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Abstract 

The development of agricultural land in Western Australia (WA) had largely stabilised by the mid 

1980s. By then, the majority of the wheatbelt had been cleared of native vegetation, Carnarvon and 

the South-West Irrigation areas were operating and the first Stage of the Ord Irrigation project was 

complete. The focus of agriculture was on learning how to farm the land sustainably, adopt new 

technologies, expand markets and respond to environmental effects, for example soil salinity, 

erosion and nutrient loss. The lack of understanding about these issues was also a catalyst for 

Landcare (Natural Resource Management). 

In WA, the extent of irrigated agriculture is small by comparison with eastern Australia and very 

small compared to rain-fed dryland and pastoral systems. By the late 1990s, only 46000ha of 

farmland in WA was reported as irrigated (Anon 2005), with 11 700ha (using 349GL/annum) in the 

North. The total amount of water used on irrigated land State-wide was estimated to be between 

782-812GL/a (Anon 2005, Thomas 2008). However despite its relative small extent, irrigated 

agriculture is worth about $1 billion to the Western Australian (Anon 2005, ABS 2012) economy and 

thus both State and Federal Governments are committed to grow agriculture and capitalise on the 

opportunity to supply food and fibre overseas as the "Asian century" unfolds. Further, to meet 

forecast local demand for horticultural produce, Fazakerly and Windsor (2013) identifies the need to 

locate a further 360GL of low salinity water to irrigate an additional 34 OOOha of land by 2050. While 

much of this demand is likely to come from the south west, other food crops, fodder, fibre and 

protein (meat) is anticipated to be grown in the North; most of this exported. 

This paper identifies that in the East and West Kimberley, Pilbara and Carnarvon, 30 OOOha of land is 

now, or will soon be irrigated and a further ~60 OOOha is proposed for irrigation in the short-term. 

The majority of land with allocated water to service the expansion is in the East Kimberley, most 

associated with Lake Argyle and the Ord River Irrigation Area. Including this water, we consider that, 

subject to ongoing investigations, at least 1200GL/a of low salinity water can be made available for 

growth, supplied from a combination of natural (rivers, aquifers), built (lakes) and engineered (mine

dewater) sources. Fully developed, this could irrigate up to ~113 OOOha of land, enabling agriculture 



to playa greater role in Western Australia's economic base. Expansion beyond this would require 

use of more surface water and exploration of alternative (deeper, remote and brackish) aquifers. 

Changes to policy to enable access to additional land and water resources may need to accompany 

the next level of growth. 

Finally, the paper summarises the resource risk planning and analysis that underpinned the Ord 

Stage 2 project as a means of demonstrating the rigour imposed on new developments. 

Introduction 

Relative abundant natural resources in the northwest have attracted numerous proposals for 

irrigated agriculture. Since the development of the Lake Argyle in 1972, there have been at least 

three large projects seeking to commence large-scaled irrigated agriculture based on a mix of private 

and public investment. These included a private development (25 OOOha) by Australian Land and 

Cattle Company (ALCCO), led by Texan Jack Fletcher on the Fitzroy River based on irrigated grains 

and cotton at Camballin (Fletcher 2009). Western Agricultural Industries (WAI) proposed a large 

scale (20-200 OOOha) irrigated cotton project and operated under a Memorandum of Understanding 

(MoU) with the State Government. The third, was Ord Stage 2, a project that began between 

Wesfarmers Company and Japanese Marubeni Corporation (Kin hill 2000) to develop 30 OOOha black 

soils for sugar production. Of the three, ALCCO failed due primarily to the lack of political support 

for foreign investment and tenure related issues, and periodic flooding. WAI's proposal never got off 

the ground and the MoU was not renewed, in part due to lack of engagement with key stakeholders, 

tenure, Native Title approvals and the inability to progress and finance large developments in a 

remote region. The Ord was delayed two decades when recently, the Shanghai Zhongfu owned, 

Kimberley Agricultural Investments obtained State agreement to develop 13 400ha of the available 

land in what is expected to be a $700million private investment on leased and new land. 

