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This Report is an updated version of the Final Report delivered and accepted by the Government of 

Western Australia, Department of Water, on 22 September 2010.  It reflects editorial revisions to 

prepare the report for publishing on the Department of Water website.  

This Report was prepared for, and at the request of, the Government of Western Australia, and solely 

for the Government of Western Australia's strategic planning purposes.  It is not intended for the 

private use of any third party, and no third party should rely upon the contents of this Report under any 

circumstances. This Report is not to be relied upon by any individual, financier, investor, property 

owner, or other third party, and any such reliance by such party would be misplaced. Each third party 

should undertake their own independent investigation of the subject matters dealt with in this Report, 

and URS Australia Pty Ltd accepts no liability of any kind for the use of this Report by anyone other 

than the Government of Western Australia Department of Water.   

The issuance of this Report is subject to the Limitations statement contained herein, which should be 

carefully reviewed.  URS Australia Pty Ltd consents to the publishing of this Report on the Department 

of Water Website with the understanding that third parties who review this Report will do so at their 

own risk and will release URS Australia Pty Ltd from any liability arising from their review of this 

Report and from the contents of the Report. 
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Executive Summary 

Objectives 
The Minister for Water sought an independent engineering assessment of the feasibility of treating 

large saline reserves east of the Darling Escarpment, which was managed by the Department of 

Water (DOW).  The Cabinet approved Terms of Reference were as follows. 

1. Assess the engineering options for water supply or to recover and protect waterways from 

salinisation. 

2. Identify large saline water reserves, identifying reliable yields, able to be abstracted/harvested 

using engineering technologies. 

3. Assess the quality characteristics of those large saline water reserves, including brackish 

water, with reliable yields. 

4. Identify and evaluate options for treatment at source (including waste disposal) to produce 

potable and industrial water using various technologies. 

5. Provide an indicative cost analysis of the identified engineering, treatment and waste disposal 

options for recovery of useable water from the large saline reserves. 

6. Make recommendations in regard to the feasibility of treating large saline water reserves at 

source east of the Darling Escarpment for potential use. 

Water resource management in the broadacre agricultural areas east of the Darling Scarp is being 

driven by increased levels of seasonal water logging on valley floor soils and rising saline groundwater 

levels beneath farming land, important natural heritage, linear infrastructure and rural towns, 

complemented by a growing awareness of potable water scarcity in the south west of the state.  The 

concept of developing a productive use for this saline water, in order to supplement existing potable 

supplies and reduce the threat to economic and natural assets in the agricultural areas is attractive. 

Methodology 
The Project was led by URS with feedback and guidance sought from a Steering Committee.  The 

methodology developed by URS was agreed by the Steering Committee for the Project, and involved 

site visits, consultation with key stakeholders, selection of scenarios and case study sites, 

determination of suitable water treatment technologies, development of costs for all options, and 

formulation of conclusions and recommendations.  

It is important that the qualifications related to the material presented in this report are appreciated in 

any use of the information.  There are several sources of uncertainty relating to the data and 

information available about the water resources, and the application of water recovery and treatment 

technologies.  There are limited data available on the major groundwater resources in the agricultural 

areas east of the Darling Scarp.  Although groundwater quality data are available for a large number of 

sites across the agricultural areas, some of the scenarios and case studies presented in this Report 

are not supported by detailed site-specific data.  There is not yet a consensus on the role that deep 

drainage can play in managing groundwater and salinity in the wheatbelt, nor on the expected quantity 

and quality of drainage discharge.  Desalination technology parameters and cost estimates provided in 

the report are based on reported aggregate groundwater and drain quality characteristics.  The cost 

estimates presented in this report are accurate to ± 40%, at the pre-feasibility level.   
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Recommendations 

Develop a better understanding of wheatbelt water resources 
A better understanding of the chemical and microbial properties of wheatbelt water resources is 

required to better evaluate treatment requirements, product qualities, brine management and cost.  

There is a need to identify and verify the quality of potential brackish resources.   

Develop a better understanding of pre-treatment costs 
Pre-treatment costs should be investigated in more detail with improved water quality data.   

Focus on within-wheatbelt water use 
The value of treating saline reserves in wheatbelt areas should be recognised as a substitute for water 

supplied from Mundaring through the G&AWSS or from Harris dam through the GSTWSS.   

Focus on desalination for potable water consumption 
Results suggest the cost of salt production is higher where the cost of potable water production is 

lower, and vice versa.  Salt production is a distraction to achieving potable water objectives.  Research 

should focus on identifying least-cost resources for water production, not water and salt production. 

The cost of potable water recovery from drains is shown to be relatively expensive and technically 

challenging with low and intermittent flows, and high pre-treatment costs.  Desalination of drain water 

is unlikely to add value to drains constructed for the remediation of agricultural lands. 

Increase the transparency of water delivery costs and demand 
Published data only provide limited indications of water delivery costs and demand in rural areas with 

existing schemes. A true assessment of marginal cost saved by substituting for scheme water is 

required to determine if desalinated groundwater water can be matched to demand cost effectively. 

Take indicated cost-effective options through to pre-feasibility 
Results suggest that low salinity (<5,000 mg/L TDS) options present the lowest production costs for 

potable water, especially if they are located near to isolated areas with high delivery costs from coastal 

water sources.  This type of resource warrants more detailed investigation. 

Rural town and biodiversity protection pumping may have potential with inclusion of external values 

but require an assessment with better water cost and demand data, along with a measure of external 

benefits from protecting these resources. 

Summary 
This study has found that there are logistical and technological challenges to the treatment and use of 

major saline water resources in the dryland agricultural areas.  It is unlikely that the major ‘sea-water 

equivalent’ resources can be exploited economically for use within the agricultural areas, and it is even 

less likely that exporting this water out of the region will be economically viable.   

The over-arching recommendation is that further research and investigation of the feasibility of treating 

saline water resources in the dryland agricultural areas should focus on matching local supply and 

demand scenarios within the region, where the technical issues and costs of treatment can be met by 

the economic value of supplementing or replacing imported water resources.   
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1 

1 
Introduction 

1.1 Project objective 
The Minister for Water sought an independent engineering assessment of the feasibility of treating 

large saline reserves east of the Darling Escarpment, which was managed by the Department of 

Water (DOW). 

The Cabinet approved Terms of Reference (TOR) for the independent engineering assessment of the 

feasibility of treating large saline reserves east of the Darling Escarpment were as follows. 

1. Assess the engineering options for water supply or to recover and protect waterways from 

salinisation. 

2. Identify large saline water reserves, identifying reliable yields, able to be abstracted/harvested 

using engineering technologies. 

3. Assess the quality characteristics of those large saline water reserves, including brackish 

water, with reliable yields. 

4. Identify and evaluate options for treatment at source (including waste disposal) to produce 

potable and industrial water using various technologies. 

5. Provide an indicative cost analysis of the identified engineering, treatment and waste disposal 

options for recovery of useable water from the large saline reserves. 

6. Make recommendations in regard to the feasibility of treating large saline water reserves at 

source east of the Darling Escarpment for potential use. 

1.2 Background 

1.2.1 Management of saline water in the agricultural areas 

Water resource management in the broadacre agricultural areas east of the Darling Scarp is a 

relatively new activity.  It is being driven by increased levels of seasonal water logging on valley floor 

soils and rising saline groundwater levels beneath farming land, important natural heritage (e.g. 

Toolibin Lake), linear infrastructure and rural towns, complemented by a growing awareness of 

potable water scarcity in the south west of the state.  The concept of developing a productive use for 

this saline water, in order to supplement existing potable supplies and reduce the threat to economic 

and natural assets in the agricultural areas is attractive. 

1.2.2 The ‘push’ for drainage in the dryland agricultural areas 

Many farmers have already, or are intending to install drainage systems on farms.  This increased on-

farm activity has led logically to a desire for multi-landholding systems that will convey collected 

groundwater to some suitable point of discharge.  These systems, termed ‘arterial drainage’ are 

already constructed (as at Narembeen, Beacon and Dumbleyung) or are being constructed or are 

proposed and/or planned (as at Yenyening Lakes and Yarra Yarra Lakes). 

Enthusiasm for the concept of arterial drainage systems as a means of dewatering large areas of the 

wheatbelt and then delivering that water into externally flowing streams (e.g. the Avon and Blackwood 

Rivers) or large playas (e.g. Lake Yarra Yarra) is high.  Landholder groups such as the WA Drainage 

Alliance and the WA Channel Management Group are pushing Government for support with the 

design and construction of these systems and for assistance in long-term management. 
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The Department of Water (DOW) is responsible for leadership in inland drainage governance reform 

and strategic drainage and catchment water planning.  It has been recognised that with existing and 

increased wheatbelt dryland salinity, waterway and wetland water quality will be compromised if 

sustainable water management strategies and drainage policies are not trialled, developed and 

implemented.  In particular, the work in drainage governance initiated by the Wheatbelt Drainage 

Council is establishing a sounder process for the development and assessment of drainage proposals 

to meet the requirements of the Soil and Land Conservation Act 1982.   

1.2.3 Improved salinity engineering in the wheatbelt  

Two significant projects relating to salinity engineering have been run in the wheatbelt of Western 

Australia by the DOW’s Salinity and Water Resource Recovery Branch.  The Engineering Evaluation 

Initiative (EEI) has provided a broad understanding of the performance of salinity engineering methods 

(including downstream impacts and implications for regional up-scaling of drainage) and the best 

practices for locating, designing and implementing these approaches to salinity management.  This 

program was complemented by the Wheatbelt Drainage Evaluation (WDE) program, which provided a 

policy and technical framework for strategic decision making in wheatbelt drainage in the state.  In the 

last year, these efforts have been supported by the Wheatbelt Waterways Management project which 

seeks to refine and implement effective catchment water planning in the state. 

These projects were run over the four wheatbelt Natural Resource Management (NRM) regions, the 

South West, South Coast, Avon and the Northern Agricultural Regions.  These projects are generating 

valuable information on catchment yields, groundwater quality, water disposal, and governance 

considerations.   

1.2.4 Groundwater abstraction 

Groundwater abstraction has been evaluated in several rural towns (e.g. Merredin, Wagin, Brookton), 

in biodiversity recovery catchments (Toolibin Lake), in priority catchments (e.g. Wallatin Creek), in 

palaeochannels (e.g. Salt River) and in water resource recovery catchments (e.g. Collie River).  These 

activities have yielded valuable information on groundwater yields and quality that can be used in 

assessing the likely yields from similar environments where empirical data are not available. 

1.3 Methodology 
The Project was led by URS with feedback and guidance sought from a Steering Committee.  The 

members of the Committee are shown in Table 1-1. 

The methodology developed by URS was agreed by the Steering Committee for the Project, and 

involved site visits, consultation with key stakeholders, selection of scenarios and case study sites, 

determination of suitable water treatment technologies, development of costs for all options, and 

formulation of conclusions and recommendations.  

The information sources (references, sites visited and people consulted) are shown in Appendix A. 

The outputs contained in the Report are presented at ‘pre-feasibility’ level, with a range of 

assumptions used where water quality and quantity data limited the analytical definition, and in 

developing a series of water supply and treatment scenarios and case studies.   
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Table 1-1 Steering Committee  

Name Position 

Greg Davis (Chairperson) A/Director, Resource Management Division, Department of Water 

Hazel Kural Policy Officer for Water, Office of the Minister for Water 

Ian Rotheram 
Policy Officer for Forestry and NRM, Office of the Minister for Agriculture 
and Food 

John Ruprecht (Chairperson 
until move to Department of 
Agriculture and Food; proxy – 
Andrew Watson) 

Director, Agricultural Resource Management, Department of Agriculture 
and Food 
(Proxy – Commissioner of Soil and Land Conservation, Department of 
Agriculture and Food) 

Ken Wallace (proxy – Ryan 
Vogwill) 

Manager, Natural Resource Management, Department of Environment and 
Conservation 
(Proxy, Hydrogeologist, Natural Resource Management, Department of 
Environment and Conservation) 

Brad Degens 
Executive Officer, Steering Committee for the Implementation of Treating 
Saline Reserves East of Darling Escarpment Election Commitment, 
Department of Water 

 

1.4 Qualifications related to the material presented in this report 
It is important that the qualifications related to the material presented in this report are appreciated in 

any use of the information.  There are several sources of uncertainty relating to the data and 

information available about the water resources, and the application of water recovery and treatment 

technologies.  The following points need to be considered as context in interpreting this report. 

 There are limited data available on the major groundwater resources in the agricultural areas east 

of the Darling Scarp – being the palaeochannel resources in the drainage systems – and the likely 

rates of abstraction from those resources (see recommendation in Section 6.2.1).  Those data that 

are available are site-specific and relate to a limited number of specific investigations.  While there 

are specific examples available for case studies, assumptions about quantities, qualities and rates 

of abstraction were needed to be made in developing general scenarios for analysis.   

 Although groundwater quality data are available for a large number of sites across the agricultural 

areas, some of the scenarios and case studies presented in this Report are not supported by 

detailed site-specific data, especially for the dissolved cations and anions that are important in 

designing and costing desalination treatments (see recommendation in Section 6.2.1).  This has 

required some assumptions about water quality in the various locations, which in turn has 

influenced predicted treatment costs.   

 While the Wheatbelt Drainage Evaluation and Engineering Evaluation Initiative R&D have 

increased the knowledge base on deep drainage performance in wheatbelt environments, the 

results also show the wide variability in performance (discharge quantity and quality, groundwater 

drawdown, and groundwater pressure reductions) between seasons, between drains and between 

construction types.  Further, there is some scientific argument in the interpretation of these data 

and information.  Hence it is not possible to predict accurately drainage performance without a 

thorough knowledge of soil profile and groundwater properties, and even making assumptions is 

difficult and open to argument.  In summary, there is not yet a consensus on the role that deep 

drainage can play in managing water and salinity in the wheatbelt, nor on the expected quantity 

and quality of drainage discharges.  The analysis of opportunities for treatment of drainage 
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discharge water has considered these uncertainties, with a conservative approach taken to 

assessing the treatment options. 

 Desalination technology parameters and cost estimates provided in the report are based on 

reported aggregate groundwater and drain quality characteristics.  These characteristics have 

reportedly been based on grab sample data sets and therefore the water quality needs further 

confirmation by undertaking a more robust and representative composite sampling regime for all 

seasons in a year.   

 The cost estimates presented in this report are accurate to ± 40%, at the pre-feasibility level.  More 

accurate cost estimates could only be possible based on detailed optimised design engineering 

studies and based upon more robust groundwater and drain water quality characteristics and site 

specific design parameters than were available to the study team. 

1.5 About this report 
Section 2 addresses TOR 1.  This section considers the engineering options available for recovering 

saline water and/or reducing the impact of secondary salinity in rural and town environments.  

It assesses the effectiveness of these technologies based on first principles and empirical 

evidence. 

Section 3 addresses TOR 2 and TOR 3.  The sources of saline and brackish water east of the 

reserves are identified, with available information presented on the likely yields resulting from 

use of engineering technologies.  The available data on groundwater and streamflow quantity 

and quality in the agricultural areas are presented. 

Section 4 addresses TOR 4.  This section presents information on desalination technologies and 

reviews briefly the costs of solar salt production.  It also describes the water resource 

scenarios and specific case studies used in the analysis of suitable technologies and 

associated costs. 

Section 5 addresses TOR 5.  It presents the costs of operation of the water recovery and treatment 

options selected for the scenarios and case studies.  It also considers the markets for potable 

water and salt, and other recoverable chemicals. 

Section 6 addresses TOR 6 in presenting conclusions and recommendations. 

The information sources (references, sites visited and people consulted) are shown in Appendix A. 
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2 

2 TOR 1 - Assessment of engineering options 

2.1 Methodology 
URS has undertaken a review of water recovery technologies currently in use or considered for use in 

water supply or to recover and protect waterways from salinisation.  This has included the use of 

groundwater pumping alternatives, drainage, and surface water management.  In Western Australia, 

the most readily available data sources are: 

 Experiences from the Rural Towns Program (DAF); 

 Experiences from Toolibin Lake (DEC); 

 Experiences from research in the Collie River Catchment (DOW); 

 Experiences from the EEI (DOW); 

 Modelling completed for SIF II (URS 2004); 

 Regional drainage evaluations undertaken by CSIRO (e.g. Avon and Blackwood River 

Catchments); 

 Water resource planning for Yenyening Lakes, Yarra Yarra, Narembeen (DOW); 

 Information from the Catchment Demonstration Initiative (DAF); and 

 Other information (CSIRO, DAF, DEC, GHD, private company and URS hydrogeologists). 

2.2 Groundwater abstraction 

2.2.1 Conceptual plans for groundwater abstraction in agricultural areas 

A conceptual plan was prepared to dewater the agricultural areas by Belford (2000 and 2001) who 

proposed an extensive network of bores delivering groundwater into evaporation basins or salt lakes.  

Belford assumed an average annual net recharge of 10 mm across the whole of the agricultural areas, 

and the conceptual design of bores, drains and evaporation basins assumed recovery of this water to 

maintain hydrological balance.  The design operates at catchment scale with 64 dedicated catchments 

defined east of the Meckering Line.  The rate of abstraction was assumed (and then costed) as 690 

kL/bore/day, which is considerably higher than that estimated using known hydrological features of the 

valley floors (see Table 2-1) and is higher than many of the test results achieved (see Table 2-2).   

Implementation of the entire scheme assumed recovery of 883 GL/year from 3,530 bores delivering 

883 GL/year into 375.33 km2 of evaporation ponds.  The scheme was intended to protect 88,300 km2 

of agricultural land, which is about 46 per cent of the cleared agricultural land.  This is at least three 

times the area currently predicted to become affected by shallow groundwater levels and associated 

salinisation at equilibrium.  The total cost (in 2000 dollars) was $522 million for capital, and $20 million 

per year for operation.  The net present cost (using a discount rate of 7 per cent) calculates at $740 

million, or about $85 per hectare.  It appears that Belford’s underlying assumptions were driven by the 

thinking of the day, resulting in over-estimations of the eventual area to be affected by salinisation, 

and the ability to abstract saline groundwater.   

2.2.2 Abstraction estimates based on assumed aquifer properties 

For the assessment of the feasibility of addressing salinity threats to biodiversity assets completed as 

part of SIF II in 2004, URS (2004) calculated bore spacings and abstraction rates for a range of 

aquifer types.  These calculations used assumed aquifer characteristics for a range of aquifer types 

and industry standard equations in calculating the parameters summarised in Table 2-1.  Note that to 

dewater or drawdown any given area, the cones of depressions from individual bores have to overlap 
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or ‘interfere’.  Therefore the optimal bore spacing to dewater a certain aquifer system will always be 

less than the calculated radius for that aquifer.  However, palaeochannel aquifers are generally narrow 

strip aquifers, with multiple interference effects (when being pumped).   

Table 2-1 Modelled groundwater abstraction rates and bore spacing to achieve drawdown  

Aquifer characteristics Steady state (after 5 years) 

T K 
Draw-
down 

r 
Bore 

spacing 
Flow Aquifer Type 

M2/day m/day m m m 
kL/bore 

day 

Clayey Sandy Aquifer 1 0.1 2 287 < 290 m 35 

Structured clays with macropores 5 0.5 2 1,433 < 1,400 m 175 

Sandy Aquifer 10 1 2 453 < 450 305 

Palaeochannel Sand Aquifer 
(unconfined) 

20 2 2 641 < 640 534 

Palaeochannel Sand Aquifer (confined) 20 2 2 2,866 < 2,860 239 

T = transmissivity; K = soil conductivity; Drawdown is m below current groundwater level (for saline valley floors 

assumed to be at or very near the surface); r = radial distance from pumping bore. 

2.2.3 Empirical data 

There are few examples of commercial scale groundwater abstraction or pumping tests in the area 

that are able to provide hard data on yields and water quality.  Those that have been reviewed are 

presented in Table 2-2.  Additional details on some of these examples are presented in the following 

sub-sections. 

Table 2-2 Observed groundwater abstraction rates 

Site (information 
source) 

Details Abstraction rate 
Salinity (mg/L 

TDS) 

Groundwater 
drawdown with 

abstraction  

Toolibin Lake (Peter 
Lacey pers comm.) 

12 pumps on 
lakebed (3 
submersible, 9 
airwell) 

8 Airwell pumps 20-
40 kL/bore/day, plus
3 Palaeochannel 
pumps 80-236 
kL/bore/day – total 
685 kL/day 
Discharged to Lake 
Taarblin 

Estimated average of 
25,000 mg/L 

2-4 m away from the 
production bores 

Wagin townsite 
(Shire of Wagin pers 
comm.) 

3 bores in town, 
discharging to 
Slippery Lake 

170 to 260 
kL/bore/day, 
discharged to 
Slippery Lake 

Estimate of 8,000 to 
20,000 mg/L 

15-28 m at the 
production bores 

Merredin townsite 
(RT Program, Shire 
of Merredin pers 
comm.) 

6 bores in town, 
about 100 kL/day 

Currently five bores, 
average 100 
kL/bore/day 

18,000 to 22,000 
mg/L 

1 to 2 m in 
observation bores 



DOW1710 Saline water treatment 

2 TOR 1 - Assessment of engineering options 

42907533/S0156/3 7 

Site (information 
source) 

Details Abstraction rate 
Salinity (mg/L 

TDS) 

Groundwater 
drawdown with 

abstraction  

Quairading townsite 
(GHD 2008) 

Estimation of flow 
rate using Flow 
Characteristic 
Method 

9 to 27 kL/bore/day 1,300 to 1,600 mg/L No data 

Salt River (Salama 
2004) 

Pump tests in 
palaeochannel 

3 bores, average 
1,553 kL/bore/day 

70,000 to 90,000 
mg/L 

1 m (at distance of 5 
km from borefield) 

Salt River (reported 
in Salama et al. 
2003a) 

Pump tests in 
palaeochannel 

1 bore, 840-1,200 
kL/bore/day 

No data No data 

Salt River (Salama 
et al. 1989) 

3 production bores 
50 m into the 
palaeochannel 
system 

518 kL/bore/day No data 

Reduced hydraulic 
head in deep aquifer 
by 25 m.  Pumping 
at this rate would 
reduce heads in 
aquifers for 
distances up to 3 km 
along the 
palaeochannel 

Upper Kent River 
(De Silva et al. 2004) 

6 monitoring bores 
and 2 production 
bores 

43 kL/bore/day 

Between 6,000 mg/L 
in the lower 
catchment and to 
23,000 mg/L in the 
upper catchment 

20-40 cm with 
groundwater 
pumping, but 1 m 
after groundwater 
siphoning 

Bencubbin (Shire of 
Mt Marshall pers 
comm.) 

Pump test in 
palaeochannel 
(Sasche farm) 

43 kL/bore/day, 
considered 
unsatisfactory 

No data Nil 

Dumbleyung (Brooks 
2009) 

Pump tests in 
palaeochannels 
16 bores in 2006 
(bore depths 6 to 63 
m) 
One bore pump 
tested 

104 kL/day/bore 
over 8 hours 
173 kL/day/bore 
over 10.5 months 

35,000 to 55,000 
mg/L 

Drawdown of 0.08 m 
50 m from the bore 
Long-term 
abstraction from one 
bore lowered 
g’water over 1 ha by 
0.5 m 

Tammin (Dogramci 
et al. 2009) 

Semi-confined 
palaeochannel, with 
one production bore
Seepage occurs 
from shallow 
groundwater into the 
palaeochannel 

61 kL/bore/day over 
14 month period 

46,000 to 61,000 
mg/L in deep 
groundwater 
28,000 to 55,000 
mg/L in shallow 
groundwater 

Groundwater 
lowered over 20 ha 
of land by 0.5 m 
Rapid recharge of 
semi-confined 
palaeochannel after 
pumping ceased 

Dalwallinu (George 
and Nulsen 1985) 

Single production 
bore drilled into 
weathered granite 

260 kL/bore/day No data 
200 m lateral impact 
– reclaimed 20 ha 
salt-affected land 

Frankland (George 
and Nulsen 1985 

Single production 
bore 

43 kL/bore/day No data 
250 m lateral impact 
– reclaimed 10 ha 
salt-affected land 

Valley 
palaeochannels 
(George and 
Coleman 2001) 

Saturated saline 
valley 
palaeochannels (but 
not tributary 
channels)  

Average bore yield 
of 300 kL/day/bore 
(no specific 
instances provided) 

Average salinities of 
50,000 mg/L 

Minimal, unless 
extensive coverage 
by bores 
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2.2.4 Palaeochannel pump tests in the Salt River 

The wheatbelt palaeochannels are characterised by relatively high (by wheatbelt standards) hydraulic 

conductivity ranging from 1 to 100 m/day (Salama et al. 1993c).  This wide range in hydraulic 

conductivity indicates the difficulty in being able to predict the abstraction rate from particular 

palaeochannel sediments without intensive investigation. 

Investigations of the saline palaeochannel systems, which lie beneath the relict drainage systems of 

the Mortlock, Yarra Yarra, Yilgarn, Salt and Lockhart Rivers have shown that aquifer transmissivity 

ranges from 10 m2/day near the banks of the systems to 50 m2/day in the deepest parts of the 

channel, with an average hydraulic conductivity of 5 m2/day (Salama 2004).   

A pump test (from three production bores) demonstrated that it would be practical to abstract 8 

GL/year from the Salt River south of Quairading, which is equivalent to 22 ML/day.  However, even at 

that rate of abstraction, pumping for many years would have little impact on groundwater salinity, or 

groundwater volumes within the palaeochannel (Salama 2004).  The salinity of the groundwater 

abstracted ranged between 70,000 and 90,000 mg/L TDS, with chloride values ranging from 14,000 

mg/L at the boundaries of the basin to 43,000 mg/L in the main channel.  Magnesium levels varied 

between 800 and 4,000 mg/L and calcium levels varied from 150 mg/L to 1,000 mg/L.  The conclusion 

from this investigation was: 

… it is clear …. that due to the direct hydraulic connectivity with the surface water and the recharge 

patterns in palaeochannels pumping will not reduce water levels beyond the channel boundaries and 

that this reduction will be seasonal.  Also, due to the tremendous amounts of salts stored in these 

sediments, it will take hundreds of years before the quality of the water can be noticeably reduced 

(Salama 2004, p. 146).  

Belford (2001) reports work (attributed to David Williamson, formerly CSIRO) on the effects of 

pumping from palaeochannels.  This report states that pumping 14,000 kL/day for one year (5.11 

GL/year) in the lower reaches of the Lockhart River (above Yenyening) lowered the groundwater level 

by 1 m at a distance of 5 km from the point of abstraction, and 0.1 m at 7 km.  Further, Williamson is 

reported as having shown by modelling that a drawdown of one metre would extend for a distance of 

15 km along the valley.   

This report is at variance with the experiences in groundwater pumping in the Salt River (downstream 

from the Lower Lockhart) reported by Salama (2004).  However, the work undertaken by Williamson 

was probably based on assuming equilibrium conditions and an infinite time to reach this state.  In 

reality, variable annual recharge would mask this effect.  Furthermore, a drawdown of 1 m in the valley 

floor may not be sufficient to reduce the influence of groundwater discharge (by capillary connection) 

on the surface. 

2.2.5 Palaeochannel pump tests at Dumbleyung 

The summary from Brooks (2009) states:  

‘Department of Water commissioned 16 bores in 2006 with depths 4–63 m.  The airlift yields were 22 

kL/day, and depth to water 1.6–2.3 m.  Salinity was 35 000–55 000 mg/L TDS (total dissolved solids) 

and pH 2.9–5.5.  The Dumbleyung palaeochannels are about 50 m thick and 300–2300 m wide, as 
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determined from surface geophysics.  A typical Dumbleyung palaeochannel bore log was, from the 

surface: 20 m interbedded sand, 20 m clay, 20 m sand and then bedrock.   

An 8-hour aquifer test, pumping at 1.2 L/s (104 kL/day), resulted in 22 m drawdown in the pumping 

bore and 0.08 m in a similar depth monitoring bore 50 m away.  The palaeochannel sands had a 

hydraulic conductivity of 0.5–2.5 m/d (metres per day) and storativity from 0.0001–0.00002.  The 

palaeochannel pumping rates were limited due to low permeability in the sands.   

The bore was pumped again, at about 173 kL/day from 18 July 2006 to 29 May 2007.  This long-term 

pumping caused a small watertable decline over a maximum of 3 hectares, with about 0.5 m decline 

within about 1 hectare.  There was no measurable drawdown in either intermediate-depth or deep 

bores beyond 100 m. 

The project demonstrated that palaeochannel pumping has few benefits and high costs if used to 

recover agricultural land.  It may be useful to protect high-value assets.’ (Brooks 2009, p. v). 

In conclusion, almost a year (315 days) of groundwater abstraction (total volume removed estimated 

at 54.5 ML) lowered the water table by 0.5 m within 50 m of the bore hole (an area of 0.80 ha).  

Clearly, in this location, abstraction from the palaeochannel is not an effective approach to reducing 

the impact of shallow saline groundwater. 

2.2.6 Palaeochannel pump tests at Tammin 

The total volume pumped out of the system near Tammin over the 14 months was 32,600 kL (average 

61 kL/bore/day). Pumping groundwater from the palaeochannel aquifer resulted in watertable 

drawdown beneath 20 hectares (ha) of land by greater than 0.5 m.  Groundwater modelling suggested 

that about 80 per cent of the pumped water may have originated from the shallow unconfined aquifer 

as vertical leakage to the confined aquifer.   

The episodic nature of rainfall, particularly in summer, means that large volumes of water can 

recharge the shallow aquifer.  A water level decline of 0.5 m in most of the shallow aquifer required 

about four months of pumping but the water levels recovered to their pre-pumping levels after one 

episode of rainfall in January 2006.  It then took four months for the watertable to fall to the pre-

January 2006 levels. 

The data and modelling results suggest that the head in the deep palaeochannel aquifer can be 

lowered enough for the shallow aquifer to start seeping into the deep aquifer.  However, due to the low 

specific yield of the deep aquifer, small recharge events can negate the effects of pumping: the head 

in the deep aquifer quickly recovers to the pre-pumping levels (Dogramaci et al. 2009).   

2.2.7 Groundwater abstraction at Toolibin Lake 

Routine full-time groundwater abstraction from Toolibin Lake commenced in 1997 (Department of 

Conservation and Land Management 1998).  The data presented in Table 2-2 for Toolibin Lake 

groundwater abstraction are taken from the most recent continuous period of recording for operational 

bores between 29 August and 5 October 2005 (data provided by Ryan Vogwill, DEC).  The 

groundwater abstraction at Toolibin Lake comes from the superficial aquifer via low yielding airwell 

pumps that deliver between 6 and 35 kL/day, and from the palaeochannel underlying the lake via 
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electric submersible pumps that deliver between 83 and 236 kL/day (Ryan Vogwill pers comm.).  The 

average total abstracted per day over this period was 685 kL (note – in 2010, this daily average has 

reduced to about 600 kL/day).  The averages and the standard deviations for the (11) operating 

pumps over this 1 month period in 2005 are shown in Table 2-3. 

Table 2-3 Abstraction rates at Toolibin Lake 

Pump number 1 2 3 4 7 9 10 11 13 14 15 

Pump type A A A A A A A ES ES A ES 
Total 

Average (kL/day) 22 19 21 33 35 6 44 236 152 33 83 685 

Standard deviation (kL/day) 4 0.3 1 0.7 4 0.8 2 1 4 0.8 0.7 9 

A = airwell pump.  ES = electric submersible pump 

The water quality in the palaeochannel is notably poorer (>30,000 mg/L TDS) than that abstracted 

from the shallow aquifer (20,000-25,000 mg/L TDS).  The highest rate of abstraction from the 

palaeochannel (236 kL/day or 2.7 L/second) is significantly lower than many palaeochannel pump 

tests that have delivered between 5 and 10 L/second (Richard George pers comm.), and the pump 

tests in the Salt River (south of Quairading) that delivered 54 L/sec. 

Cessation of pumping is followed by a rapid rise (of the order of weeks) in the groundwater beneath 

Toolibin Lake highlighting the need for indefinite abstraction as a central component of the investment 

in recovery of this important biodiversity asset.  The annual costs of operating the bore field are 

estimated at $80,000, and there are some logistical issues associated with the operation and 

monitoring of the infrastructure (and rates of abstraction) at a location 40 km from the Department of 

Environment and Conservation’s office in Narrogin. 

2.2.8 Rural towns’ experiences 

Consistent groundwater abstraction has been underway for a sufficient period of time in two country 

towns – Merredin and Wagin.  In each town, between 500 and 700 kL/day of saline water is being 

produced, resulting in a lowering of the groundwater level sufficiently to prevent surface impacts of 

saline groundwater.  The groundwater recovered is not re-used.  In Wagin, it is disposed to Slippery 

Lake, a saline ephemeral lake on the southern outskirts of town.  In Merredin, it is disposed to a 

purpose built evaporation pond. 

In both towns, storm water management is a focus activity, with stormwater captured and used for 

irrigation of public facilities (ovals, parks and gardens) in the town.  The original recommendations for 

water management in rural towns emphasised the importance of getting stormwater and wastewater 

management ‘right’ before investment in groundwater abstraction (URS 2001).   

Merredin 

In Merredin, a town with a population in 2006 of 2,550 (ABS 2006), there are four surface storages 

with a total capacity of 225 ML.  Advice from the Shire (Jim Garrett pers comm.) is that this storage 

capacity is sufficient to hold all of the stormwater flowing off town surfaces and through the lined 

drains in town, although the Water Management Plan prepared for the town suggests that pump 

capacity limits stormwater recovery when the drains are at high capacity (Department of Agriculture 
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and Food 2010).  The Plan advocates an additional 30 ML of storage for storm water and 

improvements to the stormwater recovery system that if implemented, will remove entirely the Shire’s 

dependency on Goldfields and Agricultural Water Supply Scheme (G&AWSS) water for irrigation of 

public parks, gardens and ovals (DAF 2010).   

The town’s wastewater treatment facility, operated by the Water Corporation receives and treats about 

155 ML of wastewater each year.  The Water Management Plan highlights the difference between 

G&AWSS consumption in houses (317 ML/yr) and the amount that is delivered to the Wastewater 

Treatment Plant (155 ML/yr), which suggests that there may be significant leakage in the sewerage 

system (around 160 ML/yr) which then recharges the groundwater beneath the town.  It is worth noting 

that this is only a little less than the amount of groundwater being abstracted (182 ML/yr) via the 

town’s bore field.  It would seem to be self-defeating to invest in abstracting the water that is leaking 

from the town’s sewerage piping.  Further, the abstracted water is saline and not able to be reused 

without desalination, compared to the recovered wastewater which is relatively fresh (up to 1,200 mg/L 

TDS).  It is recommended that this situation be investigated (DAF 2010).   

Wagin 

Wagin had a residential population of 1,427 (ABS 2006) in 2006.  As in Merredin, all possible 

stormwater from the town and the agricultural catchment to the north of the town is captured and used 

to irrigate public facilities in the town.   

2.2.9 Modelling groundwater pumping in the Kent River 

The Kent River Catchment was until recently one of five ‘Water Resource Recovery Catchments’, with 

a target of reducing weighted streamflow salinity to 550 mg/L TDS.  Lowering saline groundwater 

levels was modelled as a means of reducing saline discharge into the Upper Kent River. 

To achieve a 550 mg/L TDS water quality target, groundwater pumping requires 630 pumped bores to 

extract some 3.5 GL annually.  These pumps would be interconnected with approximately 208 km of 

collector pipes and 110 km of transport pipes inside the catchment.  Further additional transport pipes 

would be required to remove the discharged groundwater to disposal sites inside or outside the 

catchment (assumed to be 50 km away).   

2.2.10 Summary conclusions for groundwater pumping addressing salinity 

Summary conclusions about use of groundwater pumping in addressing salinity impacts on land and 

water resources in the agricultural areas are as follows (Dogramaci 2004).   

 ‘Effective groundwater pumping depends on mainly on aquifer characteristics.  The lateral extent of 

the watertable lowering depends primarily on local hydrology and aquifer types.  

 Groundwater pumping from palaeochannels will only be effective in reducing surface dryland 

salinity if the overlying layer is pervious and not confining. 

