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1 FOREWORD 

 

At last we have reached this most important milestone in the development of this region, the 

Community MIA & District Land & Water Management Plan (MIA LWMP).  Seven years of 

investigations, debate and decision making have resulted in this document which will provide a 

framework and direction in which we can all contribute in our own small ways to the genuine 

long term sustainability of our land. 

 

This document represents a new maturity in the history of the MIA & Districts community.  It 

proves that we can recognise our own deficiencies and problem areas.  It also proves that we 

are prepared to face up to the responsibilities to care for our land and care for our environment 

while at the same time caring for the secure futures our families.  To prove this, the MIA & 

Districts community will be investing a significant amount of money into this Plan, around 

$160 million from the farmers pockets alone and around $6 million from the urban 

communities of Griffith and Leeton. 

 

The challenge to achieve an environmental sustainability together with an economic 

sustainability has been difficult.  They seem to be diametrically opposed yet with the careful 

planning and well informed debate which we have been carrying out, I believe we have been 

able to find the critical common ground and achieve both goals. 

 

Not everyone will agree with all aspects of this Plan.  The community consultation process has 

indicated this.  However we firmly believe that when the objectives of our Plan are being met 

by the majority of our community those others will soon see the benefits to be gained by 

undertaking the recommended changes to their land and water management both on farm and 

regionally. 

 

This document also represents thousands of hours committed by those representing their parts 

of the community.  By these I mean the landholders on the Working Group. the Taskforce and 

the several sub-committees  who have put a huge personal effort in donating their time to the 

seemingly endless documents and reports to read as well as attending the many committee and 

community meetings.  As their Chairman, I sincerely thank then for this commitment. 

 

A further thanks must also go to those from the government agencies of this area who provided 

the sound technical advice to our committees.  Their preparedness to work the many long hours 

in their own time proves their commitment and belief in our Plan. 

 

The MIA LWMP will now be sent to the State Government for assessment and negotiation, the 

process of which should be completed by the end of 1998. 

 

So here it is at last: the Community MIA & Districts Land & Water Management Plan which 

now places us at the end of the beginning and will take us and our region into a sustainable and 

bright future. 

 

 

 

John Bonetti 

Chairman 

MIA & Dist LWMP Working Group  

 

Wal Hood 

Chairman 

MIA & Dist. LWMP Taskforce 
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“Continuous improvement is better than delayed perfection.” 

 

Mark Twain
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.1 This Plan is Underpinned by Two Key Assumptions  

.1 Infrastructure Refurbishment is Covered by a Separate Grant 

The MIA & Districts Land & Water Management Plan (MIA&D LWMP) has been 

prepared on the assumption that the NSW Government will provide a financial grant to 

refurbish the existing water supply and drainage infrastructure. The MIA&D LWMP 

assessments of water supply, drainage and on-farm works programs have also been 

based on the assumption that their costs and activities are additional to the works and 

activities to be financed by the proposed grant. 

.2 Existing Resources will not be Counted as Part of LWMP Funding 

The foundation of this plan is the existing work already being funded through a range 

of government, industry and community funding sources. This plan builds on that 

foundation; it does not replace it.  

The existing work was not by itself bringing about change quickly enough to ensure the 

future sustainability of the MIA. This plan provides funds in addition to these existing 

funds. This plan accelerates the pace of on farm work, and it initiates new work in areas 

that hitherto were not being addressed. Therefore this plan is predicated on the 

continuing access to the current range of funding initiatives. 

Most of the funding initiatives are based on funding of one to three years with annual 

applications. Applications are assessed and funded on a competitive basis across the 

State or Nation as the case may be. We are not able to identify all of the funding 

sources, nor the total amount of funds currently entering the MIA and Districts, 

however we can provide examples of initiatives currently providing funds and other 

resources to this region. These include: 

• Benerembah Irrigation District Environmental Protection Trust. 

• NSW Special Conservation Scheme.  

• Rural Assistance Authority grants or funds for a range of purposes including 

re-establishment finance, advisory and training grants, interest rate subsidies, 

exceptional circumstances grants, any of the funds provided under the Federal 

Government AAA package. 

• Natural Heritage Trust.  

• Salt Action (both funds and staff resources). 

• Government contributions to research projects as matching funds. 

• Water wise on the Farm. 

• Bush care. 

• Landcare. 

• MDBC. 

• Various staff employed by Government Departments offer support and 

information to farmers. It is expected that this access will continue. 

• Local Government funds provided by the State Government for any purpose. 

• Any funds accessed through research agencies for projects with regional or 

wider application that may be conducted within the LWMP area. 

• Private sources of funding for Natural Resource awards, such as the Des Keely 

Landcare Award. 

• Any funds provided directly from any Government agency prior to the 

implementation of the plan. 

• Rural partnership funds not associated with natural resource management. 
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• Funds derived for any purpose not associated with natural resource 

management. 

The Murray LWMPs are the precedents for continuing access to these funds. Under 

those plans access to pre-existing funding sources continues to be available, but it is 

subject to the LWMP and CMC reviewing each funding application. 
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.2 This Plan Fits within the Murrumbidgee Catchment Management 
Strategy  

The MIA&D LWMP has been developed under the auspices of the Murrumbidgee 

Catchment Management Committee (MCMC), a community based authority 

established under the Catchment Management Act 1989. The MCMC is responsible for 

coordinating the implementation of total catchment management policies and programs 

and for coordinating the natural resource management activities of authorities, groups 

and individuals. The MCMC is also responsible for identifying catchment needs and 

for preparing strategies for implementation. 

To fulfil its responsibilities the MCMC has prepared a regional strategy and the 

Murrumbidgee Catchment Action Plan for Integrated Natural Resource Management 

(MCAP). The MCAP identifies the broad issues and actions that will achieve the 

MCMC’s vision of: “a productive Murrumbidgee Catchment with healthy ecological 

processes and enhanced biodiversity”. The MCAP recognises LWMPs as an efficient 

means of implementing broader regional objectives on a sub-regional scale. The 

MIA&D LWMP Working Group has operated as a sub-committee of the MCMC with a 

view to ensure that the present plan was developed in the appropriate regional context 

taking account of both up- and down-stream impacts. 

The planning framework for the Murrumbidgee Catchment is illustrated in Figure 1 

below. 

Figure 1 the planning framework for the Murrumbidgee Catchment 

Objectives of Regional Scale Plans 
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property scale plans
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.3 MIA&D LWMP Working Group 

From 1991 to 1997 the following group of people worked tirelessly to resolve the 

MIA’s land and water management problems. That group was drawn from a wide 

cross-section of the local community. It embraces irrigators (both mixed farmers and 

horticulturists), dryland farmers, and graziers. It includes people who are familiar with 

both the upstream and downstream nature of our problems. 