Recent support for a new phase of irrigated agricultural expansion has been propelled by State and 

Federal Government interest around the issues of regional development (e.g. Royalties for Regions), 

and global interest in food supply chains and security. In addition, the development of Asian 

economies has given rise to concepts of the North as an export hub to meet the nutritional demands 

of both an increased population and one growing in affluence, as the "Asian Century" commences. 

To some degree this is based on the perception of vast and available land and water resources. This 

potential has stimulated several Government reviews (Northern Land and Water Taskforce and the 

current Federal Government's 2014 White Paper) and initiated support for implementation of major 

projects such as the $520m Ord Stage 2 and assessment of others to come {e.g. Queensland; 



Flinders-Gilbert Rivers). A northern-based Cooperative Research Centre focussed on agriculture is 

also proposed. 

Potential land and Water Supplies to Support Growth 

At a national level, the Federal Government's Northern Australian Taskforce (Anon 2009) and the 

related Northern Australian Sustainable Yields Project (CSIRO 2009) challenged the view of vast and 

accessible water resources; though they identified opportunities for 20 to 40000ha of irrigation 

from over 600Gl of groundwater identified for use in mosaic irrigation systems (from Broome WA to 

Townsville QlD). At a regional level, the Department of Water provides water-related advice in 

allocation plans, available for the Ord, Broome (la Grange) Pilbara coast and Gascoyne areas. These 

seek to define the resource and manage pressures of supply and demand of various users. Their 

detail is commensurate with use, and thus in heavily used areas (e.g. Ord) are underpinned by 

detailed resource investigations. In little used areas (e.g. la Grange) and unproclaimed areas (e.g. 

Dampier, Fitzroy), foundation data to support supply and demand planning are variable. 

Reviews of the current and potential extent of irrigated agriculture in the North, such as the State 

Irrigation Review (Anon, 2005), estimated that at that time, of the 46000ha of irrigation in WA 

(using 782Gl), only 11 700 ha (349Gl) occurred in the North. In terms of land capable for irrigation, 

the Report estimated the North contained 5.250m hectares of suitable land, with the greatest 

potential in the West Kimberley. However the review did not define the link between water 

availability and capability at a local level, nor explicitly consider issues such as infrastructure and 

issues of tenure and related cultural ownership. For example, while the West Kimberley has a large 

area of capable land, it has no public water infrastructure, spatially variable water planning (only 

50Gl has been allocated beyond domestic supply) and development pathways for investors and 

stakeholders are unclear. By contrast, in the East Kimberley (Ord), lake Argyle can supply 865Gl 

from the existing 10 760Gl storage and sustainably (95% reliability) irrigate up to 60 OOOha per year. 

In addition, agreements with the local traditional owner group (Yawoorroong Miriuwung Gajerrong 

Yirrgeb Noong Dawang Aboriginal Corporation; MG Corporation) have established secure 

development agreements for areas underway (Goomig) and proposed (Knox), and through those 

developments traditional owners gained opportunities and benefits. 

In response to the WAI cotton proposal, the State commissioned the New Opportunities for Tropical 

and Pastoral Agriculture (NOTPA, Ham 2009) project (2005 to 2009) to provide a foundation for 

'appropriate' agricultural opportunity. NOTPA reviewed the current and proposed growth of 

agriculture (irrigated and non-irrigated) in the Kimberley. The project provided benchmark regional 

information, current and proposed developments, the Gross Value of Agricultural Production (GVAP) 



and key issues and constraints. It and recent estimates showed that largely privately owner

operated irrigated system in the West Kimberley had grown from small discreet areas near Broome, 

to about 1 710ha (feed and horticulture), with another 1460ha proposed in 2014/15 (Table 1). The 

GVAP of the West Kimberley was estimated to be $5m in 2004, $51m in 2013 and reach $90m by 

2015 if proposed projects are implemented. 

State planning in the East Kimberley, with Ord Stage 2 (Goomig - Weaber) approved and the Knox 

subject to environmental assessment indicates the irrigated area will soon grow to 24400ha 

(including the Ord West Bank: 1000 ha and Knox: 6000ha). With an additional 53 300ha forecast 

for upcoming development (NT-Knox, NT-Keep River, Mantinea, Carlton Hill and Cockatoo Sands -

including the 10-30 OOOha Bonaparte Plains, Table 1), available land could exceed allocated water in 

the foreseeable future at current water-use patterns. 