 The response time of a shallow watertable to groundwater pumping depends on the degree of 

connectivity between the surficial sediments and palaeochannel sediments. 

 Lowering the hydraulic head in semi-confined aquifers and the watertable in unconfined aquifers 

does not necessarily result in the reclamation of agricultural land and its return to production as it 

may be difficult to leach the salt from the soil profile even after a sustained period with the 

watertable at two metres below the surface. 
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 Groundwater pumping is often expensive compared to the local damage costs although it may be 

more economical than other engineering options for very valuable assets like the Wellington 

Reservoir water resource. 

 Iron fouling reduces the life of pumps and pipes and increases the costs of pumping schemes 

significantly.’ (Dogramaci 2004, p. 1). 

In addition to these summary points, a review of the literature and discussions with hydrogeologists 

who have investigated the wheatbelt palaeochannels (e.g. Shawan Dogramaci, Ramsis Salama and 

Philip Commander pers. comm.) highlight the uncertainty associated with likely abstraction rates from 

these groundwater resources.  Identifying sites in valley floors that are prospective for abstraction of 

large volumes of saline water (i.e. greater than 1,000 kL/bore/day) requires use of geophysical 

techniques which is expensive.  Geophysical investigation would then need to be followed by bore and 

pump tests to ‘prove’ a resource and abstraction rate, adding further to the costs.   

2.3 Wheatbelt deep drainage 

2.3.1 Assessment of performance 

There is estimated to be 4,000 km of deep (> 2 m) drainage in the wheatbelt.  Examples of flow rates 

and effectiveness assessments conducted in wheatbelt drainage systems are presented in Table 2-4. 

Table 2-4 Drainage systems, flow rates and effectiveness in the wheatbelt 

Site Details 
Winter flows 

(kL/day) 
Summer flows 

(kL/day) 
Effectiveness 

11 sites (Coles 
et al. 1999) 

Review of deep 
drainage effectiveness 
in the wheatbelt 

No data 

Subjective assessment (no 
before & after observations) 
indicated reduction in water 
logging due to increased 
surface run-off.  Limited 
effectiveness in preventing 
groundwater rise 

Various 
(Dogramaci 
and Degens 
2003) 

Various Up to 1,728 kL/day Various 

Wallatin Rd 
(DOW data, 
unpubl.) 

Groundwater drain 
receiving discharge 
from 9.7 km deep, 
leveed drain  

204 kL/day over 
three years 

59 kL/day over three 
years 

Unknown 

Wallatin Creek 
(George and 
Stainer 2009) 

9.7 km of 2.5 m deep 
drain in a broad valley 
floor 

47 kL/day g’water flow only, over 564 
days (N.B. based on same drain as DOW 
data above – later recording period than 
above, and includes estimated 
groundwater flow only – based on 
electrical conductivity measurements in 
the drainage flows). 

Minor groundwater fall (<0.2 
m) 25 m from the drain at a 
single transect.  No impact at 
greater distance.  
Uncertainty about 
performance in wetter years 

Narembeen 
(DOW 2010a) 

Wakeman Creek drain, 
approx 140 km of 
arterial deep drain 

501 to 2,500 kL/day over two years 
(average 1,728 kL/day) 

Not considered 
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Site Details 
Winter flows 

(kL/day) 
Summer flows 

(kL/day) 
Effectiveness 

Narembeen 
(Ali et al. 2004)

Wakeman Creek drain, 
approx 140 km of 
arterial deep drain 

Average approximately 10,000 kL/day, 
with spikes after heavy rainfall.  Agrees 
with specific yield of 0.05 

Efficiency extends further 
laterally than predicted.   

Beynon Rd 
(Cox and 
Tetlow 2009) 

3.99 km of deep drain  
in four parallel drains 
and a collector drain (2 
m and 3 m) 

78.5 kL/day over the period December 
2002 to December 2003 

Reduced groundwater levels 
between drains, with new 
equilibrium reached 

Fence Road 
(DOW 2010) 

58 km Drain, 36.5 km of 
2 m deep channels, 
17.5 m of combined 
surface and  2 m 
groundwater channels,4 
km siphon pipe 

1,996 kL/day 579 kL/day Too early for assessment 

Beacon (DOW 
data, unpubl.)* 

22km drain with 
measurements 
(representing sections 
of the drain) 

156 kL/day at Beacon Rock Rd (2.6km 
section) 
252 kL/day at Scotsman Rd (6.5km 
section) 

As above 

Morawa (Cox 
2010) 

8 km of drain, single 
channel 

739 kL/day with (no major differences 
evident between summer and winter) 

No discernible impact on 
groundwater levels, would 
need parallel drains 

Pithara (Cox 
2010) 

18 km of drain, single 
channel 

112 kL/day in upstream 9.25 km of drain 
168 kL/day in downstream 9.4 km of 
drain 
(differences between summer & winter 
due to rainfall capture within drain 

Limited impact of 
groundwater levels, would 
need parallel drains 

Summer (Jan, Feb, March).  Winter (July, August, September) * two data sources 

2.3.2 Drainage discharge rates 

The data presented in Table 2-4 are refined, where possible, to show drainage discharge rates per km 

per day in summer and winter flows.  The refined data are presented in Table 2-5.  In some cases, it is 

only possible to show annual discharge rates. 

Table 2-5 Drainage discharge rates (per km of drain and total) 

Drainage discharge – 
total (kL/day) 

Drain discharge per km 
of arterial drain 

(kL/km/day) Drain 

Arterial 
drain 

length 
(km) Winter Summer Winter Summer 

Wallatin Rd (DOW data, unpubl.)**** 9.7 204 59 21 (0.24**) 6 (0.07) 

Wallatin Creek (George and Stainer 
2009)**** 

9.7 47 5 (0.06) 

Narembeen (DOW 2010a) 140* 2500* 501* 18 (0.21) 4 (0.05) 

Narembeen (Ali et al. 2004) 140* 10,000* 71 (0.82) 

Beynon Rd (Cox and Tetlow 2009) 3.99 78 19 (0.23) 

Fence Road (DOW 2010) 58 1,996 579 34 (0.59) 10 (0.11) 

Beacon (DOW data, unpubl.) – Beacon 
Rd gauge *** 

2.6 156 60 (0.70) 
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Drainage discharge – 
total (kL/day) 

Drain discharge per km 
of arterial drain 

(kL/km/day) 

Beacon (DOW data, unpubl.) – 
Scotsman Rd gauge *** 

6.5 252 39 (0.45) 

Beacon (DOW data, unpubl.)   - 
combined data 

9.1 408 45 (0.52) 

Morawa (Cox 2010) 8 739 92 (1.06) 

Pithara (Cox 2010) - upstream 9.25 112 12.2 (0.14) 

Pithara (Cox 2010) - downstream 9.4 168 17.8 (0.20) 

*  inflow from surface water and ‘tributary’ deep drains is unknown.  ** figures in () are L/sec/km  *** separate data 

sets for Beacon  **** separate data sets for Wallatin (George and Stainer data estimated groundwater flows only) 

 

Comparisons between the yields from these drainage systems needs to consider aspects of design 

and construction, which will influence the relative contribution from surface water and groundwater to 

total drainage discharge.  As well as affecting the quantity of total discharge, the source of the 

drainage discharge will affect the quality of the water being discharged.   

There are arguments for and against drains being ‘open’ or ‘closed’ to surface water inflows.  For 

example, the Narembeen system is open to all surface water along its length.  The Beynon Rd system 

was designed to allow surface runoff from a relatively small area between the drains to enter the deep 

drains (via inflow pipes).  The Beacon Drain initially harvested some surface water before the bund 

was completed, but this initial accidental surface inflow is not included in the data presented in Table 

2-4 and Table 2-5.  All of the discharge data reported in these tables are now due to groundwater 

inflow. 

The other sites were designed to be discharging water sourced from groundwater inflow and rainwater 

falling within the bunding systems only.  From a design perspective, having drainage systems open to 

surface flows requires the drain to be designed to manage occasional very large flows.  Discharge is 

far more stable from systems carrying mainly groundwater inflow, although observations for many of 

the systems show that there is still variation in flow rates, within and between seasons (see Table 2-5).  

Groundwater inflow is determined by sub-soil characteristics and the depth to the watertable.  

Discharge during base flow periods often seems to vary as a result of differences in watertable height 

which provides varying head pressure directing groundwater inflow into drains.  

Even considering these variations in engineering, the discharge flows reported here vary considerably 

between drainage systems, as a function of the soil and sub-soil properties around the drain, depth of 

groundwater and the length of drain.  Overall, discharge in L/km drain/second varies from 0.05 to 1.06.  

Where they are separately recorded, typical winter flows are around 0.5 L/km drain/sec and summer 

flows are generally less that half that rate primarily because of loss of water by evaporation from drain 

flows.  It is not possible, on the basis of observed data to be more precise, which highlights the 

difficulty in predicting flows from new drains prior to installation. 

Although not shown in Table 2-4 and Table 2-5, the drainage systems that have been monitored 

produce groundwater that is usually saline (30,000 to 80,000 mg/L TDS) and sometimes hypersaline 

(up to about 100,000 mg/L TDS) and acidic (pHs of 1.8 to 5) (Degens 2009, Degens et al. 2008), with 

water chemistry varying between seasons as the drainage flow reacts to stormwater inflow either 

directly or as recharge through the adjacent soil profiles.  The very high salinity levels and low pH are 
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a result of high evaporation rates in channels in near stagnant flows during mid-summer.  These data 

are ‘outliers’ and are a consequence of limited groundwater discharge into some of the drains during 

summer.  The implications for water harvesting and treatment are considered in a later section. 

2.3.3 Likely impact of future arterial drainage activities in the wheatbelt 

As noted in Section 1.2.2, landholder enthusiasm for deep drainage in some quarters is high and has 

support from catchment scale modelling as a means of lowering shallow groundwater levels at a 

regional-scale (Ali et al. 2009 and 2010).  However, it is evident that if arterial drainage systems of the 

scale envisaged for the Avon and the Blackwood River Catchments are constructed, management of 

saline and acidic discharge waters will be required.  Two example catchments modelled as part of the 

Avon and Blackwood regional range evaluations are considered below for the volume and quality of 

discharge that could be expected from comprehensive on-farm and arterial deep drainage systems 

(Ali et al. 2009 and 2010).   

Additional water availability due to drainage – Upper Mortlock East River Catchment 

The Upper Mortlock River East Catchment effectively commences at the outflow from the extensive 

Cowcowing Lakes (which do not overflow).   

Based on projections for groundwater status in the catchment in 2004-2031, implementation of on-

farm and arterial deep drainage systems in the Mortlock East River Catchment would deliver an 

additional 29 per cent streamflow, and 144 per cent increased salt load into the ‘dead storage 

capacity’ within the system’s lakes compared to ‘business as usual’.  This equates to 8 GL/year and 

496 kt salt/year, at an average 62,000 mg/L TDS.  However, it is important to recognise the high 

seasonality of these flows, and the high year to year variation in hydro-period and total flow volumes.  

In short, these are very unreliable stream flows.   

Additional water availability due to drainage – Lake Dumbleyung Catchment 

Based on the 2073-2100 scenario, implementation of on-farm and arterial deep drainage systems with 

storage in existing salt lakes in the Coblinine, Doradine and Dongolocking systems (i.e. all those areas 

of the Blackwood Catchment up-stream of Lake Dumbleyung) would deliver an additional 78 per cent 

streamflow, and 210 per cent increased salt load into Lake Dumbleyung’s ‘dead storage capacity’ 

compared to ‘business as usual’.  This equates to an additional 21 GL/year and 523 kt salt/year, at an 

average salinity of 24,900 mg/L TDS.  As with the Upper Mortlock River East Catchment, the year to 

year variation in hydroperiod and total volume is very high, and would continue to be so after drainage 

installation (see variation between summer and winter flows for the Fence Road Catchment in Table 

2-5).   

Impact of climate change 

Although both of these modelled outcomes suggest that deep drainage could harvest considerable 

volumes of water, and reduce and/or prevent groundwater rise in the 2073-2100 scenario, a drying 

climate (20% less rainfall) will negate the benefits from drainage activities in both aspects (Ali et al. 

2009 and 2010).  In the Avon it is apparent that a dryer climate (10% less rainfall) would not mitigate 

further groundwater rise and that in many areas it was apparent that hydrological imbalance would still 

remain (driving some further expansion in salinity beyond 2003 status) even with less rainfall until 

equilibrium is reached towards the end of the century (Ali et al. 2009). 
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2.3.4 Evaluation of conceptual basin-scale drainage schemes 

The Agritech scheme 

In recent years, Agritech Smartwater has promoted schemes for comprehensive drainage of whole 

river basins (mainly in the Zone of Ancient Drainage), with removal of the water by major canal 

systems.  The intent is to move the water through the canals to penstock piping at the top of the 

Darling Scarp.  The water would gravity feed through the penstocks to power stations at the bottom of 

the scarp, with the 220 m head used to generate hydro-electricity which can be exported into the 

Western Power grid and also used to desalinate some of the water within the scheme.  Details of the 

proposed scheme for the Blackwood River Catchment are presented in Coyne et al. (2002), which 

includes an economic assessment of the benefit of the drainage in recovering and preventing salinity 

in the eastern parts of the Blackwood Catchment (above Duranillin).   

In a variation of this approach, the canal carrying water from the Blackwood River Basin would also 

intercept saline groundwater from the Collie River East Catchment to prevent this water entering the 

Wellington Reservoir (Peter Coyne pers. comm.).  A scheme has also been proposed by Agritech 

Smartwater for a gravity powered desalination plant to desalinate brackish water in the Wellington 

Reservoir (see Thomas 2008).  Consideration of this scheme as a stand-alone project is outside the 

brief of this current project (DOW 1710).  However, it is proposed that the capture of saline water from 

the Collie River East Catchment by the canal carrying water from the Upper Blackwood catchment 

would quickly (estimate 5 years) remove the need for desalination of Wellington Reservoir water and 

the Desalination Plant would be able to commence treating a portion of the saline drainage water 

driving the power station below the scarp in the Brunswick area (Peter Coyne pers comm.).  

The schemes rely on a number of assumptions about drainage water volumes, quality, and the 

integrity of the major canals, the effectiveness of on-farm drainage in addressing salinity, and the 

preparedness of landholders to participate in the drainage scheme.  Key assumptions provided by 

Agritech Smartwater (Peter Coyne pers comm.) for schemes in the Blackwood, Murray and Avon 

River Basins are presented in Table 2-6.   
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Table 2-6 Proposed schemes for regional drainage, with generation of hydropower and desalination 

Criterion Blackwood 
Murray (Hotham 

and Williams) 
Avon 

Catchment area to be drained (km2) 14,300 km2 6,700 km2 105,000 km2 

Zone of influence of drains (metres 
either side of drain) 

na na na 

Assumed discharge rate into drains 7% (4-10%) of rainfall leakage to groundwater 

Major drain dimensions 5m wide, 3 m deep 

Major canal to edge of scarp 7 m wide, 5 m deep 

Volume of drainage water delivered to 
the edge of the Darling Scarp 
(GL/year) 

400 GL + 50 to 60 GL 
from Collie East 

Catchment) 
320 GL 600 GL 

Flow rate of drainage water (kL/s) 12 kL/s 10 kL/s 19 kL/s 

Quality of water delivered to the edge 
of the Scarp (mg/L TDS) 

6,800 mg/L TDS 8,000 mg/L TDS 10,000 mg/L TDS 

Volume of water to be desalinated 80 GL na na 

Volume of water produced 250 GL potable water 

Power station capacity 20 MW nd nd 

Total cost of scheme $600 million $500 million $1,000 million 

Source:  Coyne et al. (2002) and Peter Coyne pers comm. 

 

Additional important assumptions underlying the schemes include: 

 The regional drains and canals will flow at the same rate as that shown in Table 2-6 year round, 

and from year-to-year;  

 All landholders will participate in the scheme to provide a comprehensive coverage of drainage; 

and 

 The clay lined regional drains and canals will not leak. 

Catchment-scale drainage modelling 

The assumptions presented in Table 2-6 can be compared with the modelled estimates for yield of 

drainage discharge from the Blackwood River and Avon River catchments presented by Ali et al. 

(2006, 2008, 2009 and 2010), which are shown in Table 2-7 and Table 2-8.  These modelled data 

present both systems for the period 2073-2100, when the catchments will be near hydrological 

equilibrium, given current rainfall regimes.   

In effect, the regional drainage schemes modelled by CSIRO in these studies are similar in nature and 

scale to the schemes proposed by Agritech.  The modelled schemes also assume a comprehensive 

network of on-farm drains connecting to arterial drains.  However, the ‘average’ yields and salt loads 

obscure the large year to year variation in flows and water quality, and seasonality in flow regimes and 

water quality.  For example, the modelling of flows in the Blackwood at the confluence of the Arthur 

and Beaufort Rivers suggests that installation of catchment-wide drainage would extend the period 

when the system was flowing by only a few days – still less than 200 days per year 
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The Blackwood River Catchment 

The modelling results for the Blackwood River Catchment are presented in Table 2-7. In the No 

Drainage scenario for the period 2073-2100 the flows in the Blackwood River include the Arthur and 

Beaufort Rivers, but not the systems above Lake Dumbleyung (which in effect acts as a terminal lake 

for the Coblinine River).   

The additional yield resulting from drainage in these catchments presented assumes that within-

catchment disposal options (lakes, evaporation basins) are by-passed (termed drainage scenario LB), 

meaning that the drainage flows generated would be available for delivery to a treatment plant either 

within or outside the Blackwood River catchment.  The assumption is also that the width of 

effectiveness of the drainage is high (see Table 2-9). 

Table 2-7 Modelled impact of regional drainage in the Blackwood River Catchment at equilibrium 

Factor 
Blackwood River catchment 

(above Duranillin) 

Time period 2073-2100 

Catchment status as the time period At equilibrium 

Area of catchment above ‘take-off’ point (km2) 14,300 km2 

Annual surface flows at the take-off 
point (GL/a)* 

126 GL/a 

Salt load (kt/a) 792 kt/a 

Flow-weighted salinity at take-off point 
(mg/L TDS) 

6,300 mg/L 

No Drainage Scenario – total 
flow 

Number of days flow per year < 200 

Annual surface flows at the take-off 
point (GL/a)** 

287 GL/a 

Salt load (kt/a) 2,889 kt/a 

Flow-weighted salinity at take-off point 
(mg/L TDS) 

10,100 mg/L 

Drainage Scenario LB (see 
text) – total flow (a) 

Number of days flow per year < 200 

Drainage flow at take-off point (GL/a) 147 GL/a 

Salt load in drainage flow at take-off 
point (kt/a) 

1,952 kt/a 

Leveed drainage flows, salt 
loads and salinities 
expressed as a proportion of 
corresponding quantities for 
total flows (a)  
(see Ali et al. 2008, Section 
8.1) 

Flow-weighted salinity of drainage 
discharge at take-off point (mg/L TDS) 

13,260 mg/L 

Source:  Ali et al. (2008 and 2010) 

Given drainage scenario LB, as well as the impact of the drainage in increasing groundwater yields, 

the major increase in flow at the confluence of the Arthur and Beaufort Rivers (near Duranillin) after 

drainage results from the arterial drainage by-passing Lake Dumbleyung and the chain of lakes along 

the Beaufort River between Lake Dumbleyung and the Albany Highway.  The predicted changes due 

to drainage show a more than doubling of total flow and salt load in the Blackwood at Duranillin.  If the 

flows in the leveed arterial drainage were separated from the river flows, it suggests that the drainage 

scenario LB would deliver an average of 147 GL/year water at a flow-weighted salinity of 13,260 mg/L 

at the take-off point at Duranillin.   
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The Avon River Catchment 

The modelling results for the Blackwood River Catchment are presented in Table 2-8. In the No 

Drainage scenario for the period 2073-2100 the current flows into the Avon River are aggregated for 

the Mortlock North and East Catchments (at the point where these rivers enter the Avon River) and 

the Yilgarn, Lockhart and Salt River catchments via the Yenyening Lakes (measured at Qualandary 

Crossing). 

Table 2-8 Impact of regional drainage in the Avon River Catchment Basin at equilibrium 

Factor 
Avon River catchment (Mortlock 

East, Mortlock North, Yilgarn, 
Salt and Lockhart Rivers) 

Time period 2073-2100 

Catchment status as the time period At equilibrium 

Area of catchment above ‘take-off’ point (km2) 105,000 km2 (estimate) 

Annual surface flows at the take-off 
point (GL/a)* 

128 GL/a 

Salt load (kt/a) 5,066 kt/a 

Flow-weighted salinity at take-off point 
(mg/L TDS) 

39,578 mg/L 

No Drainage Scenario – total 
flow 

Number of days flow per year na 

Annual surface flows at the take-off 
point (GL/a)** 

474 GL/a 

Salt load (kt/a) 13,019 kt/a 

Flow-weighted salinity at take-off point 
(mg/L TDS) 

27,440 mg/L 

Total flows (a) – natural 
channel plus drainage by-
passing all lakes  
(from Ali et al. 2006, Tables 
A3.2 and A3.5, and Table 
9.8) 

Number of days flow per year na 

Drainage flow at take-off point (GL/a) 348 GL/a 

Salt load in drainage flow at take-off 
point (kt/a) 

12,127 kt/a 

Leveed drainage flows, salt 
loads and salinities 
expressed as a proportion of 
corresponding quantities for 
total flows (a)  
(see Ali et al. 2006, Table 
9.9) 

Flow-weighted salinity of drainage 
discharge at take-off point (mg/L TDS) 

34,850 mg/L 

Source:  Ali et al. (2006 and 2009) 

In the Avon Catchment, the ‘within drainage channel’ flows and salt loads in drainage scenario LB 

flows for 2073-2100 are expressed as a proportion of the total drainage and natural channel flow for 

the same time period (proportions are presented in Table 9.9 in Ali et al. 2006, p. 170).  Again the 

assumption is that the arterial drainage by-passes all of the lakes, resulting in maximum delivery of 

water into the Avon River through the Mortlock North and East Rivers and through Qualandary 

Crossing below the Yenyening Lakes (see modelled data presented in Tables A3.2, p. 320 and A3.5, 

p. 332, and correction factors for lake by-pass in Ali et al. 2006).   

Installation of arterial drainage in the Zone of Ancient Drainage would result in a nearly four-fold 

increase in the total average flows from these systems into the Avon River channel, and 260 per cent 

more salt, with most of the increase delivered through the Qualandary Crossing as a result of by-

passing the storage lakes in the Salt River, Yilgarn and Lockhart systems.   
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If the flows in the leveed arterial drainage were separated from the flows in the natural channels, it 

suggests that drainage scenario LB would deliver an average of 348 GL/a at a flow-weighted salinity 

of 34,850 mg/L by aggregating the drainage discharges at the Mortlock North and East Rivers and the 

Qualandary Crossing end points.  The new total flows from both leveed drains and natural channels 

sources would increase to 474 GL/year at a flow-weighted salinity of 27,440 mg/L TDS. 

Comparing the two models 

The assumptions underlying the Agritech schemes (Coyne et al. (2002) and Peter Coyne pers comm.) 

and the estimates of regional drainage yield in the Avon and Upper Blackwood catchments modelled 

by Ali et al. (2006), (2008), (2009) and (2010) are very different, as follows.  

 Additional flows from arterial drainage are lower and salt loads (and flow-weighted salinities) 

are higher in the CSIRO modelling than are predicted in the Agritech model.  The results from 

reasonable scale drainage projects already operating (e.g. Fence Road, Beacon and 

Narembeen) would question the Agritech assumptions about water quality and year-round 

constant flow rates.   

 The Agritech model assumes year-round (and year-to year) constant flow from the deep 

drainage in the Blackwood River Catchment.  The CSIRO modelling would suggest that this 

will not be achieved and the arterial drainage constructed to date would support the CSIRO 

predictions. 

Further, the assumptions about drainage effectiveness in the modelling work undertaken by CSIRO 

have been questioned as being over-optimistic (see Table 2-9 and comments in Section 2.3.5).  A 

lower effectiveness of drainage at dewatering would result in a lower drainage yield, depending on soil 

properties in the individual drains.  

2.3.5 The role of drainage in managing salinity 

The reported data in Table 2-4 and Table 2-5 suggest that there is not yet a clear picture about the 

universal role of arterial drainage in managing valley floor groundwater rise and resultant secondary 

salinity.  This is supported by an earlier review in 1999, when Coles et al. (1999) concluded:  

The wheatbelt catchments are characterised by low permeability, low gradients which may intermittently yield 

large quantities of saline water.  The ramifications of applying simplistic universal engineering solutions to large 

areas over which hydraulic conditions are highly variable, are often hidden, dramatic or inconsequential.  

Consequently opinions on the effectiveness and success of drains or drainage options are highly variable and 

often counterintuitive. (p. 2) 

This early finding needs to be qualified by work since 1999 which indicates that not all valley floors are 

low permeability (e.g. see data for the EEI drain at Morawa), although the statement about drains not 

being universally applicable everywhere applies.   

The statement by Coles et al. (1999) is also not supported by the findings of Ali et al. (2004) for the 

effectiveness of the Wakeman Creek drainage system at Narembeen, where groundwater behaviour 

was seen to be affected by the drain at a much further distance from the drain than could be readily 

explained by soil physical properties and hydrogeological engineering principles.  Further observations 

as part of the Engineering Evaluation Initiative (EEI) (Nick Cox, Department of Water pers. comm.) 
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and anecdotal reports from landholders (Rod Munns, Shire of Mt Marshall pers. comm.) suggest that 

many of the drains are resulting in improvements to adjacent land – although the nature of the 

improvement in terms of lowered groundwater levels is not always clear.  

In completing the Avon and Blackwood Regional Drainage Evaluations, the assumptions about 

drainage effectiveness shown in Table 2-9 were established (Ali et al. 2009 and 2010).  The distances 

shown are for each side of the drain (i.e. effectiveness of 150 m means that the drain will lower ground 

water levels over a total width of 300 m). 

Table 2-9 Assumptions about drainage effectiveness 

Catchment 
Region within 

catchment 
Low effectiveness (m 

lateral impact) 
High effectiveness (m 

lateral impact) 

Eastern 150 m 300 m 

Central 100 m 150 m Avon River Basin 

Western 50 m 100m 

Eastern 200 m 400 m 
Blackwood 

Central 150 m 300 m 

Source:  Ali et al. (2009 and 2010) 

The assumptions in Table 2-9, which are based in part on observations in the Narembeen drain (see 

Ali et al. 2004) have been challenged for their general application.  Advice from the Department of 

Agriculture and Food (Andrew Watson, Department of Agriculture and Food pers. comm.) is that the 

observations of drainage effectiveness have been confounded with watertable declines due to 

evaporative losses from the soil (where watertables remain near surface).  Further, it is argued that 

when effectiveness is measured as the area of salt-affected land reclaimed, the lateral influence of 

drains is much less than that shown in Table 2-9, and this is also supported by the findings of Cox and 

Tetlow (2009).  Further observations along the drains that were investigated by Ali et al. (2004) found 

that the recovery of salt-affected land was minimal (about 1 ha per 10 km of drain), as compared to 

the 20 ha/km implied in Table 2-9 (Andrew Watson, Department of Agriculture and Food pers. comm.).   

It is further argued that the more optimistic observations of drainage effectiveness have not taken long 

term climate variability into account.  It is argued that water tables observed to be falling in many parts 

of the agricultural areas associated with drains has more to do with reduced rainfall (Andrew Watson, 

Department of Agriculture and Food pers. comm.).   

The quote below for the Morawa EEI projects describes yet another experience, where despite high 

drainage efficiencies in terms of drainage discharge, a single drain approach has been shown to be 

ineffective in addressing soil salinisation.    

This finding [for the Morawa drain] highlights that, even if the soil and aquifer are sufficiently permeable, the 

physics of groundwater flow will make the single channel approach to groundwater control for reclaiming saline 

land ineffective.  From this study it is suggested that the most efficient way of improving drainage outcomes at 

Morawa appears to be the construction of parallel drainage schemes of sufficient density to lower the watertable.  

The low recharge rates - experienced across the Wheatbelt are expected to improve the potential for success 

using this approach, but as yet it remains tested and proven only at Dumbleyung in the southern Wheatbelt. (Cox 

2010, p. viii) 
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Application of the ‘multiple parallel drainage system’ at Beynon Rd east of Dumbleyung demonstrated 

that this approach could rapidly lower groundwater levels across the area treated to a new equilibrium 

within 8 weeks of drain installation. 

In summary, and despite the assumptions presented in Ali et al. (2009 and 2010), the data presented 

in Table 2-4 highlight the variation in performance of drainage systems, and the highly variable nature 

of the flows between seasons.  This indicates the ‘site-specificity’ of opportunities for effective deep 

drainage, which requires that sufficient pre-construction investigations are carried out before 

committing to construction (as in assessing the opportunity for groundwater abstraction from 

palaeochannels discussed in Section 2.2.10).  Obviously, pre-drainage investigations would need to 

be budgeted in project costs.   

2.4 Use of relief and siphon wells 
The use of relief and siphon wells to lower groundwater levels in areas subject to salinity has been 

reviewed by Salama et al. (2003a).   

2.4.1 Relief wells 

Relief wells can be used to relieve subsurface hydrostatic pressures that may develop within semi-

confined and confined aquifers due to rising water tables and pressures in these aquifers.  The 

pressure build up has been caused by an excess of recharge over discharge.  Unless reduced, these 

pressures may subject areas of the landscape above the confining layer to act as discharge zones 

and hence lead to secondary salinisation.   

2.4.2 Siphon wells 

Siphon wells are usually constructed where soil salinity has developed in a local area (such as a 

hillside seep) and where the water level in the well is higher than the discharge point at a lower place 

in the landscape – with the siphon acting as a passive vacuum pump.  The discharge rate from the 

wells, the size of the salt affected area, and the rainfall in the area all determine the effectiveness in 

addressing the salt problem.   

2.4.3 Effectiveness of relief and siphon wells 

There are several examples of relief wells and siphon wells in WA.  Examples reviewed by Salama et 

al. (2003a) are presented in Table 2-10.   
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Table 2-10 Examples of the use of relief and siphon wells in the WA agricultural areas 

Site Environment Flow rates Comment 

Wallatin 
Creek*(a) 

Saline hillside seep.  
Groundwater flow through semi-
confined and confined aquifers 

24-43 kL/bore/day 
Proper design principles suggest 
that the relief well system could 
control local salinity 

Cuballing* 
Seepage area downstream of a 
farm dam 

Not provided 
Relief wells reduced water levels 
below the dam 

Gordon 
River* 

Natural discharge areas located 
in lower parts of the landscape 

Flow rates varied 
between 6 and 15 
kL/bore/day across 14 
siphon wells 

Area with groundwater drawdown 
of greater than 0.5 m totalled 
46.44 ha.   

As reported in Salama et al. (2003a)*  (a) original work reported in George and Frantom (1990) 

The conclusion from the review of the case studies (including those in other states not shown in Table 

2-10) is that relief wells are unlikely to ‘cure salinity’ in low-lying areas of the landscape that have 

positive head, with the best that can be done being to focus on the areas of saline groundwater to the 

level of the relief well outlet.  Due to the continuous recharge into valley floors, the hydrostatic 

pressures will not decrease below ground level.  Rather than recovering areas affected by salinity, 

relief wells will contribute mainly as ‘safety valves’ in removing an equivalent amount of water to that 

recharging the valley floor.  This will ensure that the water levels in other parts of the catchment will 

not rise and cause salinity in those areas. 

The siphon wells installed in discharge areas in the Gordon River developed a cone of depression that 

varied from 3.5 to 67 ha.  Although the drawdown at the bore site was relatively high given small 

discharge rates, low hydraulic conductivity limited the total area with drawdown greater than 0.5 m 

across the network to 46 ha or between 20 and 50 per cent of the total drawdown area.   

While relief and siphon wells can reduce hydrostatic water pressures and local water levels, the 

effectiveness in addressing surface salinity and water logging will vary according to the quality of the 

groundwater, the soil type, the rainfall and the magnitude and extent of the cone of depression around 

the wells.   

In summary, both relief and siphon wells can be used to address localised salinity impacts, with some 

expectation of success.  Further, given that there are no pumping costs associated with either 

technology, relief and siphon wells can be cost effective if the reduced groundwater pressures and 

water levels can be translated to the recovery and/or containment of the surface salinity.  However, 

the technologies are not well suited to recovery or containment of large valley floors affected by 

salinity that is caused by upward pressures from confined or semi-confined saline aquifers (Salama et 

al. 2003a).   

2.5 Surface water harvesting 
Dams are used extensively in the agricultural area for domestic, livestock and garden water use.  

Assuming a runoff threshold of 10 mm, and with the use of roaded catchments, about 1 ML of 

stormwater could be harvested per hectare of roaded catchment (GHD 2006).   

In Merredin town, total surface water storage is 255 ML, with the catchment comprising a mixture of 

hard surface (roads, parking areas roofs, the Merredin Rock), other areas within town, and some run-

off from neighbouring agricultural land.   
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A review of opportunities for harvesting fresh surface water in the 500 to 825 mm rainfall zone in the 

south west showed that there are 1,150 catchments with the potential to harvest more than 75 ML 

each annually, at 90 per cent exceedance probability (Coles and Tetlow 2003).  The areas with the 

best potential lie across the western boundary for this study, including areas around Boddington, 

Boyup Brook, Bridgetown and East Manjimup – with most of these areas being in State Forest areas 

(managed by DEC).   

The potential declines eastwards, such that below 550 mm, there are no catchments in the south west 

region capable of a reliable yield of 75 ML annually (Coles et al. 2007).  This finding was confirmed by 

GHD (2006) in the assessment of self-sufficiency opportunities, which highlighted the reliability and 

logistical issues associated with major surface water storages in the Avon River Basin.   
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3 

3 TOR 2 and 3 - Identification and assessment of water reserves 

3.1 Methodology 

3.1.1 TOR 2.  Identify saline water reserves 

URS has identified a number of large saline water reserves of recoverable quality that are either 

potentially available for use near existing infrastructure, proximate to consumers of high cost water, or 

in significant quantity to be used as part of an integrated recovery scheme.  URS has assessed the 

conditions required for engineering approaches to provide reliable supplies – as in considering 

groundwater yields obtained by deep drains (and what conditions are required to achieve consistent 

supply) versus shallow or deep bore fields and factors influencing each.  Reserves have been 

classified against location, yield reliability, quality and volume.  URS has: 

 developed criteria for categorising the available reserves to allow development of water supply and 

quality scenarios; and 

 searched DOW data bases (and some of those held by DAF and DEC) and consulted available 

expertise to identify water reserves that comply with the criteria developed. 

The data and information collected are presented in this Section. 

3.1.2 TOR 3.  Assess water characteristics of the water resources 

URS has estimated the quantity and quality characteristics of potentially recoverable saline water 

reserves, including brackish water, with reliable yields, as follows. 

 Using the DOW data bases and in house knowledge estimate the quantity and quality 

characteristics of the water reserves identified. 

 Categorising the suitable identified water resources in the agricultural areas according to yield, 

acidity, salinity and other water chemistry characteristics that are critical for treatment.  Resources 

have been classified against high, medium and low grades, potentially as: 

— expected water yield ( < 1 ML/day, 1 - 10 ML/day and > 10 ML/day),  

— acidity (pH < 4.5, 4.5-7.0, > 7.0); 

— salinity (500 - 5,000 mg/L TDS, 5,000 to 35,000 mg/L TDS, 35,000 – 50,000 mg/L TDS, and 

>50,000 mg/L TDS); and 

— specific water chemistry attributes (that are opportunities or constraints for treatment). 

The anticipated yields and water qualities of the identified water resources have been presented in a 

spreadsheet format.   