John Bonetti (Chairman) Mixed Farmer  Benerembah (02) 6963 

4256 

Greg Brown  Mixed Farmer  Whitton  (02) 69 55 

2663 

Paul Connellan  Dryland Farmer  Balranald (03) 5020 1403 

Ian Dahlenberg  Mixed Farmer  Murrami (02) 6955 2288 

Kel Furner  Mixed Farmer  Wah Wah (02) 6965 1260 

Ken Lugsdin  Mixed Farmer  Wah Wah (02) 6965 2391 

Bob McFarland  Dryland Farmer  Oxley  (02) 6993 8168 

Ian Oag   Horticulturist  Yanco  (02) 6955 7138 

Nick Salvestro  Horticulturist  Yenda  (02) 6963 5497 

Adrian Thompson Land & Water Conservation  (02) 6953 0700 

Geoff Beecher  NSW Agriculture   (02) 69512 725 

Wally Hood  Murrumbidgee Irrigation  (02) 6962 0200 

David Tull   Griffith City Council   (02) 6962 1277 

Carsten Nannestad Murrumbidgee C.M.Coordinator  (02) 6938 

1832 

Terry Murphy   Executive Officer   (02) 6962 3922 

Alan Brink   Technical Co-ordinator   (02) 6953 0723 

Allison Hicks-Cudmore  Community Awareness Officer  (02) 6964 

4137 
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.4 MIA&D LWMP Task Force 

In 1997 the following group of people took on the task of bringing the planning phase 

to a close by drawing together all the upstream and downstream aspects of Land and 

Water Management Planning. 

This Task Force included some members of the original Working Group. However it 

was considered that additional representation from Local Government and industry 

groups would give the Task Force extra drive and focus in completing the final aspects 

of the plan. 

Mr. W. Hood    

Mr. J. Bonetti    

Mr. R. Thompson    

Mr. G. Beecher NSW Agriculture   

Mr. C. Hoare CEO, 

Murrumbidgee Irrigation 

  

Mr. I. Oag    

Mr. K. Lugsdin    

Mr. K. Furner    

Mr. A. Thompson DLWC   

Mr. B. Tucker MIA Council of Horticulture   

Mr. M. Hedditch Ricegrowers’ Association of 

Australia 

  

Mayor J. DalBroi Griffith City Council   

Mr. R. Pluis General Manager, 

Leeton Shire Council 

  

Mr. R. Campbell    
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.6 Glossary of terms 

  

Accessions Volumes of water which have percolated past the plant root zone to the 

groundwater system. 

Aeolian Wind blown soil deposits. 

Agroforestry Commercial tree plantations for timber production. 

Alluvium Stream born soil deposits. 

Aquifer systems A porous soil or geological formation which holds water and through 

which water can move slowly over long distances. A source of 

groundwater for springs and wells. 

Bay tests Used in rice fields to assess the water use in terms of percolation and 

evaporation. Irrigation bays are blocked at both ends and the dropping 

water level is observed. 

BBSWAMP The hydrological model used to simulate the volumes and frequency 

distributions of surface water supply and drainage components of the 

MIA and the consequences of various options. 

Biodiversity The variety of life forms, the different plants, animals and micro-

organisms, the genes they contain and the ecosystems they form. 

Boomerang Pipes The end of the banked Mirrool Creek floodway, about 1 km west of 

Whites Rd. 

Braided rivers Ancient underground river systems. 

Capillary rise The movement of water upwards from the watertable into the 

unsaturated soil above. 

Colluvial Locally developed soils eg hill slopes.. 

Discharge The volume of groundwater removed at a location or from an area.. 

Downstream In the case of the MIA&D LWMP, that area west of Barren Box 

Swamp to the Lachlan River. 

dS/m Deci-siemens per metre: a salinity measurement. 

Effluent Volume of water discharging from a specific source, eg tile drainage 

effluent. 

Electrical Conductivity A measure of the conduction of electricity through water or a water 

extract of soil. It can be used to determine the soluble salts in the 

extract and hence soil salinity. 

Extended horticulture The growing of horticulture (mostly grapes) on large area farms where 

sub-surface drainage must be retained on-farm. 

Gazetted horticulture Farms Gazetted under an Act of Parliament for the purpose of growing 

horticultural crops. With deregulation these traditional farms have now 

been complemented by other farms growing such crops (extended 

horticulture). The LWMP allows Gazetted Horticultural Farms 

continued discharge of saline tile drainage effluent. 

Gross margin Commodity income minus variable costs of growing that commodity. 

High watertables The area of saturated soils within 2.0m of the land surface. 

Horticultural crops Permanently planted fruit trees or vines (generally). 

Hydraulic loading policy An environmental area restriction placed only on rice growing whereby 

that property may only be permitted to grow rice on a maximum of 30% 
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of the land classified as being suitable for rice growing. 

Hydrographs A graph depicting the trend in groundwater depth (or another 

hydrological property). 

Infiltration The process of water entering the soil. 

Infrastructure Basic structure or fixed capital items of an organisation or economic 

system. 

Large area farms All other farms not classified as “Gazetted horticulture” except hobby 

farms. 

Leaching The removal of soil salts from the rootzone to deeper layers by the 

process of percolation. 

Levee soils Moderately porous soils found adjacent to more recent ancient stream 

activity. 

Lignites Ancient vegetative material forming brown coal. 

Multi Criteria Analysis A technique of evaluating uncosted environmental benefits, through 

scoring and weighting of criteria. 

Multiple Point Outfalls The proposed method of distributing small to moderate flood events to 

the lower Mirrool Creek area via channels. 

Net Present Value The current discounted value of future costs and benefits. 

Off Allocation Along the Murrumbidgee River, the water available over and above 

normal allocations due to specific high stream flow events occurring. 

Optimisation A technique to find optimal solution combinations in situations with 

multiple objectives and many options. 

Parna A soil complex of wind blown deposits.  

Per cent equity Nett assets divided by total assets expressed as a percentage. 

Perched watertables A high watertable condition where the rate of infiltration through the 

surface soil layers is greater than the rate of deeper infiltration through a 

heavier or more restrictive deeper layer. 

Piezometers Pipes placed vertically in the ground to measure the water pressure 

levels in aquifers.  

Pipeclays A Kaolonitic clay of Tertiary origin. Found between and above Calivil 

Formation aquifers. Clay suitable for pottery. 

Pressure levels The level to which water will rise in a piezometer due to the water 

pressure in an aquifer. 

Prior streams Ancient stream systems. 

Ramsar Australia is a contracting party to the Ramsar Convention on wetlands. 

This obliges us to designate and protect wetlands of international 

significance. 

Recharge Volumes of water that have entered the groundwater system at a 

location or area. 

Remnant vegetation The remaining native vegetation of a specific area. 

Salinity credits Represents the restricted ability of NSW and Victoria to implement 

LWMP actions involving the discharge of salts to the Murray River 

system under the MDBC S&D agreement of 1988. 

Saturation extract The extracted moisture of a saturated soil paste in a laboratory. The 

salinity of this extract is a measure for plant response to salinity. 

Shoestring sands Thin layers of sand in the soil profile capable of conveying 

groundwater. 

Soil amelioration The action(s) by which the physical or chemical characteristics of a soil 

are improved. 
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Tertiary An era in geology, between 1 million and 100 million years ago. 

Tile drainage Horizontal tubing at about 1.5-2 metres below the surface to remove 

groundwater by gravity. May consist of porous clay pipes or plastic 

perforated pipes. 