Further south, expansion is taking place in the West Canning Basin and Pilbara, with a mixture of 

irrigation projects (pastoral diversification and mine dewatering) for grain (e.g. sorghum), hay and 

biomass, currently approaching 2330ha with another 4310ha planned. Irrigation based on 

dewatering has a use (20 Ml/ha) approximately twice that of conventional horticulture crops. In the 

Gascoyne, a 400ha expansion at Carnarvon is underway including resource investigations and 

infrastructure development. Future expansion proposed could add an additional800ha (Table 1). 

To determine the availability of water for the expansion forecast, we assessed potential fresh water 

resources in the northwest at a regional scale (Table 2). The forecast builds on previous reviews, 

using data in the various allocation plans published by the Department of Water plus knowledge of 

current activity or planning in the Region (Table 1). Given the many assumptions implicit in such a 

coarse, medium term forecast, Table 2 indicates a potential for over 1250Gl of surface and 

groundwater to be required which could enable production from an additional about ~120 OOOha 

(based on a crop water use of 10Ml/ha for horticulture/pasture and 20Ml/ha for crops using 

dewatering supply). Numbers are only intended for regional planning and require revision in the 

case of use in specific applications. 

By way of explanation of the supply forecast in Table 2, the Ord potential (612Gl/a) includes; 

382Gl/a (out of 865Gl/a) available from the allocation pool, up to 250Gl/a that may be derived 

from storage gained from upgrading the spillway on lake Argyle, plus 30Gl/a of groundwater that 

could be obtained from beneath areas of Cockatoo sands (Bonaparte Plains). The 250Gl/a spillway 

upgrade estimate (Ian loh, pers comm.) results from an engineering study that considered a 2m and 

4 m spillway increase would result in a 20-40% (2-4000Gl) increase in maximum storage. The 



30GLja groundwater contribution is a estimation subject to confirmation as part of the current and 

proposed "Water for Food" investigation planned for 2013-2018. 

Location of Irrigation Existing Propose Water Principle source I use 

Ha Ha Current (GL) Upper (GL) 
Ord East I<imberley 
Ord Existing (aRIA) 16,000 - 205 145 lake Arglye; mixed crops, sugar 

Goomig (Weaber) 7,400 - 120 - lake Arglye; mixed crops, sugar 

Knox (WA, Sarby) - 8,000 170 lake Arglye; proposed sugar 
Keep (NT) - 14,000 270 Lake Arglye; planning sugar 

Ord West Bank & Infill areas 1,000 1,300 28 22 Lake Arglye; proposed mixed crops 

Mantinea & Carlton Plains - 12,000 155 Lake Arglye; planning 

Cockatoo (Kununurra) - 8,000 60 Lake Arglye; investigations 

Cockatoo (Bonaparte Plains) - 10,000 30 Groundwater, Self Supply, investigations 

sub~total 24,400 53,300 353 852 

West I<imberley 

Fitzroy 455 30 5 - Groundwater; fodder 

Derby 120 80 1 1 Groundwater; fodder and horticulture 

Dampier 245 - 2 - Groundwater; fodder 

Broome 314 - 3 - Groundwater; fodder and horticulture 

La Grange 580 1,380 6 14 Groundwater; fodder and horticulture 

sub-total 1,714 1,460 17 15 
West Canning 

Pardoo 90 610 3 10 Groundwater; fodder 

Wallal 140 360 4 8 Groundwater; fodder 

De Gray - 500 - tbd Groundwater; fodder 
sub~total 230 1,470 6 18 

Pilbara 
Rio Tinto 860 790 17 16 Mine Dewatering; Pasture, fodder 

Rio Tinto 950 550 19 11 Mine Dewatering; Pasture, fodder 

Warrawagine / Woodi Woodi 150 1,500 3 tba Mine Dewatering; Pasture, fodder 

PHADI Yandicoogina 40 - - tba Mine Dewatering; Pasture, fodder 

Mindaroo Pastoral 100 - - tb. Groundwater; pasture/fodder 
sub-total 2,100 2,840 39 57 