3.2 Groundwater east of the Darling Scarp 
There are no actual or potential, fresh-marginal, divertible groundwater resources of more than 10 

GL/annum (27,400 kL/day) located in the agricultural areas east of the Darling Scarp (see Allen 1997 

p. 36).  As shown in Table 3-1, the total renewable fresh marginal resources that cover the agricultural 

areas were estimated in 1997 at 266 GL/year, which represents roughly two-thirds of the Perth 

Metropolitan Area’s domestic consumption from the IWSS.  However, these fresh-marginal supplies 

are widely scattered across many small resources that have been used mainly for stock water and 

occasionally for domestic supplies.   
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Table 3-1 Estimated renewable and stored groundwater resources 

Basin/Province 
Area 
(km2) 

Renewable 
fresh-marginal 

resources (GL/yr) 

Stored fresh-
saline 

resources 
(GL)* 

Estimated 
number of 

bores 

Abstractions 
fresh-saline 
1983-1984 

(GL) 
Yilgarn-Southwest 
(AWRC No. 28F) 

183,000 241 54,900 25,140 3.6 

Albany Fraser (AWRC 
No. 23F) 

55,800 25 16,750 1,220 2.2 

Source:  Allen 1997, p 30  *  estimated assuming 30 m of 0.01 specific yield 

3.3 Major groundwater resources 

3.3.1 Saline palaeochannels and other major resources 

The very large volumes of stored fresh-saline groundwater shown in Table 3-1 are mainly comprised 

of saline groundwaters located in the large palaeochannels associated with the salinised wheatbelt 

valley floors along the Lockhart, Yilgarn, Yarra Yarra, Salt and Mortlock ‘Rivers’.  The palaeochannel 

sediments are of mixed Eocene and Pliocene origin, with the yields likely to be higher in the former, 

which comprise basal sand overlain by plastic clays (Philip Commander pers. comm.).   

Examples of the major resources are presented in Table 3-2.  These sites were identified as part of 

the SIF II investigation of the feasibility of treating biodiversity assets located in broad valley floors.  

Except where otherwise reported, the surplus recharge and estimates of stored water volumes were 

modelled (URS 2004) using assumptions for the area saturated, depth of saturated profile, and the 

specific yield.   

The water quality data are taken from the WIN data base for observation bores and surface flows 

within or as close as possible to these locations.  Given that some of the data are from ‘closest 

possible sites’, there will be inconsistencies between the data presented in Table 3-2, and where more 

precise data have been collected from case study sites (e.g. the Fe level for Beacon River in Table 3-2 

is 144 mg/L, whereas the Fe level in the drainage water from the Beacon drain is considerably higher 

at 825 mg/L as shown in Table 4-20).   

It is also to be noted that the water quality data are not complete and require more robust 

representative physico-chemical and microbial characterisation to design and estimate appropriate 

pre-treatment and post-treatment methods and costs.  For example, some important water quality 

parameters such as turbidity, total suspended and filterable solids, colloidal and reactive silica, total 

and filterable organic carbon, hydrogen sulphide, silt density index, oil and grease, and total hardness 

are yet to be investigated to better inform additional pre- and post-treatment requirements for 

desalination technologies and associated additional pre- and post-treatment costs.  It is understood 

that this may constitute an important scope for detailed site specific engineering evaluation of 

individual cases that could well be undertaken subsequent to this study. 
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Table 3-2 Examples of major saline groundwater reserves in the wheatbelt 

Location 

Estimated 
storage 
(ML) in 

fully 
saturated 

zone 

Estimated 
excess 

recharge 
ML/a 

Groundwater 
pH category 

TDS 
category 

(mg/L) 

Acidity  
(g/L 

CaCO3) 
Statistics 

Alkalinity 
(tot) 

(CaCO3) 
(mg/L) 

Fe (sol) 
(mg/L) 

Mg 
(sol) 

(mg/L) 

Mn (sol) 
(mg/L) 

Na (sol) 
(mg/L) 

SO4
= 

(sol) 
(mg/L) 

Cl (sol) 
(mg/L) 

Drain Average 302 0.2 1,479 0.40 13,781 1,864 24,300 Morawa-Yarra 
Yarra Lake 

79,000 12,937 >7 
5,000-
35,000 

0  
Drain St. Dev.        

Surface Water Average 124 1.3 16 0.65 178  290 
Lake Bryde 48,000 7,700 >7 <5,000   

Surface Water St. Dev.        

Surface Water Average 66 0.3 3,840 0.25 45,100 9,020 71,700 
Moore River 167,000 1,136 >7 >35,000 <0.1 

Surface Water St. Dev.        

Surface Water Average 58 2.1 1,232 2.55 12,510 2,719 20,819 
Mollerin Lake 27,000 13,002 4.5-7 

5,000-
35,000 

0.1-0.6 
Surface Water St. Dev. 49 3.7 1,573 2.44 13,972 3,570 23,744 

Surface Water Average 151 8.5 8,655 4.67 78,840  143,560 

Surface Water St. Dev. 43 16.5 5,436 7.54 30,334  55,027 

Drain Average 155 0.8 2,157 1.12 21,033 3,269 36,733 

Mortlock River 
North 

23,000 9,359 4.5-7 >35,000 >0.6 

Drain St. Dev. 107  1,878 1.07 18,087  32,718 

Surface Water Average 34 1.2 4,540 3.65 91,300 7,170 15,600 

Surface Water St. Dev. 22 1.2 769 5.03 26,242 1631  

Drain Average 17 1.6 1,740 1.12 13,783 2,780 15,600 

Cowcowing 
Lakes 
(Mortlock East 
system) 

12,000 8,479 4.5-7 >35,000 0.1-0.6 

Drain St. Dev.  0.9 543 1.21 4,091 383  

Surface Water Average 110 0.2 336  2317  4,640 

Surface Water St. Dev. 55 0.1 186  1,227  2,395 

Coyrecup 54,000 4,383 >7 <5,000   

Groundwater Average  50.9 1,542 4.67 6,010 4,759 17,395 
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Location 

Estimated 
storage 
(ML) in 

fully 
saturated 

zone 

Estimated 
excess 

recharge 
ML/a 

Groundwater 
pH category 

TDS 
category 

(mg/L) 

Acidity  
(g/L 

CaCO3) 
Statistics 

Alkalinity 
(tot) 

(CaCO3) 
(mg/L) 

Fe (sol) 
(mg/L) 

Mg 
(sol) 

(mg/L) 

Mn (sol) 
(mg/L) 

Na (sol) 
(mg/L) 

SO4
= 

(sol) 
(mg/L) 

Cl (sol) 
(mg/L) 

Groundwater St. Dev.  58.1 587 0.03 4,228 1,266 6859 

Surface Water Average 82 1.1 4,346 2.17 47,896  85,170 
>7 

5,000-
35,000 

0.1-0.6 

Surface Water St. Dev. 53 1.7 5,314 2.73 46,035  80,416 

Drain Average 303 5.2 2,824 1.72 20,615 759 40,400 

Lockhart 

Estimate 
2,000 to 

3,000 
ML/km 

 na 

<4.5 
5,000-
35,000 

0.1-0.6 
Drain St. Dev. 23 1.6 263 0.35 1,620  3,111 

Surface Water Average 373 44.9 1,,256 1.37 12,755 2,752 21,730 

Yilgarn River 

Estimate 
2,000 to 

3,000 
ML/km 

 na 4.5-7 
5,000-
35,000 

0.1-0.6 
Surface Water St. Dev. 148 63.4 877 1.89 9,639 1,223 17,297 

Salt River 
(between 
Quairading 
and 
Qualandary 
crossing) 

200,000 
(4,000/km) 

Salama 
(2004) 

na NA >35,000          

<20M DEEP 
Groundwater Average 

188 144.2 1,714 2.27 14,148 3,842 24,413 
4.5-7 

5,000-
35,000 

>0.6 

Groundwater St. Dev. 39 210.1 1,047 1.23 7,423 1,892 13,041 

>30M DEEP 
Groundwater Average 

3 50.0 1,277 2.37 11,106 3,099 18,992 
4.5-7 

5,000-
35,000 

0.1-0.6 

Groundwater St. Dev.  41.4 659 1.34 5,526 1,490 8,907 

56 

<4.5 
5,000-
35,000 

0.1-0.6 Drain Average  16.8 1,451 2.19 13,033 3,600 21,029 

Beacon River na 

92       Drain St. Dev.  8.1 337 1.21 2,819 711 4,554 

Drain Average 514 73.1 1,336 7.52 12,724 2,522 21,179 
Wallatin Creek na  na <4.5 

5,000-
35,000 

0.1-0.6 
Drain St. Dev. 327 43.8 423 3.24 4,147 675 5,805 
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Table 3-3 Additional groundwater sources investigated in SIF II  

Location 

Estimated 
excess 

recharge 
ML/a 

Groundwater 
pH category 

TDS 
category 

(mg/L) 

Acidity  
(g/L 

CaCO3) 
Statistics 

Alkalinity 
(tot) 

(CaCO3) 
(mg/L) 

Fe (sol) 
(mg/L) 

Mg 
(sol) 

(mg/L) 

Mn (sol) 
(mg/L) 

Na (sol) 
(mg/L) 

SO4
= 

(sol) 
(mg/L) 

Cl (sol) 
(mg/L) 

<30M DEEP 
Groundwater Average 

 1.0 621  6,480 1,750 10,400 

Groundwater St. Dev.        North Munglinup 83 <4.5 
5,000-
35,000 

<0.1 

Surface Water St. 
Dev. 

       

Groundwater Average 207 11.2 954 0.98 9,458 2,217 15,425 

Groundwater St. Dev. 268 6.5 167  1,399 452 2,262 

Surface Water St. 
Dev. 

22 1.2 769 5.03 26,242 1631  

Drain Average 177 1.6 1,740 1.12 13,783 2,780 15,600 

Young River 22,647 4.5-7 
5,000-
35,000 

>0.6 

Drain St. Dev.  0.9 543 1.21 4091 383  

<20M DEEP 
Groundwater Average 

 48.0 1210 0.11 9,690 2,300 15,600 

Groundwater St. Dev.        Fitzgerald 1,666 <4.5 
5,000-
35,000 

0.1-0.6 

Surface Water St. 
Dev. 

55 0.1 186  1,227  2,395 

Groundwater Average  22.3 1275 3.05 12,689 2,851 18,733 
Upper Lort 12,965 <4.5 

5,000-
35,000 

>0.6 
Groundwater St. Dev.  17.8 233 1.39 2,214 819 5,321 

Groundwater Average  38.0 1903 3.86 11,500 4,685 24,800 

Groundwater St. Dev.  50.9 1542 4.67 6,010 4,759 17,395 Lake Toolibin 236 <4.5 
5,000-
35,000 

0.1-0.6 

Groundwater St. Dev.  58.1 587 0.03 4,228 1,266 6,859 
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Table 3-4 Examples of rural towns with salinity issues  

Location 

Estimated 
excess 

recharge 
ML/a 

Groundwater 
pH category 

TDS 
category 

(mg/L) 

Acidity  
(g/L 

CaCO3) 
Statistics 

Alkalinity 
(tot) 

(CaCO3) 
(mg/L) 

Fe (sol) 
(mg/L) 

Mg 
(sol) 

(mg/L) 

Mn (sol) 
(mg/L) 

Na (sol) 
(mg/L) 

SO4
= 

(sol) 
(mg/L) 

Cl (sol) 
(mg/L) 

Groundwater Average  40.0 475 0.49 6,075 538 9,393 
Merredin  na <4.5 

5,000-
35,000 

  
Groundwater St. Dev.  53.7 290 0.30 3,130 301 5,066 

Groundwater Average 33 83.5 1,443 1.75 13,669 1,250 25,933 
Narembeen  na <4.5 

5,000-
35,000 

>0.6 
Groundwater St. Dev. 43 99.5 768 1.98 6,921 808 13,373 

<20M DEEP 
Groundwater Average 

153 4.7 2,209 2.04 19,732 5,216 32,100 
Perenjori  na 4.5-7 

5,000-
35,000 

<0.1 

Groundwater St. Dev. 139 3.3 2017 0.82 18,049 4,493 29,293 

Tambellup  na 4.5-7 
5,000-
35,000 

0.1-0.6 
<20M DEEP 
Groundwater Average 

96 42.4 1,245 0.12 10,010 2,425 16,350 
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Information on actual water quantities and qualities in the palaeochannel sediments is limited to a 

series of site-based studies across the region.  Salama (2004) reported that the Salt River between 

the Qualandary Crossing and Quairading (the Yenyening Lakes) holds 200,000 ML (200 GL), or an 

average of 4,000 ML (4 GL) per km of drainage floor length.  Although water quality in these saline 

resources has been reported to vary from 40,000 to 100,000 mg/L TDS (Salama 2004), the WIN 

database for groundwater sampling in several of these areas suggests lower salinities.  It is likely that 

these groundwater samples were generally taken at sites out from the main drainage floor, or from 

shallower aquifers, which would explain the lower salinities.   

While it is realistic to assume that all of the major valley floor drainage systems overlie palaeochannel 

sediments containing large volumes of water, locating bores to be able to access these resources is 

not straight forward (Philip Commander pers. comm.).  The ‘first principles estimate’ of about 300 

kL/bore/day from a sandy palaeochannel aquifer is seen as being a reasonable average for the 

abstraction rate (See Table 2-1 and George et al. 2001).  More precise data on the location and likely 

abstraction rates from palaeochannel are difficult to obtain.  In the examples reviewed in this report, 

abstraction rates varied from 1,500 kL/bore/day at Salt River (Salama et al. 2004) to 61 kL/bore/day at 

Tammin (Dogramaci et al. 2009).  There are insufficient data to provide either a map of 

palaeochannels in the wheatbelt or the types of aquifer at any given site.  Because the channels are 

buried the best sites for production bores initially need to be identified by means such as ground 

geophysical surveys.  This is an expensive approach, which would need to be added to the cost of the 

water supply project (Dogramaci et al. 2009).   

In general it can be assumed that the salinity of the groundwater increases moving towards the 

eastern margins of the agricultural areas, and in internally drained systems.  For example, the 

groundwater beneath the Yarra Yarra Lake is 250,000 mg/L TDS, and the lake systems in the Yilgarn 

area are believed to have groundwater resources up to 300,000 mg/L TDS.   

3.3.2 Local groundwater supplies elsewhere in the wheatbelt 

Away from the palaeochannels, there generally is a weathered zone above the fresh granite basement 

comprising poorly sorted clayey sand overlying clay (duplex soil profile).  The weathered zone at the 

upper catchment or upper landscape is generally thin and receives fresh rainfall recharge.  It can 

provide fresh but limited groundwater.  The aquifer generally is not well connected regionally.  

Moderate fresh water supplies may be available around the dolerite dykes. 

The weathered zone in the minor valleys is usually thick, and the sediment and groundwater would go 

through many secondary processes.  The aquifer may have higher yield but would usually contain 

saline water as it receives water and salt from various sources.  Salt will also be concentrated through 

the evaporation in areas with a shallow watertable and with poor drainage conditions.  These valley 

areas are prone to the surface expression of salinity.  

Additional catchments identified in the SIF II investigation of the feasibility of treating biodiversity 

assets are listed in Table 3-3.  The hydrological properties of these locations, which are known to be 

affected by shallow saline groundwater were modelled for that work (as described above), and those 

modelled assumptions are presented in the table (e.g. stored groundwater ML, excess recharge 

ML/year).  These locations were cross-referenced to water quality data taken from sites in the WIN 

data base that are within, or near (within 2-5 km) to the catchments shown.   
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Local groundwater availability is highly variable in quantity and quality, and has only been investigated 

in any detail where groundwater rise is affecting important assets (towns, water resources, biodiversity 

etc).  Most proven resources are beneath townsites, which have been assessed at between 13 to 432 

kL/day/bore (see Table 3-8) of brackish to saline water.  

3.3.3 Fresh to marginal resources 

‘Target and Buffer Resources’ (Department of Agriculture and Food) 

Investigation by the NRM Science Division in the Department of Agriculture and Food identified a 

number of fresh to marginal palaeochannel resources east of the Darling Scarp, and west of the major 

saline palaeochannels, and in the Eucla Basin along the south coast.  The ‘target areas’ are where 

groundwater may be harvested.  These target resources may be associated with ‘resource buffers’ 

that either contain similar groundwater resources to target areas and/or may need to be managed to 

protect the identified target areas (Catchment Hydrology Group, Department of Agriculture and Food 

2009).  The target areas and resource buffers defined are described in Table 3-5.   

Table 3-5 Potential groundwater resources in the agricultural areas of WA 

Resource Location and area Area (km2) 

Kojonup-
Woodanilling 

Target area west of Albany Highway between Kojonup and Arthur River and east 
of Duranillin  

55  

Towerrinning-
Kamballan 

Target area north west of Lake Towerrinning, surrounded by Resource Buffer 
extending west towards the Preston-Collie Valleys 

30  

Boyup Brook-
Wilga 

Three discrete target areas between Boyup Brook and Wilga 50  

Piawaning Three target areas adjacent to and south of Piawaning.  Includes a small 
Proclaimed Groundwater Area 

280  

Bolgart Four target areas located on a NW-SE transect through Bolgart 300  

New Norcia A target area comprising a belt of land running west from the Great Northern 
Highway to the intersection with the Proclaimed Groundwater Area 

50  

York Located around the York townsite 140  

West Dale Area approx. 40 km west of Beverley, surrounded by a Resource Buffer 100  

Kokeby Two target areas south of Mt Kokeby, west of the Great Southern Highway, 
surrounded by Resource Buffers 

30  

Brookton Proclaimed Groundwater Area about 4 km north east of Brookton, on the Great 
Southern Highway, surrounded by a resource buffer 

10  

Frankland Resource buffer located in the Denmark area straddling the Hay River to the 
Kent River 

480  

Redmond Resource buffer lying to the north and north west of the Albany Proclaimed 
Groundwater Area 

350  

Manypeaks Resource buffer extending along south coast from Kalgan River to Green Range 750  

Wellstead Resource buffer located across Hassell Highway around Wellstead 400  

Bremer Bay Proclaimed Groundwater area at Bremer Bay with a Resource Buffer of the west 
south west 

18  

Ginginup-
Booeynup 

Area lying east west between the South Coast Highway and the coast, 50 km 
west of Esperance 

80  

Source:  Catchment Hydrology Group, Department of Agriculture and Food 
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The ‘target areas’ are where available data indicate that single or multiple bores may be capable of 

yielding a supply of up to 100 ML/yr (274 kL/day/bore or 3 L/second) at about 2,000 mg/L TDS (or 

less).  The ‘threshold point’ in defining these areas was that they have potential to produce 

approximately 20 ML/day, or 7.3 GL/year, and meet the needs for small to modest water users 

(Richard George pers comm.).  In all cases, significant further investigation would be required to prove 

these resources and determine the economic viability of developing them for commercial uses 

(Catchment Hydrology Group, Department of Agriculture and Food 2009).  URS understands that the 

intention is that these resources could be developed without treatment of the groundwater, although 

the quality in most cases would not be suitable for domestic or irrigation use without desalination.   

Groundwater abstraction and quality estimates for three of these areas have been published, with 

summary data presented in Table 3-6. 

Table 3-6 Verified groundwater supplies from single bores in target areas 

Site (information 
source) 

Details 
Sustainable abstraction 

rate  
Salinity (mg/L TDS) 

Kokeby-Beverley-
Brookton (GHD 
2007a, GHD 2008c) 

Maitland and Kieara 
palaeochannel 
Corberding Plateau 

1,469 kL/day to 6,048 kL/day 
Sustainable yield for Corberding 
area could be 700-1,300 ML/yr, 
or 2.5 ML/ha 
Corbeding could already be 
overdrawn (estimated current 
use 2,200 ML/yr) 

Maitland – 500-5,500 mg/L 
Keira – one bore at 1,250 
mg/L 
Corbeding palaeochannel – 
400-1,000 mg/L 
Corbeding above the 
palaeochannel – approx 2,500 
mg/L 
Away from Corbeding, salinity 
is 310-3,100 mg/L 

York (GHD 2008a) Two production bores  545 KL/day and 620 KL/day 2,000 mg/L 

Four production wells 
in Western borefield 

Average total abstraction is 34 
kL/day 

200-400 mg/L 
Bolgart (GHD 2008c) 

One production bore in 
Bull Road borefield 

Average abstraction 38 kL/day 200-1,100 mg/L 

 

3.4 Groundwater supplies within townsites 

3.4.1 Dandaragan and Watheroo water resources 

The small towns of Dandaragan and Watheroo, located in the West Midlands are both supplied by 

local groundwater supplies.  The Dandaragan Water Reserve is a Proclaimed Water Reserve (since 

1970).  The allocation plan for the Jurien Groundwater area (2009) also indicates marginal to brackish 

waters available in palaeochannels beneath the Dandaragan Plateau.  Numerous other potential 

brackish water resources occur on the Dandaragan Plateau (see Davidson 1995). 

Water Source Protection Plans for the Dandaragan and Watheroo town water resources were 

released in 1999 by the Water and Rivers Commission (now Department of Water).  These plans 

document that nature of the resource, and the management requirements.  These have been 

summarised in Table 3-7. 
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Table 3-7 Dandaragan and Watheroo water resources 

Site 
(information 

source) 

Water resource 
details 

Water resource 
development 

Sustainable 
Abstraction 

rate  

Salinity (mg/L 
TDS) 

Dandaragan Water 
Reserve (WRC 
1999) 

Includes access to the 
Leederville Formation 
(unconfined and 26 m 
below the surface) and a 
shallow superficial 
aquifer 

Two production 
bores, two 
monitoring bores, 
several shallow 
spears 

Daily abstraction 
averages 110 
kL/day 

500-550 mg/L 

Watheroo  

Located on western edge 
of Yilgarn Craton 
(Yilgarn-South West 
AWRC No. 28F) 
Water is stored in 
fractures and joints in the 
Noondine Chert 

Three production 
wells 

Suggested yield of 
200 kL/day/bore 
Daily abstraction 
averages 113 kL, 
peak daily demand 
is 260 kL/day 

In 1992, averaged 
975-1,200 mg/L in 
Well 5/78 and 995-
1,300 mg/L in 
wells 3/63 and 
7/78 

 

3.4.2 Rural Towns  

Urban salinity has a significant economic impact on at least 38 rural towns in Western Australia.  The 

Salinity Investment Framework (SIF) predicted in 2004 that damage within those towns will cost more 

than $55 million statewide over the next 30 years.  Conversely, with water restrictions increased by 

climate change, economic and social development in these towns is being stifled by declining water 

supplies.  The Rural Towns Program (RTP) was established in 1997 to investigate the hydrology and 

salinity situation across a range of towns, and then to develop options and programs that would 

ameliorate the problems associated with rising saline groundwater and/or inadequate stormwater 

management in the towns (Department of Agriculture and Food website). 

Part of the process involved hydrogeological investigations across a number of towns in the program, 

which included modelling of likely groundwater abstraction rates and water quality.  These data are 

shown in Table 3-8.  The groundwater chemistry as recorded in observation bores in these towns in 

the Rural Towns Program is also presented in Table 3-8. 

Groundwater abstraction is currently occurring in two towns – Wagin and Merredin.  In both towns the 

actual rates of abstraction (kL/bore/day) are significantly less than the modelled pumping rate.  There 

are also differences in salinity in the abstracted water when compared to groundwater sampled in 

observation bores.  This suggests that the modelled pumping rates and groundwater chemistry 

presented for other towns in Table 3-8 need to be treated with caution. 

Saline groundwater level reduction to 3-4 m below ground surface levels is preventing damage to rural 

infrastructure in Merredin and Wagin.  Currently this moderately saline water is discharged either to an 

evaporation pond (Merredin) or to a nearby salt lake (Wagin).  In most country towns, the consistent 

winter rainfall pattern, although reducing regionally over recent decades, has allowed effective annual 

collection and storage of surface storm water in reservoirs in town.  Local sports ovals and Shire 

Council gardens are able to use this water as required in summer to maintain turf irrigation.  

At Merredin, however, Shire Council engineers advise increasing demands from population increase 

and road maintenance activities are lowering available summer stormwater reserves to critical levels.  

Storages are also encountering increased salinisation from poorly sealed excavated reservoirs as 



DOW1710 Saline water treatment 

3 TOR 2 and 3 - Identification and assessment of water reserves 

42907533/S0156/3 35 

summer stored water levels fall below the saline groundwater horizon.  This has increased TDS to 

above 1,200 mg/L TDS recently, which also threatens the sodium adsorption ratio (SAR) for soils 

subject to Council’s turf irrigation program. 

Table 3-8 Groundwater investigations in rural towns 

Town 
Depth of 

production 
bore (m) 

Modelled 
pumping rate 
(kL/bore/day) 

pH** 
Salinity 

(mg/L TDS) 

Modelled 
lateral impact 

(m) 

Brookton 31 130 6.84 6,600 200 

Bruce Rock 30 35 5.24 15,675 75-100 

Bakers Hill 15.3 17 4.69 6,325 50 

Dowerin 30 26 6.38 5,940 300 

Corrigin 35 259 5.87 4,400 300 

Dumbleyung 38 22 5.44 16,885 No data 

Katanning 24 52 6.55 7,260 About 150 

Kellerberrin 55 173 4.42 25,960 750 

Koorda 23 216 4.23 15,950 300 

Lake Grace 24 13 6.14 5,610 300 

Merredin* 45 432 (100) 
6.26 (4.86-

6.78) 

10,725 
(18,000 to 

20,000) 
500 

Moora 32 432 5.33 No data 150 

Mukinbudin 60 173 3.98 50,105 300 

Mullewa 27 26 6.39 1,067 250 

Narembeen 65 173 3.36 43,835 300 

Perenjori 29.7 26 6.13 10,450 300 

Piawaning 26 302 6.57 No data 100 

Quairading 38 13 5.98 3,498 200 

Tambellup 27 43 6.58 17,105 150 

Wagin* 34 302 (176-260) 5.93 7,260 (6,800) 500 

Wongan Hills 26.5 35 6.05 10,065 200 

Adapted from Dogramaci (2004) p. 17.  * current data reported in Table 2-2 shown in () ** data from Mark 

Pridham pers comm. 

3.5 Major streamflows 

3.5.1 Avon River System 

Although the major drainage lines in the Avon River System east of the Darling Scarp do not flow 

regularly, average yields and salt loads have been calculated for the period 1976-2003, as shown in 

Table 3-9 (adapted from Ali et al. 2009, and including data from DOW 2009b, 2010a and 2010b).  An 

average salinity of the flows has been calculated, which would occur if the annual flows were able to 

be stored at the point of measurement.   



DOW1710 Saline water treatment 

3 TOR 2 and 3 - Identification and assessment of water reserves 

36 42907533/S0156/3 

Comparing modelled and measured salt loads 

These modelled data (using the LASCAM model) are different to the salinities reported by the 

Department of Water (2008, 2010b), which are considerably higher for both the Yilgarn and Lockhart 

Rivers.  For example, Ali et al. (2009) report the salt load of the Lockhart River at 49,000 tonnes per 

year (1976-2003), whereas Department measurements suggest 99,000 tonnes per annum for the 

period from 1993 to 2000, making it ‘probably the most saline river in Australia and possibly the world’ 

(DOW 2008, p. 13). 

The discrepancy is due to comparison of differently derived data.  Annual flow-weighted salinity (FWS) 

is not the same as average salinity.  FWS also may not correspond to the means of samples taken 

intermittently (mainly due to missed events).  Comparison is only possible in continuous TDS modelled 

from grab sample TDS to enable estimation of the annual load. 

Snapshot data from 2007 have been added to the table below to show the variation over a single 

year’s recordings and also to include pH data (DOW 2009b, 2010a, 2010b).   

Further, the quality of the surface flows along the drainage floors varies hugely according to 

immediately preceding rainfall events.  In the Salt River south of Quairading, surface water salinity 

was found to vary from 250,000 mg/L TDS in summer to 15,000 mg/L at the start of the winter rainfall 

period.  Following exceptionally heavy rainfall periods, surface water quality can improve to 2,000 

mg/L (Salama 2004).   

Table 3-9 Surface flows and salt yields through wheatbelt valley floors (1976-2003) 

Site 
* Water 

flow 
(GL/year) 

* Salt 
(kt/year) 

* Annual 
Flow-

weighted 
salinity (mg/L 

TDS) 

Average salinity 
(mg/L TDS) – 
DOW records 

pH 

Narembeen (at 
Dayman Rd) 

1.2 7 7,000 ****10,000-60,000 3.68 (drainage water)

Lockhart River system 
(at Caroline Gap) 

6.2 49 9,333 **33,900 
**3.2 to 8.7 (normally 

slightly acidic) at 
Kwolyin Hill 

Yilgarn River system 
(at at Caroline Gap) 

8.1 50 6,250 
**22,500 

***7,042-19,147 (in 
2007) 

***7.68-8.16 (in 2007)

Yenyening-Salt River 
(at Qualandary 
Crossing) 

18.4 237 13,167 
***34,165-105,798 

(in 2007) 
***7.5-8.44 (in 2007) 

Mortlock North River 18.3 128 7,111 
***11,735-29,624 (in 

2007) 
***7.94-8.65 (in 2007)

Mortlock East River 
(includes Cowcowing 
Lakes) 

22.1 178 8,090 
***3,023-22,199 (in 

2007) 
***7.23-9.1 

Avon River at Northam 
(rejuvenated drainage 
zone)  

128.4 770 6,016 
**6,700 (***6,032-
13,360 in 2007) 

*** 7.98-8.79 

* Adapted from Ali et al. (2009) ** from DOW (2010b) *** from DOW (2009b) **** from DOW 2010a) 
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The median water qualities at Hines Hill on the Yilgarn River in 2006 and 2007 were 41,651 mg/L TDS 

and pH 4.2 in 2006, and 23,571 mg/L TDS and pH 4.4 in 2007 (DOW 2009a).  The eastern sections of 

the Yilgarn River and associated lakes are being affected by acidic groundwater flows, which would 

appear to be ameliorated downstream (cf. pH at Caroline Gap).  Surface water flows elsewhere in the 

wheatbelt are neutral to alkaline as shown in the snapshot records in Table 3-9. 

These results are persistent between years.  In the Avon River catchment, snapshot Spring sampling 

over six years (2003-2008) showed that the distribution of summary pH values for the baseflow 

surface water was bimodal in that sites were either mostly neutral pH (> 6.50) or low pH (< 4.50) with 

few in the mid pH range.  While the majority (75%) of sites had water with a median pH of greater than 

6.50, there was a smaller group of sites (21%) where the single or multiple measures of pH were less 

than 4.75. 

Neutral to alkaline pH levels in the baseflow was sampled throughout the Avon River Basin, mainly in 

fresher, faster flowing streams.  Acidic baseflows (pH < 4.50) occurred in the upper reaches of the 

individual catchment catchments, associated with very saline and low flows (Dept. of Water, 2009c). 

Although the major drainage lines in the upper valleys of the Blackwood River System do not flow 

regularly, average yields and salt loads have been calculated for the period 1978-2005, as shown in 

Table 3-10 (adapted from Ali et al. 2010).  An average salinity of the flows has been calculated, which 

would occur if the annual flows were able to be stored at the point of measurement.   

Also shown in the table are the modelled (using LASCAM) future flow and salt loads under a ‘business 

as usual’ scenario for the period 2073-2100.  The increased flows and salt loads result from predicted 

on-going rises in groundwater levels influencing stream hydrology and salt export.  In short, with 

shallower groundwater levels, and salt-affected land, the peak flows in the drainage lines are predicted 

to increase. 

Table 3-10 Surface flows and salt yields - Upper Blackwood River catchment (1978-2005) 

1978-2005 2073-2100 

Location (gauging 
station) 

Water 
flow 

(GL/year) 

Salt 
(kt/year) 

* Average 
salinity 

(mg/L TDS) 

Water flow 
(GL/year) 

Salt 
(kt/year) 

* Average 
salinity 
(mg/L 
TDS) 

Lake Dumbleyung inlet 
(Coblinine) 

22 117 5,300 27 249 9,200 

Beaufort River outlet into 
Blackwood River (Beaufort 
River) 

37 160 4,300 42 290 6,900 

Arthur River outlet into 
Blackwood River (Arthur 
River) 

75 312 4,200 84 502 6,000 

Boyup Brook (Winnejup) 220 797 3,600 249 1,376 5,500 

Blackwood River at mouth 
(Hutt Pool) 

494 938 1,900 565 1,601 2,800 

Source:  Ali et al. (2010).  * Calculated as total salt load/ water flow 
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Under a ‘business as usual’ scenario, rising groundwater levels, leading to increased saline discharge, 

will result in a predicted 13 per cent increase in streamflow and 47 per cent increase in salt load 

passing through Winnejup gauging station on the Blackwood River south west of Boyup Brook through 

the 2073-2100 period.   

However, the ‘business as usual’ modelling for 2073-2100 period does not consider climate change, 

the potential impact of which is considered separately in Table 3-11.  These predictions show the high 

degree of sensitivity of streamflow and salt load to climate change, with a 10 per cent increase in 

rainfall nearly doubling streamflow and more than doubling salt loads.  Conversely, 30 per cent less 

rain reduces to almost zero the streamflow from the upper Blackwood catchments (with significant 

year to year variation).  This would negate the value of any arterial drainage system designed to 

address groundwater rise, or to provide a volume of water for alternative use.  However, groundwater 

levels are predicted to continue rising before stabilising under the drying climate scenarios therefore 

resulting in intermittently shallow water-tables in valley floors.  

Table 3-11 Impact of climate change on stream flow - upper Blackwood River catchment 

2073-2100 – wetter* 

(10% increase in rainfall) 

2073-2100 – drier* 

(30%decrease in rainfall) 
Location 

(gauging station) Water 
flow 

(GL/year) 

Salt 
(kt/year) 

** Average 
salinity 

(mg/L TDS) 

Water flow 
(GL/year) 

Salt 
(kt/year) 

** Average 
salinity 

(mg/L TDS) 

Lake Dumbleyung 
inlet (Coblinine) 

46 (1.71) 453 (1.82) 9,800 (1.06) 1 (0.05) 12 (0.05) 8,600 (0.93) 

Beaufort River outlet 
into Blackwood River 
(Beaufort River) 

84 (1.99) 960 (3.31) 11,500 (1.67) 3 (0.07) 9 (0.03) 3,400 (0.50) 

Arthur River outlet 
into Blackwood River 
(Arthur River) 

125 (1.49) 753 (1.50) 6,100 (1.01) 8 (0.10) 35 (0.07) 4,200 (0.70) 

Boyup Brook 
(Winnejup) 

388 (1.56) 2,601 (1.89) 6,700 (1.21) 32 (0.13) 83 (0.06) 2,600 (0.47) 

Blackwood River at 
mouth (Hutt Pool) 

808 (1.43) 2,017 (1.81) 3,500 (1.26) 113 (0.20) 128 (0.08) 1,200 (0.42) 

Source:  Ali et al. (2010).  * figures in () are multiples of ‘business as usual case’  ** Calculated as total salt load/ 

water flow 

3.5.2 Composition of streamflows 

The composition of streamflows in the agricultural areas has been defined as including 40 per cent 

stormwater runoff, 10 to 13 per cent shallow groundwater and 17 to 20 per cent deep groundwater 

(Salama et al. 2003b, Turner and MacPherson 1990).   

3.6 Possibility of diversions to separate water flows by quality 
The use of streamflow diversions to protect downstream waterway and biodiversity assets has been 

implemented at Toolibin Lake and has been modelled for the Wakeman Creek drain at Narembeen.  

In both situations, the intent of diversion is to separate more frequent low volume, poor quality 

streamflows from the episodic high volume, better quality flows, and hence protect downstream assets 
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(Toolibin Lake and Seagroatt Reserve).  The technologies would appear to have application in specific 

systems, where there are identified high value assets worthy of protection.  The costs of 

implementation are not insignificant.   

The approach has been used to protect an important biodiversity asset at Toolibin Lake (DCLM 

undated).  A diversion drain with a separator gate was installed in 1995 to prevent highly saline, low 

volume flows entering the lake, while allowing high volume low salinity flows (greater that 3 kL/s and 

less than 1,500 mg/L TDS).  The cost of designing and installing the scheme in 1995 was $254,000. 

With the installation of this system, saline low inflows, mainly from the western portion of the 

catchment are diverted around the lake inflow and discharged eventually into Lake Taarblin.  The 

large fresher streamflows from the catchment pass through Lake Dulbinning and into Toolibin Lake.  

