe
supply costs. The project team has also derived total costs for desalination plants using
published total costs for Australian desalination plants. These cost estimates for the Pilbara
Coast Prefeasibility Study have been developed to an Order of Magnitude level with a nominal
accuracy of ±50%. It must be noted that the study was classified to Prefeasibility level by the
Government of Western Australia Department of Water.
FOREIGN CURRENCY
Foreign currency was not applicable to the estimates.
The detail estimate has been developed by native currency with the final costs presented in
Australian Dollars (AUD).
ESTIMATE STRUCTURE
The estimates were compiled using Excel spreadsheets.
The estimates for the Pilbara Coast Prefeasibility Study have been presented to reflect the
works being conducted by a private commercial entity. The cost estimates include direct
(including a location factor of 1.6) and indirect costs. The direct costs are comprised of mine
discharge pipelines, borefields and pipelines, desalination pipelines, pumping stations, tanks
and contractors preliminaries. Indirect costs include construction costs, provisional sums and
quantities, EPCM costs, owner’s costs, desalination plants, contingency and escalation.
ESTIMATE BASE DATE
The estimate is presented at market conditions as at January 2009.
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DESIGN BASIS
Documentation used in preparing the estimates included:
•
•
•
•

Analysis of Pilbara water demand points
Interpretation of GIS data
Interpretation of longitudinal profiles of all pipeline routes
Hydraulic analysis

DIRECT COSTS
Quantification
Quantities were developed by the design engineers from area maps and longitudinal profiles.
These were based on the assumed path of following existing roads and railways for any
pipework and associated infrastructure. There has been no geotechnical surveying done at this
stage and an allowance of 20% has been made for rock excavation and to import sand for pipe
bedding.
Estimate Pricing
The unit prices that have been applied to the above quantities were derived from a combination
of the following:
•

Budget quotation for pipe materials

•

Estimated from historical data of similar project

•

Factored from previous project based on capacity/relationship.