Tubewell drainage Pumping from vertical casing and screens inserted into an aquifer to 

remove groundwater and lower the watertable level. 

S/cm Micro-siemens per centimetre - a salinity measurement.  

Water allocation The volume of water allocated to each farm in the Murrumbidgee 

Valley under the 1983 scheme. Each year a proportion of the allocation 

is made available, dependent on the state of the Burrinjuck and 

Blowering storages. 

Water balance A method of reconciling all volumes entering or leaving a region, the 

rootzone, or the groundwater system.. 

Waterlogging  The persistence of saturated soil conditions, which may result in crop 

yield loss. 

Whole farm planning The process of considering all relevant physical factors including soils 

and salinity whilst planning the irrigation/drainage design layout of a 

farm 
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.7 ACRONYMS 

  

ASL  

BBS Barren Box Swamp 

BCR Benefit Cost ratio 

BID Benerembah Irrigation District 

BIDEPT Benerembah Irrigation District Environment Protection Trust 

BMP Best Management Practices 

CAMBA China - Australia Migratory Bird Agreement 

CIA Coleambally Irrigation Area 

CMC Catchment Management Committee 

CRC Cooperative Research Centre 

CSIRO Commonwealth Scientific Industrial Research Organisation 

DLWC Department of Land and Water Conservation 

DSS Decision Support System 

DLWC Dept. Water Resources (now DLWC) 

EIS Environmental Impact Statement 

EM Electro-Magnetic 

EMR East Mirrool Regulator 

ET Evapotranspiration  

EPA Environment Protection Authority 

FCW Flood Control Works 

GIS Geographic Information Systems 

GL Gigalitre (1 million ML) 

GMS  

ICRC Irrigation Community Representative Committee 

ID Irrigation District 

IREC Irrigation Research and Extension Committee 

IRR Internal Rate of Return 

JAMBA Japan - Australia Migratory Bird Agreement 

LEP  

LMC Lower Mirrool Creek 

LWMPAT Land and Water Management Plan Assessment Team 

LWMP Land and Water Management Plan 

MCA Multi Criteria Analysis 

MCAP Murrumbidgee Catchment Action Plan 

MCMC Murrumbidgee Catchment Management Committee 

MDBC Murray Darling Basin Commission 

MI Murrumbidgee Irrigation Corporation 

MIA Murrumbidgee Irrigation Area 

MIACHA MIA Council of Horticultural Associations 

MIA&Ds MIA and Districts 
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ML Megalitre - a water volume description (1,000 m3) 

MPO Multi Point Outfall 

NHPS Northern Hay Plains Scheme 

NPV Nett Present Value 

NPWS National Parks & Wildlife Service 

NRMS Natural Resource Management Strategy 

NTU  

PMP Property Management Plan 

R&D Research & Development 

RAS Rural Assistance Scheme 

REPAG Rice Environmental Protection Advisory Group 

RGA Rice Growers Association 

RIVROC  

RTA Roads & Traffic Authority 

S&D (MDBC) Salinity & Drainage 

S&D (Wah 

Wah) 

Stock & Domestic 

SCADA  

SBC Serial Biological Concentration 

SKM Sinclair Knight Merz 

SOC State Owned Corporation 

SSAM Soil Salinity Assessment Model 

SURFER  

WMW Water Management Works 

WUA Water Users Association 

WUEIS Water Use Efficiency Improvement Scheme 

WW Wah Wah 

WWID Wah Wah Irrigation District 

WW LWMP Wah Wah Land & Water Management Plan 

YMS  
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2 INTRODUCTION 

This Plan started life in 1989 in response to widespread damage and community unrest 

caused by the floods of that year. It started as an “Integrated Drainage Scheme for the 

MIA & Districts.” Not surprisingly, at first all energy went into searching for the final 

solution for the MIA’s drainage problems.  

However it soon became clear that the issues confronting this region involved much 

more than drainage alone. Many environmental concerns had to be addressed before we 

could arrive at a set of guidelines capable of ensuring the environmental and economic 

sustainability of our region. 

The underlying problem is the fact that we live in an altered environment. The 

incidence of flooding is bound to be higher than natural frequencies because the local 

landscape has been permanently altered by irrigation farms, dryland farms and large 

urban areas. On top of this are the overlying problems of inefficient supply systems, 

inefficient irrigation practices and inefficient drainage systems. And in the MIA, 

perhaps more than anywhere else in Australia, these problems are tangled together in 

scattered webs of complicated local issues. 

The problem is also bigger than just an excess of surface drainage. Inefficient water use 

also allows too much seepage into the groundwater system. This in turn causes 

watertables to rise. This hard-to-see problem threatens to salt out large areas of the 

MIA & Districts. Fortunately, our efforts to water more efficiently will slow watertable 

rise as well as reducing surface drainage. 

The following pages outline a plan of attack for making Land and Water Management 

more efficient. Our plan shows that big improvements can come from well thought 

through changes. 

The January 1997 Draft Plan dealt principally with those issues which address the areas 

east of Barren Box Swamp. ie. the “upstream” areas. Around 90% of all drainage 

emanating from this area is collected in Barren Box Swamp and then re-used in 

Wah Wah Irrigation District. Many of the environmental problems which occur in these 

“downstream” areas, ie. west of Barren Box Swamp, are as a result of the excess 

drainage from those “upstream” areas. Therefore the greatest priority was given to 

developing programs to reduce both surface drainage flows and seepage flows into the 

ground from these “upstream” areas. 

This final plan integrates those upstream improvements with a series of downstream 

improvements. It also recognises that the local areas of Wah Wah, Lake Wyangan and 

the Benerembah Irrigation District are somewhat different in their environment and 

their water management. This has been recognised through the detailed investigations 

carried out for these areas. However, the basic issues remain common with the other 

areas covered by this Plan, and the recommendations made in this Plan apply equally to 

those sub-regions.  

Significant improvements in "upstream" water use will reduce the total volume of 

drainage water flowing downstream. Any resultant downstream supply shortfall will 

have to be addressed by optimising management of Barren Box Swamp and, when 

necessary, providing supplementary flows from the river. 

.1 Why We Need a Plan 

Without a Land and Water Management Plan (LWMP) we would face a series of 

problems in the first decades of the new century. Most problems would centre around: 
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◼ the effects of excess drainage and flooding; 

◼ the effects of waterlogging and land salinity on agriculture; 

◼ the effects of high watertables and land salinity on the maintenance of 

roads and electricity supply; 

◼ the effects of deteriorating water supply systems on agriculture; 

◼ a reduction in asset values, income and general business decline; 

◼ a gradual deterioration of water quality; 

◼ a similar decline in our natural resources. 

We have tried to estimate the economic cost of these problems for the next thirty years. 

This look at the future without a plan provides a benchmark for the benefits of the plan. 

As with all economic evaluations, these estimates rely on a series of assumptions. A 

separate report, Agricultural Effects of Land Salinisation and Waterlogging, details 

these assumptions as well as the technical approach used in measuring benefits and 

costs. 

.1 Excess drainage and flooding cause problems downstream 

This plan is a direct response to the record floods of 1989. In that year 200 GL swept 

over the Lower Mirrool Creek Floodway. By contrast, average floods involve about 25 

GL. 