However, the data show that the opportunities for significant inflow to the lake are limited.  Summary 

data on inflows into Toolibin Lake are presented in Table 3-12 as an example of medium scale 

reasonably fresh streamflows in the agricultural areas.  The data presented show the high year to year 

variation in surface flows, and the significant number of years without inflows.   

Table 3-12 Inflows to Toolibin Lake 1978-2010 

Parameter Data 

Total number of years 33 (1978-2010) 

Total inflow (ML 32,960 

Minimum (ML) 0 

Maximum (ML) 15,710 

Mean (ML) 999 

Median (ML) 76 

No of years without inflows (%) 6 (18%) 

No of years with 0.1 ML to 10 ML inflow (%) 8 (24%) 

No of years with greater than 100 ML inflow (%) 16 (48%) 

Source:  Toolibin Lake inflow gauging station data (Department of Water) 
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4 

4 
TOR 4 - Evaluation of water treatment technologies 

4.1 Methodology 
In this section, options for water treatment, salt harvesting, and waste disposal to produce potable and 

industrial water qualities using various technologies are described and evaluated on technical and 

financial grounds. 

4.1.1 Water treatment technologies  

Recovery and treatment technologies were matched against water quality classifications to determine 

the most cost effective treatment approaches for each classification.  Recommendations are 

presented for treatment technology selection for each water quality classification.  Based on the 

desalination plant specifications and operational parameters, a set of cost and operational 

performance estimates were developed to cover the range of water volumes and qualities under 

consideration. 

4.1.2 Option scenarios 

Using the information presented in Sections 2 and 3, six recovery option scenarios for a range of 

water resources are presented, with the objective of delivering potable water that achieves the 

guideline values of Australian Drinking Water Guidelines, 2004.  Brine and salt disposal options have 

been identified and considered at a pre-feasibility level.  The options use ‘generic assumptions’ for 

water availability and quality, and rates of abstraction and drainage. 

Recovery scenarios are based on the objectives of:  

 developing local supplies from major and minor reserves to provide cheaper water to local 

communities;  

 substitute for water supplied from the IWSS;  

 supply water for future potential industrial uses; and 

 potentially supply water to west of the Darling Escarpment.   

Local supply may also release pressure on water distribution assets where they operate at or near 

capacity. 

4.1.3 Case studies 

In a refinement of the options, specific case studies within each scenario were identified where 

sufficient data are available to support a more detailed analysis.   

In Section 5, these scenarios and case studies have been developed to provide pre-feasibility level 

cost estimates (+/- 40% accuracy levels) for a variety of source configurations (groundwater pumping, 

drainage etc.) and water quality specifications (drinking, industrial).  They have included an 

assessment of disposal costs and/or constraints. 

4.2 Desalination technologies 
Desalination is a process that removes dissolved minerals (including but not limited to salt) from 

feedwater sources such as seawater, brackish water or saline groundwater.  The techniques for 

desalination may be classified into three categories according to the process principle used: 

 Process based on a physical change in the state of the water – i.e. distillation or freezing; 
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 Process using membranes – i.e. Reverse Osmosis or Electrodialysis; and 

 Process acting on chemical bonds – i.e. ion exchange. 

Processes based on chemical bonds such as ion exchange are mainly used to produce extremely 

high quality water for industrial purposes and are not suited to treating seawater or brackish water.  

Consequently, this process is not discussed further in this study.  Processes, based on physical 

change of the water and filtering via membranes, are regularly used to treat seawater and brackish 

water and have been developed over many years in large scale commercial applications.  There are 

also some variations on the design and application of these processes that have not yet reached 

commercial or widespread acceptance but which in certain circumstances are considered potentially 

useful. The desalination processes investigated in this study are as detailed below. 

Commercial processes 

Membrane 
 Reverse Osmosis 

 Electrodialysis 

Distillation 
 Multi-Stage Flash Distillation 

 Multiple Effect Distillation 

 Vapour Compression Distillation 

Other Novel Processes 
 Vibratory Shear Enhanced Process (VSEP) 

 Vacuum Multiple Effect Membrane Distillation (V-MEMD) 

4.3 Membrane processes 
Membranes are used in two commercially important desalination processes, Reverse Osmosis (RO), 

and Electrodialysis (ED).  Each process uses the ability of the membranes to differentiate and 

selectively separate salts and water.  However, the membranes are used differently in each of these 

two processes.  

 Reverse Osmosis is a pressure driven process, with the pressure applied used for separation, 

allowing the water to pass through the membrane while the salts remain.   

 Electrodialysis is a voltage driven process, and uses the electrical potential to selectively move 

salts through the membrane, leaving the product water behind.   

Figure 4-1 below provides a basic illustration of the processes which are discussed in more detail in 

the following sections. 
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Figure 4-1 Basic illustration of membrane processes 

4.3.1 Reverse Osmosis (RO) 

Technical description 

The principle of osmosis is the transfer of a solvent, in this instance water, through a semi-permeable 

membrane under the influence of a concentration gradient. In a system of two compartments, one 

containing pure water and the other saline water, osmosis occurs when the flow of water moves 

toward the saline solution through the semi-permeable membrane wall.  

By applying a pressure on the saline solution, the quantity of water transferred by osmosis will 

decrease.  A point is reached at which the applied pressure is such that there is no flow of water 

across the membrane.  This equilibrium is called the osmotic pressure of the saline solution.  An 

increase in the pressure applied to the saline solution beyond the osmotic pressure will drive a flow of 

water in the opposite direction to the normal osmotic flow – this is the process of Reverse Osmosis 

(RO). 

The quantity of pure water that passes through the membrane during Reverse Osmosis is a function 

of the difference between the applied pressure and the osmotic pressure of the saline solution. 

In practice, the saline feed water is pumped into a closed vessel where it is pressurised against the 

membrane.  As water passes through the membrane, the remaining feed water increases in salt 

concentration.  This water is discharged from the vessel in a controlled manner in order to ensure 

problems such as precipitation of supersaturated salts and increased osmotic pressure across the 

membranes do not occur in the system. 

The amount of water discharged to waste in the brine stream varies from approximately 25 to 65 per 

cent of the feed flow, depending on the salt content of the feed water, the pressure, and type of 

membrane.  Product water with a salinity of less than 500 mg/L Total Dissolved Solids (TDS) can 

usually be obtained using a single stage RO operation. 

Pre-treatment of the feed water is an essential component of the RO plant in order to prevent scaling 

of the membranes by scale-forming foulants such as salt precipitation and microbial growth.  Usually 

the pre-treatment consists of fine filtration and the addition of anti-scalants and/or dispersants to inhibit 

precipitation and the growth of micro-organisms. 
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The use of micro, ultra and nanofiltration is becoming increasingly important as a potential pre-

treatment alternative to the conventional pre-treatment processes.  This aids in effectively ‘softening’ 

the feed water, aiding in the removal of the calcium and magnesium within the feed prior to RO. 

The high pressure pump within the RO system supplies the pressure needed to enable the water to 

pass through the membrane, while rejecting the salts.  This pressure ranges from approx 17 to 27 bar 

for brackish water RO systems, and from 54 to 80 bars for seawater RO systems. 

The processes of brackish water and seawater Reverse Osmosis are essentially identical.  There are 

however, substantial differences in the two processes’ pressure requirements, as stated above, with 

brackish water systems requiring substantially lower operating pressures, and the rate of conversion 

of feed water to desalinated product water (recovery rate), with brackish water systems able to 

achieve higher system recoveries.  In addition to the differing energy requirements of the two 

processes, the types of pre-treatment required can also vary considerably. 

Application of technology 

This technology is well established in Western Australia with over 30 plants operational, including 

large seawater RO operations at Kwinana 40 km south of Perth, but mostly in remote mine site and 

community applications using remote telemetry management and control.  Some reputable RO 

membrane suppliers include: Osmoflo; Coates Hire (Hatch - QED Occtech); Pall Corporation; and GE 

Water and Process Technologies. 

Feedwater quality thresholds 

Most operational problems occur in RO plants because materials have deposited on the membrane 

surfaces or in the membrane elements, preventing the membranes from functioning efficiently.  Other 

problems occur due to mechanical failures, and poor operation.  American Membrane Technology 

Association (AMTA) guidelines for acceptable feedwater quality for membrane desalination 

technologies are given below in Table 4-1.  Where these values are exceeded in the feedwater quality, 

pre-treatment will be required. 

Where Mn and Fe ion levels are present in unacceptable quantities oxidation, precipitation, and 

filtration may be required as additional pre-treatment processes.  The presence of acid raw water 

conditions may provide assistance as low pH allows a higher solubility of dissolved metals and some 

carbonates which may increase potential recovery levels without membrane scaling – although this 

requires different materials to be used in piping and plant construction.  The method to control these 

issues will require site by site detailed engineering evaluation and pilot treatability assessments. This 

allows robust processes to be identified into the final plant design. 
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Table 4-1 Guidelines for acceptable feedwater quality in Reverse Osmosis 

Parameter Recommended maximum value for 
membrane desalination processes 

Iron  0.1 mg/L* 

Manganese 0.05 mg/L 

Turbidity  0.5 Nepholometric Turbidity Units (NTU) 

Hydrogen Sulphide 3-5 mg/L 

Total Organic Carbon 2 mg/L 

Volatile Organic Chemicals In µg/L range 

Silt Density Index-15 3 

Oil and Grease 0.1 mg/L 

Reactive (Soluble) Silica 40 mg/L** 

Total Hardness  0 LSI (Langelier Saturation Index) 

* - values as high as 1-2 mg/L acceptable if pH < 7 and absolutely no chance of air entry and oxidation 

** - The limit is not on the feed water but in the brine.  The feedwater threshold concentration has been back-
calculated from a brine concentration threshold of 150 mg/L assuming no anti-scalants are used and achieving 75 
per cent recovery rate.  Colloidal silica is included in turbidity and LSI threshold values.   

 

Aside from issues for RO operations, thermal distillation processes (see Section 4.4) are limited by the 

saturation of alkaline earth metal salts, such as CaSO4, BaSO4, SrSO4, CaCO3, BaCO3, and SrCO3.  

Carbonate salt scaling can be controlled by acid addition.  The recovery of water from a high 

temperature distillation plant is usually limited by calcium sulphate solubility.  When the concentration 

of the sulphate and the limiting alkaline earth metal is one-third of the saturated condition at ambient 

temperature, distillation design must include pre-treatment to reduce or inhibit the scaling ions.  

Generally, 2-3 LSI range is tolerable for thermal distillation processes with the use of anti-scalants.  

High-temperature distillation is also limited to oil and grease levels below 1 mg/L.  Turbidity, Total 

Organic Carbon, and Chlorine levels are generally not a concern for thermal distillation processes.  

Solids filtration is generally less rigorous for thermal distillation processes as compared to membrane 

processes, and water containing up to 80 micron particles is generally acceptable to thermal 

distillation.  However, poor pH control (or pH in acidic and alkaline ranges) may lead to corrosion of 

equipment in thermal distillation processes.  All other limitations on the high-temperature distillation 

process are equipment specific and require individual evaluation. 

Operational issues 

The main problems associated with Reverse Osmosis plants are associated with membrane fouling 

issues and the working life of the semi-permeable membranes.  Correct pre-treatment of the raw feed 

water is essential to avoid fouling and maintain desalted water output over the membrane lifetime, 

significant fouling can reduce the product water flux considerably.  Furthermore, membranes are also 

subject to a degree of compaction under the applied pressure such that their performance 

characteristics deteriorate with time. 

Mechanical failures can occur due to the high pressures needed for the transport of water across the 

membranes, the piping, supports, machinery etc., which can therefore be subjected to water 

mechanical stresses such as high pressures and vibration. 
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The rate of recovery of drinking water quality water from an RO plant is largely limited by the 

concentration in the feed water of membrane scale producing compounds, mainly CaCO3, CaSO4, 

BaSO4, SrSO4 and SiO2.  If any of these components are present in concentrations of less than 20 per 

cent of their solubility limit, then they do not usually present limitations, and for a brackish water RO 

system, 70-80 per cent recovery of the feed water as drinking quality product water is achievable.  A 

seawater RO system is able to achieve 45-60 per cent recovery of the feed water.  However, there are 

many instances in Australia where scale producing compounds are present in groundwater aquifers 

and for desalination plants processing this water, their efficiencies are normally lower. 

As the feed water TDS level decreases higher recoveries and higher salt rejections can be achieved 

with RO membrane plants, provided scaling constituents are in acceptably low concentrations.  For 

example, for brackish feed water with TDS levels in the range of 2500 to 3000 mg/L TDS, typical RO 

plants can achieve up to 80 per cent salt separation from the feed water, at operating pressures in the 

range of 1400 to 1700 kPa. 

The salinity of the product water is therefore dependent on the salinity and chemical characteristics of 

the feed water, and would usually be of the order of 2 to 10 percent of the feed salinity (as mentioned 

above for low feed water TDS systems).  Hence less than 500 mg/L product water TDS for seawater 

feed systems is typically achievable, and less than 200 mg/L product water TDS is achievable for 

brackish water feed systems. 

RO systems are found to be most suitable for use in regions where seawater or brackish groundwater 

is readily available.  RO is by far the most widely used process for desalination in Australia.  Aside 

from the RO operation at Kwinana in WA, examples of smaller desalination plants using RO 

technology are at Penneshaw on Kangaroo Island, South Australia, Ravensthorpe in southern WA, 

Denham north of Perth, Rottnest Island off the coast of Fremantle WA, and some of the remote 

roadhouses along the highway between Adelaide and Perth in the Great Australian Bight.  The RO 

plant at Bayswater, NSW, is the largest zero-emissions plant in the world (35 ML/day) and provides 

highly pure water for boiler processes in an adjacent power station. 

In respect of the wheatbelt ground and drainage waters, highly fluctuating Total Dissolved Solids 

(TDS) concentrations in feed water will not be easily tolerated by membrane technologies.  

Membranes are designed for specific feedwater quality TDS.  A membrane designed for TDS levels 

between 1,000-5,000 mg/L will fail if the TDS levels increase above 5,000 mg/L.  Change in silica, iron 

and manganese concentrations may exacerbate fouling and increase operational costs.  Whereas 

thermal desalination processes can tolerate highly fluctuating feed water quality parameters including 

TDS.  Thermal desalination technologies have been recommended to be more suitable for water 

sourced from drains, to better accommodate variable water quality expected from those sources. 

Membrane systems by themselves will not provide an effective barrier to microbial contamination.  

There is a possibility of bacterial contamination if the pre-treatment fails for iron and manganese 

removal, solids and turbidity removal and organics removal, and if microfiltration (cartridge filtration) 

fails.  The bacterial contamination would be retained in the brine stream, but bacterial growth on the 

membrane itself may cause the introduction of tastes and odours into the product water.  Therefore, 

the membrane processes treated product water should undergo post-treatment processes such as 

chlorination/ozonation/ultra-violet disinfection, de-aeration (to remove dissolved carbon dioxide) 

gasification, fluoridation and pH adjustment to bring the product water to potable quality.  A total post-

treatment cost of up to 5 ¢/kL is generally estimated to deliver product water that meets the potable 

water quality in terms of taste and mineral contents. 
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Advantages and disadvantages 

The advantages of using the RO system for desalination listed here. 

 They are quick and cheap to build and simple to operate.  There are few components, durable 

plastics and non-metal materials are mainly used – pre-treatment of the feedwater to prevent 

fouling of the membrane is the only potential problem.  

 RO can handle a large range of flow rates, from a few litres per day to 750,000 L/day for brackish 

water and 400,000 L/day for seawater.  The capacity of the system can be increased at a later date 

if required by adding on extra modules. 

 It has a high space/production capacity ratio, ranging from 25,000 to 60,000 L/day/m2. 

 Energy consumption is low. 

 RO can remove other cationic and anionic contaminants in the water as well as the salt. 

 The use of chemicals for cleaning purposes is low. 

 There is no need to shut down the entire plant for scheduled maintenance due to the modular 

design of the plant.  The start-up and shutdown of the plant does not take long. 

The disadvantages of using the RO system for desalinisation listed here. 

 RO membranes are expensive and have a life expectancy of 2-5 years. 

 If the plant uses seawater there can be interruptions to the service during stormy weather.  This 

can cause re-suspension of particles, which increases the amount of suspended solids in the 

water. 

 There is a requirement for a high quality standard of materials and equipment for the operation of 

the plant. 

 It is necessary to maintain an extensive spare parts inventory. 

 There is a possibility of bacterial contamination.  This would be retained in the brine stream, but 

bacterial growth on the membrane itself can cause the introduction of tastes and odours into the 

product water. 

 Most failures in RO systems are caused by the feedwater not being pre-treated satisfactorily. Pre-

treatment of the feedwater is required in order to remove particulates so that the membranes last 

longer.  Careful pre-treatment of feedwater is necessary, especially if feedwater quality varies over 

time.  

 An RO plant operates at high pressures and sometimes there are problems with mechanical failure 

of equipment due to the high pressures used. 

4.3.2 Electrodialysis 

Technical description 

Using a similar approach to that of RO, Electrodialysis (ED) involves the movement of water through a 

filtering membrane.  However, instead of using pressure to overcome the membrane’s resistance, pre-

treated water is pumped between electrodialysis cells under the influence of a low voltage direct 

current (DC) electrical field. 

An Electrodialysis cell (ED cell) consists of a large number of narrow compartments through which the 

feed water for desalination is pumped.  These compartments are separated by membranes that are 

permeable to either positive ions (cations) or negative ions (anions).  Under the influence of the DC 
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electrical field, cations and anions migrate through the appropriate membranes, forming compartments 

of electrolyte-enriched wastewater and electrolyte depleted product water. 

The partially deionised water is removed from the ED cell with the electrolyte concentrations reduced 

by a factor of at least two.  If further desalination is required then treatment via one or more additional 

stages of cells may be necessary.  Non-ionic particulates, bacteria and residual turbidity may also 

pass through the cells with the product water, and therefore this may require further treatment to 

achieve the desired product water standards. 

The basic Electrodialysis unit consists of several hundred cell-pairs bound together with electrodes on 

the outside and is referred to as a membrane stack.  Feedwater passes simultaneously in parallel 

paths through all of the cells to provide a continuous flow of desalinated water and brine to emerge 

from the stack.  Depending on the design of the system, chemicals may be added to the streams in 

the stack to reduce the potential for scaling. 

The raw feedwater must be pre-treated to prevent materials that could harm the membranes or clog 

the narrow channels in the cells from entering the stack.  The pre-treatment requirements for ED 

membranes are similar to that of RO membranes.  The feedwater is circulated through the stack with a 

low pressure pump with enough power to overcome the resistance of the water as it passes through 

the narrow passages.  

Recently, advancements to the ED technology in the form of Electrodialysis Reversal (EDR) have 

occurred.  The EDR process involves a reversal of the water flow in order to break up and flush out 

scales, slimes and other foulants deposited in the cells before they can build up and create major 

fouling problems.  This flushing also allows the Electrodialysis unit to operate with fewer pre-treatment 

chemicals, hence minimising costs. 

An EDR unit operates on the same general principle as a standard Electrodialysis unit, except that 

both the product and the brine channels are identical in construction.  Several times per hour, the 

polarities of the electrodes are reversed and the flows simultaneously switched so that the brine 

channel becomes the product water channel, and vice versa.  The result of this is that the ions are 

attracted in the opposite direction across the membrane stack. During this interval the product water is 

dumped until the stack and lines are flushed out and the desired water quality is restored.  This flush 

normally takes 1 to 2 minutes, with the unit returning to normal operation on completion of the flushing 

process. 

Application of technology 

The ED process is usually only suitable for brackish feed waters with a salinity of up to 12,000 mg/L 

TDS.  With higher salinities the process rapidly becomes more costly than other desalination 

processes.  This is because the consumption of power is directly proportional to the salinity of the 

water to be treated.  As a rule of thumb, approximately 1 kWh is required to extract 1 kg additional salt 

using ED.  The major energy requirement of the process is the direct current used to separate the 

ionic substances in the membrane stack. A variety of operational problems can be experienced with 

Electrodialysis facilities, including scaling and leaking. 

Scaling – scale formation will foul the membrane surfaces and block the passages in the stack.  The 

result of this is that the slowly moving water then becomes highly desalted due to the longer 

period of exposure to the electromotive force.  This highly desalted water has a low 

conductivity and offers a high resistance to current flow, thus decreasing the efficiency of the 
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process.  Some scale can be removed by introducing chemicals into the stacks in an attempt 

to dissolve or loosen the scaling so that it can be washed out, however in more severe cases 

the stack will need to be disassembled. 

Leaks – operating and/or maintenance problems can result from leaks in two parts of the 

Electrodialysis stacks, either between the stacked membranes and spacers, or through the 

membranes. 

Advantages and disadvantages 

The advantages of using Electrodialysis plants for desalination are presented here. 

 They can produce a high recovery ratio (85-94% for one stage). 

 Can treat feedwater with a higher level of suspended solids. 

 Pre-treatment has a low chemical usage and does not need to be as precise (as for RO plants). 

 The energy usage is proportional to the salts removed, rather than of the volume of water being 

treated and therefore is more suited to brackish water desalination than sea water and hyper-saline 

waters. 

 The membranes for EDR have a life expectancy of 7-10 years, which is longer than for RO. 

 EDR membranes are not susceptible to bacterial attack or silica scaling. 

 Scaling can be controlled whilst the process is on-line, the membranes can also be manually 

cleaned. 

 Can be operated at low to moderate pressure. 

The disadvantages of using Electrodialysis for desalination are presented here. 

 Periodic cleaning of the membranes with chemicals is required. 

 Leaks sometimes occur in the membrane stacks. 

 Bacteria, non-ionic substances and residual turbidity are not affected by the system and can 

therefore remain in the product water and require further treatment before certain water quality 

standards are met. 

4.4 Distillation processes 
The distillation processes are primarily: 

 Flash-type Distillation; 

 Multi-Effect Distillation; and 

 Vapour Compression Distillation. 

Distillation processes mimic the natural water cycle in that saline water is heated, producing water 

vapour, which is in turn condensed to form fresh water.  Approximately half of the world’s desalination 

capacity is based on the Multistage Flash Distillation principle (MSF).  However, this is reflecting a 

continuing decline in the market, with the use of other water distillation technologies such as Multi-

Effect (MED) and Vapour Compression (VC) Distillation expanding rapidly and which are anticipated 

to have a more important role in the future as they become more accepted and understood.  

MSF and MED are generally used in most of the larger scale seawater desalination plants.  These 

processes generally require high amounts of energy to desalinate water regardless of the level of salt 

concentration; hence desalination of brackish water (which requires less energy) is usually not a viable 

option for this technology.  
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The evaporative processes require thermal or mechanical energy to cause evaporation from a 

brackish or saline feedwater, and as a result tend to have operating cost advantages when low cost 

thermal energy is available. 

4.4.1 Multistage Flash Distillation 

Technical description 

Multistage Flash distillation (MSF) accounts for the major portion of desalinated fresh water currently 

produced and is used primarily for desalting seawater.  This process has been in large scale 

commercial use for over thirty years and is illustrated in Figure 4-2 below. 

 

Figure 4-2 Basic illustration of MSF process 

The principles of MSF involve seawater feed being pressurised and heated to the plant’s maximum 

allowable temperature.  When the heated liquid is discharged into a chamber maintained slightly 

below the saturation vapour pressure of the water, a fraction of its water content ‘flashes’ into steam.  

The flashed steam is stripped of suspended brine droplets as it passes through a mist eliminator and 

condenses on the exterior surface of the heat transfer tubing.  The condensed liquid drips into trays as 

hot product (fresh) water. 

The recirculating stream, flowing through the interior of the tubes that condense the vapour in each 

stage, serves to remove the latent heat of condensation.  In doing so, the circulating brine is pre-

heated to almost the maximum operating temperature of the process, simultaneously recovering the 

energy of the condensing vapour.  This portion of the MSF plant is called the ‘heat recovery’ section.  

The pre-heated brine is finally brought up to maximum operating temperature in a brine heater 

supplied with steam from an external source. 

A once through MSF plant will generally recover no more than 10 per cent of the feed as product 

water, however, higher recoveries of between 25 to 50 per cent of the feed flow can be achieved as 

product water in a modern well-designed and high temperature recyclable MSF plant. 

The salinity of water desalinated by the MSF process is typically less than 50 mg/L TDS, and as a 

result may require blending with a small amount of brine to increase the salinity and buffering salts to 

acceptable levels.  Blending is often used with product waters of less than 50 mg/L TDS for the 

following reasons. 
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 Water with TDS <50 mg/L, tends to be slightly acidic in nature due to the absence of calcium 

carbonate in the water.  This will result in the water being corrosive in nature, causing potential 

problems with pipework and end use equipment. 

 Typically water with TDS levels up to 500 mg/L TDS is acceptable, thus as the product quality from 

the MSF process is considerably lower in TDS, by blending a portion of the feedwater this can 

result in the possibility of a smaller MSF plant, hence potential plant capital cost savings. 

 There is a general consensus that water for drinking purposes should contain certain quantities of 

minerals.  Blending will ensure the addition of these minerals back into the water.  It should be 

noted however that this point is of debatable merit. 

Application of technology 

The MSF process is energy intensive due to the requirement to boil the feedwater, although energy 

efficiency is substantially enhanced via the heat recovery process. 

The advantages of MSF plants lie in their ability to be constructed in large capacities, their reliability 

over a potentially long operating life, and the design and management experience in operating these 

units that has been accumulated over many years.  A further advantage lies in the fact that boiling 

does not occur on a hot tube surface, as it flashes instead, thereby reducing the incidence of scaling. 

Their disadvantages come in the form of large capital investment due to the extensive use of high 

quality stainless steel and alloys required to prevent corrosion.  Following on from this, due to the high 

temperatures required for the flash process, severe corrosion problems can occur, particularly if the 

feedwater requires acid dosing or if carbon dioxide concentrations are high within the cells due to 

inadequate degassing of the feedwater. 

Further disadvantages include substantial logistical difficulties involved with plant construction and 

start-up, the inflexibility to operate the plant below 60-80 per cent of design capacity, the need for and 

difficulty in designing and constructing a highly efficient plant, and the necessity for pumping, treating 

and heating large quantities of feedwater relative to product due to low process recoveries.  In areas 

where brine disposal is a potential problem, processes such as MSF that create large quantities of 

brine, are often considered inappropriate.  The MSF process responds poorly to variable throughput 

volumes although is not so sensitive to variability in feedwater TDS.  These plants need to run 

continuously and it is difficult to vary operational parameters to match varying feedwater quality 

characteristics. 

Advantages and disadvantages 

In summary, the advantages of using multi-stage flash distillation for desalination are: 

 MSF plants can be constructed to handle large capacities; 

 The salinity of the feedwater does not have much impact on the process or costs; 

 It produces very high quality product water (less than 10 mg/L TDS); 

 There is only a minimal requirement for pre-treatment of the feedwater; 

 The strict operational and maintenance procedures for other processes are not as rigorous for 

MSF; 

 There is a long history of commercial use and reliability; and 

 Can be combined with other processes, e.g. using the heat energy from an electricity generation 

plant. 
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The disadvantages of using multi-stage flash distillation for desalination are: 

 They are expensive to build and operate and require a high level of technical knowledge; 

 Highly energy intensive due to the requirement to boil the feedwater, although energy efficiency is 

substantially enhanced via the heat recovery process; 

 The recovery ratio is low; therefore more feed water is required to produce the same amount of 

product water; 

 The plant can not be operated below 70-80 per cent of the design capacity; and 

 Blending is often required when there is less than 50mg/l TDS in the product water. 

4.4.2 Multi Effect Distillation 

Technical description 

Multi Effect Distillation (MED) is stated as being the most important large-scale evaporative process 

and offers significant potential for water cost reduction over other large-scale desalination processes.  

It is predicted that the use of this distillation technology will expand in the future, over and above the 

usage of the Multistage-Flash distillation process.  MED plants are typically no smaller than 300 

kL/day capacity, as anything less than this is not financially viable given the significant advantages of 

economies of scale that are available to this technology. 

Multi Effect Distillation units operate on the principle of reducing the ambient pressure at each 

successive stage, allowing the feedwater to undergo multiple boilings without having to supply 

additional heat after the first stage.  This process is illustrated in Figure 4-3 below. 

In MED units, steam and/or vapour from a boiler or some other available heat source is fed into a 

series of tubes where it condenses and heats the surface of the tube and acts as a heat transfer 

surface to evaporate saline water on the other side.  The energy used for evaporation of the saline 

water is the heat of condensation of the steam in the tube. 

The evaporated saline water, now free of a percentage its salinity and slightly cooler, is fed into the 

next, lower-pressure stage where it condenses to fresh water product, while giving up its heat to 

evaporate a portion of the remaining seawater feed. 

There is typically a series of these condensation-evaporation stages taking place, each one being 

termed an “effect”.  The process of evaporation-plus-condensation is repeated from effect to effect, 

each at successively lower pressures and temperatures.  The combined condensed vapour 

constitutes the final product water. 

A well designed Multi Effect Distillation plant will recover approximately 25 to 50 per cent of the feed 

as product water.  Product water quality is highly pure with TDS values typically less than 10 mg/L 

TDS. 

MED plants typically derive their energy from low pressure steam generators or industrial process 

steam.  MED units are also unique in their ability to recycle waste heat from thermal power plants, 

diesel generators, incinerators or industrial processes and as a consequence, are often sited adjacent 

to such plants or incorporated with them at the design stage. 
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Figure 4-3 Basic illustration of the MED process 

Application of technology 

The essential difference between MED and MSF is that flashing of the steam plays only a minor role in 

the process, and that the condensing steam evaporates seawater via the heat transfer surface in each 

cell, or ‘effect’.  Therefore, in a MED system, steam produced passes to the next, lower temperature, 

effect where it condenses; evaporating more seawater and the process is repeated in each 

subsequent effect.  Thus, due to the lower temperature operation of these units and the pressure 

reduction technique, the MED specific power consumption is approximately half that required for the 

MSF process. 

Another benefit of the MED process is that, in the event of a leaky tube wall occurring, the vapour 

would tend to leak into the brine chamber, thereby avoiding contamination of the product water. 

Also, the number of effects required for an MED plant is generally not more than 10, compared to the 

larger MSF plants where typically 20 to 40 stages are required before it is considered a cost effective 

option.  As a result, MED plants are considerably smaller in physical size than MSF.  Following on 

from this, the major advantage of the MED process is its ability to produce significantly higher 

performance ratios than the MSF process.  This is a significant factor to consider in environmentally 

sensitive areas and/or where brine disposal is an issue. 

Advantages and disadvantages 

The advantages of using Multi Effect Distillation for desalination are: 

 The pre-treatment requirements of the feedwater are minimal; 

 Product water is of a high quality; 

 MED plants are very reliable even without a strict adherence to maintenance; 

 The plant can be combined with other processes, e.g., using the heat energy from a power plant; 

 The plant can handle normal levels of biological or suspended matter; and 

 The requirements for operating staff are minimal. 
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The disadvantages of using Multi Effect Distillation for desalination are: 

 They are expensive to build and operate – energy consumption is particularly high; 

 The plant can be susceptible to corrosion – this can usually be controlled by the choice of material; 

 The product water is at an elevated temperature and can require cooling before it can be used as 

potable water; and 

 The recovery ratio is low, although not as low as for MSF. 

4.4.3 Vapour Compression Distillation 

Technical description 

The low temperature Vapour Compression Distillation (VCD) method is a simple, reliable and highly 

efficient process.  Its efficiency comes largely from a low energy requirement and its design that is 

based on the ‘heat pump’ principle of continuously recycling the latent heat exchanged in the 

evaporation-condensation process.  

VCD is similar in process operation to multi-effect distillation.  The main difference is that the vapour 

produced by the evaporation of the brine is not condensed in a separate condenser.  Instead a 

compressor returns it to the steam side of the same evaporator, in which it originated, where it 

condenses on the heat transfer surfaces, giving up its latent heat to evaporate an additional portion of 

the brine.  

The energy for the evaporation is not derived from a prime steam source as in the preceding two 

distillation processes, but from the vapour compressor.  In addition, the latter raises the temperature of 

the vapour by its compressive action, thereby furthering the driving force for the transfer of heat from 

vapour to brine. 

Typically these units are no smaller than 300 to 400 kL/day, and are most economic with feedwater of 

high TDS levels, typically greater than 50,000 mg/L TDS (higher than seawater).  High quality product 

water can also be achieved with VCD units, generally less than 10 mg/L TDS, and in some cases 

even as low as 2 mg/L TDS.  Recoveries of approximately 25-50 per cent can be achieved with these 

units. 

Application of technology 

This technology uses the latent heat from compressed condensing distillate vapour to provide heat to 

evaporate the feed brine.  High quality distilled water may be produced at recoveries up to 95 per cent 

of brackish feedwater or around 70 per cent of seawater levels of typically 35,000 mg/L TDS.  This 

allows water recovery rates considerably higher than the RO options when source waters are typically 

higher than 35,000 mg/L TDS.  The technology is therefore considered suitable for treatment for 

source waters containing high levels of dissolved solids. 

Capital costs, however, are high, typically $8–$10 million/ML/day due to the exotic materials of 

construction (typically titanium alloys).  The brine concentrate produced is close to saturation and 

therefore typically requires a smaller solar evaporation area.  Operational reliability can be as high as 

85-90 per cent when regular planned maintenance, to manage scaling and tube erosion is included. 

Thermal energy costs, in addition to electricity costs, are typically $3-$5/kL of product water (8-10 per 

cent of the latent heat of vaporisation for the distilled water produced) at $12/GJ gas price.  Low grade 
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heat sources cannot be substituted for mechanical vapour recompression as this technology uses 

electricity to compress water vapour in multiple stages.  Humidification/ dehumidification and solar still 

processes are considered (see Section 4.7.1), but are currently not economic at larger scales. 

In Western Australia, mechanical vapour recompression (MVR) plants operate reliably in the Burrup, 

Jandakot Wool Washery, at Ravensthorpe, and for brine recovery at a nickel operation near 

Kalgoorlie.  Reliable MVR System suppliers include: Jord Engineers, Veolia, Pall Corp (AquaTech), 

and GE Water and Process Technologies. 

Advantages and disadvantages 

In summary, the advantages of using Vapour Compression Distillation for desalination are:  

 The plants are very compact and can be designed to be portable; 

 Minimal pre-treatment is required; 

 The capital cost of the plant is reasonable and operation is simple and reliable; 

 The recovery ratio is good; 

 The product water is of a high quality; and 

 The energy requirements are relatively low, although not as low as RO. 

A comparative energy requirement for membrane and thermal desalination processes is shown in 

Table 4-2. 

Table 4-2 Comparative energy requirements for membrane and thermal desalination processes 

Energy Type 
Multi Effect 
Distillation 

Multi Stage 
Flash 

Evaporation 

Mechanical 
Vapour 

Compression 

Reverse 
Osmosis 

Average Thermal Energy 
(Electrical Energy Equivalent) 
(kWh/kL) 

4.5 14 - - 

Electricity consumption 
(kWh/kL) 

1.2-2.0 3.0-4.0 8.5-10 3.5-5 

Total Electrical Energy 
Equivalent (kWh/kL) 

5.7-6.5 17-18 8.5-10 3.5-5 

Source: A. Cipollina et al. (eds.), Seawater Desalination, Green Energy and Technology, DOI 10.1007/978-3-642-
01150-4_4, By Springer-Verlag Berlin Heidelberg 2009, Chapter 4, Commercial Desalination 
Technologies, Hisham Ettouney and Mark Wilf, pages 77-107 

 

The disadvantages of using vapour compression distillation for desalination are: 

 Starting up the plant is difficult.  An auxiliary heater is normally required to get the temperature of 

the feed water up to a point where some vapour is formed – after this the compressor can take 

over; and 

 It requires large, expensive steam compressors, which are not readily available. 

4.5 Comparison of membrane and distillation processes 
To summarise the above descriptions of the major desalination processes, a comparison of each 

approach is provided below. 
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4.5.1 Membrane processes 

The advantages of using membrane processes over distillation processes are: 

 Membrane plants normally have lower energy requirements; 

 The capital cost for membrane plants is lower than distillation plants; 

 Membrane plants have a high space/production capacity ratio; 

 Membrane plants generally have higher recovery ratios than distillation plants; 

 Membrane plants operate at ambient temperature – this minimises the scaling and corrosion 

potential, which increases with higher temperatures; and 

 Membrane plants can easily be downgraded simply by taking sections out of the plant. 