Gascoyne 

Existing area 1,200 - 12 22 Groundwater; Allocation Plan 

Gascoyne Foodbowl, Phase 1 
400 800 - 10 Groundwater; Allocation and Planning 

2 
sub~total 1,600 800 18 20 

Total North 30,044 59,870 434 961 

Table 1. Areas existing (or under construction as Bold) and proposed; in planning (italics) for irrigated 
agricultural development in the medium term. Water required used is included where known (bold) or 
estimated (italics). For the Ord, "Current Water" is that used or allocated, while "Upper Water" is additional if 
available or set aside. Forecast water based on lOML/ha. For mine-dewatering, 20ML/ha is current practice. 

For the Fitzroy, where no allocation plan exists, we base the estimate on an assumed availability of 

100-150GL/a surface-water take «2% mean annual flow of 8020GLja diverted into off-stream 

storages) and 50-100GLja of groundwater «50% of that estimated to be available from shallow 

aquifer recharge occurring over 320 OOOha of floodplain soils of the Fitzroy Catchment; Lindsay and 



Commander 2006). Possible additional water from the Meda-May River alluvium and regional 

aquifers (e.g. Grant Group Formation) within the Fitzroy catchment, and the adoption of techniques 

such as Managed Aquifer Recharge (Lennon, 2014), were not included for lack of hydrogeological 

knowledge of these systems - though it may add as yet unquantified gigalitres of water. 

In the case of La Grange, we used the current allocation, increased by 25GL/a based on preliminary 

data from current investigations (Paul et ai, 2013), plus potential supply from the Wallal aquifer. The 

Dampier estimate (30GL/a) was derived from evidence which underpinned the equivalent La Grange 

as no allocation plan exists in this area - noting caution in its use until investigations underway by 

the Department of Water are complete. 

Further south, the West Canning estimate is based on the allocation plan, known use from both the 

Broome and Wallal aquifers and Departmental advice. In the Pilbara the amounts of mine dewater 

potentially available was taken from estimates made as part of the Pilbara Hinterland Agriculture 

and Diversification Initiative (PHADI) and knowledge of current mining developments. Finally, 

estimates for the Gascoyne area are based on the current Allocation Plan plus data from the 

Gascoyne Foodbowllnitiative project data - being implemented within the Water for Food project. 

Available 
Estimated Potential for Irrigation ~ 

Area (*10 ML/ha) Location Current Allocation New Medium Term 

DoW (GL) DoW (GL) (GL) (GL) Ha 

Ord East Kimberley 865 382 280 662 66,200 

Fitzroy Not set Not set 300 200 20,000 

Dampier Not set Not set 50 30 3,000 

La Grange 50 38 100 75 7,500 

West Canning 41 13 100 75 7,500 

Pit ba ra Case by Case Case by Case 300 150 7,500 

Gascoyne 22 4 10 10 1,000 

978 437 1140 1202 112700 

Table 2: Estimate of water as, O} current allocated or (ii) stili available and (iii) potential new water sources 
that maybe used for irrigation over the medium (5-25 years) term. Total water is converted to area using a 
lOML/ha conversion for horticulture and 20ML/ha for dewatering applications (Pilbara). 

Sustainability and Irrigation 

The delivery of new irrigation projects in the north depends on an array of factors, principally 

investor support, appropriate policy settings, tenure change, Native Title law, access and 

negotiations, social and cultural acceptance, environmental management and approvals and 

ensuring resource sustainability. As such, there can be long lead-in times required to address these 



issues. In the case of the Ord, recent work was preceded by almost 20 years of negotiations and 

planning. Without this background, it would not have been possible to sign the Ord Final Agreement 

(with Traditional Owners, Miriuwung Gajerrong) and commence the Ord Stage 2 works in 2008. 

With regards to water-related environmental processes, by 2008 an allocation plan for the Ord 

existed, environmental assessments had begun and initial designs incorporating pro-active 

engineering measures (e.g. tail-water basins and non-leaky infrastructure) to manage nutrients and 

watertables were in place. In addition draft management plans to prevent environmental risks had 

been prepared (Kinhill, 2000). However by the late 2000s community expectations had increased 

and Ord expansion project had to adopt a more rigorous process to show irrigation could be 

sustained and off-site effects managed. The process developed is seen as a model for projects 

throughout the North. 