Without a plan, ongoing flooding in Lower Mirrool Creek, caused by activities in the 

MIA & Districts, will cause average total costs to downstream landholders of about 

$470,000 per year, according to one estimate (Kinhill). According to another estimate 

(Sinclair Knight Merz) the costs to downstream landholders have a net present value of 

$2.3 million.  

On average about 245 GL of drainage is generated in the MIA & Districts. About 163 

GL of this reaches Willow Dam1. Most drainage is reused, either internally or in the 

Wah Wah Irrigation District (WWID). 

.2 Waterlogging and land salinity reduce agricultural returns 

Without a plan, waterlogging and land salinity costs to agriculture will amount to $11.4 

and $26.2 million respectively over the next 30 years. This gives a combined total of 

$37.6 million over the next thirty years. (The total impact on farm profitability will be 

$13.3 million.) 

Viewed differently, the impact on the local economy is even larger. Previous studies 

suggest that every dollar generated on-farm generates more than $3.40 worth of 

economic activity in the local economy. This happens because the local economy is 

influenced by how much farmers have to spend, and by the local demand for 

processing, distribution and marketing services. Waterlogging and salinity are therefore 

expected to reduce the local economy by the equivalent of around $130 million over 

thirty years. 

.3 High watertables increase maintenance costs for roads and power supplies 

High watertables and waterlogging weaken road bases. Therefore they increase road 

maintenance costs. Similarly waterlogging at the base of power poles shortens their 

economic life. Local government estimates put the present value of increased road 

maintenance costs at $4.6 million. Increased power infrastructure maintenance will 

account for the equivalent of $1.8 million over thirty years. 

                                                           
1 Willow Dam is a major diversion point immediately upstream of Barren Box Swamp. 
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.4 Deteriorating water delivery systems increase costs to agriculture 

It has not been possible to place a dollar value on the costs forced on irrigators by 

continued deterioration in the water delivery system. Costs do exist though. Therefore, 

we have listed the nature of the costs as follows: 

◼ waterlogging from seepage and channel failure. 

◼ raised watertables and increased land salinity as a result of seepage losses. 

◼ higher water charges because of increasing water losses. 

◼ less timely irrigations because of declining flow rates. 

◼ higher risk with (and therefore less production of) high value crops because 

of uncertain irrigation  timing. 

.5 Murrumbidgee Irrigation Licence Requirements 

Murrumbidgee Irrigation can only operate within licences granted to it by the 

Department of Land and Water Conservation (DLWC) and the Environment Protection 

Authority (EPA). Murrumbidgee Irrigation has statutory obligation under the Irrigation 

Corporations Act 1994 to have an approved Land & Water Management Plan (LWMP) 

in place as part of the DLWC Water Management Works (WMW) Licence and the 

EPA Pollution Control Licence.  

These are key reasons for having a LWMP for the MIA & Districts. Moreover, the 

WMW Licence needs to be renewed every 15 years, and the EPA Licence each year. 

.6 Urban Impacts 

The city of Griffith (pop. 22,500) and the town of Leeton (pop. 6,500) lie within the 

area of the MIA&D LWMP. These major urban centres provide services to support the 

surrounding intensively irrigated farmlands. They also provide community services like 

health, welfare, education, recreation and culture for all residents of this area. 

As with most rural communities, a symbiotic relationship develops between the 

“townies” and the “cockies” yet it can be argued that although the townsfolk need the 

surrounding agricultural industries to flourish for their survival, the opposite does not 

necessarily apply. It is for this reason as well as the environmental impacts which these 

two major centres contribute to the surrounding landscape that an urban contribution to 

the MIA&D LWMP has been sought. 

These environmental impacts come principally in the following ways:- 

◼ Sewage effluent 

◼ Stormwater runoff 

◼ Water use 

.1 Sewage Effluent 

Griffith’s sewage undergoes primary, secondary and tertiary treatment at a plant just 

west of the city. This is not a closed system and overflows into the regional drainage 

system are part of the process. While this is carried out under strict licence conditions 

with the Environment Protection Agency (EPA), a contribution of salts and nutrients 

are added to the regional drainage system via Main Drain “J” which in turn drains to 

Mirrool Creek and then Barren Box Swamp. 

This salt load of around 4,000 tonnes per year as well as the nutrient load adds to the 

already high salt and nutrient loads in the regional drainage system. It must be carefully 

managed as these flows are re-used by Wah Wah landholders. Salt build up in 

Wah Wah is degrading the local environment. That is one of the fundamental reasons 
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for developing the MIA&D LWMP. Algal blooms in the Wah Wah region may be due 

to the occasionally high nutrient loads in their water. 

.2 Stormwater Runoff 

Significant volumes of water are drained to the regional drainage system from the 

urban centres of Griffith and Leeton following storms. These extra volumes, coupled 

with the high nutrient loads in the initial drainage flows, place an additional burden on 

the drainage system. Moreover, storms also flush surface salts into the drainage system 

from those areas suffering urban salinity problems. 

.3 Water Use 

The very act of taking water from the regional system makes all residents of the MIA & 

Districts shareholders in the overall environmental decline of this region. The 

maintenance of lawns, gardens and parklands in this semi-arid environment requires a 

lot of water. Not all of this water is taken up by those plants. Inefficient watering 

systems and inefficient watering techniques, often combined with plant varieties that 

are inappropriate for this climate, cause a lot of garden irrigation water to seep into the 

regional groundwater system.  

Urban salinity is evident in many parts of Griffith and Leeton. This can be directly 

attributed to over irrigation of urban lawns and gardens. 

.2 Community Consultation 

Community consultation has been our priority since the first public meeting to discuss 

the need for a Land & Water Management Plan. The people at that meeting (in August 

1991) agreed a plan was needed. It also gave responsibility for developing the plan to a 

Working Group of ten community members and three government employees.  

Since then, the Working Group has strived to keep in contact with grass-root concerns 

and ideas. For example, we used community focus groups regularly to test ideas while 

developing the plan. 

Our direct links with the community are vital. There are many difficult decisions to 

make, and the livelihood of many people is at stake. Therefore, we want to make sure 

that solutions are not imposed on the local community by government agencies. The 

MIA deserves local solutions for local problems. 

But not all the MIA’s salt and waterlogging problems are obvious. So, at first it was not 

easy for community members to understand the seriousness of the problem let alone the 

need for change. Nor was it easy for them to make informed contributions to the plan. 

To help people get involved, in 1993 we started an intense “Community Awareness 

Program.” 

Experience in other communities shows that without awareness, plans are adopted 

slowly. Moreover, people in those communities remain wary of the plan. We wanted to 

avoid these problems. We also wanted to invite all interested parties to join in early in 

the planning process. 

Our first job was to engage a full time Community Awareness Project Officer (CAPO) 

to ensure the program of community awareness, consultation and motivation was 

initiated then maintained in a well informed and timely manner.  

One of the first functions was to initiate a “Key Persons Forum”. This forum involved 

more than 30 delegates from: local government; chambers of commerce; education; 
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media; vegetable growers; environmental groups; CWA; progress associations; service 

clubs; Landcare; large area irrigators; horticultural irrigators; and channel attendants. 