The disadvantages of membrane processes when compared to distillation process are: 

 Membrane treatment systems require more robust pre-treatment for iron, manganese, silica, 

alkaline earth metals, arsenic, and suspended solids (>1-5 microns) than the distillation systems; 

 Membrane processes do not destroy biological substances, unlike distillation processes – therefore 

they must be removed in either pre-treatment or post-treatment if the water is to be used for 

potable water or process water; 

 Membranes that are of the polyamide type can not be used if there is chlorine in the water – the 

chlorine must be chemically removed; 

 The performance of membrane plants tends to decline progressively with time due to fouling of the 

membrane; 

 Membrane plants need to be cleaned more regularly than distillation plants; and 

 Membrane plants need more rigid monitoring than distillation plants. 

4.5.2 Distillation plants 

The advantages of distillation plants over membrane plants are: 

 Distillation plants have been established for a long time and have proven to be a reliable means of 

desalination; 

 Distillation plants produce higher quality product water than membrane plants; 

 Distillation plants do not need to be cleaned as often as membrane plants; 

 Distillation plants do not need to be monitored as strictly as membrane plants; and 

 Distillation plants only require a minimal amount of operating staff. 

The disadvantages of distillation plants when compared to membrane plants are: 

 Distillation plants require more feedwater for the same amount of product water due to their lower 

recovery ratio; 

 Distillation plants are more vulnerable to corrosion than membrane plants – this is controlled by the 

selection of materials; 

 Distillation plants require more room for a given capacity than membrane plants; 

 Distillation plants have a higher capital cost than membrane plants; 

 Distillation plants consume more energy than membrane plants; 

 The temperature of the product water is higher for distillation plants, than for membrane plants; and 

 This means that the product water needs to be cooled to be used as potable water. 
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4.6 Other emerging processes 

Vibratory Shear Enhanced Process (VSEP) 

The VSEP process uses a vibrating membrane disc to clean particulates and other solids from the 

filtered stream.  This has the advantage of removing accumulated scale from the membrane allowing 

potentially higher recoveries of precipitated salts from the raw brine.  The advantage of this process is 

it is less sensitive to solids in the feedwater and may require less pre-treatment to conventional RO 

systems.  The design however becomes pressure limited due to the geometry of the disc design and 

has not been used successfully in treating very high salinity waters. 

This technology uses increased vapour pressure to enhance vaporisation at the low pressure end and 

stream heating at the high pressure end and with multi-stage combined intermediate distillation and 

condensation to provide heat to evaporate the feed brine while condensing the pure condensate.  High 

quality distilled water may be produced at recoveries up to 95 per cent of the feedwater.  Capital costs 

are typically $6-$8 mullion/ML/day due to the exotic materials used in construction.  The brine 

concentrate produced is close to saturation and therefore typically requires a smaller solar evaporation 

area.  Thermal energy costs, in addition to electricity costs, are typically (at 12-15% of the latent heat 

of vaporisation for the distilled water produced) $4-$5.50/kL of product water at $12/GJ gas price.  

This technology is used in the Middle East for seawater desalination due to the availability of low cost 

energy.  The high energy usage and operational costs excluded detailed consideration of this 

technology in this investigation. 

Multiple Effect Membrane Distillation (V-MEMD) 

Singapore-based memsys Clearwater has introduced a novel membrane distillation process.  This 

process is named as V-MEMD or Vacuum - Multiple Effect Membrane Distillation.  It combines the 

advantages of the most efficient thermal multiple effect processes with membrane distillation to small 

modular configuration.  A process schematic and multiple effect distillation stages are shown in Figure 

4-4 below. 

Like other thermal distillation systems, memsys employs a thermally driven process using a 

hydrophobic membrane as a barrier to separate hot, saline feedwater from a cool, pure distillate.  Like 

all thermal processes, the V-MEMD will require a cooling water source and hence a cooling tower. 

This process requires pre-treatment for fine suspended solids up to 100μm.  

The process electricity usage can be slightly over 1 kWh/kL with a total water cost comparable to 

Reverse Osmosis (RO), yet it produces distillate with a TDS of only 10 mg/L.  In addition, the process 

uses steam or waste heat to boil off the saline feed.  One major advantage of V-MEMD is that it can 

be powered by temperatures below 70oC.  This allows combination of cheap and/or environmental 

friendly heat sources like waste heat from industrial processes or diesel generators or solar energy 

from thermal solar concentrators.  Therefore up to 80-90 per cent of the total thermal energy can be 

substituted.  A first modular unit capable of producing up to 50 kL/d permeate water was being 

planned in Singapore in June 2010.   
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Source: memsys Desalination technology and products http://www.memsys.eu/technology/ 

Figure 4-4 Multiple Effect Membrane Distillation (V-MEND) 

4.6.2 Factors affecting technology selection 

The following factors could influence the cost and selection of a desalination technology. 

 Performance ratio - this is the ratio of freshwater to the amount of energy consumed, either steam 

or heat.  In countries with low fuel costs, a low performance ratio is relatively acceptable, whereas 

in countries with higher fuel costs, a high performance ratio is required. 

 Plant life - the amortisation period, determined by the plant life, affects the capital costs and also 

the selection of the performance ratio. 

 Plant costs - the actual cost of desalting equipment may vary significantly between different 

processes and manufacturers.  The technical specifications of the plant and capacity of equipment 

supply can increase the costs of freshwater production. 

 Interest rates - this affects the capital costs, performance ratio, total investment and the selection 

of the preferred plant.  

 Site costs - land costs are a major determinant of the location preference.  The cost of transporting 

water to its demand point is essential to consider.  If the produced water must be transported over 

long distances to its consumption point this effectively increases the unit cost of desalted water. 
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 Feedwater intake and outflow - larger distances between the feedwater source and plant, or 

brine disposal point and plant can increase capital costs.  Integrated supply and disposal options 

are likely to reduce treatment costs. 

 Feedwater quality - the composition and salinity of the feedwater can affect the type of  process 

used, extent of pre-treatment required, and ultimately the final freshwater cost. 

 Freshwater quality required - this has a small effect, but it can alter the number of stages in 

desalination processes.  The required quality will vary from location to location, due to customer 

preferences and industry uses. 

 Energy sources - this is a major component of operating and maintenance costs.  Desalted water 

costs are sensitive to changing fuel and electricity prices; therefore cheaper fuel and electricity 

sources are very important. 

 Pre-treatment - this differs between processes depending upon the quality of feedwater and can 

influence the relative economics.  Pre-treatment increases the cost of desalted water, particularly 

with Reverse Osmosis membrane process. 

 Chemical costs - the availability and price of locally manufactured chemicals can affect the 

maintenance costs, for example in pre-treatment or post-treatment.  

 Plant load factor - this is the total production for the year as a percentage of the rated capacity.  It 

provides a measure of the overall utilisation of the plant. Increasing the load factor decreases the 

cost of water per unit output. 

 Availability of skilled labour - the availability of local labour affects the cost of the plant.  If local 

labour is unavailable it may need to be imported and thus, the cost of plant operations and 

freshwater will increase. 

 Disposal of reject brine - brine disposal adds to the freshwater cost, as it must be treated in many 

cases.  For coastal plants, the brine is commonly discharged into the sea and for inland brine; 

disposal may be in the form of a stream, salt ponds or impounding underground. 

 Storage and distribution of final freshwater - these add to the capital costs, as pumping is 

required for delivering the freshwater to storage or consumers.  

 Plant capacity - for all types of processes the cost of desalting water generally decreases with 

increasing plant capacity, due to capital, labour and maintenance charges being distributed over a 

larger capacity.  This is referred to as economies of scale. 

 Location - if the plant is to be remotely located, the technology should be robust and as 

maintenance free as possible.  In this case, the lowest energy requirement may not necessarily be 

the most significant factor. 

Some of the more important factors are discussed in the following section.  When several alternative 

desalination technologies are appropriate for a specific case, the following criteria should be 

considered. 

 Commercial maturity of the technology.  This is validated by examining the performance of 

similar existing installations. 

 Availability and cost of local support.  This includes service technicians, operators, local 

availability of spares and equipment parts, etc. 

 Simplicity of operation and maintenance of the system. 
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4.7 Main factors affecting the cost of desalination 

4.7.1 Energy requirements 

All desalination technologies require some energy input to facilitate the separation of low salinity 

product water from saline feedwater.  The form of energy available, the associated cost and the 

environmental constraints related to the energy source, will all play a major role in the desalination 

technology selection. 

Electrical energy 

All desalination processes use electrical energy.  Processes such as RO and VC, use electrical power 

as the primary source of energy, for both the desalination process and to drive ancillary equipment 

such as transfer pumps.  Whilst distillation processes such as MED and MSF use electricity as the 

secondary source of energy, to drive recirculation and transfer pumps only. 

Thermal energy 

Most existing distillation desalination processes, excepting Vapour Compression technologies, use 

thermal energy exclusively in the form of steam as the primary source of energy.  Thermal energy may 

originate from a number of different sources, and is typically associated with waste heat streams at 

existing plant sites, such as gas turbines, heated industrial processes, solid waste incinerators, and 

other industrial waste heat sources typically at temperatures between 500 and 600oC. 

The cost of steam and gas varies within WA.  Listed below is the indicative average range which 

should be corrected according to the place where the plant will be installed. 

Gas:  (variable per State)    A$ 0.04 – 0.06 /kWh  

Steam:  (variable per State)    A$ 0.08 – 0.11 /kWh 

Alternative energy sources 

Solar ponds 

A solar pond is a body of saline water that collects and stores solar energy via a salinity gradient in the 

depth of the water.  Typically, a solar pond consists of three layers – an upper less saline, low density 

layer, a middle layer of increasing salinity, and a lower layer of uniform high salinity and high density.  

The high salt content of the lowest level makes it denser than the others, trapping the water and 

preventing the heat it has gained from the sun’s solar radiation from rising and dissipating via 

convection to the atmosphere.  Although all layers store some heat from the sun, the bottom layer 

stores the most, warming to temperatures of up to 90oC.  The hot saline water can then be used to 

provide consumers with heat (i.e., hot water, steam) or electricity for a wide variety of uses. 

Israel is the leading country in the field of solar pond technology having reportedly invested nearly 

US$20 million in the industry.  In Australia there are a number of small-scale experimental solar 

ponds, but none that are operating on a commercial basis.  The most recent example is at the 

Pyramid Hill commercial salt harvesting facility in Victoria where it forms part of the salt 

harvesting/desalination plant brine disposal strategy and aquaculture value-adding enterprise. 

Solar ponds are constructed using large earth moving equipment, are clay lined to prevent 

groundwater accessions, and/or are lined with specialised plastic membrane and the bottom insulated 
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to prevent heat loss.  Federal government funding of up to $550,000 underpins the Pyramid Hill pilot 

project.  

A 100 hectare solar pond is reported to be able to produce electricity at a rate of approximately 40-50 

¢/kWh (URS 2002, NDSP 2001, PIRSA, 2000).  This is more than the average cost of electricity from 

mains sources across Australia but approximately equal to the cost of diesel generated power or 

photovoltaic technology.  The Pyramid Hill project reports that it can produce low grade heat (<100oC) 

for a wide range of applications at an average cost of about $15/GJ (5.5¢/kWh) or two thirds the cost 

of LPG or fuel in rural areas.  This suggests that further research into solar ponds, at least as a source 

of electricity in remote areas is warranted and commercial development is a possibility. 

4.7.2 Impact of water quality on construction materials and maintenance 

The indicators of corrosive and incrusting waters are shown in Table 4-3. 

Table 4-3 Indicators of corrosive and incrusting waters 

Indicators of corrosive waters Indicators of incrusting waters 

 pH less than 7 

 dissolved oxygen in excess of 2 ppm 

 Hydrogen sulphide (H2S) in excess of 1 ppm 

 TDS in excess of 1,000 mg/L indicates an ability 
to conduct electric current great enough to cause 
electrolytic corrosion 

 CO2 in excess of 500 ppm 

 Chlorides (Cl) in excess of 500 mg/L 

 pH greater than 7 

 total iron (Fe) in excess of 2 mg/L 

 total manganese (Mn) in excess of 1 mg/L in 
conjunction with a high pH and the presence of 
oxygen 

 total carbonate hardness in excess of 300 mg/L 

Source: Salama et al. (2003), pp. 17-18 

Saline and hypersaline operating environments and the presence of scalants and foulants in the water 

impact on choice of materials of construction of equipment and machinery, pipeworks, pumps and 

fittings, valves, flanges, storage tanks, nozzles, etc.  For thermal desalination processes, higher 

operating temperatures enhance equipment and pipework scaling and inner wall erosion possibilities.  

Consequently, the plants need to be designed with greater wall thickness or corrosion and erosion 

resistant lined materials, which add to capital costs of the plant and machinery.  High corrosive 

working environment means high likelihood of equipment and machinery breakdowns leading to 

higher maintenance and replacement costs. 

Low carbon alloy steel equipment and pipe works are twice as expensive as carbon steel equipment 

and pipeworks.  High chromium stainless steel (hastealloy materials) and titanium alloys are more 

expensive than the low carbon steel materials.  Therefore, robust value engineering measures need to 

be considered on an individual site and water quality characteristic basis during detailed engineering 

design in order to fine tune and cut capital and operating costs and establish greater accuracy and 

reliability in design details. 

4.7.3 Brine disposal 

Consideration of desalination of groundwater in the agricultural areas has normally assumed that brine 

from desalination plants could be readily disposed of in existing ‘sacrificial lakes’, which represent a 

cheap disposal option.  The alternative is relatively cheap clay-lined evaporation ponds.  The costs 

presented in Section 5 are based on these assumptions.  Given the high acidity and metal content of 
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these groundwater sources, this assumption needs to be investigated further for its ability to address 

environmental issues and community concerns.   

Environmental and community issues associated with brine disposal 

Community and regulator concern about the environmental impacts of brines from desalination plants 

is a major issue internationally, with proponents required to demonstrate that brine can be safely 

released to the environment (David Furukawa, National Centre of Excellence in Desalination, Murdoch 

University pers. comm.).  It is almost certain that any proposed major project in the WA wheatbelt will 

need to undertake an environmental impact assessment as required under the Environmental 

Protection Act 1986.    

The presence of metals in brine from desalination plants 

The groundwater resources under consideration in this investigation have complex chemical 

characteristics that are very different to feedwater qualities associated with established Brackish 

Water Reverse Osmosis (BWRO) and Sea Water Reverse Osmosis (SWRO) treatment systems.  

There is a possibility that the brines produced as a waste product from desalination will contain heavy 

metals and hence pose a risk to the receiving environment. 

As documented elsewhere, pre-treatment of many of the water sources is required to remove 

dissolved metals that would otherwise jeopardise the desalination process.  The pre-treatment of iron 

and manganese by chlorine oxidation and alum treatment occurs at a pH of 6.5.  At this pH, none of 

the soluble heavy metals will be precipitated, but will remain in solution.  Increasing the pH to greater 

or equal to 9.0 by lime dosing will not have any effect on precipitated iron and manganese but could 

favour precipitation of the soluble heavy metals (except zinc as it partly solubilises in this alkaline pH 

range).  To better understand the removal efficiency of each soluble heavy metal might require 

repeatable jar and pilot testing of a large number of groundwater samples.  The testing would need to 

be run and modelled on a case-by-case basis following the robust characterisation of groundwater 

samples.  The results need to be statistically modelled in order to arrive at a pre-treatment scheme 

appropriate to each groundwater in question.  

In the WA agricultural areas dosing of acidic saline drain waters to pH 6.5-7.0 with hydrated lime 

followed by settling of mostly Al and Fe based precipitates that form on neutralisation was also 

sufficient to remove the majority of heavy metals at one drain, mostly to below detection limits.  

Removal of the metals was probably because of adsorption or surface complexation of the heavy 

metals with the newly formed high-surface area precipitates under the near-neutral pH – a process by 

which removing the metals from the soluble phase can occur at much lower pH than by precipitation 

as metal hydroxides.  It is possible that chlorine oxidation with alum treatment may achieve the same 

– assuming neutralisation to pH 6.5 (Degens 2009). 

However, without further testing, it cannot be stated categorically that the oxidation, precipitation and 

raising of pH during pre-treatment for iron and manganese also removes all other soluble toxic heavy 

metals that may be considered to pose an environmental hazard.  This could very well be tested and 

confirmed as a part of detailed feasibility by means of jar and pilot tests.   
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Implications for disposal 

If the brine to be disposed contains residual metals and acidity, it is likely that disposal to sacrificial 

lakes or clay-lined evaporation ponds will not be acceptable because of the risk of seepage affecting 

the local environment and land uses.  Further, storage lakes may over-top in extreme events with 

mobilisation of stored metals in the flood water causing undesirable impacts further downstream.  It 

should also be noted that disposal at the coast would also raise important social, economic and 

environmental issues. 

Local communities, landholders, and environmental regulators are likely to require greater certainty 

that the disposed brines will be properly quarantined from any receiving environment.  This will require 

proper assessment of environmental risks and community concerns, followed by design and 

implementation of disposal methods that mitigate those risks and concerns.  This will add to the cost 

of plant construction and operation.    

In short, although relatively cheap options have been assumed in the costs presented later in this 

report, plant design would probably need to include additional costs of properly sealed and bunded 

evaporation ponds for brine disposal. 

4.8 Advancing technology 

4.8.1 Reducing cost 

A CSIRO study (Barron 2006) investigated the potential for desalination applications in WA. It reported 

that rapidly improving technology – upgraded designs and increased energy efficiency - was lowering 

the cost.  The report states: 

‘….. desalination units can currently deliver fresh water from the sea at costs that range from 

$0.46 to $0.80/kL, whilst freshwater from brackish water can now be produced at the rate of 

$0.10 to $0.20/kL, depending on the salt content (before water delivery to the consumers’. 

(Glueckstern (1999), cited in Barron 2006, p. 4) 

Although these are 1999 costs, they do not appear to have been demonstrated in either of the studies 

reviewed in the next section, or the cost of supply from the Water Corporation’s Kwinana Desalination 

Plant (anticipated to be $1.16/kL in Kelson and Crisp 2006).   

More recent, or alternative sources of Kwinana Desalination Plant costs, are not readily available in 

full.  Estimates of the actual capital cost of this plant and associated piping from Churchill (2008) 

indicate a capital cost of $509 million or $0.99 per kL amortised over 20 years, assuming 45GL annual 

output.  Using Churchill’s stated labour number (16 FTE), stated power consumption, and 

maintenance costs as developed in this study (see Chapters 4 and 5) this report estimates that the 

cost of potable water supply from the Kwinana plant is approximately $1.40 per kL.  Given that this 

plant is suggested to source electricity from renewable wind-generated sources $1.40 per kL may be 

an underestimate. 

4.8.2 Improving recovery rates from inland saline waters 

Plants processing inland brackish or saline waters often operate at low recovery rates. This means 

significant volumes of concentrate is wasted to evaporation or injection.  The Water Corporation in 

Western Australia is exploring a number of methods to improve recovery.  At a pilot project in Yalgoo 
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in the lower Murchison, Water Corporation are testing a combination of ion exchange and RO called 

High Efficiency RO (HERO) to increase recovery from a silica-rich groundwater from 55 per cent to 

more than 90 per cent.  Electrodialysis Reversal (EDR) is being tested on similar water at Wiluna 

(East Murchison) and is reported to be achieving 85 per cent recovery (Crisp et al. 2010). 

4.8.3 Use of alternative energy sources 

Single-effect solar still 

A solar still is a simple device which can be used to convert saline, brackish water into drinking water. 

Solar stills use exactly the same processes which in nature generate rainfall, namely evaporation and 

condensation.  A transparent cover encloses a tank of saline water to trap solar energy.  This heats 

the water causing evaporation and condensation on the inner face of the sloping transparent cover.  

The distilled water is generally potable; the quality of the distillate is very high because all the salts, 

inorganic and organic components and microbes are left in the tank.  Under sunlight the temperature 

of the water will generally rise sufficiently to kill most pathogenic bacteria.   

A film or layer of sludge is likely to develop in the bottom of the tank and this should be flushed out as 

often as necessary.  To evaporate 1 kg of water at a temperature of 30°C about 2.4 × 106 J is 

required.  Assuming an insolation of 250 W/m2, averaged over 24 h, this energy could evaporate a 

maximum of 9 L/m2/day. In practice heat loss will occur and expected daily yield from a solar still some 

4–5 L/m2/day.  Today’s state-of-the-art single-effect solar stills have an efficiency of about 30–40%.  

Material selection for solar stills is very important. The cover can be either glass or plastic.  Glass is 

considered to be best for most long-term applications, whereas a plastic (such as polyethylene) can 

be used for short-term use.  Single-basin stills are well studied and understood. 

A person’s drinking water requirement varies from between 2 to 8 L per day. Therefore some 2 m2 of 

still is required per person, or about 40 hectares to produce 1 ML/d of product water assuming that it 

could be scaled-up to 1 ML/d production at the same efficiency.  The single basin still is the only 

design proven in the field.  One of the main setbacks for this type of desalination plant is the low 

thermal efficiency and productivity.  Multiple effect still designs are at laboratory scale and could be 

improved in future years with various active and passive desalination hybrid methods. 

Multiple Effect Humidification (MEH) 

MEH operate as small scale drinking water producers in the range up to 0.5 m³ per day.  The heat and 

mass transfer enclosure is separated from the solar concentrators for heat supply of the process.  

Evaporation and condensation surfaces are oriented to enable continuous temperature stratification 

along the heat and mass transfer process, resulting in small temperature gap to keep the process 

running.  Most of the energy afforded in the evaporator is regained in the condenser to keep energy 

demand low at less than 120 kWhthermal/m³. 

Commercial MEH desalination systems were set up in Saudi Arabia in 2005. That system had a daily 

fresh water capacity of 5 m³ and is supplied by a 140 m² solar thermal collector field and a 10 m³ heat 

storage tank ensuring 24 hours per day water production at solar driven operation.  The plant operates 

in a TDS range of 2,000-8,000 mg/L. A cost comparison of small scale desalination methods including 

MEH is presented in Table 4-4 below. 
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Table 4-4 Small-scale desalination options for brackish to moderately saline water 

Costs $/kL of product water 
Technology Heat Source 

Electricity 
Source 1 kL/d 

capacity  
5 kL/d 

capacity  
10 kL/d 

capacity  

MEH waste heat 
Combined Heat 
and Power (CHP) 

CHP 7-9 4-6 3.5-5 

MEH Solar 
Thermal 

Solar radiation Grid 11-14 7.5-9 7-8.5 

MEH autonomous Solar radiation Photo Voltaic 13-15 9-10 7.5-8.5 

RO grid connected - Grid Electricity - 1-6 

RO generator set - Diesel/Gas generator - 2-8 

RO PV - Photo Voltaic - 6-10 

Source: Adapted from L. Rizzuti et al. (eds.), Solar Thermal Desalination Using the Multiple Effect Humidification 
(MEH) Method for the 21st Century, 215–225, © 2007 Springer. 

 

The above costs may not be directly comparable with costs estimated in this study and may be 

restricted to certain feed water qualities - to a feedwater TDS range of 2000 – 8000 mg/L TDS. 

4.9 Major seawater desalination projects in Australia 
Some examples of production volumes and associated costs for major Australian seawater 

desalination plants are shown in Table 4-5.  The Gold Coast Plant is reported to have the highest 

efficiency of any plant in the world producing high quality water from seawater (Crisp et al. 2010).  The 

Wonthaggi capital cost includes an 85 km pipeline to connect the plant to a reservoir supplying 

Melbourne.  These estimates suggest capital cost per unit of production vary significantly, which may 

be due to site specific factors not referred to in the paper. 

Table 4-5 Published costs for major desalination units in Australia 

Plant 

Product Water 
Production 
Capacity 
(ML/day) 

Capex 
($ Million) 

Capex 
($M/ML/day) 

Power 
consumption 
(GWh/year) 

Specific Power 
consumption 

kWh/kL 

Kwinana, WA 144 387  2.68  185  3.9 

Gold Coast, Qld 125 na na na 3.3 

Kurnell, NSW 500 2,000 4.00    

Wonthaggi, Vic 450 3,500 7.80 713 4.8 

Source:  adapted from Crisp et al. 2010 

4.10 Previous assessments of desalination in the agricultural areas 

4.10.1 South Western WA  

A study was undertaken for the South West Catchments Council to assess desalination of a range of 

water resources in the region (Worley Parsons 2009).  The estimated costs for water recovery and 

treatment for these water resources are shown in Table 4-6.  There was no information presented on 
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the quality of feed water, or the need for pre-treatment.  If pre-treatment is required, as suggested later 

for most wheatbelt groundwater, the cost of the water produced would approximately double.  These 

costs appear to be amortised estimates over 25 years but the discount rate used is not provided. 

Table 4-6 Capital and operating costs for groundwater desalination without pre-treatment 

Case Study 
Criteria 

Dumbleyung Kojonup Darkan A Darkan B Narrogin 

Water quality (mg/L TDS) 14,000 9,000 9,000 9,000 3,000 

Water volume recovered (kL/day) 20 200 100 100 400 

RO Plant      

RO Capital cost ($) 55,000 215,000 155,000 150,000 180,000 

Additional infrastructure cost ($) 55,000 215,000 155,000 150,000 180,000 

Installation and commissioning ($) 2,750 10,750 7,750 7,500 9,000 

Operating cost ($/kL) 1.5 1 1 1 0.65 

Total operating cost ($/year) 10,950 73,000 36,500 36,500 94,900 

Installed power (kW) 2.9 11.8 5.6 4.2 14.5 

Power consumption (kW/kL) 3.5 1.4 1.3 1.0 0.9 

Power supply cost ($/kWh) 25,400 103,400 49,100 36,800 127,000 

Total Power Supply Cost ($/year) 4,300 17,600 8,300 6,250 21,600 

Water Supply      

Capital cost and installation ($) 115,100 155,200 121,000 121,000 145,100 

Power supply cost ($/year) 1,100 4,910 1,100 1,100 6,550 

Disposal      

Capital cost – evap pond 102,750     

Capital cost – pipeline/bore 5,025 1,775 45,200 18,200 27,400 

Engineering and design (5%) 15,000 28,500 23,000 21,100 25,200 

      

TOTAL CAPITAL COST ($) 316,000 598,300 483,300 442,500 530,000 

Total OPERATING COST ($/year) 12,050 77,900 37,600 37,600 101,450 

TOTAL ($/kL) (over 25 years) 3.38 1.40 1.56 1.52 0.84 

Source: Adapted from Worley Parsons (2009), p. 87 

 

These costs are similar to those of plant being constructed in NSW to process mine dewater 

(2 ML/day, 5,000 mg/L TDS) from a coal mine in northern NSW.  In this case, capital cost is $2.5 

million ($1.25 M/ML/day) with power use estimated at 0.8 kWh/kL (Alex Horn, URS pers. comm.). 

4.10.2 Merredin 

An economic study Turner (2008) investigated the feasibility of treating recovered groundwater in 

Merredin to saline (2,000 mg/L TDS) or potable standard (assumed to be 300 mg/L TDS).  The costs 

for production of saline water for use in dust suppression, and for production of potable standard water 

are shown in Table 4-7.  This assessment was based on a trial using a self-contained, transportable 

RO desalination plant between November 2006 and July 2007.  The assessment was used to 
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calculate costs of leasing or purchasing equipment, and variation in the length of time for the project 

(using 7.5% discount rate).  The water recovered was between 18,000 and 22,000 mg/L before 

treatment, and management of iron and manganese was required to prevent fouling, although the 

levels were relatively low. 

Table 4-7 Estimated cost per kilolitre for desalination in Merredin 

Cost per kL @ 7.5% discount rate 
Timeframe for 

operation Saline water 
(2,000 mg/L) 

Permeate - 
lease 

Permeate - 
purchase 

1 year period 10.06 24.47 20.81 

5 year period 3.09 11.59 8.24 

10 year period 2.10 9.25 6.18 

20 year period 1.46 7.15 4.54 

Adapted from Turner (2008) 

4.11 Quality requirements for potable water 
Some guideline standards for potable water quality are provided in Table 4-8, as per the Australian 

Drinking Water Guidelines (ADWG).  The assumed technologies and costs estimates developed by 

this report are designed to deliver potable water that meets the ADWG guidelines at the point of 

supply. 

Water quality guidelines for irrigation are presented in Table 4-9, for livestock in Table 4-10, for 

industrial uses (heating and steaming) in Table 4-11, and for cooling towers in Table 4-12.  These data 

have been taken from Western Australian Water Quality Guidelines for Fresh and Marine Waters 

(October 1993) which was originally adapted from the Australian Water Quality Guidelines for Fresh 

and Marine Waters (ANZECC 1992). 

As can be seen from the guidelines, ADWG quality criteria are more stringent than other end-uses 

except for boiler feed water quality criteria.  The RO treated water might require softening treatment 

for use as industrial boiler feed water.  However, the end-use patterns should be studied and 

accordingly integrated into detailed design of desalination system on individual occasion so as to 

minimise overall treatment costs without compromising with the water use aspects. 
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Table 4-8 Guidelines for potable water quality 

Characteristic Guideline value Characteristic Guideline value 

pH 6.5-8.5 Molybdenum (Mo) 0.05 mg/L 

Aluminium (Al) 0.2 mg/L Lead (Pb) 0.01 mg/L 

Ammonia (NH3) 0.5 mg/L Hardness as CaCO3 200 mg/L 

Arsenic (As) 0.007 mg/L Fluoride (F) 1.5 mg/L 

Antimony (Sb) 0.003 mg/L Nickel (Ni) 0.02 mg/L 

Barium (Ba) 0.7 mg/L Nitrate (NO3
-) 50 mg/L 

Boron (B) 4 mg/L Selenium (Se) 0.01 mg/L 

Cadmium (Cd) 0.002 mg/L Sulphate (SO4
=) 250 mg/L 

Copper (Cu) 1 mg/L Total Dissolved Solids 
(TDS) 

500 mg/L 

Chlorine (Cl) 0.6 mg/L Turbidity 5 Nephelometric 
Turbidity Units (NTU) 

Chromium + 6 (Cr) 0.05 mg/L Uranium (U) 0.02 mg/L 

Iodide (I-) 0.1 mg/L Zinc (Zn) 3 mg/L 

Iron (Fe) 0.3 mg/L E. coli Zero count for 98% 
samples 

Manganese (Mn) 0.1 mg/L Coliforms (thermo 
tolerant and others 

Zero count for 95% 
samples 

Source:  Australian Drinking Water Guidelines (2004) 

 

Table 4-9 Summary guidelines for irrigation water quality 

Characteristic Guideline Value Characteristic Guideline Value 

pH 5.0 – 9.0 Cobalt 0.05 mg/L 

Algae Should not be visible Copper 0.2 mg/L 

Chloride <100 mg/L Fluoride 1.0 mg/L 

Sodium  10-100 mg/L Iron 1.0 mg/L 

Total Dissolved Solids 100-3,500 mg/L Lead 0.2 mg/L 

Aluminium 5 mg/L Lithium 2.5 mg/L 

Arsenic 0.1 mg/L Manganese 2.0 mg/L 

Beryllium 0.1 mg/L Mercury 0.002 mg/L 

Boron 0.5-0.6 mg/L Molybdenum 0.01 mg/L 

Cadmium  0.01 mg/L Nickel 0.2 mg/L 

Chromium 1.0 mg/L Selenium 0.02 mg/L 

Uranium 0.01 mg/L Vanadium 0.1 mg/L 

Zinc 2.0 mg/L Acrolein (herbicide) 0.1 mg/L 

Diuron 0.002 mg/L 2,2-DPA (Dalapon) 0.004 mg/L 

Radioactivity Gross Alpha 0.1 Bq/L 
Gross Beta 0.1 Bq/L 

Sodium Adsorption Ratio 
(SAR)  

2-10 
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Table 4-10 Guidelines livestock water quality 

Characteristic Guideline Value Characteristic Guideline Value 
Pathogens and parasites 1000 faecal coliforms/100 mL Beryllium 0.1 mg/L 

Algae Up to 10,000 cells/mL Boron 5 mg/L 

Calcium 1000 mg/L Cadmium 0.01 mg/L 

Nitrate-N 30 mg/L Chromium 1.0 mg/L 

Nitrite-N 10 mg/L Cobalt 1.0 mg/L 

Sulphate 1000 mg/L Copper 0.5 mg/L 

Total Dissolved Solids 3000 mg/L Fluoride 2.0 mg/L 

Aluminium 5 mg/L Lead 0.1 mg/L 

Arsenic  0.5 mg/L Mercury 0.002 mg/L 

Molybdenum 0.01 mg/L Nickel 1.0 mg/L 

Selenium 0.02 mg/L Uranium 0.2 mg/L 

Vanadium 0.1 mg/L Zinc 20 mg/L 

Pesticides As per ADWG  Radioactivity As per ADWG 

Organic Toxicants – ex. pesticides As per ADWG   

 

Table 4-11 Industrial Water Quality Guidelines for Heating and Steam Generation 

Boiler Feed Water (all values in mg/L unless otherwise indicated) Parameter 

0-1.0 MPa 1.0-4.8 MPa 4.8-10.3 MPa 10.3-34.4 MPa 

pH 8.0-10.0 8.2-10.0 8.2-9.0 8.8-9.2 

Calcium 0.0 0.0 0.0 0.0 

Magnesium 0.0 0.0 0.0 0.0 

Iron 1.0 0.3 0.05 0.01 

Aluminium 5.0 0.1 0.01 0.01 

Copper 0.5 0.05 0.05 0.01 

Zinc 0.0 0.0 0.0 0.0 

Ammonium 0.1 0.1 0.1 0.7 

Bicarbonate 170 120 48 30 

Sulphate 200 100 25 5 

Chloride 400 100 50 10 

Silica 30 10 <0.7 0.01 

Hardness (CaCO3) 20 0.0 0.0 0.0 

Alkalinity 140 100 40 0.0 

Acidity 0.0 0.0 0.0 0.0 

Filterable Residue 700 500 200 0.5 

Suspended Solids 10 5 0 0 

Dissolved Oxygen 2.5 0.007 0.007 0.007 

Chemical Oxygen Demand 5 5 0.5 0.0 

Carbon Tetrachloride extract 1.0 1.0 0.5 0.0 

Methylene Blue Active 
Substances 

1.0 1.0 0.5 0.0 
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Table 4-12 Water Quality Guidelines for Cooling Towers (Recirculating Systems) 

Parameter 
Numerical Limits (Maximum value in mg/L 

unless otherwise specified) 

LSI +1.5 

pH 7.5 

Calcium (as CaCO3) <300 

Total Iron <0.5 

Manganese <0.5 

Copper <0.08 

Aluminium <1.0 

Sulphide <5.0 

Silica <150 

Total Dissolved Solids <2,500 

Conductivity <4,000 (µS/cm) 

 

4.12 Salt production technology and costs 
Each water resource will require specific chemical analysis to understand the salt products that might 

be produced.  Preliminary analysis of crystallised salts identified in dry saline lake systems, suggest 

potential for commercial operations with appropriate capital managed technologies.  Industrial salt 

production is a potential option from the Wheatbelt groundwater and drainage fields with appropriate 

matching of production cost and product value.   

4.12.1 Solar salt production in Western Australia 

In 2009, WA produced 9.5 million tonnes of salt for export, with a total value of $432 million (an 

average value of some $45/tonne).  The principal operations involve large scale evaporation of 

seawater in shallow artificial ponds. These are primarily located at Onslow, Dampier, Port Hedland 

and Shark Bay (Useless Loop).  The description of one of these operations is presented below. 