Specifically, the process adopted required the proponent (Ord - State or private entity) to submit to 

formal environmental assessment by the Western Australian Government (EPA). Given the scale, 

this invoked subsequent and detailed assessments (Environmental Impact Statements or Public 

Environmental review) and responses by the EPA after public comment. Owing to its location, the 

Ord project was also referred to the Federal Government for assessment under the Environmental 

Protection and Biodiversity Conservation Act. Among others, the Ord project was required to justify 

the effect of clearing and irrigation and develop additional Management Plans (to that required by 

the EPA) on matters relating to threatened and/or protected wildlife (e.g. Gouldian Finch), aquatic 

ecosystems (e.g. sawtooth shark) and consider cumulative impacts of land and water related 

degradation such as salinity and nutrient loss to downstream environments (e.g. Keep River). 

To validate the risk-management systems chosen, the State (as proponent for the Ord) embarked on 

a series of field studies, modelling and engineering investigations. They included major soil, water 

and aquatic species studies, impact assessment and fully-worked and costed management responses 

- forecasting impacts to 50 years. In addition, each of these project consequences was 

independently reviewed by specialists working on behalf of the Federal Government, and later, by 

an expert scientific committee that was formed to retain an advisory role for the Minister 

throughout the life of the project. 

As a result of the work, several modifications were made to lessen the risk to both the projects 

viability and environment impact. These included removing areas with higher risk proposed for 

agriculture (remained bush), delaying clearing of some areas until better monitoring data was 

available (to better define management responses), changing farm designs, up scaling baseline data 



collection, additional modelling and developing real time data capture and surveillance monitoring 

systems to inform management and reporting. 

Future Development of Irrigation 

This analysis indicates that about 1200GL/a of low salinity water could be available for irrigated 

agriculture in the short to medium term. Assuming a base water-use of 10ML/ha (20ML/ha if from 

mine dewatering), these resources could be used to irrigate up to ~113 OOOha of agriculture; more if 

supplemented using wet-season rains and less if a greater crop water use is required. 

This estimate does not include additional resources from surface catchments (e.g. wet season 

pumping or dams), deep and/or remote aquifers (inland Canning, Officer, Eucla Basins), application 

of Managed Aquifer Recharge, water-use efficiency measures and developments enabling use of 

brackish supplies. Adding these will increase the potential area but also the cost of development. 

location 
Water -

known/new 
Current Use Demand 

Total 
Demand 

Available water 

GL GL GL GL GL 

Ord East Kimberley 1145 353 852 1175 

Fitzroy 200 6 1 7 

Dampier 30 6 0 6 

La Grange 75 6 14 20 

West Canning 75 6 18 24 

Pilbara 150 39 57 96 

Gascoyne 10 18 10 28 

1685 434 951 1355 

Table 3: Summary of the likely water relative to known demand from existing and proposed developments 
located in the seven areas reviewed. The Ord East Kimberley has a future demand that would require 
increased supply from a raised spillway option. Carnarvon is fully allocated and growth of 10GL assumes 
similar successful development of new sources. 
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Comparing the regional demand for land and water, it can be seen in Table 3 that in most areas, 

water is available to support growth. In the case of the Ord East Kimberley, if the forecast 

development areas (53300ha Table 1) were implemented, as currently allocated, there would 

almost (-30 GL/a) be sufficient water available, including the forecast 250 GL/a from the enhanced 

Lake Argyle spillway. If less was available, either revised forward allocations, lower water use per 

hectare, or additional efficiency measures, beyond those scoped here, would be needed. By 

contrast, in other areas, surplus exists, especially in the West Kimberley and Pilbara. In many of 

these, planning is at early stage, tenure reform is required, and allocations need to be underpinned 

or defined and triple bottom line assessments remain to be undertaken. However notwithstanding 



these issues, we contend that a science-based, inclusive planning approach, (like that for Ord Stage 2 

and currently underway in the West Kimberley), will provide the means to ensure growth in irrigated 

agriculture is achieved and the industry sustainable. 
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