As a result, throughout the entire program we have endeavoured to: 

• Use existing group structures and meeting schedules. 

• Encourage hands-on participation from groups and schools. 

• Enlist broad media support. 

• Enable two-way communication (through questionnaires, and surveys). 

• Enlist the support of high profile identities and corporate sponsorship. 

• Stimulate discussion through controversial messages. 

• Include multi-lingual information. 

• Stress the plan’s fairness, economic concerns and non-threatening nature. 

We made all the information we gathered freely available, and we distributed it widely. 

But we did much more than make information available. The methods used to involve 

the community were:- 

• Holding public meetings. 

• Addressing grower discussion groups. 

• Addressing farmer industry groups. 

• Addressing Local Government. 

• Addressing service clubs. 

• Addressing government agency staff. 

• Initiating school activities. 

Our Awareness Program also used existing events and competitions. Where 

appropriate, we helped other organisation to build awareness. Some of our joint efforts 

included: 

• Combining with the Irrigation Research and Extension Committee (IREC) 

on the annual Irrigated Farm Competition. 

• Assisting in the development of the Drainage Retention Program. 

• Joining with the CSIRO symposium on Water Quality Guidelines. 

Apart from using existing networks, we ran a series of focus groups, seminars and 

workshops to deal with the biggest issues covered by the Plan.  These included 

seminars related to; 

• On-farm Options. 

• Forum on Farm Business. 

• Chemicals in Agriculture. 

• Kids for the Environment Day. 

When it comes to creating awareness, nothing is better than the mass media. Our 

support staff cemented firm working relationships with most regional and local media 

outlets. We contacted those outlets to publicise all our major events. We also provided 

them with a steady supply of hard news, interviews and paid advertisements. 

Although mass media is great for awareness, understanding comes from more targeted 

information. We explained our plan with highly targeted material including: 

• A ten minute video. 

• Newsletters. 

• A status Report and 

• A static display which was set up at many public events. 

Because communication is a two way street, we have also sought information from; 

• Farm Cell Survey 

• Main Street Survey 
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Leading up to the community release of the first draft LWMP upstream document a 

widespread media campaign was instigated. A series of three 30-second television 

community announcements were locally produced using local actors and broadcast on 

the regional station for about 8 weeks, at a rate of about three times per day. 

A radio jingle was also produced locally and was played consistent by the Riverina 

Regional ABC FM, 2 RG, 2 HAY FM and 2 MIA FM. 

Both the radio and television advertisements were superimposed with wording denoting 

venues and times for all four meetings and address and phone number for people to 

contact with their response to the Plan. This was coupled with constant media releases 

in all regional newspapers including The Rural News, which has a coverage across all 

of the MIA and Districts. 

Classified advertisements were also take out in these newspapers denoting times and 

venues for meetings alongside the Plan "hotline" and address for draft responses. 

Several interviews were arranged with news journalists and our LWMP Chairman John 

Bonetti, urging all people to read the Plan and make comment. 

The four public meetings were held at strategic points across the Plan boundary 

including: 

 ~ Griffith Regional Theatre, Monday March 3, 1997  

 ~ Stan Axtil Centre (Leeton), Wednesday March 5, 1997 

 ~ Hay Soldiers Club, Friday March 7, 1997 

 ~ Goolgowi Ex-Servicemen's Club, Monday March 10, 1997. 

All meetings were held back to 8.00 pm to ensure the farming community had ample 

time to attend. All up, more than 200 people attended the four meetings, which were 

run in an orderly fashion with exactly the same speakers except where possible, local 

LWMP members were used at each venue to show the community we had included 

their thoughts in the process of drawing up the draft document. 

Following the release of the draft LWMP upstream section in February 1997 and the 

public meetings and consultation in the ensuing months, much of the community 

consultation took place in a more informal setting during telephone conversations or by 

way of direct information sessions using existing farmer and broader community 

groups. 

Because the broader urban community was then more aware of the issues involved, 

more work was carried out between local government and the LWMP Task Force 

requiring discussion documents and liaison between the two groups. 

Much more focus was put on maintaining a high presence in the local print media 

groups and through existing publications managed by commodity and grower 

organisations. 

As the Task Force meetings increased and were more regular so was the generation and 

distribution of press articles and photographs. Important decisions made by the Task 

Force were highlighted and direct links drawn between these decisions and their 

impacts on existing policies or mindsets within the community. 

The LWMP contribution of community awareness was again given high priority within 

the Irrigation Research and Extension Committee Irrigated Farm Competition in 1996 

and 1997 as the media interest in the best management practices central to the 

competition's theme, still remained the backbone of the plans intentions. 
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The CAPO was also called on to represent the Task Force on various sub-committees 

and at a multitude of presentations and forums throughout the final stages of the writing 

of the second and third draft Plans. 

Community consultation will continue to be an integral component of this 

Plan well into the implementation phase. 
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3 THE MIA & DISTRICTS - AN OVERVIEW 

.1 District Summary 

The MIA&D LWMP covers more than 480,000 hectares. It includes the Yanco and 

Mirrool Irrigation Areas (centred on Leeton and Griffith respectively). It also includes 

the associated Irrigation Districts of Benerembah, Tabbita and Wah Wah. 

Numerous Aboriginal sites, pre-dating European settlement, are located around this 

region. These are now listed with the Wiradjuri People who maintain a Land Council 

office in Wagga Wagga. 

Today around 36,000 people live in the MIA & Districts. Most (nearly 65%) live in 

Griffith, Leeton or smaller towns and settlements. Agriculture is the basis of the local 

economy. Griffith and Leeton Statistical Local Areas (population 33,116) generated 

$380 million during 1994-95 while employing 20% of the local workforce. It also 

supports a range of food processing and service industries. 

The MIA’s dominant manufacturing industries are associated with food processing. 

Food and beverage production accounts for nearly half of all manufacturing. And this is 

rising rapidly. For example, in 1997 the local wine industry was estimated to be worth 

$70 million at the farm gate alone. 

Total manufacturing turnover in 1993-94 was $312 million with $43 million paid out in 

wages and salaries. Tourism is valued at $35 million annually. 

These secondary and tertiary industries are built on the foundation of the MIA's 

primary industries, especially irrigated agriculture and horticulture.  

Large scale irrigation began at Yanco in 1912 following construction of Burrinjuck 

Dam. Initial production centred on horticulture, dairying and other pasture enterprises. 

Rice was grown experimentally in 1924. Since then, it has become the MIA’s major 

large area farm commodity. Yanco and Mirrool Irrigation Areas were expanded 

between World War II and the 1960s. Mostly, this consisted of “large area farms” 

(about 180 hectares each).  

Wah Wah and Benerembah were developed in the 1930s, essentially to make use of the 

drainage water from Yanco and Mirrool. They were established as stock and domestic 

supply schemes with some supplementary pasture irrigation. However, rice growing 

began in Benerembah soon after World War II. Today it is grown on the vast majority 

of farms (126 out of 133). Rice growing in Wah Wah began in the late 1970s and 

expanded rapidly.  