‘Onslow Solar Salt Pty Ltd wholly owned by Mitsui and Co Ltd. operates a 2.5 million tonne per annum solar salt 

field. Mitsui and Co. Ltd. acquired the solar salt field from AKZO Nobel in 2006.  The proposal was first raised in 

the 1960’s although development did not progress until 1989, when Gulf Holdings submitted a proposal to the 

EPA to produce and ship salt from Onslow - the project cost $80 million.  Specific project infrastructure includes a 

2.5 million tonnes per annum wash plant, salt stockpile area, ship loading jetty and conveyors and a 10 kilometre 

dredged shipping channel to cater for 45,000 tonnage (dead weight) ships.  The project has provided a significant 

boost to the Onslow economy, and has seen considerable activity in the town.  Onslow Solar Salt currently has 65 

employees and owns 39 homes in the town.  Additionally a number of personnel employed by haulage, 

maintenance and engineering contractors are supported by the site’ (Shire of Ashburton 2010). 

There are several smaller salt production operations in Australia that provide to the domestic market.  

The WA Salt Company harvests salt from dry salt lake beds at Lake Deborah (north east of Southern 

Cross) and north of Esperance.  Approximately 250,000 tonnes are produced annually for a range of 

markets (tanning, butchery etc).  Murray River Salt pumps from groundwater to crystallise in artificial 

made ponds. They produce some 100 000 tonnes per year using a workforce of 13 people. 
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4.12.2 Costs of solar salt production 

Some production cost estimates are presented in Table 4-13. 

Table 4-13 Costs of operating large solar salt production systems 

Operation 
Production 

(mtpa) 
Workers 

Tonnes/ 
employee 

Operating cost 
$M/yr 

Cost/ 
tonne 

Dampier Salt (Dampier, Port 
Hedland, Lake MacLeod)* 

9.17 389 23,570 $305 million (est) $32/t (est) 

Onslow** 2.50 65 38,460 $100 million $40/t 

* Source:  Rio Tinto (2008), ** Source:  Shire of Ashburton (2010) and Aral et al. (2004) 

At these scales about 30,000 tonnes is produced per employee per year (includes transport to nearest 

port, but does not include processing for separate products).  This is equivalent to 82 tonnes per day.  

The export price of between $50 and $60 per tonne sets an upper ceiling on the costs of production 

for a viable operation.  It is reasonable to assume a cost of production of at least $40 per tonne for salt 

produced from smaller scale operations using evaporation of brines in the wheatbelt. 

Scale of operation is important.  The study undertaken for the (then) Department of Conservation and 

Land Management in 2003 showed that production of less than 15,000 tonnes salt per annum at 

Toolibin Lake was uneconomic at a net sale price of $55 per tonne (Maunsell 2003).  Further, this 

analysis did not include the costs for the abstraction of the saline groundwater. The impact of scale is 

shown in Table 4-14 adapted from the report by Maunsell (2003). 

Table 4-14 Salt production verses capital cost estimate, operating cost and IRR 

Annual salt 
production (t) 

Capital cost 
($’000s) 

Operating cost 
($/tonne) 

Internal rate of return 
(assuming sale price of $55/t) 

5,000 $1,620 $46.00 0 

7,500 $1,920 $36.70 0 

10,000 $2,160 $32.00 1.1% 

15,000 $2,640 $27.30 5.75% 

20,000 $3,100 $25.00 8.75% 

Adapted from Maunsell Australia Pty Ltd (2003), p. 9 and p. 45 

Given water quality of 35,000 mg/L TDS, approximately 450 ML/year (1.23 ML/day) would be required 

to produce 15,000 tonnes per year.  As water quality improves the amount of water required to 

generate this amount of salt will increase proportionally.   

4.12.3 Analyses of salt composition from a range of sources 

Table 4-15 shows the variation that occurs between the compositions of salts in a range of sources.  

The composition of many of the inland sources would make salt production difficult. 
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Table 4-15 Composition of salts in a range of supplies 

Salt 

Typical 
range used 

for salt 
production 

Port 
Hedland 

Salt 
Product 

Sea 
water 

Yilgarn 
River 

(Water) 

Cowcowing 
(Surface 
water) 

Beacon 
(Ground 
water 
>30m) 

Toolibin 
(Ground 
water) 

Sodium Chloride* 
96.50 - 
97.50% 

96.75-97.25% 85.92% 88.15% 94.3% 85.75% 83.76% 

Bromide   0.2% 0.12% 0.04% 0.16% 0.14% 

Moisture 1.80 - 2.80% 2.1-2.65%      

Calcium 0.03 - 0.05% 0.035-0.042% 1.16% 0.5% 0.5% 0.88% 0.9% 

Magnesium  0.02 - 0.03% 
0.022%-
0.03% 

3.7% 3.2% 1.83% 3.64% 4.4% 

Sulphate 0.10 - 0.15% 0.12-0.15% 7.7% 7.0% 2.89% 8.8% 10.8% 

Potassium 0.01 - 0.02% 0.01-0.02% 1.1% 1.1% 0.5% 0.89% 0.12% 

Insolubles 0.01 - 0.03% 0.008-0.01%      

*On a dry basis Sodium Chloride content is typically between 99.70 and 99.80 per cent. 

 

4.13 Water supply scenarios and case studies 

4.13.1 Generic Scenarios 

Categorisation of scenarios 

Scenarios were categorised for water yield, salinity and acidity (Table 4-16) and technologies were 

assessed and cost estimates produced to match these potential water qualities and yields. 

Table 4-16 Scenario categorisation criteria 

Water yield (ML/day) Salinity (mg/L TDS) Acidity (pH) 

High (H) – 10 - 20 Low (L) – 500 – 5,000 High (H)– <4.5 

Medium (M) – 1 - 10 Medium (M) – 5,000 – 35,000 Medium (M) – 4.5-7.0 

Low (L) – less than 1  High (H) – 35,000 – 50, 000 Low (L) – > 7.0 

 Extreme (E) – > 50,000  

Scenario details 

The scenarios selected for conceptual analysis, and the conceptual approach used in water recovery 

and salt manufacture are summarised in Table 4-18.  Additional details on treatment assumptions, 

methodologies and costs of water treatment for these scenarios are presented in Section 5. 

4.13.2 Case studies 

The case studies selected for analysis are summarised in Table 4-19.  For three of the case studies 

water is already available and there will be no costs for water supply.   
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4.13.3 Water qualities in the case studies 

A comparison of the chemical characteristics of seawater and groundwater/ drain water from the case 

study areas are shown in Table 4-20.  These data are either taken directly from the case study or from 

sampling locations as near as possible to the case study.  As such they are estimates of water quality 

in the feedwater and additional work would be required to validate these in the event of going to a 

feasibility level of assessment.  

When these data are compared to the thresholds shown in Table 4-1, it is evident that problem 

contaminants from desalination treatment viewpoint in the feedwater are: 

 Total Nitrogen and Phosphorous; 

 Arsenic, Magnesium, Calcium and Potassium; and 

 Iron, Manganese, and Sulphates. 

Though soluble nitrates and phosphates are not an issue for the membrane process, the effects of 

excessive nitrates and phosphates are captured in turbidity indicator threshold value.  Higher nitrates 

and phosphates may lead to higher total organic content (TOC) in the feed water.  The TOC > 2 mg/L 

may be an issue for shallow groundwater across the inland agricultural areas.  Multimedia filtration 

systems as part of filtration of coarse suspended solids cater to removing TOC below 2 mg/L to 

protect membrane desalination. 

Appropriate pre-treatments are required to remove contaminants, especially iron and manganese to 

minimise fouling of membranes, arsenic (for health reasons as membranes cannot remove arsenates), 

calcium and magnesium (to prevent scaling of membranes and equipment) and sulphates (to meet 

Australian health standards for drinking water).  These pre-treatments have been included in the cost 

of desalination treatment and potable water supply. 

4.14 Desalination parameters across water quality ranges 
Based on desalination plant specifications and operational requirements a set cost and operational 

performance estimates were developed for each of the generic size and water quality scenarios 

described in Section 4.13.1.  Capital, maintenance and operating costs parameters for each salinity 

category, pH and size configuration are presented in Table 4-17.  These costs for production of 

potable water from seawater (35,000 mg/L TDS) are comparable to the major plants presented in 

Table 4-5, after accounting for the economies of scale that can be captured in plants producing over 

100 ML/day. 
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Table 4-17 Desalination plant cost parameters (capital, maintenance and operating costs) 

Feed Water (TDS) mg/L 35,000-50,000 (RO) 5,000-35,000 (RO) 0-5,000 (RO) 
50,000+ (MSF/ 

MED) 
35,000-50,000 

(MSF/ MED) 

Capacity (ML/d) 0-1 1-10 10-20 0-1 1-10 10-20 0-1 1-10 10-20 1-20 1-20 
Permeate Recovery Rate (%)          

> 7.5 35% 35% 35% 45% 50% 50% 70% 70% 75% 25% 75% 

4.5 – 7.5 45% 50% 50% 55% 60% 60% 80% 80% 80% 25% 75% 

3 – 4.5 45% 50% 50% 55% 60% 60% 75% 75% 75% 25% 75% 

Capex ($ million/ML/d)                 

> 7.5 7.5 3.6 3.0 6.3 3.0 2.5 2.0 1.0 0.8 16.0 10.0 

4.5 – 7.5 6.0 2.9 2.4 5.0 2.4 2.0 1.6 0.8 0.7 16.0 10.0 

3 – 4.5 7.5 3.6 3.0 6.3 3.0 2.5 2.0 1.0 0.8 16.0 10.0 

Maintenance               

Membrane replacement (% of Capex/yr)                   

> 7.5 2.00% 2.00% 2.00% 1.30% 1.30% 1.30% 1.00% 1.00% 1.00%     

4.5 – 7.5 1.00% 1.00% 1.00% 0.65% 0.65% 0.65% 0.50% 0.50% 0.50%     

3 – 4.5 1.00% 1.00% 1.00% 0.65% 0.65% 0.65% 0.50% 0.50% 0.50%     
Maintenance/ depreciation (% of Capex/yr)                  

> 7.5 6.0% 6.0% 6.0% 4.0% 4.0% 4.0% 3.0% 3.0% 3.0% 12.0% 8.0% 

4.5 – 7.5 3.0% 3.0% 3.0% 2.0% 2.0% 2.0% 1.5% 1.5% 1.5% 10.0% 4.0% 

3 – 4.5 5.0% 5.0% 5.0% 3.0% 3.0% 3.0% 2.5% 2.5% 2.5% 8.00 6.0% 

Operation               

Electricity (MWh per ML product water/yr)                  

> 7.5 10.5 9.0 7.5 7.0 6.0 5.0 3.5 3.0 2.5 27.0 18.0 

4.5 – 7.5 9.0 7.5 6.0 6.0 5.0 4.0 3.0 2.5 2.0 22.5 15.0 

3 – 4.5 10.5 9.0 7.5 7.0 6.0 5.0 3.5 3.0 2.5 27.0 18.0 
Labour (Person FTE/yr)                  

> 7.5 1.5 1.5 1.5 1.25 1.25 1.25 1.25 1.25 1.25 1.5 1.5 
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Feed Water (TDS) mg/L 35,000-50,000 (RO) 5,000-35,000 (RO) 0-5,000 (RO) 
50,000+ (MSF/ 

MED) 
35,000-50,000 

(MSF/ MED) 

Capacity (ML/d) 0-1 1-10 10-20 0-1 1-10 10-20 0-1 1-10 10-20 1-20 1-20 

4.5 – 7.5 1.5 1.5 1.5 1.25 1.25 1.25 1.25 1.25 1.25 1.5 1.5 

3 – 4.5 1.5 1.5 1.5 1.25 1.25 1.25 1.25 1.25 1.25 1.5 1.5 

Consumables, chemicals (% of Capex/yr)                  

> 7.5 2.50% 2.50% 2.50% 2.00% 2.00% 2.00% 1.50% 1.50% 1.50% 3.50% 2.50% 

4.5 – 7.5 1.25% 1.25% 1.25% 1.00% 1.00% 1.00% 0.75% 0.75% 0.75% 1.75% 1.25% 

3 – 4.5 2.00% 2.00% 2.00% 1.50% 1.50% 1.50% 1.25% 1.25% 1.25% 3.00% 2.00% 
Insurance and warranties (% of Capex/yr)                  

> 7.5 0.06% 0.06% 0.06% 0.05% 0.05% 0.05% 0.04% 0.04% 0.04% 0.06% 0.06% 

4.5 – 7.5 0.06% 0.06% 0.06% 0.05% 0.05% 0.05% 0.04% 0.04% 0.04% 0.06% 0.06% 

3 – 4.5 0.06% 0.06% 0.06% 0.05% 0.05% 0.05% 0.04% 0.04% 0.04% 0.06% 0.06% 
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Table 4-18 Scenarios for conceptual analysis 

Water resource Vol TDS Acidity Conceptual approach 

Major valley floor palaeochannels 
(e.g. Salt River, Yilgarn River, 
Lockhart, Yarra Yarra system 

H E M-H 

 30 bores, 1 km apart  

 Pump rate at 500 kL/bore/day (part confined, part unconfined aquifer).   

 6 rows of 5 bores, for total yield of 15 ML/day at 40,000 mg/L TDS 

 Desalination at one end of the borefield. 

 Evaporation pond adjacent to desalination or discharge into sacrificial lake (assume 2 km away) 

Marginal resources  (TDS > 1,000 
mg/L) located along western fringes of 
the agricultural areas (DAF Target 
Resources, Dandaragan, Watheroo) 

H L L 

 4 bores, 1.75 km apart  

 Pump rate at 500 kL/bore /day for total of 2 ML/day, 1500 mg/L TDS.   

 Assume 2 x 2 bores each with desalination at centre of cross pattern. 

 Evaporation pond 1 km from desalination 

Local groundwater supplies – towns L M L 

 Assume 4 bores in a row, each 0.6 km apart at 100 kL/bore /day for total of 0.4 ML/day at 10,000 mg/L TDS.  

 Assume desalination 1km away from last bore.  

 Evaporation pond adjacent to desalination. 

Local groundwater supplies – natural 
resource assets (water, biodiversity) 

L-M M L-M 

 Assume 50 kL/bore /day, at 700m apart 

 Total 10 bores for total of 0.5 ML/day at 25,000 mg/L TDS.  

 Desalination adjacent last bore. 

 Evaporation pond 1 km from desalination. 

Catchment scale drainage flows 

L-M 
(depends 
on drain 
length) 

H H 

 Assume average of 800 kL/day. 

 Obtained from discharge of 0.4 L/s/km of drain length (of 20 km length). Water quality averages 35,000 mg/L 
and pH 4. 

 No pumps or pipes. Storage reservoir to ensure consistency in volume and quality to desalination plant 

Surface flows along major drainage 
lines 

H H L 
 Evaporation from playa to generate salt.   

 Quality of product is likely to variable between years and flow events.  Not considered  

Normal overland flow H L L 
 No pumps or pipelines, 25,000 cubic metre dam, 10 km surface water collection channels. 

 Farm dam technology.  Not considered further 
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Table 4-19 Case studies for detailed analysis 

Case study Location and situation 
Water volume (kL 
/day) and quality 

Water abstraction 
requirements 

Brine disposal Salt manufacture? 

Salt River 

Major saline palaeochannel situation (Salt 
River), with treatment at site for export of 
water to metropolitan area and to Eastern 
Goldfields.   

20 ML/day 
80,000 mg/L TDS 
pH = 6 

20 bores (1,000 
kL/bore/day) at 0.5 m 
spacing.  To be set up a 
two rows of 10 bores 

Lake bed flow in the Yenyening 
System (10 km piping to deliver brine 
to nearest lake). 

Salt manufacture as a sole 
product and as a by-product is 
also an option. 
Ability to produce up to 1,600 
tonnes salt per day 

Cowcowing 
Lakes 

Major saturated saline sump on Mortlock 
River East system.  Groundwater 
abstraction to generate water supply, 
treatment option and brine management 

20 ML/day 
40,000 mg/L TDS 
pH = 6 

67 bores (300 kL/bore/day) 
in a grid pattern across 
valley floor at 0.5 m 
spacing 

Cowcowing Lakes has adequate 
lakebed floor – minimal bunding 
required.  
2 km pipeline required from treatment 
plant to lake floor for brine disposal 

Salt manufacture as a sole 
product and as a by-product is 
also an option. 
Ability to produce up to 800 
tonnes per day 

Beacon Drain 
Development of a system that delivers 
consistent volume and quality of water for 
treatment.   

1.0 ML/day 
35,000 mg/L TDS 
weighted salinity 
pH = 4 

Nil – water already being 
produced 

Brine disposal in existing evaporation 
ponds 
Additional 0.5 km piping to allow 
redistribution of saline effluent with 
existing pond system 

Salt manufacture as a by-
product is also an option. 
Ability to produce up to 35 
tonnes per day 

Wagin 

Current groundwater abstraction to protect 
town infrastructure from rising groundwater 
levels.  Determination of treatment options 
and reuse of abstracted groundwater. 

0.6 ML/day 
6,800 mg/L TDS 
pH = 6 

Nil – water already being 
produced 

Establishment of evaporation bond 
for brine (as alternative to existing 
discharge into Slippery Lake) 

Insufficient brine for salt 
manufacture (4 tonnes/day) 

Toolibin Lake 

Current groundwater abstraction to protect 
Ramsar wetland from rising groundwater 
levels.  Determination of treatment options 
and reuse of abstracted groundwater and 
treatment.  Revisit the previous studies on 
desalination and salt manufacture. 

0.6 ML/day 
25,000 mg/L TDS 
pH = 6 

Nil – water already being 
produced 

Use of existing disposal system into 
Taarblin Take 

Salt manufacture as a by-
product is also an option. 
Ability to produce up to 15 
tonnes per day 
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Case study Location and situation 
Water volume (kL 
/day) and quality 

Water abstraction 
requirements 

Brine disposal Salt manufacture? 

Kokeby 
Palaeochannel 

Fresh to marginal resource (Maitland and 
Kieara palaeochannels, and Corberding 
Plateau).  Water could be treated for 
domestic and industrial use. 

1.8 ML/day (a further 
1.8 ML/day is already 
being abstracted) 
Average 1,250 mg/L 
TDS 
pH = 5.95 

3 bores (600 kL/bore/day), 
located along 8 km inline 
pipe, with desalination 
plant in the middle. 
Evaporation pond 1 km 
from desalination 
 

Evaporation pond at desalination 
plant 

Insufficient brine for salt 
manufacture (1.8 tonnes/day) 

Table 4-20 Water quality in bores and drains in the case study areas (mg/kg) 

mg/kg H2O N P F NaCl Mg Ca K Ba Cd Hg Cr 

Sea water  964,900 15.5 0.088 13 30,200 1,290 411 392 0.0321 0.00011 0.00015 0.0002 

Beacon  964,000 33.6 20  19,110 4,790 1200 1140  0.0084  0.0088 

Cowcowing 959,970 159 1.7  33,500 2,170 626 450  0.002  0.002 

Salt River  965,720 3 2  30,370 1,070 193 386  0.0004  0.006 

Toolibin  956,300 1.2 3.2  36,300 1,900 516 50  0.0024  0.0072 

Kokeby (Kieara) 998,750 0.9 <0.01  981 58 14 6     

             



DOW1710 Saline water treatment 

4 TOR 4 - Evaluation of water treatment technologies 

42907533/S0156/3        79 

mg/kg Pb Br- I As Fe Mn Cu Ni Zn V SO4 U 

Sea water   67.3 0.064 0.0026 0.0034 0.0004 0.0009 0.0066 0.005 0.0019 2,712 0.0033 

Beacon  0.33 20.24  0.00954 825 5.6 2.85 0.086 0.65 0.032 8,850 0.14 

Cowcowing 0.16 80  0.001 2.2 2.5 0.001 0.04 0.07 0.0005 3,040 0.045 

Salt River  0.0012 40  0.00035 1 0.5 0.002 0.006 0.22 0.02 2,215 0.02 

Toolibin  0.04 62.64  0.003 51 4.6 0.05 0.1 0.26 0.005 4,760 0.003 

Kokeby (Kieara)     0.05      50  
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4.15 Case study details 

4.15.1 Assumptions 

The qualifications associated with the data, information and analysis presented in this report are 

discussed in Sections 1.4 and 4.1.  While the best available data have been used in scoping the case 

studies, there are acknowledged limitations in these data.  Further, in some situations where there are 

no empirical data – as in the Cowcowing Lakes – assumptions based on assumed aquifer 

characteristics have been used to calculate bore yield and water quality estimates.  In designing 

borefield layouts, locating of infrastructure, and considering salt manufacture from brine disposal, 

reasonable assumptions have been made about the topography and logistics at the individual sites.  

The case studies rely on a mixture of site data, extrapolated data and assumptions that are broadly 

based on existing information.  

4.15.2 Salt River 

The Salt River extends for about 50 km from Qualandary Crossing to south of Quairading.  It includes 

the Yenyening Lakes, and extensive saline shrublands.  The valley floor includes palaeochannel 

sediments that are confined and resemble beach sand.  These contain large volumes of highly saline 

water (70,000 to 90,000 mg/L TDS).  An estimate is that there are 4 GL stored per km of the river, 

giving a total of 200 GL (Salama 2004). 

The rates of pumping achieved from the Salt River exceed other experiences in WA saline 

palaeochannels.  URS has been advised that a feasible large volume abstraction would involve 20 

bores into the palaeochannel, pumping at 1,000 kL/bore/day.  These can be located at 0.5 km 

intervals.  The width of the valley floor would allow two rows of 10 bores located 0.5 km apart.  The 

system will generate 20 ML/day (7.6 GL/year).  Salt manufacture as a sole product and as a by-

product is also an option, with an ability to produce up to 1,600 tonnes per day.  A number of the lakes 

in the Yenyening network could be developed as evaporation and crystallisation ponds. 

4.15.3 Cowcowing Lakes 

The Cowcowing Lakes complex is the largest lake system in the western wheatbelt area, and is 

proximate to Perth and major arterial water pipelines.  Although it is located in the Mortlock East 

Catchment, it is effectively a terminal lake and the regional drainage evaluation completed for the 

Avon noted that there was no drainage from the system through the period 1976-2003. 

Although there are no empirical data on achievable abstraction rates, a ‘first principles’ assessment in 

2004, suggested, in common with similar wheatbelt valley floors, there will be large volumes of saline 

groundwater beneath the lake system.  The system is large – with a total area of 1,000 km2, 

comprising lake beds (240 km2) and halophytic plains and seasonal swamps (760 km2).  Based on 

feasible hydrological parameters, and assuming saturation of the lowest lying areas, the system may 

contain about 180 GL saline water.  Sampling in the general area suggest a water quality of about 

40,000 mg/L TDS. 

As part of an assessment of the feasibility of addressing salinity threats to biodiversity assets (URS, 

2004) calculated a range of bore spaces and abstraction rates for a range of aquifer types.  These 

calculations assumed aquifer characteristics for a range of aquifer types and industry standard 
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equations in calculating the parameters summarised in Table 2-1.  Note that to dewater or drawdown 

any given area, the cones of depressions from individual bores have to overlap or ‘interfere’ with each 

other.  The optimal bore spacing to dewater a certain aquifer system will be less than the calculated 

radius for that aquifer, however palaeochannel aquifers are generally a narrow strip aquifers, with 

multiple interference effects when being pumped.   

Table 4-21 Groundwater abstraction rates and bore spacings to achieve drawdown  

Aquifer characteristics Steady state (after 5 yrs) 

T K 
Draw-
down 

r 
Bore 

spacing 
Flow Aquifer Type 

M2/day m/day m m m 
kL/bore 

day 

Clayey Sandy Aquifer 1 0.1 2 287 < 290 m 35 

Structured clays with macropores 5 0.5 2 1,433 < 1,400 m 175 

Sandy Aquifer 10 1 2 453 < 450 305 

Palaeochannel Sand Aquifer (unconfined) 20 2 2 641 < 640 534 

Palaeochannel Sand Aquifer (confined) 20 2 2 2,866 < 2,860 239 

T = transmissivity;  K = soil conductivity;  Drawdown is m below current groundwater level (for saline valley floors 

assumed to be at or very near the surface); and  r = radial distance from pumping bore. 

The model selected for Cowcowing was that of a sandy aquifer, with an achievable yield of 300 

kL/bore/day and a spacing of 500 m between bores. To enable comparison with the Salt River case 

study, the Cowcowing case study assumes a network of 67 bores, 500 m apart, pumping 300 

kL/bore/day each, to produce 20 ML water/day.  Salt production is an option with the capacity to 

produce 800 tonnes of salt per day.  The lake floor, with suitable bunding could be developed as a salt 

production field. 

4.15.4 Beacon Drain 

The Beacon drainage system yields 156 kL/day from the lower 2.6 km of drain between the 

contingency basin and Beacon Rock Road (60 kL/km/day), and 252 kL/day in the upper 6.5 km drain 

above Scotsman Rd (39 kL/km/day).  These are average flows, with the flow rate being much higher in 

winter.  Applied as an average of 45 kL/km/day across the total 22 km of drainage channel, yields a 

daily discharge of approximately 990 kL/day.  The seasonal variation in flow rates is buffered with 

three evaporation ponds at the drain terminus (1km north of the Burakin-Wialki Rd), which is designed 

to fill over winter and then evaporate over summer, with margin for high rainfall events.  The drainage 

water is pumped from the drain up into the evaporation ponds via an automated system.  The 

weighted annual average of the water quality in the annual flows is 35,000 mg/L and pH 3.5.  

However, a flow-weighted pH value may be closer to pH 4.   

Given the existence of the terminal storage reservoirs, which provides the opportunity to ensure water 

with similar quality across a year, treatment of the water is feasible.  Salt production is technically 

feasible, either as a by-product of water treatment, or as a stand-alone operation.  The production 

would be very small at 14 tonnes per day, or 5,100 tonnes per year. 
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4.15.5 Wagin townsite 

Wagin had a residential population of 1,427 (ABS 2006) in 2006.  All possible stormwater from the 

town and the agricultural catchment to the north of the town is captured and used to irrigate public 

facilities in the town.  Rising groundwater levels in the town are being addressed with abstraction from 

three bores located across the middle of the town.  The water recovered is pumped/ gravity fed to 

Slippery Lake on the southern side of the town and allowed to evaporate.  Information on water yields 

and quality for the three bores is presented in Table 4-22. 

Table 4-22 Wagin groundwater abstraction data  

Bores 

Parameter PB3 
(Victor St) 

PB4 
(Nalder St) 

PB 8 
(Warwick St) 

Total 

Water yield (kL/bore/day) 243 212 151 606 

Quality (mg/L TDS) 7,051 6,152 7,414 6,825 

 

The Shire of Wagin is considering desalination of this water for public use.  A local business (Morton 

Seeds) is also interested in the concept. 

4.15.6 Toolibin Lake 

Data for Toolibin groundwater abstraction, taken from a period of recording between 29 August and 5 

October 2005, shows 685 kL/day being produced (data provided by Ryan Vogwill, DEC).  This has 

now slowed to about 600 kL/day Peter Lacey DEC, pers. comm.).  The groundwater abstraction at 

Toolibin Lake comes from superficial aquifer via low yielding airwell pumps that deliver between 15 

and 20 kL/day, and from the palaeochannel underlying the lake via electric submersible pumps that 

deliver between 80 and 236 kL/day.  The water quality in the palaeochannel is notably poorer 

(>30,000 mg/L TDS) than that abstracted from the shallow aquifer (20,000-25,000 mg/L TDS).   

Cessation of pumping is followed by a rapid (of the order of weeks) rise in the groundwater beneath 

Toolibin Lake to highlight the need for ongoing abstraction as a central component of the investment in 

recovery of this important biodiversity asset.  The annual costs of operating the borefield are estimated 

at $80,000, and there are some logistical issues associated with the operation and monitoring of the 

infrastructure (and rates of abstraction) at a location 40 km from the Department of Environment and 

Conservation’s office in Narrogin. 

The recovered groundwater contains about 1.5 tonne of salt per day, or 5,500 tonnes per year.  An 

assessment of the potential for salt production from the recovered groundwater showed that, even 

with funding support from the Department, production of 5,500 tonnes per year would be uneconomic 

(Maunsell 2003). 

4.15.7 Kokeby palaeochannel area 

The Kokeby Palaeochannel has been investigated by GHD (2007).  The water resource lies a few 

kilometres west of the Great Southern Highway between Beverley and Brookton and has been defined 

as three separate resources – the Maitland palaeochannel, Corberding and Kieara which lay across 
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an 8 km length of farming country.  A fourth area, the Mt Kokeby groundwater area is not well known 

and has not been considered in this case study. 

The data for the three resources investigated presented in GHD (2007) are summarised below in 

Table 4-23.  Based on these data, the case study assumed sustainable yield across all three 

resources of 1,320 ML/year, or 3.6 ML/day.  Given that the Corberding Resource is already being 

used (1.8 ML/day), it is assumed for the purpose of this project that the remaining 1.8 ML/day is 

available for abstraction and treatment. 

Based on the high bore yields in previous pumping tests it was further assumed that this volume of 

water could be recovered from a bore located within each resource (delivering 1,200 kL/bore/day) with 

the three bores connected by pipeline to deliver the water to a treatment plant.  Given the variability in 

water quality measurements, a relatively conservative estimate of 1,250 mg/L TDS for the total water 

recovered was assumed.  This makes the water too salty for domestic or irrigation use, but treatment 

could enable it to be used for domestic purposes in the nearby growth communities of the Avon Arc. 

Table 4-23 Kokeby palaeochannel area  

Parameter 
Maitland 

palaeochannel 
Corberding Kieara 

Catchment area (ha) 1,380 5,700 6,730 

Depth to bed of palaeochannel 31-54 m 50-80 m 46-54 m 

Aquifer storage (GL) 3.2 38.4 7.3 

Estimated yield (ML/year) 80 660 580 

Estimated yield (kL/ha/yr) 220 510 350 

Groundwater bore yields 
(kL/bore/day) 

1,470-6,050 Up to 6,050 na 

Groundwater quality (mg/L TDS) 500-5,500 
400-1,000 (palaeochannel) 
2,500 (sandy clays above 

the palaeochannel 
1,250 (one bore) 

Source:  GHD 2007a 

The amount of dissolved salt in this recovered water is approximately 1.8 tonnes per day, and 

production of salt is unlikely to be a feasible operation. 
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5 

5 TOR 5 – Cost analysis for case studies and scenarios 

5.1 Methodology 
URS undertook an indicative cost analysis of options for recovery of potable water, and salt 

production, from saline groundwater reserves incorporating the following: 

 An analysis of saline water treatment with costs of salt production included as an example of an off-

set disposal.  These costs have been estimated for all major component items, and technologies 

across ranges of water quality based primarily on pH, salinity, and the presence of other 

contaminants (minerals and metals) that affect recovery processes or the quality of treated water or 

salts.  Treatment costs have been applied to a set of case study sites and generic scenarios to 

provide aggregate cost estimates under prescribed conditions.  This analysis provides an indication 

of cost per unit of water or salt produced.  Costs are broken down according to feed-water supply, 

pre-treatment, desalination, and disposal activities. 

 A summary of markets (demand and value) for the potable water produced and salt based 

products.  This includes a listing of water supply costs from the Goldfields and Agricultural Water 

Supply Scheme (G&AWSS) and Great Southern Towns Water Supply Scheme (GSTWSS), and an 

indication of the value of salt products. This suggests the potential value of treated water as a 

substitute for scheme water.  

 A net value assessment which compares estimated cost of production from each case study site 

and scenario, against the cost or value of water provided from alternatives sources (G&AWS).  This 

provides an indication of the breakeven price (or value) of water or salt to make production from 

alternative sites/ scenarios cost effective. 

5.2 Framework for financial analysis  
Production costs are estimated on the basis of upfront capital expenses, annual maintenance 

expenses, and annual operation expenses.  A key assumption is that annual maintenance expenses 

are sufficient to maintain any required infrastructure over the 20 year budget period.  No salvage value 

for infrastructure has been bought into cashflow budgets at year 20. 

A tailored spreadsheet model was developed for this analysis.  It provides an integrated approach 

where production costs are applied to each case study or scenario on the basis of: 

 water quality (pH, acidity, and need for pre-treatment for minerals or unwanted metals); 

 volume of recovered saline groundwater - reflected in economies of scale with alternative 

desalination plants, and solar evaporation pond areas; 

 alternative groundwater pump and pipeline configurations,  

 the use of existing infrastructure; and  

 distance from the bore field to desalination plant, and desalination plant to salt recovery or brine 

disposal options. 

Two measures of production cost or net value were used in this analysis.  

1. Amortised capital costs + annual maintenance costs + annual operation expenses; and 

2. Discounted cash flow to calculate the present value of costs and benefits 

Using amortised capital costs plus annual maintenance and operation expenses provides a method to 

indicate an annual cost per unit of output (potable water).  Estimates of production cost per unit of 

water or salt produced were calculated by amortising the capital costs (over the 20 year budget 

period) and adding this amortised cost to annual maintenance and operating costs.  The total annual 
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cost was then divided by the average annual production of water or salt to estimate the per unit value. 

This approach is useful to estimate a measure of annual cost or benefit. It is not appropriate for 

comparing different flows of benefits and costs over the budget period. 

A discounted cashflow approach was used to calculate the present value of production costs and the 

value of product water and/or salt (benefits).  This approach allows calculation of net present value, 

benefit-cost ratio, and internal rate of return.  It can be used to indicate the break even price (value) of 

water or salt that would make a particular investment cost effective.  This method is required to assess 

net value of a project over a budget period, and takes account of different flows of costs and benefits 

over time. 

The value per unit of water (or salt) is likely to be different with each measure.  This arises with the act 

of discounting costs and revenues over time. The per unit costs developed by amortising the capital 

costs should not be used as an indicator of a breakeven price to make a particular project cost 

effective.  It is more appropriate to use it as a comparative measure between projects (case studies or 

scenarios). 

A 20 year budget time period was used for this assessment, using a discount rate of 5%. No external 

benefits from any productivity improvements on agricultural land, or infrastructure benefits in rural 

towns, biodiversity or conservation benefits are included in this analysis.  However, it may be useful to 

consider where additional benefits might occur when comparing the relative performance of each case 

study or scenario. 

The cost estimates presented in this report are considered to have an accuracy of about ± 40%, or at 

a pre-feasibility level.  Results should be interpreted with this in mind.  More accurate cost estimates 

will be possible if based on detailed optimised design engineering studies and upon more robust 

groundwater and drain water quality characteristics, and site specific design parameters. 

5.3 Saline water treatment and salt production costs 
A cost of production assessment for saline water treatment (potable water recovery) and salt 

production costs have been undertaken including the following activities: 

 saline feed-water supply; 

 desalination plant; 

 salt recovery; 

 brine disposal; and 

 saline water pre-treatment costs. 

The cost of each activity was calculated separately and then aggregated depending on whether brine 

is used for salt recovery, or disposed of in an existing salt lake assumed to be suitable for purpose.  

Disaggregation of costs provides an indication of the relative importance of each activity on the total 

costs, and a measure of critical costs in selecting potential resources of cost effective potable water.  

The analysis assumes the treated water is potable at 500 mg/L TDS, unless otherwise indicated. 

5.3.1 Base parameters of case studies and scenarios 

The base assumptions or characteristics of each case study or scenario are shown in Table 5-1.  

These data indicate the water quality and potential scale of supply at each site as well as the need for 

pipeline and power infrastructure.  
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Table 5-1 Base assumptions for each case study or scenario 

Case study / scenario 
selector 

Salt 
River 

Cowcowing 
Lakes 

Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

Salinity (mg/L TDS) 80000 40000 35000 6800 25000 1250 40000 5000 10000 25000 35000 42000 

Acidity (pH) 6 6 4 6 6 6 4 6 6 5 4 8 

Saline water supply (kL/day/pump) 1000 300 1000 600 600 900 500 500 100 50 2000 740 

Use existing pumps or drain    X X X      X X 

Need borefield pipeline pump  X X X 0 0 0 X X X X X X 

Number of bores 20 67 0 0 0 2 30 4 4 10 0 0 

Borefield spacing (km) 0.50 0.50    8.00 1.00 1.75 0.60 0.70   

Bores on lines 20 67    1 30 4 4 10   

# of bore lines 2 7    1 6 2 1 1   

Borefield or drain to desal plant (km) 0.50 0.50 0.50 0.50 0.50 1.00 0.50 1.00 1.00 0.50 2.00 0.50 
Desal plant to brine disposal (km) 10.00 2.00 0.50 2.00 0.50 1.00 2.00 1.00 2.00 1.00 1.00 0.50 
Evaporation basin for disposal       X  X X X X  
Desal plant to salt recovery (km) 0.50 0.50 0.50 0.50 0.50 0.25 0.50 0.50 0.50 0.50 0.50 0.50 

Desal plant to mains power (km) 5 15 5 0.5 1 10 10 5 0.5 10 5 5 

Power connected    X X X        

Flow in desal plant (kL/day) 20000 20100 1000 600 600 1,800 15000 2000 400 500 2000 740 

Pre-treatment - Iron & Manganese  X X X  X   X   X X  

Pre-treatment - Arsenic   X X  X  X   X X  

Pre-treatment - Sulphate  X X X  X  X   X X X 

Pre-treatment – Demineralisation X X X  X  X   X X X 

MSF/ MED treatment  X 0 X 0 0 0 0 0 0 0 X X 

X = yes 
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5.3.2 Saline water supply costs and assumptions 

Water supply costs include the cost of extracting and delivering saline water to the desalination plant.  