Quotations for the supply of MSCL (Tyco International) and HDPE (Vinidex) pipe were obtained.
These were compared with historical data.
Pipe installation costs were calculated as a percentage of pipe supply costs based on Water
Corporation and historical data. Pipe installation as a percentage of pipe supply costs was
plotted against pipe diameter and used to develop installation costs. The pipe installation costs
reflect installation of pipe in farmland.
Costs for borefield development and contractor preliminary costs (3% of direct costs) were
factored from previous projects.
Total desalination costs for Australian desalination plants were reported by Wittholz et al.
(2008). The project team validated these published data using recent projects in addition to the
reported total project costs for Perth, Queensland and South Australian desalination plants. A
location factor of 1.6 was applied to the literature and other desalination plants total costs. The
total costs for the Perth, Queensland and South Australian desalination plants were also
escalated to January 2009 before all the data were plotted against capacity to form a cost
curve. Based on the information provided, these factored desalination estimates would include
EPCM costs but not owners' costs, which have been included at 5% of the total costs in the
construction of the cost curve. Accordingly, the desalination costs are included in the indirect
costs immediately prior to escalation and contingency.
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DIRECT WORKS PRICING
Plant equipment
The quotation for MSCL included for supply and delivery FOT site. The quotation for HDPE did
not include for delivery FOT site and this has been calculated using historical Vinidex freight
data. Unloading for MSCL and HDPE is included in pipe installation costs.
INDIRECT COSTS
TEMPORARY WORKS
The estimates include for the establishment and removal of all non-permanent facilities required
to be provided on a common project basis to support the construction effort. This includes the
provision of temporary access roads and construction laydown areas, security fencing, on site
project management offices, ablutions and warehouse, installation and connection of service
utilities and the like. These costs have been included in the contractors preliminaries (3% of
direct costs for the cost estimates) based on historical relationships for similar projects.
Contractors are expected to provide their own temporary offices and workshops and connect up
to the project provided service lines.
CONSTRUCTION SUPPORT SERVICES
Construction support services includes such items as maintenance and operation of the
temporary facilities, overall project HSE consumables, EPCM small tools, PPE and equipment
as well as common site services such as survey, geotech, first aid and emergency services,
workforce transport to and from the work site, security, waste collection and disposal, free issue
material handling and storage etc. These costs have been included in the contactors
preliminaries cost estimates (3% of direct costs for the cost estimates) based on historical
relationships for similar projects.
Construction indirect costs (7% of direct costs) have been factored from previous projects and
include provision for camps for the work force, security, maintenance crews, camp
maintenance, water consumption, power consumption, catering and laundry.
PROVISIONAL SUMS AND QUANTITIES
Provisional sums and quantities (including for 20% rock excavation, backfill, dewatering,
material testing etc) have been factored from ’s previous projects. The provisional sums and
quantities estimates also include for 1 river crossing/100 km of pipeline and for cathodic
protection of MSCL pipe.
EPCM
EPCM services include all staffing costs, travel expenses, sub consultants and office
consumables associated with detail design, procurement, on and off-site project management
and commissioning assistance for the implementation phase of the project.
Establishment, fit-out, outgoings and computing associated with a project specific off-site office
are excluded from this category and deemed to be included as part of the Owner’s costs.
For this Prefeasibility stage, an allowance for EPCM costs has been included in the estimate as
a 15% of total direct cost based on historical relationships for similar projects. It is anticipated
that a single entity will be provide all EPCM services and requirements.
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OWNERS COSTS
Owners' costs have been included as an allowance of 5% of direct and indirect costs as based
on the project team’s historical experience. These costs include:
• Owners project management team;
• Off-site project office costs including any project office or site office set up and operation
required for the owners team;
• Project computing requirements;
• Technical consultants;
• Community support and consultation;
• Legal and other commercial costs;
• Project insurances taxes and duties;
CONTINGENCY
An amount of contingency has been provided in the estimates to cover anticipated variances
between the specific values given in the base estimate and the final actual project cost in order
for the total estimated value to represent the most likely outcome.
It is expected that, should the project proceed, all contingency monies will be spent in the
execution of the project. It is noted that contingency is not intended to cover changes from the
stated design performance, nor is it intended to cover the qualifications and exclusions listed.
A contingency amount has been included at the rate of 25% for of all costs estimated above.
ESCALATION
Escalation has been included based on the cost indices provided by the Department of Housing
and Works, where the indices reflect fluctuations in the cost of non-residential building in the
Perth metropolitan area. Escalation has been calculated from the base date of January 2009 to
the mid-point of construction of January 2012. The escalation calculated for this time period is
21.65%. The reported total project costs for Perth, Queensland and South Australian
desalination plants have been escalated to the base date.
COMMISSIONING
Plant commissioning over and above normal mechanical completion activities is a team effort
between all major parties including Vendor Representatives, EPCM staff, Owners management
team staff and the Operator. As such commissioning costs are not separately identified in the
estimate as a specific facility but are dealt with as follows:
• Vendor representation and commissioning consumables have been included in the supply
cost of each relevant item of equipment.
• Manual labour assistance is deemed to be included in the Construction Support Services
allowance.
• EPCM commissioning staff are included in the EPCM services percentage allowance.
• Owner’s team and operator costs are excluded from this estimate.
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QUALIFICATIONS AND ASSUMPTIONS
The estimate has been based on the following underlying assumptions:
• The project would be delivered using a single (EPCM) engineering, procurement and
construction management contractor acting as agent for the Owner. Construction will be
carried out by multiple specialist trade contractors won on a lump sum or unit rate basis, with
rates and conditions similar to those currently in place on similar projects in the Pilbara
region;
• Design, construction and equipment delivery activities will proceed under reasonable
construction timeframes and no acceleration components will be introduced;
• Construction will generally occur on a single shift basis with no interruptions from industrial,
political or other civil causes;
GENERAL ASSUMPTIONS
• Sufficient power supply is available or will be provided by others. This could be a significant
cost and should be considered for investigation in any future studies;
• Any power connections required for interfacing with power grids will be provided by others;
• Assume that access to pump stations, holding tanks, pipelines and borefields will be
available due the majority being constructed along existing infrastructure (road and railway)
routes;
• Location factor based on Perth base and a factor of 1.6 has been applied to the cost
estimates;
• Assumed 20% rock excavation in pipeline trenches;
• Pipeline trenches are no more than 2m deep;
• Assumed one river crossing/100 km and dewatering 200m either side of river;
• Installation costs reflect installation of pipe in farmland;
• Assume that for site clearance, no items require removal from site;
• Assumed no water treatment required.
EXCLUSIONS
The following exclusions apply:
• No costs associated with the development of agricultural areas or costing of associated
infrastructure has been included;
• No water treatment has been estimated;
• Traffic control and costs due to delays caused by rail and road traffic;
• Any adverse affect due to the proximity to railways;
• Costs for grades greater than 10%;
• Cultural heritage and environmental, cost and schedule related issues;
• Provisions for extended periods of industrial unrest or inclement weather;
• Goods and Services Tax (GST);
• Ramp up costs;
• Land & easements;
• Allowance for acid sulphate soils;
• Sunk costs such as pre-feasibility and feasibility study costs.
.
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Appendix B:1 Project Total Capital Cost Estimates ($million AUS)
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Appendix B:2 Newman Mine Discharge Pipeline Cost Estimates ($million AUS)