The MIA and associated Irrigation Districts now comprise about 3,000 agricultural 

holdings. Some individual farms, however, include a number of holdings. There are 

about 2,000 farm businesses, of which 1,000 are large area farms and 1,000 are 

horticultural farms. The major irrigated enterprises are rice, wheat, citrus, wine grapes, 

peaches, vegetables, prime lambs, wool, and beef cattle. 
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Table 1 Production and value of major commodities 

Industry Area (ha) Production 

(tonnes) 

GVP 

($ million) 

Year Source 

Rice 42,467  361,300 65 (farm gate)  96/97 RG Cop 

Wheat 18,775  53,288  12.4  94/95 ABS 

Barley and Oats 11,973  18,281 4.5  94/95 ABS 

Citrus 1.9 (million trees) 111,403  44.1  94/95 ABS 

Grapes 5,164 (ABS 94/95)  111,667 

(fresh wgt) 

67 (farm gate)  96 WGMB 

Vegetables  78,633  27.5  94/95 ABS 

Sheep - meat 

Sheep - wool 

  3.9  

 

9  

94/95 

 

94/95 

ABS 

 

ABS 

Cattle - meat   17.5  94/95 ABS 

Poultry - eggs 

 

Poultry - meat 

 9.8 

(million 

dozen) 

18.9 (million 

birds) 

6.5  

 

 

62.6  

  

ABS data is for Griffith and Leeton SLAs (nearly same as plan area east of BB Swamp 

Rice Growers’ Co-op data is for Yanco, Mirrool, Benerembah, Tabbita, Warawidgee and Widgelli area 

 

Farm size in the Yanco and Mirrool Irrigation Areas was originally regulated by 

government. The “Home Maintenance Area” concept guided regulations. The origins of 

this concept lay in the ideals of Closer Settlement. Closer Settlement was intended to 

create a class of independent farming families, achieve rapid regional development and 

share resources fairly. It had little concern with economic efficiency. 

A Home Maintenance Area (HMA) was defined as the area required to maintain an 

average family in average seasons and circumstances. Government Agencies could 

adjust the actual size depending on land use and economic conditions. Two broad 

categories emerged: smaller “Gazetted Horticultural Holdings” (producing tree crops) 

and larger “Large Area Farms” (producing broad acre crops). No one person was 

allowed to hold more than 100% of a Home Maintenance Area. This was later revised 

to 140% for economic reasons. The regulations were also designed to discourage 

absentee landlords and corporate ownership.  

Although it is some time since these provisions were fully enforced, their legacies will 

take time to disappear. The main legacies are small farm size, over-capitalisation and 

consequently low operating surpluses. Reliance on outdated irrigation technologies and 

irrigation management techniques is also blamed on these problems. 

In 1996 the Griffith City Council investigated the effects of the HMA policies and the 

expansion of horticulture on to large area properties. The Council subsequently 

recommended that the NSW Government should abolish HMA regulations and allow 

corporate ownership of land in the MIA. be permitted. The MIA&D LWMP Working 

Group fully endorsed these recommendations. In June 1997, the NSW Parliament 

passed legislation to bring about these changes 

.2 Natural Resources 

The MIA lies geographically on the northern fringe of the Riverine Plain, north of the 

Murrumbidgee River. It covers approximately 3624 square kilometres, and it is richly 

endowed with natural resources. 
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.1 Climate 

The following climatic data was obtained from the CSIRO Research Station near 

Griffith. 

.1 Temperatures 

The MIA & Districts can be characterised as having hot summers and cool to mild 

winters. On average about 5-6 frost nights occur mainly in the June/August period. Up 

to 44 frost nights occur in dry winters. Summer maximum temperatures average around 

31ºC with extended periods above 35°C and higher temperatures again greater than 

40°C being not uncommon. Winters tend to be cool to cold with a significant chill 

factor. 

.2 Humidity 

Summers tend to be dry with 3.00 pm humidity averaging 30%. The winters are always 

more damp. Fogs are not unusual in winter. 

.3 Wind 

Winds tend to peak in November at around an average of 10 km/hr and reduce to an 

average of 5 km/hr in June. The stronger winds in spring combined with the lower 

humidity and higher temperatures can create problems with summer crop establishment 

and winter crop finishing on large area farms. Hot dry summer winds result in high 

crop and pasture ET’s during that period. 

.4 Rainfall 

The average annual rainfall is 406 mm but has ranged from 256 mm(10% year) to 609 

mm (90% year). Mean rainfalls are relatively uniform throughout the year ranging from 

a low of 27.8 mm in February to 40.4 mm in August. Summer rainfall is most usually 

effective for crops. Rainfall during April (harvest time) and October (sowing time) may 

impede farming operations. 

Summer rains (October - March/April) are normally from cumuliform cloud, erratic in 

nature, unpredictable and are of relatively high intensity and short duration. Winter 

rains tend to fall from stratiform cloud and as such are of longer duration and lower 

intensity. 

.5 Evaporation 

Mean monthly Class A pan evaporation peaks at 294 mm (9.5 mm/day) in January 

dropping to 43 mm (1.5 mm/day) in June. Mean total evaporation is 1869 mm or 18.69 

ML/ha. 

.2 Geology 

The area is characterised as the boundary zone between the Palaeozoic massif of 

eastern Australia and the Cainozoic deposits of the Murray Basin. 

The MIA lies in a geological transition zone. Towards the east the country becomes 

increasingly hilly and Palaeozoic outcrops become stronger and eventually culminate in 

the Eastern Highlands. To the west is an area of low relief with older rocks outcropping 



 23  

for 650 km. In this direction young alluvial and aeolian deposits occur and terminate at 

the Mount Lofty Ranges in South Australia. 

Bedrock dips from the northern boundary of the MIA, which is also the edge of the 

Riverine Plain, to the south. Near the line through Gogeldrie Weir and Willbriggie the 

depth of bedrock is in the order of 100 metres.  

Overlying bedrock are Tertiary sediments, which also dip down from north to south, 

possibly in a stepwise fashion. In the Bilbul area, which was occluded from the 

influence of the main river system, lignites and some brown coal may be found at 60-

100 metres below the surface. 

The top of the Tertiary sediments consists of pipeclays and fine sands mixed with 

alluvium. These occur at about 20-40 metres depth to the north and 40-50 metres in the 

south.  

Overlying these sediments in turn is the alluvium which was deposited by braided 

rivers and finally, prior streams from the Murrumbidgee and Mirrool Creek Catchments 

and forms the riverine plain. These prior streams were particularly active approx. 

10,000 years ago when the Murrumbidgee River broke into distributaries and the area 

was subject to much greater flooding. More recently windblown deposition has 

occurred leading to a complex and diverse range of soil types. 

Sedimentary rock outcrops occur in several locations to the east and north of the MIA. 

These ranges are capped by Devonian siliceous conglomerates, quartzites and 

sandstone. There are also two small outcrops of igneous rocks in the Benerembah area 

and a small discordant granite intrusion into the surrounding sedimentary rock occurs 

near Murrami. 

.3 Topography 

The topography is basically flat open plains with a number of linear depressions being 

visually obvious within the micro-relief. Occasional occluded depressions are scattered 

across the landscape. They are shallow and generally only hold water in wet years with 

the exception of some major wetlands. 