Where groundwater pumps are required, they are assumed to be air well pumps if supply is less than 

85 kL per day per pump, or submersible pumps if greater than that.  One compressor was assumed to 

be sufficient for up to 20 air well pumps.  Indicated pump costs include installation expenses.  

Costs also include interconnecting piping across the borefield with pipe sizes and costs developed for 

prescribed configurations (see Table 5-1).  Maintenance costs vary according to salinity.  Suggested 

rates (Peter Lacey, DEC, pers. comm.) are shown in Table 5-2, pump costs have been applied to air 

well and submersible.  The operational availability of pumps was assumed to be 90%, and for drains 

flow rates were assumed to apply for eight months of the year to provide an operational availability of 

67 per cent. 

Where water is sourced from existing drains or pumping schemes, infrastructure cost might include a 

pump and pipeline to connect the existing resource to the site of a potential desalination plant.  If 

transfer distances are less than 250m it is assumed that there will be sufficient pressure from the 

existing scheme to deliver to a desalination plant.  Pipeline and pump infrastructure costs are shown in 

Table 5-2. 

Table 5-2 Pipeline and pump cost data 

Bores Costs  Pipe costs 

Bore establishment $40,000  Diameter (mm) $/metre 

Airwell pump $10,000  40 1.73 

Airwell compressor $25,000  50 2.78 

Submersible pump $20,000  63 4.35 

Submersible transformer $7,500  75 6.23 

Electricity use - borefield pump (kWh per kL) 1.00  90 8.85 

   110 13.35 

Pipelines Details  125 17.03 

Pipeline pump $20,000  140 21.38 

Electricity use - pipeline pump (kWh per kL) 0.10  160 27.75 

   180 35.25 

Pump mtce/ depreciation (% of capex)   200 37.70 

>35,000 TDS 35%  225 47.45 

5000-35,000 TDS 25%  250 58.50 

0-5,000 TDS 15%  280 73.45 

   315 92.30 

Pipeline mtce/ depreciation (% of capex) 5%  355 117.65 

   400 149.50 

   450 189.15 

   500 233.35 

   560 292.50 

   630 369.20 

   710 469.95 

   800 596.05 
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5.3.3 Desalination plant costs 

Capital, operating and maintenance cost were estimated across: 

 4 salinity categories (>50,000, 35,000-50,000, 5000-35,000, and 500-5,000 mg/L TDS); 

 3 pH categories (> 7.5, 4.5 – 7.5, and 3 – 4.5); and 

 3 plant sizes (0-1, 1-10, and 10-20 ML/day capacity). 

Costs were developed for membrane based technologies for salinities up to 50,000 mg/L TDS, and 

MED/ MSF (thermal and compression desalination methods) treatment for salinities between 35 and 

50,000, and over 50,000 mg/L TDS.  Estimates of capital and annual maintenance and operating 

costs covered the major cost items included: 

 project planning and commissioning; 

 site purchase and setup;  

 electricity connection & supply ($50,000 connection, and $37,000 per km for transmission); 

 desalination plant & equipment; 

 membrane replacement cost;  

 maintenance/ depreciation;  

 electricity consumption; 

 labour units per plant (full time equivalents);  

 consumables, chemicals; and 

 insurance, and management costs. 

Capital, maintenance and operating costs parameters for each salinity category, pH and size 

configuration are presented in Table 5-3.  These costs for production of potable water from seawater 

(35,000 mg/L TDS) are comparable to the major plants presented in Table 4-5, after accounting for the 

economies of scale that can be captured in plants producing over 100 ML/day. 

These results suggest significant economies of scale with higher volume plants and increasing costs 

with higher salinities.  Low volume high salinity plants have cost estimated to be 30 times that of high 

volume low salinity plants. Salinities exceeding 50,000 mg/L TDS are shown to be prohibitively 

expensive, as well as being technically difficult.  The MSF/ MED technologies are suggested to be 

more expensive than membrane technologies, but provide other technical advantages and 

disadvantages as discussed in Chapter 4. 
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Table 5-3 Amortised desalination costs across salinity, pH, and plant sizes ($/kL output water) 

 Plant capacity (ML/day 

pH 0-1  1-10  10-20  

Reverse Osmosis 500-5,000 mg/l TDS 

> 7.5 $3.90 $1.49 $1.11 

4.5 – 7.5 $2.99 $1.08 $0.80 

3 – 4.5 $3.58 $1.38 $1.07 

Reverse Osmosis 5,000-35,000 mg/l TDS 

> 7.5 $11.24 $4.72 $3.83 

4.5 – 7.5 $6.94 $2.92 $2.31 

3 – 4.5 $8.66 $3.80 $3.08 

Reverse Osmosis 35,000-50,000 mg/l TDS 

> 7.5 $20.35 $8.99 $7.28 

4.5 – 7.5 $11.56 $4.63 $3.65 

3 – 4.5 $14.96 $6.29 $5.09 

MSF/ MED 35,000-50,000 mg/l TDS 

> 7.5  $12.69 $12.55 

4.5 – 7.5  $9.71 $9.57 

3 – 4.5  $11.58 $11.45 

MSF/ MED >50,000 mg/l TDS 

> 7.5  $58.00 $57.65 

4.5 – 7.5  $49.05 $48.70 

3 – 4.5  $48.45 $48.10 

 

5.3.4 Salt recovery costs 

Evaporation pond requirements were calculated with a pan evaporation rate of 2 m3/m2 /year.  The 

cost per hectare was based on $25,000 for clay lined ponds and $135,000 for membrane lined. The 

base assumption is that they are clay lined.  Any pipeline or pumping costs were estimated as per 

Table 5-2.  Operating costs were based on published Dampier Salt and Onslow estimates (Rio Tinto, 

2008, and Shire of Ashburton, 2010).  These operate without pipes and pumps using seawater at a 

cost of $32-$40 per tonne salt produced.  This study assumes operating costs of $35 per tonne of salt 

produced, at the plant gate. 

5.3.5 Brine disposal costs 

Brine disposal costs are inclusive of any pipeline and pumping costs as per Table 5-2, dependant on 

volume and distance to be pumped.  No cost is included for any environmental assessment, 

monitoring or approval processes.  Where the need for construction of an evaporation pond for brine 

disposal was indicated (see Table 5-1) the costs were based on the same calculations for salt 

recovery ponds as shown in Section 5.3.4.  Otherwise, it is assumed a suitable salt lake can be found 

within the designated distance (see Table 5-1) of the desalination plant.  
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5.3.6 Pre-treatment costs 

Available water quality data indicates elevated concentrations of metals, minerals and alkaline earths 

(Ca, Mg and K) that should require pre-treatment of the feed water prior to desalination to minimise 

operating costs, to meet the drinking water quality health and aesthetic standards, and to maximise 

capital operating lifespan.  Costs were estimated as a cost per kL of recovered water (see Table 5-4). 

This pre-treatment is suggested when the thresholds shown in Table 4-1 are exceeded, where they 

were applied in Table 5-4. 

Table 5-4 Pre-Treatment Costs ($/kL product water) 

Feed Water (TDS) 
in mg/L 35,000-50,000 (RO) 5,000-35,000 (RO) 500-5,000 (RO) 

Capacity (ML/d) 

 
>35,000 
(MSF/ 
MED) 0-1 1-10 

10-
20 0-1 1-10 

10-
20 0-1 1-10 

10-
20 

Iron & Manganese 
removal 0.15 0.2 0.15 0.15 0.15 0.2 0.2 0.15 0.15 0.1 

Arsenic removal 0.4 0.5 0.45 0.4 0.5 0.45 0.45 0.5 0.45 0.3 

Sulphate removal 1.4 1.7 1.5 1.4 1.65 1.5 1.4 1.4 1.2 1 

Demineralisation costs  0.2 0.4 0.25 0.2 0.35 0.25 0.2 na na na 

Sub-total 2.15 2.8 2.35 2.15 2.65 2.4 2.25 2.05 1.8 1.4 

 

5.3.7 Post-treatment costs 

Product water produced by desalination is generally low in dissolved solids (<500 mg/L) and lacks 

hardness and alkalinity.  The presence of soluble gases, such as carbon dioxide, in reverse osmosis 

(RO) product water results in a low pH.  Consequently, the water is unstable and aggressive towards 

cement pipes and structures.  In most applications, the pH is raised through the addition of sodium 

hydroxide, while the hardness and alkalinity are restored through the addition of lime.  

There is also a possibility of bacterial contamination in the product water for RO if the pre-treatment 

fails for iron and manganese removal, solids and turbidity removal and organics removal, and if 

microfiltration (cartridge filtration) fails.  The bacterial contamination would be retained in the brine 

stream of RO treatment plants, but bacterial growth on the membrane or equipment inner walls itself 

may cause the introduction of tastes and odours into the product water.   

Desalination product water should undergo post-treatment processes such as chlorination/ ozonation/ 

ultra-violet disinfection, de-aeration (to remove dissolved carbon dioxide) gasification, fluoridation and 

pH adjustment to bring the product water to potable quality.  Chemical costs for post-treatment have 

been estimated to be up to 5 ¢/kL.  A rule of thumb in the industry is that the total post-treatment cost 

could be 5-10% of the total cost of desalination - based on URS discussions with Desalination 

technology and plant vendors (Veolia, Osmoflow, and USFilters).  

This estimate is dependant on the feed water quantity and quality, type of desalination technology, 

product water recovery, water supply infrastructure design, desalination plant and associated 

infrastructure operation and maintenance practices.  The total post-treatment cost will however vary 

with pre-treatment and type of desalination technology.  A more detailed assessment of post-treatment 

costs might only be possible with detailed assessment of water qualities and plants designs.  Post 
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treatment costs are not included in the desalination cost estimates developed for this report. 

5.4 Aggregate costs of case studies and generic scenarios 

5.4.1 Water treatment, salt recovery, pre-treatment and disposal costs 

Amortised costs of saline water supply, desalination, salt recovery, brine disposal, and saline water 

pre-treatment are presented in Table 5-5.  This table also presents the amortised cost per tonne of salt 

production and the estimated tonnes of salt produced from each location. 

Key observations are: 

 The cost of water supply (pumps and pipes) is a relatively small component of total water collection 

and treatment costs for most case studies/ scenarios. 

 Pre-treatment costs (when required) are significant, and nearly as high as desalination costs in 

some instances.  

 Estimated total costs (excluding costs of salt recovery) vary from about $2.00 to $50. Water quality, 

salinity and the scale of the resource are important parameters.  

 With salinity over 50,000 mg/L TDS desalination is very expensive and technically difficult. 

 High volume resources with salinities around that of sea water have costs comparable with mid 

volume, mid salinity options. 

 Low salinity options, even with low volumes, present the lowest estimated production costs. 

 Some salt recovery costs are indicated to be lower than the potential value of $50 per tonne. 

 Salt recovery costs tend to be high where water recovery costs are lower. 

These amortised cost estimates are not necessarily a measure of the breakeven cost of water or salt 

production, as that depends on the net discounted value of both costs and revenues over a budget 

period. 

The sensitivity of these results to desalination plant capital, maintenance and operating costs is 

presented in Table 5-6.  Desalination costs appear to be more critical to higher salinity options such as 

Salt River and the drain examples.  The sensitivity of saline water supply, desalination plant, salt 

recovery, brine disposal, and saline water pre-treatment costs to variation of electricity costs is 

presented in Table 5-7.  Although desalination is energy intensive the aggregate cost estimate for 

each case study or scenario is shown to be relatively insensitive to electricity costs. 
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Table 5-5 Supply and treatment costs – case study and scenario summaries ($/kL amortised)) 

Production Costs ($/kL) Salt River 
Cowcowing 

Lakes 
Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

Saline Water Supply  $1.41 $0.99 $0.22 $0.01 $0.01 $0.57 $0.87 $0.78 $2.08 $2.39 $0.17 $0.28 

Desalination Plant $48.66 $3.63 $15.06 $6.63 $6.63 $1.40 $5.08 $3.22 $7.70 $7.58 $14.56 $17.06 

Salt Recovery $12.29 $3.15 $1.79 $0.78 $1.94 $0.12 $3.15 $0.54 $1.03 $1.97 $1.76 $2.14 

Brine Disposal $0.24 $0.04 $0.06 $0.10 $0.09 $0.10 $0.04 $0.27 $0.42 $0.39 $0.15 $0.08 

Pre Treatment costs $1.75 $2.15 $2.15 $0.00 $2.65 $0.00 $2.15 $0.00 $0.00 $2.65 $2.15 $1.60 

Total (ex salt recovery) $52.06 $6.81 $17.49 $6.73 $9.37 $2.08 $8.14 $4.27 $10.20 $13.02 $17.03 $19.02 

             

Salt recovery ($/tonne salt) $38.47 $39.66 $38.79 $66.16 $43.22 $116.13 $39.68 $68.68 $58.40 $43.71 $38.22 $38.48 

Salt recovered/ disposed (t/yr) 481,646 239,693 7,733 1,180 4,473 415 179,769 2,834 1,056 3,355 15,466 6,879 

 

Table 5-6 Supply and treatment costs – desalination cost sensitivity analysis ($/kL amortised) 

Variation of desalination 
plant capital, maintenance 

& operating costs Salt River 
Cowcowing 

Lakes 
Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

150% $72.98 $5.44 $22.58 $9.94 $9.94 $2.10 $7.62 $4.83 $11.55 $11.37 $21.85 $25.59 

125% $60.82 $4.54 $18.82 $8.29 $8.29 $1.75 $6.35 $4.03 $9.62 $9.48 $18.21 $21.32 

100% $48.66 $3.63 $15.06 $6.63 $6.63 $1.40 $5.08 $3.22 $7.70 $7.58 $14.56 $17.06 

75% $36.49 $2.72 $11.29 $4.97 $4.97 $1.05 $3.81 $2.42 $5.77 $5.69 $10.92 $12.79 

50% $24.33 $1.81 $7.53 $3.31 $3.31 $0.70 $2.54 $1.61 $3.85 $3.79 $7.28 $8.53 
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Table 5-7 Supply and treatment costs – electricity cost sensitivity analysis ($/kL amortised) 

Variation of electricity 
costs ($/kWh) Salt River 

Cowcowing 
Lakes 

Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

0.50 $54.96 $5.31 $20.10 $8.31 $8.31 $2.10 $7.18 $4.62 $9.38 $9.26 $19.60 $22.10 

0.30 $50.46 $4.11 $16.50 $7.11 $7.11 $1.60 $5.68 $3.62 $8.18 $8.06 $16.00 $18.50 

0.25 $49.33 $3.81 $15.60 $6.81 $6.81 $1.48 $5.31 $3.37 $7.88 $7.76 $15.10 $17.60 

0.22 $48.66 $3.63 $15.06 $6.63 $6.63 $1.40 $5.08 $3.22 $7.70 $7.58 $14.56 $17.06 

0.20 $48.21 $3.51 $14.70 $6.51 $6.51 $1.35 $4.93 $3.12 $7.58 $7.46 $14.20 $16.70 

NB: Highlighted cells show results for base assumption cost of 22 cents per kWh 
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5.4.2 Indicative costs of conceptual basin-scale drainage schemes 

The cost of delivering a large volume of saline water from the wheatbelt to the foot of the Darling 

Scarp was estimated with the following assumptions. 

 A constant source of water can be obtained, and delivered by the pipeline. 

 Given the volumes shown in the CSIRO modelling for regional arterial drainage, it is assumed that 

100 GL/a of untreated water will be piped from 150 km in the central wheatbelt to the edge of the 

Darling Scarp (net fall 50 m), and then down the face of the Scarp (about 40 km), over a fall of 

about 220 m).   

 The water is shifted by gravity – 150km. 

 The cost of the regional arterial drainage schemes to deliver water to pipe collection points has not 

been included.   

 The pipe size is determined by what is required to get the water over the escarpment.  In this case 

three parallel 1,600 mm pipes are required to achieve this.   

Piping costs are presented in Table 5-8. 

Table 5-8 Cost of piping 100 GL of water under gravity from the wheatbelt to the coast  

Items Unit cost Total cost ($m) 

Cost of PN8 pipe $1,602/m  

Cost for triple pipe $4,806/m  

Pipe length (m) 190,000 m  

Total pipe cost  $913.14 m 

Installation 80% of cost $730.51 m 

Total capital cost  $1,643.65 m 

Maintenance  10%/year $91.31 m 

Pumping cost Nil, gravity feed  

Operating cost per year  $91.31 m 

   

Total present cost over 30 years 6% discount rate $2,927.69 

Present cost per kL (3,000 GL over 30 years) $0.98/kL  

 

Using cost data developed for case studies and scenarios the cost of desalination without need for 

pressure and associated electricity costs is between $2.00 and $2.75 depending on pH if the salinity 

ranges between 5,000 and 35,000 mg/L TDS.  This estimate is for a plant with 20 ML per day 

capacity.  These costs would be reduced for a plant of higher scale, and the capital costs would be 

lower than those estimated for this plant requiring high pressure pumps. Indicatively using these 

parameters an aggregate piping and desalination cost might be between $3.00 and $3.75 per kL.  This 

excludes the cost of any pre-treatment. 
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5.5 Review of potable water and salt markets 
Consumption and pricing of water in a number of shires, and the reported costs of water delivery to a 

range of towns in the agricultural areas is discussed in the following section. 

5.5.1 Value of potable water 

Goldfields and Agricultural Water Supply Scheme (G&AWSS) 

The G&AWSS Scheme supplies water to approximately 33,000 rural and town services, from outer 

metropolitan Mundaring, through the Wheatbelt area, to the Goldfields (see Figure 5-1).  This water is 

used for household and commercial water supply, farm water supply for stock, and mineral 

processing.  Some towns (e.g. Kalgoorlie and Northam) supplement their water supply from this 

scheme by using treated wastewater to irrigate playing fields, racecourses and golf courses. 

The G&WASS comprises 9,642 km of pipe network including 658 km of main trunk pipe extending 

between Mundaring and Kalgoorlie.  The majority of reticulated pipe network use is located north of 

the Great Eastern Highway and west of Merredin.  Mundaring Weir is the major source of supply to the 

Agricultural and Goldfields Regions.  A number of other local water sources are used to supplement 

supply within the scheme, at a local scale (GHD 2007b). 

Figure 5-1 Goldfields and Agricultural Water Supply Scheme 
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Great Southern Towns Water Supply Scheme (GSTWSS) 

Before construction of the Harris Dam in 1990 the Wellington Dam supplied more than 30 inland towns 

and numerous farming properties in the Great Southern agricultural area.  It also supplied the 

farmlands of the Collie irrigation district.  The Wellington Dam was originally constructed in 1933 with a 

capacity of 31 million kilolitres and expanded in 1944 to 36 million kilolitres and again in 1960 to 186 

million kilolitres.  When salinity in the Wellington Dam rose to a level that caused concern in 1970s 

and 1980s the Harris Dam was constructed to alleviate the problem and to supply drinking water to the 

Great Southern towns.  

The Harris Dam, located 12 km north of Collie, was opened in 1990.  It is the second largest dam in 

the South West, after the Wellington Dam, and holds 72 million kilolitres.  The Harris Dam is now the 

source for the Great Southern Towns water Supply Scheme, which supplies Collie and 32 towns in the 

Upper Great Southern (see Figure 5-2).  It provides domestic supplies to more than 40,000 people.  

The major schemes in the Great Southern Region include the Great Southern Towns Water Supply 

Scheme (GSTWSS) and the Lower GSTWSS.  Harris Dam is the major source for the GSTWS, 

however approximately half the localities on that scheme also have local sources (primarily surface 

water), which can contribute to supply if required.  The Lower GSTWS, which supplies Albany and Mt 

Barker, has two sources including a series of bore fields to the south west, and surface water sources 

to the north east of Albany.  The remaining localities in the region have local supplies and are not 

connected to a major scheme.   

Figure 5-2 Great Southern Region Water Supply Scheme 
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Water costs and pricing from G&AWSS and GSTWSS schemes  

Water supply costs through G&AWSS and GSTWSS can be used to provide a benchmark cost to 

compare the value of using water from desalinated groundwater.  If desalination can provide water at 

a point of demand at a cost less than the cost of supply from existing distribution schemes then if may 

have merit.  

Published scheme-water supply cost and consumption data, for the WA Wheatbelt area, are limited.  

Water supply cost data are only published in a number of Economic Regulation Authority reports (for 

example ERA (2009), ERA (2006), and ERA (2005)).  Some demand or consumption data are 

published in GHD (2007b) but are only applicable to the Avon catchment (see following Sub-Section). 

The only water supply cost data that proves a spatial measure of cost across rural towns are provided 

by ERA (2006).  This report undertook a review of the cost of supplying bulk domestic water into the 

agricultural areas via the integrated water supply schemes operated by the Water Corporation, and 

the price paid by consumers (ERA 2006).  In that report ‘average direct costs’ are provided, that is 

total costs less indirect overheads.  A sample of town costs from ERA (2006) is shown in Table 5-9.   

Average direct costs may be a close measure of average supply costs, but it is not necessarily a 

measure of costs saved should an alternative source substitute for water provided by the G&AWSS or 

GSTWSS.  For example, some of the existing supply infrastructure would still be needed to distribute 

water from an alternative source.  The marginal cost saved might provide a more ideal measure to 

compare the cost of treated water from saline reserves against – that might include avoided pumping 

costs and water sourcing costs.  The available estimates of average direct costs should be considered 

as an overestimate of ‘marginal costs saved’. 

Another factor to be considered is the difference in the cost of existing supply and the marginal cost of 

additional supply if there isn’t additional capacity in the network.  If there is available capacity then the 

marginal cost of supply will be less than ‘average direct cost’.  However, if there is not additional 

capacity then the marginal cost to provide for increased demand will be higher than the ‘average direct 

cost’ measure.  This is demonstrated in ERA (2005) where the ‘avoided cost’ of supplying water to 

Kalgoorlie from Esperance was estimated.  Under current levels of demand the avoided cost was 

estimated at $1.11, where there is growth in demand above the existing systems capacity the avoided 

cost was estimated at $4.65 (ERA 2005).  
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Table 5-9 Average direct water supply costs ($/kL) 

Town 

Average direct cost 
(pumping and 
metering) ($/kL) Town 

Average direct cost 
(pumping and 
metering) ($/kL) 

Broad Arrow  68.53 Cranbrook  16.97 

Varley  58.76 Hyden  16.78 

Salmon Gums  57.42 Muntadgin  15.56 

Tincurrin  42.54 Newdegate  13.89 

Borden  40.58 Wandering  13.15 

Kukerin  37.67 Latham  9.76 

Yuna  36.13 Kendenup Town  9.58 

Wellstead  34.47 Lake Grace  9.5 

Rocky Gully  33.7 Kondinin  9.35 

Dumbleyung  32.57 Northcliffe  9.11 

Nyabing  32.26 Ravensthorpe  9.1 

Lake King  31.27 Tambellup  8.92 

Kalgarin  27.42 Buntine  8.91 

Pingrup  27.34 Porongorup  8.86 

Ongerup  27.21 Wongan Hills  8.39 

Munglinup  25.21 Denmark  8.05 

Dudinin, Harrismith,  25.03 Cowaramup  7.82 

Mount Roe  24.73 Gnowangerup  7.42 

Frankland  24.63 Bencubbin  7.12 

Moorine Rock  23.18 Yearling/Bulla  7.11 

Mullayup  22.58 Badgingarra  6.76 

Bindi Bindi  20.50 Broomehill  6.48 

Pingaring  19.37 Kojonup/Muradup  6.44 

Quininup  17.36   

Jerramungup  17.27 Kalgoorlie/Boulder 4.03 

Source:  ERA 2006, pp. 101-106. 

Some of the towns (shown in Table 5-9) may be outside the target area of this study but they indicate 

the opportunity and incentive for the development of alternative supplies to substitute where supply 

costs are high.  However, it will be important to consider cost with the level of demand.  High costs 

might also be reflective of low levels of demand and low sharing of fixed costs. Some measure of 

demand is described in the following section but the data does not provide the same coverage across 

towns to match the average direct cost data shown in Table 5-9. 

Although these data are now four years old, it is expected that the prices have not increased beyond 

inflation rates and the ratios between costs and prices for commercial water remain similar.  The 

disparity between costs and prices, particularly in the towns furthest removed from the major trunk 

delivery lines (e.g. 300 mm and less pipe diameter) provides the opportunity and an incentive for the 

development of alternative supplies.  
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Water tariffs in Western Australia do not often reflect the cost of supply in either the short or long term.  

Currently, the prices that are charged for above-threshold consumption are not reflective of the cost parameters 

used in the class allocation (ERA 2006, p 24.) 

A sample of costs for residential and industrial water is shown for towns close to the case studies 

analysed in this report, in Table 5-1.  These values only provide an indication of cost to consumers, 

they do not necessarily represent the cost of supply nor a measure of the economic value of water in 

those locations. 

Table 5-10 Residential and non-residential water tariffs in selected towns ($/kL) – 2010/2011 

Residential ($/kL) Non-residential ($/kL Town (class) Nearest case 
study 

First 300 
kL/a 

Next 250 
kL/a 

First 300 
kL/a 

Above 300 
kL/a 

Quairading (5) Salt River $1.1095 $2.1848 $2.969 $3.885 

Wyalkatchem (5) Cowcowing $1.1095 $2.1848 $2.969 $3.885 

Beacon (5) Beacon $1.1095 $2.1848 $3.904 $5.016 

Wagin (5) Wagin $1.1095 $2.1848 $2.969 $3.885 

Narrogin (5) Toolibin Lake $1.1095 $2.1848 $2.614 $3.276 

Beverley (5) Kokeby $1.1095 $2.1848 $2.614 $3.276 

Source:  Water Corporation website 

Water consumption, in the Avon Catchment, from the G&AWSS 

The pattern of water consumption from G&AWSS in the Avon River Catchment was investigated for 

the period 1995-2006 (GHD 2007b).  Of the estimated 27 GL/year delivered through the Mundaring to 

Kalgoorlie pipeline, approximately 11 GL/year is consumed within the agricultural areas in the Avon 

River Catchment east of the Darling Scarp. 

Over the 12 year period (1995-2006), some 61 per cent of water delivered through the Water 

Corporation G&AWSS within the Avon catchment was consumed within towns, and the remaining 38 

per cent was used on-farm.  Stand pipes, and community water supplies, transport infrastructure and 

the mining industry account for the remaining 1 per cent.   

Approximately 42 per cent of the water delivered through the Water Corporation IWSS is used for 

residential purposes, with an additional 9 per cent used primarily by Local Government Authorities 

(LGAs) in providing services, maintaining infrastructure and on parks and gardens.  Water used for 

industry and commercial purposes accounts for a further 7 per cent of water used within the region 

(GHD 2007b).  Usages across 10 agricultural local government authorities in the Avon River 

Catchment are presented in Table 5-11.   

The comparative data show that with the exception of the Shire of York, consumption has declined in 

all other LGAs.  This trend is region wide, with consumption in 2006 being 90.4 per cent of that 

recorded in 1995.  In summary, there has been a 9.5 per cent reduction in water demand for the 

period 1995 – 2006.  The trends are explained by the reduction in agricultural water demand (due to 

reduced sheep numbers in the region), and reduced population numbers in the more remote shires.   
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Conversely, population growth of ‘Avon Arc’ towns (Toodyay, Northam, York, Beverley), with their 

increased appeal as preferred places to live, is likely to result in an increase in residential demands in 

those particular towns (GHD 2007b).  Overall, the projected population for the Wheatbelt region in 

2031 is 89,970, which some 26 per cent more than live in the region currently (Western Australian 

Planning Commission, 2009).  These trends need to be considered in planning for further water supply 

development in the areas east of the Darling Scarp. 

Table 5-11 1995 and 2006 G&AWS water usage in a number of Shires 

Local Government 
Authority 

1995 
consumption 

(ML) 

2006 
consumption 

(ML) 

1995/2006 
percentage 

change 

Brookton 174 162 -6.90 

Bruce Rock 430 313 -27.21 

Cunderdin 445 401 -9.89 

Dalwallinu 328 299 -8.84 

Merredin 874 740 -15.33 

Mount Marshall 247 218 -11.74 

Narembeen 223 205 -8.07 

Northam 1,114 1,029 -7.63 

Quairading 303 249 -17.82 

York 513 550 7.21 

Total for all LGAs in the Avon 
Catchment 

11,906 10,772 -9.52 

Source:  GHD (2007b) 

5.5.2 Value of salt and other industrial minerals 

Bromide 

The likely maximum bromide concentration of Cowcowing and Toolibin salt would be from 1.5 to 2 

gram per litre.  This is roughly 25-40 times the bromide concentration in the sea water.  This 

potentially presents an opportunity to recover bromide from the salt.  Bromide is used in pesticides, 

flame retardants, fumigants (methyl bromide in grain storage) and in pharmaceuticals. It is a useful 

high value chemical costing between $1,300 and $1,500 a tonne.  

Potash 

The likely maximum potassium concentration of Beacon, Cowcowing and Salt River salt are 4.2, 0.8, 

and 1 per cent by weight (wet basis) respectively.  Carnallite can be crystallised out of the salt either 

by seeding with potassium salts or by evaporation to super saturation, and the impure carnallite could 

be leached with water to dissolve magnesium and other salts.  Hot crystallisation technique can be 

used to separate potassium chloride from sodium chloride.  Recovered potash could be dried, ground 

and screened before packaging. Industrial quality (washed) potash is being traded at $450 a tonne. 
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Gypsum (CaSO4) 

Based on published data from Gypsum Industries, agricultural gypsum prices for raw unscreened was 

$18.81/t, and for fine screened $23.93/t inclusive of GST. Product composition and purity details were 

available via Web Link at:  http://www.aglime.com.au/gypsum-minesite.htm. An example of a 

commercial operation exists at Lake Cowcowing near Wyalkatchem operated by Gypsum Industries 

Pty Ltd. 

Sodium chloride (NaCl) 

The price for Halite - Industrial Quality (washed) is some $60/t.  Western Australia is a major supplier 

of high quality industrial salt and sold to the Japanese and Taiwanese chemical industries from 

northern operations at Dampier and Lake McLeod.  Local Perth industries include potential local 

sodium hydroxide manufacturers for the alumina industries and Nufarm Coogee Chemicals. The 

composition of the salt produced is shown in Table 5-12.  On a dry basis, the typical Sodium Chloride 

content is between 99.70 and 99.80 per cent.   

Table 5-12 Composition of Dampier salt 

Chemical Symbol Percentage 

Sodium Chloride (NaCl) 96.50 - 97.50% 

Moisture (H2O) 1.80 - 2.80% 

Calcium (Ca) 0.03 - 0.05% 

Magnesium (Mg) 0.02 - 0.03% 

Sulphate (SO4) 0.10 - 0.15% 

Potassium (K) 0.01 - 0.02% 

Insolubles  0.01 - 0.03% 

Other industrial chemicals 

 Soda Ash (sodium carbonate) - based on Australian data from Penrice Soda, industrial grade Soda 

Ash (sodium carbonate) typically attracts prices of up to $130/t. 

 Sodium Sulphate - due to the sulphate component of the waters, sodium sulphate products may 

also be produced.  Sodium sulphate is used in local detergent and soap manufacture. 

Precious metals and rare earths 

Biologically generated hydrogen sulphide has been used commercially to recover precious and rare 

earth metals using acid rock drainage (ARD).  Acidic Wheatbelt groundwater can contain high 

concentrations of metals and rare earth elements (Shand and Degens, 2008, Degens and Shand 

2010).  It has been suggested that these acidic Wheatbelt waters could be treated to capture metals 

and rare earth elements. The value of the captured metals themselves may not be great (Barron et al 

2003), but may add to the net economic benefits of desalination.  It has been estimated that the 

capture of these metals from the treatment of 10 ML/day of water could return $365,000 per year 

(Barron et al 2003).  The metals are recovered as compact metal sulphide sludge.  The metals that 

are readily removed by reaction include zinc, copper, cobalt, iron, nickel, cadmium and other divalent 

metals and rare earth elements (Franzman et al. 2007).  
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Summary 

The chemical composition is highly variable and this has a marked effect on its quality and value for 

alternative uses.  A more accurate assessment of the chemical composition of each resource and the 

result of pre-treatment processes will be required for a better assessment of salt production from each 

resource.  A base value of $50 per tonne on-site is assumed for this assessment. 

5.6 Value and location of water demand frames the question 
Estimates of the value of water have been based on average direct costs described in ERA (2006).  

These data are expected to underestimate the long run average costs of water delivery as they only 

include pumping and metering expenses.  The definition of pumping costs is not made clear in the 

ERA report but it is unlikely that it includes pipeline maintenance and depreciation costs, nor the 

source cost of water. These costs are anticipated to be $1.0 - $2.5 per kL.  Data presented in Table 

5-9 shows average direct costs. It primarily indicates the towns with cost greater than $6.00 per kL 

and shows the cost at Kalgoorlie, a major demand area on the G&AWSS, to be $4.03.  

Of the estimated 27 GL/year delivered through the Mundaring to Kalgoorlie pipeline, approximately 11 

GL/year is consumed within the agricultural areas in the Avon River Catchment east of the Darling 

Scarp (GHD, 2006), and by inference some 16 GL per year in the goldfields.  

Table 5-9 indicates the high cost of delivery to relatively isolated Western Australian towns.  It 

indicates that substitute cost of $5 or less is likely to be price competitive with existing supplies, given 

appropriate reliability and water quality standards.  However, these data do not describe the demand 

at each location. 

Key issues are connection and delivery costs to these isolated and often low demand towns.  

Matching saline resources of appropriate supply cost and volume to high cost low volume consumers 

will be critical to determining if saline water resources can be treated and supplied to customers cost 

effectively. 

The potential driver to treat water from saline groundwater in wheatbelt areas should be as a cost 

effective substitute for water supplied from Mundaring through the G&AWSS.  It is not likely that saline 

groundwater reserves will have value as a source of potable water for Perth as the cost of pumping to 

Perth will negate that value – just as it increases the cost of water from Mundaring to rural areas.  

There is no value in turning water from saline reserves to Perth when distribution pumping costs will 

be lower if it is consumed in rural areas closer to the possible source.  A possible reason might be if 

volumes from wheatbelt saline groundwater reserves exceed demand from proximate rural consumers 

and if the cost of supply into the Perth market is less than alternatives.  This cost would need to be 

less than $1.50 to $2.00 per kL inclusive of pumping costs.  Results indicated by Table 5-5 suggest 

this not to be possible.  The potential value of treated saline reserves in the wheatbelt is as a 

substitute for water from the G&AWSS and GSTWSS schemes. 

5.7 Net value assessment 
A net value assessment was undertaken by benchmarking the production cost of potable water and/ 

or salt, from each case study and scenario, against the marginal cost saved by substituting for 

G&AWSS or GSTWSS scheme water, or salt production.  This was undertaken using a discounted 

cashflow budget assessment with a value placed on potable water (assumed to be marginal cost 
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saved) and the value of salt production.  This provides an indication of the breakeven price of potable 

water, or salt, to achieve cost effective saline water recovery.  

Table 5-13 shows the net present value of potable water production, without salt production, for each 

case study/ scenario across a range of water values.  Kokeby is shown to provide positive net returns 

and a benefit-cost ratio greater than 1 with a water value (marginal cost saved) of $2.50.  The 

marginal or brackish scenario was shown to provide positive net returns with a water value of $5.00.  