BUILDING A BETTER WORLD

www.mwhglobal.com.au

PREFEASIBILITY STUDY
PILBARA INTEGRATED WATER SUPPLY

Appendix B:3 Newman Borefield and Pipeline Cost Estimates ($million AUS)
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Appendix B:4 Newman Mine Discharge Pipeline and Borefield and Pipeline Cost Estimates ($million AUS)
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Appendix B:5 Woodie Woodie Mine Discharge Pipeline and Borefield and Pipeline Cost Estimates ($million AUS)
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Appendix B:6 Woodie Woodie Borefield and Pipeline Cost Estimates ($million AUS)
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Appendix B:7 Woodie Woodie Mine Discharge Pipeline Cost Estimates ($million AUS)
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Appendix B:8
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Appendix B:9 Cape Preston Desalination Plant and Pipeline Cost Estimates ($million AUS)
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Appendix B:10 Karratha/Dampier and Cape Lambert Desalination Plant and Pipeline Cost Estimates($million AUS)
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Appendix B:11
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Appendix B:12
Pilbara Water Prefeasibility: Concept Design Options Yandicoogina Mine Discharge Pipeline Cost Estimates
Description

Variation 1a

Direct Costs
Mine W ater Pipelines

$
Yandicoogina
W oodie W oodie

18,185,030
0

Yandicoogina
W oodie W oodie

0
0

Cape Preston
Karratha/Dampier & Cape Lambert
Port Hedland
Pumping Stations
Mine W ater Pipelines
Yandicoogina
W oodie W oodie
Borefields & Pipelines
Yandicoogina
W oodie W oodie
Desalination Pipelines
Cape Preston
Karratha/Dampier & Cape Lambert
Port Hedland
Tanks
Mine W ater Pipelines
Yandicoogina
W oodie W oodie
Borefields & Pipelines
Yandicoogina
W oodie W oodie
Subtotal

0
0
0

0
0
21,132,939

Contractors Preliminaries: Note 1 (at 3% as per
recent projects)
Direct Cost Total (without location factor)

633,988
21,766,927

Borefields & Pipelines

Desalination Pipelines

Direct Cost Total (w ith location factor;
no desal plants)
Indirect Costs
Construction Indirect Costs: Note 2 and Note 3
(at 7% as per recent projects)
Provisional Sums & Quantities: Note 4
Mine W ater Pipelines
Yandicoogina
W oodie W oodie
Borefields & Pipelines
Yandicoogina
W oodie W oodie
Desalination Pipelines
Cape Preston
Karratha/Dampier & Cape Lambert
Port Hedland
Subtotal Provisional Su ms & Q uan tities
EPCM Costs (at 15%)
Subtotal

13,081
0
0
0
0
0
0

2,934,828
0

34,827,084

2,437,896

4,165,071
0
0
0
0
0
0
4,165,071
5,224,063
46,654,114

`
Note 1: Includes costs for: Temporary Construction Facilities Services - Office, Ablutions; Project Accomodation - Construction; Construction
Support Services and FAC Operation - Professional and miscellaneous services survey and testing; Construction Equipment Tools and
Supplies - Construction Equipment mobilisation/demobilisation to and from site; other miscellaneous costs
Note 2: Includes camps for work force @ $85,000 per person
Note 3: Includes security, maintenance crew, camp maintenance, water consumption, power consumption, catering and laundry
Note 4: Includes provisions for 1river crossing/100km (includes location factor 1.6), extra over common excavation and backfill (20% rock
excavation) and disposal of rock, retaining wall support excavations, dewatering, material testing etc
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Appendix C

Calculation of CO2 Equivalents
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Appendix D

Evaluation of Delivery and Funding Models
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EVALUATION OF DELIVERY AND FUNDING MODELS

DELIVERY MODEL

DESCRIPTION

ASSET OWNERSHIP FUNDING, AND
SOURCE OF RETURN

EVALUATION

1. Development, ownership and
operation by State agency

State agency:

Ownership:

State

If State agency is Water Corporation:

•

Funding:

State

•
•
•

designs and constructs pipeline
infrastructure (calling tenders for materials
and construction contracts)
operates and maintains infrastructure
acquires water from mines, desalination and
borefields
supplies water to regional towns, mining and
mineral processing operations, agriculture
and power generation

‐

experienced operator with existing
infrastructure.