Rock outcrops (the Mirrool, McPhersons and Cocoparra Ranges) rise to over 300m 

above the plain but are restricted to the northern and eastern parts of the area. The only 

other relief is in the south-western portion of the area and consists of low aeolian 

sandhills which are associated with a system of prior streams.  

The elevation of the area varies from 135m ASL in the east to 100m ASL in the west. 

The general grade of the land is to the west at an average of 0.4m per 1,000m. 

.4 Landform 

The riverine plain is a relic landform of alluvial deposits and prior streams, overlain by 

more recent windblown depositions. There are 5 main outcrops of sedimentary rocks 

(McPhersons Range, Cocoparra Range and Southern Outliers, Wumbulgal Hills, 

Mirrool Range and Leeton Hills), basalt outcrops and a granite intrusion. 

Natural drainage in most of the MIA and Districts is by Mirrool Creek, which rises near 

Temora, is joined by Little Mirrool Creek and discharges into Barren Box Swamp. 

Beyond Barren Box Swamp, Lower Mirrool Creek is a series of ephemeral swamps and 

depressions which can eventually reach the Lachlan River south of Booligal during 

extreme floods (4 times since 1956). Other ephemeral water courses include Wah Wah, 

Cabbage Garden and Anders Creeks drain into the Lower Mirrool Creek. The Lachlan 

River forms part of the western boundary of the Wah Wah Irrigation District. 
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In the MIA two distinct stratigraphic areas divide northern areas with infrequent 

shallow aquifers from the southern areas, with shallow aquifers (to 12 m) in prior 

stream sediments. Deep aquifers (greater than 20 m) underlie much of the area. The 

regional groundwater is generally 13-19 m deep in the Wah Wah Irrigation District 

with discontinuous “perched” aquifers within 2-6 m of the surface. 

.5 Soils 

Soils of the riverine plain are predominantly red brown earths, these are duplex soils. A 

transition of soil types is associated with prior streams. Sand and gravel deposits define 

the prior streams, near prior streams the soils are often clayey near the surface merging 

to more sandy deposits at depths varying from 1 to 10 metres. Away from the prior 

stream systems large areas of transitional red-brown earths and self-mulching clays 

occur. 

In Wah Wah, Riverine floodplain clay soils occur in the south, merging into an 

undulating mallee landscape in the north. In between, the area contains transitional 

mallee soils characterised by superficial materials usually containing a fairly high 

proportion of fine lime. Salt levels in the subsoil prior to irrigation are usually high. 

Prior stream activity has had little influence in formation of the sediments and there are 

few aquifers at shallow depths. However, both Wah Wah and Benerembah Districts are 

underlain by widespread lacustrine sands and gravels at depths of 20 metres or more. 

Along the hill slopes colluvial soils are commonly found. These soils tend to be more 

permeable and have better physical characteristics, partly because of the presence of 

aeolian clay material (called “parna”). Parna was deposited as a blanket over the north 

eastern part of the Riverine Plain and resulted in improved soil structure and good 

internal drainage. 

The more permeable colluvial soils near Griffith and the prior stream soils near Leeton 

have been developed for irrigated horticulture, with grapes and citrus being the main 

crops. 

However, over most of the plains the soils have relatively poor physical characteristics, 

low infiltration and internal drainage, high bulk density and a tendency for the subsoil 

to disperse. As a result, the growing of rice and pastures, not influences as much by 

these factors, has been the most successful enterprises. The self-mulching soils, 

comprising of about 20% of the landscape are more suitable for a wider range of crops, 

including row crops such as vegetables, maize and soybeans. 

.6 Biodiversity 

Biodiversity is the variety of all living things - the species, the genes they possess and 

the ecosystems they form, all of which include and support human life. Biodiversity 

provides food and other products as well as clean air and water, and fertile soils. 

Biodiversity strategies are being developed to balance ecological, social and economic 

objectives. The LWMP is attempting to balance these same objectives within the 

context of ecologically sustainable development for this region. 

The natural environment of the MIA and Districts has been modified by pastoral and 

agricultural development as well as urban and rural residential settlement. Irrigation has 

considerably altered the natural environment. Agricultural practices have lead to the 

clearing of native vegetation and the application of large volumes of irrigation water 

have resulted in changes to biodiversity, rising watertables, waterlogging and surface 

salinity. 
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Irrigation development has altered the hydrological regimes of ephemeral wetlands, 

depressions and water courses. Remnant vegetation is still retained on Crown timber 

lands, such as travelling stock routes and reserves, along riverine corridors and 

wetlands/swamps/depressions, farm lands, roadsides and channel verges. At present a 

remnant vegetation study of roadsides has been initiated for Hay, Carrathool, Griffith 

and Leeton Shires and a literature survey and field studies have been undertaken. 

Native fauna has changed as a result of the agricultural development, introduction of 

exotic plants and animals and establishment of a much wetter environment. Land 

clearing for grazing and cropping has reduced the availability and suitability of habitats 

for many native dryland birds. However, the wetlands and water courses have provided 

habitat for a number of endangered waterbirds and migratory species. In particular 

recognised breeding sites have been identified and management plans are being 

developed. 

A number of pest plants and animals occur. Carp, alligator weed, noogoora burr and 

Bathurst burr are particularly important pests. 

The MIA and Districts were inhabited by the Wiradjuri People. A number of 

Aboriginal heritage sites have been identified and recorded. These include sites at 

Koonadan, Scenic Hill, McPhersons Range and along Mirrool Creek. Protection and 

management of the sites has been determined by NPWS and local Aboriginal groups. 

As part of the Bioregional Conservation Strategy for the Riverina, an Aboriginal 

Heritage project is being conducted to confirm sites and areas that require protection 

and management as well as identifying potential areas that may be surveyed for 

Aboriginal Heritage sites in the future. The Bioregional Conservation Strategy is also 

gathering natural heritage information including: geomorphology, vegetation, land 

capability, tenure and locations of threatened flora and fauna. 

.1 Fauna 

The reduction of native vegetation cover due to agricultural development and the 

establishment of a much wetter environment has resulted in changes in the abundance 

and diversity of native fauna. Irrigation development has disadvantaged fauna 

dependent on native trees or ground cover. Some birds have been affected by removal 

of habitat such as lignum swamps, black box woodlands, and riparian red gum 

woodlands (ref Grose 1994 & 1996).  

However, some wetland fauna have been advantaged and the MIA wetlands have been 

included within the flyway of migratory birds. International Bird Agreements include 

requirements for countries to conserve the habitats of specified birds. Two agreements 

are particularly relevant for the MIA and Districts - the Japan Australia Migratory Bird 

Agreement (JAMBA 1981) and China Australia Migratory Bird Agreement (CAMBA 

1988). The species recognised by these agreements and recorded in the MIA are 

identified along with other endangered species. 

Table 2 Summary of fauna recorded in the MIA and Irrigation Districts 

Fauna Diversity 

of 

Species 

No. of 

Threatened 

Species 

Threatened Species 

(Threatened Species Conservation Act, 1995) 

Mammals 
27 3 

Vulnerable: koala, greater long eared bat, spotted-tailed quoll. 