The 35,000-50,000 mg/L, high volume option such as Cowcowing Lakes shows positive net returns 

with a water price of $7.50/kL or more.  Smaller high salinity options do not show positive net returns 

unless the value of water is $15/kL.  These estimates exclude the cost of delivery from the plant to the 

consumer.  Table 5-14 presents the benefit-cost ratios for the same analysis. 

Data presented above indicates the average direct cost of water delivery to many Wheatbelt towns 

currently exceeds $5 per kL.  This suggests that if resources with low treatment costs can be matched 

to areas of current high cost from the G&AWSS and GSTWSS schemes, then recovery may be cost 

effective.  However, these results would need to be benchmarked against marginal cost saved by 

substituting for G&AWSS and GSTWSS scheme to get a more accurate indication. 

Water values would need to exceed $15 for treatment of water from drains, or highly saline resources 

such as Salt River to be cost effective.  A breakeven price for water from drains is $17, and this still 

excludes delivery costs.  

The net value results for potable water production, with salt production, are presented in Table 5-15 

with the benefit cost ratios presented in Table 5-16.  These results suggest Kokeby to be the only 

resource to show positive returns over the tested range of salt values. The assumed price of water 

was $5/kL.  Although the amortised cost of salt production (see Table 5-5) from some resources was 

shown to be less than the suggested market prices of $50 per tonne, the financial performance of all 

operations is better without salt production.  
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Table 5-13 Net present value of potable water production without salt production ($,000) 

Water value ($/kL) Salt River 
Cowcowing 

Lakes 
Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

$15.00 -$588 $313 $0 $12 $9 $63 $205 $50 $5 $4 $0 -$1 

$10.00 -$679 $130 -$10 $6 $3 $39 $67 $28 $2 -$1 -$21 -$9 

$7.50 -$725 $38 -$15 $3 $0 $28 -$1 $17 $0 -$3 -$31 -$13 

$5.00 -$771 -$53 -$20 $0 -$3 $16 -$70 $6 -$2 -$5 -$41 -$17 

$2.50 -$817 -$145 -$26 -$3 -$6 $4 -$139 -$5 -$4 -$8 -$51 -$20 

NB: Highlighted cells indicate positive net returns 

 

Table 5-14 Benefit-cost ratio with potable water production without salt production 

Water value ($/kL) Salt River 
Cowcowing 

Lakes 
Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

$15.00 0.32 2.32 1.00 3.01 1.97 8.83 1.99 4.06 1.98 1.39 1.00 0.94 

$10.00 0.21 1.55 0.66 2.00 1.31 5.89 1.32 2.71 1.32 0.93 0.66 0.63 

$7.50 0.16 1.16 0.50 1.50 0.98 4.42 0.99 2.03 0.99 0.70 0.50 0.47 

$5.00 0.11 0.77 0.33 1.00 0.66 2.94 0.66 1.35 0.66 0.46 0.33 0.31 

$2.50 0.05 0.39 0.17 0.50 0.33 1.47 0.33 0.68 0.33 0.23 0.17 0.16 

NB: Highlighted cells indicate positive net returns 
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Table 5-15 Net present value of potable water production with salt production ($,000) 

Salt value ($/tonne onsite) Salt River 
Cowcowing 

Lakes 
Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

$100 -$1,461 -$149 -$45 -$6 -$8 $7 -$172 -$11 -$7 -$12 -$88 -$36 

$80 -$1,578 -$207 -$46 -$7 -$9 $7 -$216 -$11 -$8 -$13 -$92 -$38 

$70 -$1,636 -$236 -$47 -$7 -$10 $7 -$237 -$12 -$8 -$13 -$94 -$39 

$60 -$1,695 -$266 -$48 -$7 -$11 $7 -$259 -$12 -$8 -$13 -$96 -$39 

$50 -$1,753 -$295 -$49 -$7 -$11 $7 -$281 -$12 -$8 -$14 -$98 -$40 

NB: Highlighted cells indicate positive net returns, Water value assumed at $5.0/kL 

 

Table 5-16 Benefit-cost ratio with potable water production with salt production 

Salt value ($/tonne onsite) Salt River 
Cowcowing 

Lakes 
Beacon 
Drain Wagin 

Toolibin 
Lake 

Kokeby 
Palaeo 
channel 

Palaeo 
channel Marginal 

Local 
town GW Local BD 

Catch 
Drain 

Morawa 
Drain 

$100 0.32 0.76 0.31 0.54 0.58 1.44 0.67 0.71 0.40 0.42 0.31 0.31 

$80 0.26 0.67 0.28 0.52 0.52 1.44 0.59 0.69 0.38 0.38 0.28 0.27 

$70 0.23 0.62 0.26 0.51 0.50 1.44 0.55 0.68 0.37 0.36 0.26 0.26 

$60 0.21 0.57 0.25 0.50 0.47 1.43 0.51 0.67 0.36 0.34 0.25 0.24 

$50 0.18 0.53 0.23 0.49 0.44 1.43 0.47 0.66 0.35 0.32 0.23 0.23 

NB: Highlighted cells indicate positive net returns, Water value assumed at $5.0/kL 
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The Cowcowing case study was selected for sensitivity analysis over a range of water and salt values.  

Table 5-17 shows the NPV results and Table 5-18 the benefit cost ratios.  With salt and water 

production, water will need to be worth $15/kL to viably produce salt at $50 per tonne. Returns would 

still be better without salt production at values for salt less than $100 per tonne. 

Table 5-17 Cowcowing – Sensitivity to water and salt values (NPV $,000) 

 Water ($/kL 

Salt ($/t)  2.5 5 7.5 10 15 

$100 -$241 -$149 -$57 $34 $218 

$80 -$299 -$207 -$116 -$24 $159 

$70 -$328 -$236 -$145 -$53 $130 

$60 -$357 -$266 -$174 -$82 $101 

$50 -$386 -$295 -$203 -$111 $72 

NB: Highlighted cells indicate positive net returns 

 

Table 5-18 Cowcowing – Sensitivity to water and salt values (BCR) 

 Water ($/kL 

Salt ($/t)  2.5 5 7.5 10 15 

$100 0.61 0.76 0.91 1.06 1.35 

$80 0.52 0.67 0.81 0.96 1.26 

$70 0.47 0.62 0.77 0.91 1.21 

$60 0.43 0.57 0.72 0.87 1.16 

$50 0.38 0.53 0.67 0.82 1.12 

NB: Highlighted cells indicate positive net returns 

 

Wagin was selected to undertake sensitivity analysis on the cost of desalination and the value of 

potable water production – without salt recovery.  Table 5-19 shows the NPV results and Table 5-20 

the benefit cost ratios.  The salinity of the Wagin resource is estimated at 6,800 mg/l TDS so it is just 

over the threshold of estimated desalination costs for resources between 5,000 and 35,000 mg/l TDS.  

The cost of a resource like Wagin might be expected to be closer to the 0-5,000 mg/l TDS estimate.  

For smaller scale plants, Table 5-3 suggests desalination of 500-5,000 mg/l TDS water to be about 

30% of 5,000-35,000 mg/l TDS water.  If desalination costs of the Wagin resource reflect 30-40% of 

the 5,000-35,000 mg/l TDS then it might be cost effective at a water price of $5/kL.  The “average 

direct water supply cost” for Wagin is indicated to be close to $4 (see Table 5-9), but this may not be a 

true measure of the long run cost of supplying water to Wagin. 
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Table 5-19 Wagin – Sensitivity to water value and desalination costs (NPV $,000) 

 Water ($/kL 

Desalination costs 2.5 5 7.5 10 15 

100% -$3 $0 $3 $6 $12 

75% -$2 $1 $4 $7 $13 

50% -$1 $2 $5 $8 $14 

40% -$1 $2 $5 $8 $14 

30% -$1 $2 $5 $8 $14 

NB: Highlighted cells indicate positive net returns 

 

Table 5-20 Wagin – Sensitivity to water value and desalination costs (BCR) 

 Water ($/kL 

Desalination costs 2.5 5 7.5 10 15 

100% 0.50 1.00 1.50 2.00 3.01 

75% 0.58 1.16 1.74 2.33 3.49 

50% 0.69 1.39 2.08 2.77 4.16 

40% 0.75 1.50 2.25 3.00 4.51 

30% 0.82 1.64 2.46 3.28 4.91 

NB: Highlighted cells indicate positive net returns 
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6 

6 TOR 6 – Summary and recommendations 

6.1 Summary 

6.1.1 Water quantity, quality, and salinity management (TOR 1, 2 and 3) 

Engineering technologies 

The available engineering technologies for water recovery and salinity management are groundwater 

abstraction, surface and deep (> 2 m) drainage, relief wells and siphons and separation of saline and 

fresh water flows.  All of these have been tested and applied in the wheatbelt environment. 

Palaeochannel water resources 

The largest reliable (year-round and year-year) supplies of water in the area are likely in the 

palaeochannel sediments located mainly in the major salinised drainage lines (e.g. Salt, Yilgarn and 

Lockhart Rivers).  Sustainable yields from these palaeochannels vary greatly.  The water from the 

salinised valley floors is more saline than seawater (40,000 – 90,000 mg/L TDS), and contains high 

concentrations of dissolved alkaline metal (e.g. Ca, K and Mg) and metals (e.g. Fe and Mn).  

Groundwater abstraction from palaeochannels will have marginal impacts on groundwater levels and 

soil salinity except close to the point of abstraction.  Abstraction of relatively large volumes of 

groundwater is possible from wheatbelt palaeochannels, but there is uncertainty about where the best 

locations occur.  Extensive geophysical investigation, supported by trial pump tests would be required 

to prove a resource.   

Some initial work has been undertaken in identifying some significant fresh to brackish groundwater 

resources along the western edge of the wheatbelt and extending northwards to the Dandaragan 

Plateau.  Although further work will be required to prove up other potential resources across the 

region, several have potential to be desalinated and used as water for local industrial, agricultural, or 

domestic requirements.  In some situations these resources are already being used, in others, 

additional work is required to prove up the resource.  These resources are not associated with surface 

salinisation, but may be benefiting from increased local recharge as a result of land clearing for 

agriculture.  As highlighted elsewhere, the information about these resources is limited and 

considerable further investigation would be required to enable development and use of the resource. 

Groundwater resources from wheatbelt drainage 

There is evidence and modelling data to show that arterial drainages can deliver significant quantities 

of water.  However, seasonality in the flow rates and water quality variability are high and year-to-year 

variation in hydroperiod and volumes are also large.  This is particularly the case with drainage 

networks collecting surface water from the greater catchment.  Discharge in groundwater drains is 

also subject to uncertainties of decreasing rainfall (resulting in variation in groundwater levels and 

therefore drain yields). As with the streamflow supplies, use of this resource relies on an ability to 

store the flows to achieve a relatively constant flow rate and water quality that in turn will enable 

treatment via desalination.   

The seasonal variation in drainage yields, in many situations, and the poor water quality are barriers to 

the economic use of these water supplies.  There are exceptions, as in areas with extensive calcrete 

profiles where drainage discharge can be of higher volumes and better quality.  Modifications to 

drainage to separate highly saline from fresher flows are being applied where this is an asset at the 
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point of discharge that requires protection from saline discharges. In summary, there is not yet a 

consensus on the role that deep drainage can play in managing water and salinity in the wheatbelt, 

nor on the expected quantity and quality of drainage discharge.   

Local groundwater supplies (salinised landscapes without palaeochannels) 

Local groundwater availability away from the palaeochannels is variable in quantity and quality, and 

has only been investigated in any detail where groundwater rise is affecting important assets (towns, 

water, biodiversity etc).  Most proven resources beneath townsites are less than 100 kL/day/bore, and 

actual abstraction rates have tended to be below modelled rates.  These resources are also used for 

stock water.   

Management of seasonal flows and stormwater 

Although the streamflows in the wheatbelt can be large, they are highly seasonal, and vary greatly 

within and between years in quantity and quality of the flows.  However, without a capacity to store 

these supplies off-steam (or in ‘sacrificial’ salt lakes) there is little opportunity to exploit these 

resources. 

Salinity levels are normally high during low flows which occur in most years, but in extreme flood 

events (as in 2000), the salinity of the flows can be very low for the period of high flows (e.g. in 2000, 

the floodwater salinity during much of the flow was less than 2,000 mg/L TDS).   

On-farm surface water management is advocated as an important contributor to salinity management, 

but in low rainfall environments it is unlikely to generate reliable water supplies for uses other than on-

farm, or very small industrial use.  High evaporation rates, the lack of suitable deep storage sites, and 

likely nutrient contamination severely limit the opportunity to exploit stormwater flows other than for 

stock water supplies, and spray water, and domestic supplies at landholders’ discretion.   

The value of engineering technologies to protect land from rising groundwater levels 

There is a developing consensus that engineering works such as large-scale groundwater abstraction 

and major deep drainage cannot generally be justified on economic terms by the value of agricultural 

production/land, although individual landholders may be able to show positive returns in specific 

situations.  Investment in properly designed and applied engineering works is best suited where there 

are valuable infrastructures and environmental assets at risk, as in towns, water resources and 

biodiversity.  In these situations, concentrated engineering intervention can generate a positive public 

benefit.   

Delivery of bulk water to the coastal plain 

Leaving aside the challenge of being able to locate, abstract and aggregate large volumes of saline 

water in the wheatbelt, reticulation of large volumes (more than 30 GL/a) of untreated water can be 

piped west of the Darling Scarp for about $1/k through gravity feed, although continuity of supply will 

be an issue.  Further, untreated water is likely to be of seawater quality or worse and complicated by 

its chemical composition, and when delivered to the coast is unlikely to provide little, if any, advantage 

over desalination of seawater.   
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6.1.2 Treatment technologies to produce potable & industrial water (TOR 4) 

Although desalination technology and application is increasing, most of the focus has been on major 

seawater plants, and site-specific treatment of brackish water supplies.  There is limited previous 

experience in treating water with the high salinity and metal contents found in large volume wheatbelt 

groundwater, or in handling the issues of varying feed water quantity and quality.  The following 

summary findings apply. 

 Reverse osmosis is a reliable and attractive technology for treatment of brackish and saline water 

up to seawater quality (about 35,000 mg/L TDS).  This study has shown that reasonable volumes 

of water in this quality range occur. 

 Reverse Osmosis is not suitable for water with greater than 35,000 mg/L TDS, and alternative 

technologies are difficult to apply, and in some cases experimental.  Treatment of water containing 

more than 500,00 mg/L TDS incurs much higher costs and much lower recovery rates, and is 

largely ‘untested ground’.  In summary, there are no economically viable technologies for water 

above 50,000 mg/LTDS applicable to the WA wheatbelt.   

 Pre-treatment is an important requirement for wheatbelt groundwater, with many sources having 

excessive levels of dissolved iron, manganese, carbonate and sulphates. 

 Treatment of drainage discharge is very difficult, given the variability of quality and quantity, and 

the problems with algae contamination in temporary storages.  Major regional arterial drainage 

schemes have been modelled as discharging water qualities at or about seawater quality, which 

together with the factors of unreliability in quality and quantity, pre-treatment and algal 

contamination result in very high costs per kL of potable water production. 

 Although it is feasible to assume that brine can be discharged into existing salt lakes, the relatively 

high metal content of some waste streams may prevent this approach on environmental protection 

grounds.  Safe, ‘quarantined’ storage of the waste will add to treatment costs.  In short, 

environmental issues in locating plants and in brine disposal are likely to be significant.   

 The feasibility of salt manufacture was investigated as a means of off-setting the brine disposal 

issues.  Although manufacture is technically sound, ensuring acceptable quality of salt could be 

difficult given the mineral content of some waters, and the products may not meet market needs.   

6.1.3 Summary of financial analysis to recover and treat water (TOR 5) 

The method of analysis 

This indicative cost analysis of options for recovery of potable water, and salt production, from saline 

groundwater reserves was based on: 

 An analysis of saline water treatment and salt production costs applied to a set of case study sites 

and generic scenarios to provide aggregate cost estimates under these prescribed conditions.  

 A summary of markets (demand and value) for the potable water produced and salt based 

products.   

 A net value assessment which compares estimated cost of production from each case study site 

and scenario, against the cost or value of water provided from alternatives sources.  

Two measures of production cost or net value were used in this analysis.  

1. Amortised capital costs + annual maintenance costs + annual operation expenses; and 

2. Discounted cash flow to calculate the present value of costs and benefits. 
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Using amortised capital costs plus annual maintenance and operation expenses provides a method to 

indicate an annual cost per unit of output (potable water).  This approach is useful to estimate a 

measure of annual cost or benefit. It is not appropriate for comparing different flows of benefits and 

costs over the budget period. A discounted cashflow approach was used to calculate the present 

value of production costs and the value of product water and/or salt (benefits).  This approach allows 

calculation of net present value, benefit-cost ratio, and internal rate of return.  It can be used to 

indicate the break even price (value) of water or salt that would make a particular investment cost 

effective.  This method is required to assess net value of a project over a budget period, and takes 

account of different flows of costs and benefits over time. 

A 20 year budget time period was used for this assessment, using a discount rate of 5%. No external 

benefits from any productivity improvements on agricultural land, or infrastructure benefits in rural 

towns, biodiversity or conservation benefits are included in this analysis.  However, it may be useful to 

consider where additional benefits might occur when comparing the relative performance of each case 

study or scenario. 

The cost estimates presented in this report are considered to have an accuracy of about ± 40%, or at 

a pre-feasibility level.  Results should be interpreted with this in mind.  More accurate cost estimates 

will be possible if based on detailed optimised design engineering studies and upon more robust 

groundwater and drain water quality characteristics, and site specific design parameters. 

Key findings 

 Significant economies of scale exist with higher volume plants and increasing desalination costs 

with higher salinities.  Low volume high salinity plants have desalination cost estimated to be 30 

times that of high volume low salinity plants. 

 The cost of water supply (pumps and pipes) is a relatively small component of total water collection 

and treatment costs for most case studies/ scenarios. 

 When required, pre-treatment costs ($1.60-$2.65 per kL) are significant and in some cases are 

comparable with desalination costs, for example the Kokeby Palaeochannel where desalination 

costs are estimated at $1.16 per kL, or the Marginal case study with estimated desalination costs of 

$3.22. 

 Estimated total costs (excluding costs of salt recovery) vary from about $2.00 to $50. Water quality, 

salinity and the scale of the resource are important parameters.  

 A number of case studies/ scenarios present water recovery costs that appear lower than current 

supply costs to distant or isolated G&AWSS and GSTWSS scheme customers. 

 With salinity over 50,000 mg/L TDS desalination is very expensive and technically difficult. 

 High volume resources with salinities around that of sea water like Cowcowing Lakes (20 ML/day 

and 40,000 mg/L TDS) have costs comparable with lower volume, lower salinity options like Wagin 

(0.6 ML/day and 6,800 mg/L TDS). 

 Low salinity options (<5,000 mg/L) presented the lowest estimated production costs. Results 

indicate that brackish water desalination (TDS <5000 mg/L) can be more cost effective than larger 

scale higher salinity (e.g. sea-water equivalent) desalination.  

Salt production 

Some salt recovery costs are indicated to be lower than the potential value of $50 per tonne, but salt 

recovery costs tend to be high where water recovery costs are lower. Where water recovery is a 
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priority salt recovery is unlikely to be viable. Salt production does not look to be a driver for saline 

water recovery, and it does not offset disposal costs. Unless a resource presents a salt with a 

chemistry of high value it is unlikely to be a reason for desalination of a saline water resource. The 

potential value of potable water will need to be the reason. 

Large palaeochannel resources 

The large palaeochannel resources appear marginally cost-effective as they require a water price of 

$7.50/kL to provide positive net returns. This might be lower than G&AWSS and GSTWSS scheme 

delivery costs to isolated centres but these resources are likely to provide greater supply volumes than 

required, and these cost estimates exclude additional piping costs to other areas of demand. These 

resources will then be subject to similar cost pressures as the G&AWSS and GSTWSS schemes. 

Matching supply cost and demand size will be critical for these larger resources. 

Water from drains 

Saline water from drains appears as an expensive and difficult resource to use cost effectively. The 

salinity is generally high, the supply low and variable, and the chemical composition variable and 

generally requiring expensive pre-treatment. On top of these issues are difficulties with seasonal 

variability of supply volume and water quality. The value of desalinated water from drains is unlikely to 

be a driver to reduce the cost of drains for saline land recovery. 

Post-treatment 

Post-treatment costs could be 5-10 per cent of the total cost of desalination, they are not included in 

the desalination cost estimates developed for report. 

Disposal of brines 

There has been a general assumption in the above calculations that brine from desalination plants 

operating in the agricultural areas could be readily disposed of in existing ‘sacrificial lakes’, which 

represent a cheap disposal option.  The alternative is clay-lined evaporation ponds.  Given the metal 

content of many of the groundwater sources in the agricultural areas, their acidity, and that fact that 

the metal levels will be concentrated in the brine, it is likely that these means of disposal will not be 

acceptable to a range of stakeholders, including many local communities and alternative land uses, 

and the environmental regulator, because of the risk of seepage affecting the local environment and 

land uses.  Further, storage lakes will inevitably over-top in extreme events, which will result in 

mobilisation of stored metals in the flood water potentially resulting in undesirable impacts further 

downstream.   

In short, although relatively cheap options have been assumed in the costs presented in this report, 

plant design would probably need to include properly sealed and bunded evaporation ponds for brine 

disposal which would add to the total operating cost.  Assessing environmental impacts and ensuring 

local communities are catered for will also add to expense.  It should also be emphasised that disposal 

at the coast, even if this proved to be cost effective from an engineering viewpoint, would also raise 

important social, economic and environmental issues. 
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Value and location of water demand 

Matching saline resources of appropriate supply cost and volume to consumers will be critical to 

determining if saline water resources can be treated and supplied cost effectively. The value of 

treating saline reserves in wheatbelt areas should be as a substitute for water supplied from 

Mundaring through the G&AWSS or Harris dam through the GSTWSS, thereby potentially making 

more water from these available for the coastal plain. It is not likely that these reserves will have 

benefit as a source of potable water for Perth as the cost of pumping to Perth will negate that value. 

There is no value in turning water from saline reserves to Perth when distribution pumping costs will 

be lower if it is consumed in rural areas closer to the possible source.  

The only possible reason might be if volumes from wheatbelt saline groundwater reserves exceed 

demand from proximate rural consumers and if the cost of supply into the Perth market is less than 

alternatives. This cost would need to be less than $1.50 to $2.00 per kL inclusive of pumping costs - 

results suggest this is not likely. The potential value of treated saline reserves in the wheatbelt is if it is 

a cost-effective substitute for water from the G&AWSS and GSTWSS schemes. 

Net value assessments 

Kokeby is shown to provide positive net returns and a benefit-cost ratio greater than 1 if the value of 

water is $2.50/kL. The 35,000-50,000 mg/L, high volume option such as Cowcowing Lakes shows 

positive net returns with a water value of $7.50/kL or more. Smaller high salinity options do not show 

positive net returns unless the value of water is $15/kL. These estimates exclude the cost of delivery 

from the plant to the consumer.   

The current cost of water delivery to many wheatbelt towns probably exceeds $5/kL. This suggests 

that if resources with low treatment costs can be matched to areas of current high cost from the 

G&AWSS and GSTWSS schemes then recovery may be cost effective.  

Water values would need to exceed $15 for treatment of water from drains, or highly saline resources 

such as Salt River to be cost effective. A breakeven price for water from drains is $17, and this still 

excludes delivery costs.  

6.2 Recommendations 

6.2.1 Develop a better understanding of wheatbelt water resources 

 A better understanding of the varying physical-chemical and microbial properties of water 

resources in the dryland (‘wheatbelt) agricultural areas is required to enable greater certainty in 

evaluating treatment requirements, product qualities, brine management and costs.  

 There is a need to identify and verify the quality of potential brackish resources.  Specific 

parameters to be defined include turbidity, total suspended and filterable solids, colloidal and 

reactive silica, total and filterable organic carbon, hydrogen sulphide, silt density index, oil and 

grease, total hardness, arsenic, soluble heavy metals, uranium, chromium 6+, boron, selenium, 

etc.  Specific jar tests and pilot scale treatability studies should be investigated for these 

parameters to understand the complex chemistry of wheatbelt water resources, and to enable 

simulation of the water quality characteristics of brine rejects and product water. 

 Prior to considering specific projects, there is a need for more robust representative physical-

chemical and microbial characterisation of wheatbelt water resources.  This further work is required 



DOW1710 Saline water treatment 

6 TOR 6 – Summary and recommendations 

42907533/S0156/3 115 

to design and estimate appropriate pre-treatment and post-treatment methods and costs, which 

would enable greater certainty in evaluating the technological requirements and costs for specific 

water treatment prospects.  The parameters to be investigated are presented in the previous 

recommendation.  It is understood that this investigation may constitute an important scope for 

detailed site-specific engineering evaluation of individual cases that could well be undertaken 

subsequent to this study. 

 A review of available water quality data is required to determine if viable/ marginal saline water 

resources are likely to produce valuable salts.  Although this study has found that production of 

usual salt products would be uneconomic in the wheatbelt, it may be that some of the wheatbelt 

waters could be used in manufacturing salts to meet specialist needs and therefore be more 

valuable than standard products.  If this is found to be the case, further investigation could 

determine if production of such salts would improve the general viability of associated desalination 

projects. 

6.2.2 Develop a better understanding of pre-treatment costs 

 Pre-treatment costs should be investigated in more detail with more robust and representative 

water quality data.  These costs are potentially significant and are nearly as high as desalination 

costs in some instances.  The parameters that require more investigation include those presented 

in Section 6.2.1. 

6.2.3 Focus on within-wheatbelt water use 

 Although some estimates of the cost of reticulating water from the wheatbelt to the coastal plain 

have suggested relatively low costs, there is unlikely to be benefit from delivering wheatbelt water 

that is of equivalent or poorer quality than seawater to the coastal plain.  Even if energy use can be 

avoided (through generation of hydroelectricity), treatment is likely be more expensive than the cost 

of treating seawater.  Further, accessing these resources via deep drainage is unlikely to be able to 

deliver year-round continuity of supply.   

 Conversely, delivering potable water from coastal sources to communities in the dryland 

agricultural areas is relatively expensive, and the cost is not recovered by the tariffs charged to 

consumers.  There is potential to substitute treated local water resources for imported supplies as a 

means of reducing the cost of supply.   

 The value of treating saline reserves in wheatbelt areas should be as a substitute for water 

supplied from Mundaring Weir through the G&AWSS or from Harris Dam through the GSTWSS.  

There is no value in delivering water from saline reserves to Perth when distribution pumping costs 

will be lower if it is consumed in rural areas closer to the possible source.   

6.2.4 Focus on desalination for potable water consumption 

 The results indicate the cost of salt production is higher where potable water production is lower 

and vice versa.  Unless specific high value salts (or highly valuable base metals or rare earths) are 

identified, salt production is unlikely to be complementary to or a driver for potable water 

production.  Salt production appears as a distraction to achieving least cost desalination for potable 

water supplies.  Ongoing research should focus on identifying least-cost resources for water 

production, not water and salt production. 
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 The cost of potable water recovery from drains is also shown to be relatively expensive and 

potentially technically challenging with low and intermittent flows, and high pre-treatment costs.  

The value of desalinated water from drains is unlikely to be a driver to reduce the cost of drains for 

saline land recovery.  Potential desalination of drain water should not be considered as an 

additional value to drains constructed for the remediation of agricultural lands. 

6.2.5 Increase the transparency of water delivery costs and demand 

 A key issue is the cost of connection and delivery to isolated and often low demand communities in 

the dryland agricultural areas.  Published data only provide an indication of average direct costs.  

The data available in the public domain indicate many wheatbelt towns with water delivery costs 

greater than $6.00 per kL and also show the cost of delivering water to Kalgoorlie to be $4.03/kL.  

This suggests that a substitute cost of $5 or less per kL might be price competitive with existing 

supplies, given appropriate reliability and water quality standards.  However, an understanding of 

marginal cost saved (by substituting for G&AWSS and GSTWSS water) and matching saline 

resources of appropriate supply cost and volume to high cost low volume consumers will be critical 

in determining if saline water resources can be treated and supplied to customers cost effectively. 

 Improved information, such as marginal cost saved by substituting for G&AWSS and GSTWSS 

scheme water is required to undertake this research.  This should then be matched against a more 

detailed survey of saline water resource volumes and qualities, and cost of treatment, focusing on 

the location of brackish and high volume medium salinity water resources. 

6.2.6 Take indicated cost-effective options through to pre-feasibility 

 Results suggest that low salinity (<5,000 mg/L TDS) options present the lowest estimated 

production costs for potable water.  Resources like the Kokeby Palaeochannel present as preferred 

options, especially if they are located near to isolated areas with high delivery costs from coastal 

water sources.  These types or resource warrant more detailed investigation. 

 Rural town and biodiversity protection pumping may still have potential with inclusion of external 

values.  Results indicate these resources may be cost effective at water values of $5 to $10 (the 

inclusion of groundwater pumping costs which were excluded from this analysis if they are already 

in place will only add $1 at most to this estimate).  These costs are not outside the range of delivery 

costs on the G&AWSS and GSTWSS schemes.  An assessment with better water cost and 

demand data, along with a measure of external benefits from protecting these resources may 

indicate desalination to be cost-effective in some circumstances. 

 Resources like Cowcowing may also be considered if they can be shown to align with high delivery 

cost water from G&AWSS and GSTWSS schemes and sufficient local or proximate demand.  

However, the earlier recommendations about the need for improved water quality data would need 

to be implemented in any investigation of the potential of these ‘seawater-equivalent’ water 

resources. 
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6.2.7 Summary 

This study has found that there are logistical and technological challenges to the treatment and use of 

major saline water resources in the dryland agricultural areas.  It is unlikely that the major ‘sea-water 

equivalent’ resources can be exploited economically for use either within the agricultural areas, and it 

is even less likely that exporting this water out of the region will be economically viable.   

The over-arching recommendation is that further research and investigation of the feasibility of treating 

saline water resources in the dryland agricultural areas should focus on matching local supply and 

demand scenarios within the region, where the technical issues and costs of treatment can be met by 

the economic value of supplementing or replacing imported water resources.   
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7 

7 Limitations 

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and 

thoroughness of the consulting profession for the use of the Department of Water and only those third 

parties who have been authorised in writing by URS to rely on the report. It is based on generally 

accepted practices and standards at the time it was prepared. No other warranty, expressed or 

implied, is made as to the professional advice included in this report. It is prepared in accordance with 

the scope of work and for the purpose outlined in the Proposal dated 15 April 2010. 

The methodology adopted and sources of information used by URS are outlined in this report. URS 

has made no independent verification of this information beyond the agreed scope of works and URS 

assumes no responsibility for any inaccuracies or omissions.  No indications were found during our 

investigations that information contained in this report as provided to URS was false. 

This report was prepared between June and September 2010 and is based on the conditions 

encountered and information reviewed at the time of preparation.  URS disclaims responsibility for any 

changes that may have occurred after this time. 

This report should be read in full.  No responsibility is accepted for use of any part of this report in any 

other context or for any other purpose or by third parties. This report does not purport to give legal 

advice. Legal advice can only be given by qualified legal practitioners. 
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A.2 Sites inspected 
The sites inspected, and the relevant information obtained, are presented in Table A-1. 

Table A-1 Sites inspected 

Site Information obtained Comments 

Toolibin Lake 

Groundwater abstraction information, 
hydrogeological information 
Logistics of operating a remote 
groundwater abstraction system 
Potential of water re-use for salt abstraction 
and aquaculture 

Possible selection as case study for 
groundwater abstraction and re-use 
Logistical issues with long-term 
management are considerable 

Wagin townsite 
Groundwater abstraction information, 
groundwater depths, storm water capture 
and re-use 

Possible selection as case study for 
groundwater abstraction and re-use 
Interest in commercial desalination at 
Morton Seeds 

Lake Dumbleyung Wheatbelt surface water hydrology 
The lake is nearly dry after the heavy rain 
event in early 2009 

Beynon Road 
drainage system 

Drainage design, drainage flows (quantity 
and quality) 

The drains show signs of slumping.  Drain 
was barely flowing when inspected.  The 
gauging station seems to have been 
removed 

Fence Road 
drainage system 

Drainage design, drainage flows (quantity 
and quality) 

Possible selection as case study for 
drainage water treatment and re-use 

Merredin townsite 

Groundwater abstraction and evaporation, 
town stormwater capture and re-use, waste 
water re-use 
Experience with desalination 

Possible selection as case study for 
groundwater abstraction and re-use 
Desalinated water used in road 
construction 

Yilgarn River (near 
Nungarin) 

Wheatbelt surface water hydrology, 
hydrogeology in major drainage lines 

Possible selection as case study for major 
paleo-channel water source in the 
wheatbelt 

Wadouring Rock 
Surface water harvesting and storage, 
reticulation of mains water across the 
region 

Value of granite rocks in surface water 
harvesting – Water Corporation is looking 
to divest this infrastructure 

Beacon River 
drainage system 

Drainage design, drainage flows (quantity 
and quality) 
Evaporation pond design and operation 
Treatment of acidic water using bio-
reduction 

Possible selection as case study for 
drainage water treatment and re-use. 
Logistical issues with long-term 
management are considerable 

Cowcowing Lakes 
Wheatbelt surface water hydrology, 
hydrogeology in major drainage lines 

Possible selection as case study for major 
paleo-channel water source in the 
wheatbelt 
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A.3 People consulted 
The people consulted with, or visited in respect of information relevant to TORs 1-3 are shown in 

Table A-2. 

Table A-2 People consulted 

Name Organisation Purpose of consultation 

Ken Wallace 
Department of Environment and 
Conservation, Perth 

Operational experiences with remote pumping 
infrastructure at Toolibin Lake.  Experience with 
evaluating salt harvesting 

Ryan Vogwill  
Department of Environment and 
Conservation. 

Hydrogeology and groundwater characteristics at 
Toolibin Lake and other DEC sites 

Richard George 
Department of Agriculture and 
Food, Bunbury 

Hydrogeology and groundwater characteristics in the 
agricultural area, data provision and identification of 
third party sources 

Ron Colman 
FMG (formerly Wheatbelt 
Environmental Technologies - 
WET) 

The proposed activities of WET, opportunities for 
groundwater abstraction and treatment in rural 
towns 

Peter Lacey 
Department of Environment and 
Conservation, Narrogin 

Inspection of groundwater abstraction at Toolibin 
Lake, and operational experiences with remote 
pumping infrastructure. 
Groundwater quality variability at spatial scale 

Allen Hicks and 
Sharon Sisely 

Shire of Wagin 
Inspection of groundwater abstraction in Wagin, and 
discussion about stormwater management 

Jim Garrett and 
Tobias Vudzijena 

Shire of Merredin 
Inspection of groundwater abstraction in Merredin, 
and discussion about stormwater management 
Water pricing in Merredin 

Rod Munns and 
Jess Smith 

Shire of Mt Marshall 
Discussion about experiences with the Beacon 
Drainage Scheme (EEI) 
Water pricing in the Shire 

Mark Pridham 
Department of Agriculture and 
Food, Perth 

Rural Towns and Liquid Assets Programs 

Shawan 
Dogramici 

Rio Tinto Iron Ore (formerly 
Department of Water) 

Groundwater abstraction in the wheatbelt, with a 
focus on palaeochannel pumping 

Riasat Ali CSIRO 
Groundwater and surface water availability in the 
agricultural areas, drainage effectiveness 

Ramsis Salama 
Managed Water Resources 
(formerly CSIRO) 

Groundwater abstraction from Salt River 

David Furukawa 
National Centre of Excellence in 
Desalination, Murdoch University 

Desalination technology, management of brine 
wastes 

Philip 
Commander 

Department of Water 
Wheatbelt hydrogeology, palaeochannel 
characteristics 

Peter Coyne Agritech Hydropower 
Potential use of saline waters in the agricultural 
areas in generating hydroelectricity 

Meredith Blais Water Corporation Cost for delivering water into the agricultural areas 

Duncan Bell Water Corporation Cost for delivering water into the agricultural areas 
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