‐

existing water supplier with
established customer base and well
developed customer service facilities

Source of return to asset owner:
Revenue from water users

Significant State funding requirement during a
period of low economic activity, reduced
royalties from mining and restricted access to
capital markets
State agency bears construction time and cost
overrun risks
State agency bears demand and operating risks

2. Development by State agency
with transfer to a private owner
for operation

State agency:

Ownership:

Private owner

•

Funding:

Private owner

•

designs and constructs pipeline
infrastructure (calling tenders for materials
and construction contracts)
sells the infrastructure to private owner

Private owner bears demand and operating risks
Private owner has scope to develop market for
water and to invest in pipeline infrastructure to
serve that market

Government calls for expressions of interest in
pipeline development and acquisition of Water
Corporation assets in the Pilbara, from private
sector, and selects bidder able to meet project
specification at least estimated cost.

Ownership:

Private owner

Privately funded

Funding:

Private owner

Short term cash flow benefit to State from sale of
assets

Private owner:

Revenue from water users

•
•
•

•
BUILDING A BETTER WORLD

Initial requirement for funding by the State

Revenue from water users

Private owner:

3. Competitively establish a
regional utility, transfer all
existing assets to utility

Source of return to asset owner:

Water Corporation knowledge and expertise
would facilitate rapid project implementation

operates and maintains infrastructure
acquires water from mines, desalination and
borefields
supplies water to Water Corporation for
regional towns, to mining and mineral
processing operations, to agriculture and to
power generation

Source of return to asset owner:

Private owner bears construction time and cost
overrun risks
Private owner bears demand and operating risks

designs and constructs pipeline
Appendix D 1
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DELIVERY MODEL

DESCRIPTION
•
•
•
•
•

4. Competitively establish a bulk
water supplier

EVALUATION
Private owner has scope to develop market for
water and to invest in pipeline infrastructure to
serve that market

infrastructure
acquires existing Water Corporation assets
operates and maintains existing assets and
new pipeline infrastructure
acquires water from mines, desalination and
borefields
acquires Water Corporation water supply
assets in Pilbara
supplies water to regional towns, mining and
mineral processing operations, agriculture
and power generation

Political risk for Government associated with
State removing itself from provision of an
essential service in an economically important
region

Government calls for expressions of interest in
pipeline development and provision of bulk water
supplies in Pilbara, and selects bidder able to
meet project specification at least estimated
cost.

Ownership:

Private owner

Privately funded

Funding:

Private owner

Private owner bears construction time and cost
overrun risks

Private owner:

Revenue from users of large volumes of water

•
•
•
•

5. Competitively establish a
pipeline company, water users
negotiate directly with bulk water
suppliers

ASSET OWNERSHIP FUNDING, AND
SOURCE OF RETURN

Source of return to asset owner:

Private owner has scope to develop market for
water and to invest in pipeline infrastructure to
serve that market

designs and constructs pipeline
infrastructure
operates and maintains infrastructure
acquires water from mines, desalination and
borefields
supplies water to Water Corporation for
regional towns, to mining and mineral
processing operations, to agriculture and to
power generation

Government calls for expressions of interest in
pipeline development and provision of bulk water
supplies in Pilbara, and selects bidder able to
meet project specification at least estimated
cost.

Ownership:

Private owner

Privately funded

Funding:

Private owner

Private owner bears construction time and cost
overrun risks

Private owner:

Revenue from sale of pipeline services

•
•

Source of return to asset owner:

designs and constructs pipeline
infrastructure
operates and maintains infrastructure

Private owner has scope to develop market for
water and to invest in pipeline infrastructure to
serve that market
Allows for introduction of an active bulk water
market as promoted by the Economic Regulation
Authority
“Third party access” model not widely used in
water industry
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