Birds 228 16 Vulnerable: magpie goose, blue-billed duck, freckled duck, 

painted snipe, black-tailed godwit, Australasian bittern, square-

tailed kite, grey falcon, osprey, brolga, shy hylacola, pink 

cockatoo, turquoise parrot, superb parrot, painted honeyeater. 

Endangered: Bush thick-knee 
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CAMBA and JAMBA: Painted Snipe, Ruddy Turnstone, 

Sharp Tailed Sandpiper, Red Knot, Curlew Sandpiper, Pectoral 

Sandpiper, Rednecked Stint, Long Toed Stint, Latham’s Snipe, 

Bar Tailed Godwit, Blacktailed Godwit, Ruff, Wood Sandpiper, 

Common Sandpiper, Greenshank, Marsh Sandpiper 

Reptiles 31   

Amphibians 7 1 Endangered: Litoria raniformis 

Fish 17 2 Restricted: Murray galaxias, purple spotted gudgeon 

.2 Flora  

Agricultural and pastoral development has removed most of the original native 

vegetation in the MIA and Districts such that only remnant areas of native vegetation 

remain (ref Grose 1994 & 1996). Original vegetation was typical of a 400 mm rainfall 

semi arid environment. Remnant vegetation is still retained on McPhersons Range, 

State Forests and other Crown lands (such as timber reserves, travelling stock routes, 

camping and water reserves, and leasehold land), along riverine corridors and wetlands 

(scattered depressions and swamps), roadside and channel verges, sandhills and hills. 

Some stands of black box (Eucalyptus largiflorens) remain in depressions, that were 

infrequently flooded wetlands under natural conditions. Many of these stands are 

degraded through either waterlogging or salinity where watertables have risen close to 

the surface. 

The original vegetation on the sandy formations differed throughout the irrigation 

areas. In the Wamoon and Stanbridge sections of the Yanco area yellow box 

(Eucalyptus melliodora) and Cypress pine were dominant, whereas in the sandy ridges 

of the Leeton and Griffith areas yellow box was absent. Regrowth on all these ridges is 

Acacia spp. and hopbush (Dodonaea attenuata). On the lower hill slopes and fringing 

plains the native vegetation consisted of Cypress pine (Callitris columellaris), bull oak 

(Casuarina luehmanni), belah (Casuarina lepidophloia) and yarran (Acacia 

homalophylla). 

On the flatter country where finer textured soils (now horticulture) occurs, open 

woodland consisting of cypress pine, yarran, bull oak and belah was evident. The grey 

and brown soils of the open plain and away from prior streams (now typically used for 

rice growing), were thinly timbered with boree (Acacia pendula), grey box (Eucalyptus 

woollsiana) and occasional bull oak (Casuarina luehmanni). 

Mallee grew thickly over part of the Lakeview section and in two patches in the north-

central part of Yenda, while several small clumps occurred on the tops of a few sandy 

rises near Griffith and Ballingall. McPhersons Range in the Mirrool Irrigation Area has 

been identified in the Griffith City Council LEP as an environmentally significant area 

with local and regional conservation significance. 

Along the floodplain significant stands of Eucalyptus forests, composed primarily of 

river red gum (Eucalyptus camadulensis) and black box (Eucalyptus largiflorens), are 

present. The ground communities of the floodplains were dominated by various grasses 

such as windmill (Chloris) and wallaby grass (Danthonia) to the east and perennial 

saltbush (Atriplex sp.) towards the west. Natural grasses have been replaced by pasture 

species and grain crops. Along road reserves the grasses are often displaced by various 

weeds and more salt tolerant species. 

Submerged and emergent aquatic weeds grow in supply and drainage channels and in 

rice fields. In many water courses cumbungi (Typha sp) is now the dominant aquatic 

vegetation. 
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Plant lists have been summarised from information provided by local naturalists and 

NPWS. 192 native plants and 28 introduced species have been described. 

Table 3 Summary of flora recorded in the MIA and Irrigation Districts 

Flora Diversity 

of 

Species 

No. of 

Threatened 

Species Recorded 

Possibly Occurring Threatened Species 

Plant - Native 192 0 Mosgiel Daisy - Brachycome papillos 

Plants - 

Introduced pests 

28   

 

State Forests: The MIA Forest is situated in the southern section of Yanco Irrigation 

Area along the Murrumbidgee River. The forest is managed by State Forests of NSW as 

part of the Murrumbidgee Management Plan (1984) for timber production with DLWC 

retaining water rights. The forest occurs on active floodplain of the Murrumbidgee 

River and is subject to flooding. Red gum is the dominant species. 

Adjoining the MIA are Cocoparra National Park and Nature Reserve, Binya State 

Forest and Tabbita State Forest. State Forests manage these forests under a Griffith 

Management Plan (1984). 

Adjacent to the Wah Wah Irrigation District are the Booligal State Forest, Quandong 

State Forest and Goonawarra Nature Reserve. Crown timber lands intersect the 

northern boundary of the Wah Wah Irrigation District (Parishes of Bowerabine, 

Eurella, Gonowlia, Synnot and Beaconsfield). State Forests manage timber on most 

other crown leases (greater than 2ha) including crown timber lands, travelling stock 

routes and camping reserves, vacant crown land, camping recreation timber and road 

reserves and public roads (except Highways). 

Table 4 Dominant vegetation of crown lands in and adjacent to the MIA and Districts 

Crown Lands Vegetation 

MIA Forest Red gum, river oak, river cooba, cooba, lignum, nitre goosefoot, black box, western grey box 

Binya State Forest Black cypress pine, white cypress pine, bimble box, grey box, yellow box, bull oak, wilga, 

quandong, needlewood, hooked needlewood 

Tabbita State Forest White cypress pine, belah, mallee, black cypress pine 

Booligal State Forest Black box, grasses, poverty bush 

Quandong State Forest Red gum, grasses 

Crown timber lands Black box, belah 

Cocoparra National Park Mugga ironbark, black cypress pine, currawang, Dwyers mallee gum, hill tea tree, bimble box, 

white cypress pine 

Goonawarra Nature Reserve Red gum 

 

.7 Wetlands 

The major watercourses and wetlands in the MIA and Districts have been altered by 

irrigation supply. The hydrological regimes are now permanent rather than ephemeral. 
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This has resulted in other changes to riparian vegetation, fauna, water quality and 

general features.  

The main surface drainage feature of the MIA and Districts is Mirrool Creek and its 

tributaries, such as Little Mirrool Creek. The Creek headwaters near Temora and drains 

a large catchment before it reaches the irrigation areas. Within the irrigation areas 

Mirrool Creek acts as an integral part of the supply and drainage system, ensuring 

continued supply for the Wah Wah Irrigation District through the Barren Box storage 

enroute. Lower Mirrool Creek, also known as the Floodway, is an ephemeral stream 

with intermittent wetlands. 

A number of swamps, lagoons and natural depressions form wetlands within the MIA 

and Districts. Prior to irrigation development these natural depressions and wetlands 

only infrequently held water from local runoff. These wetlands are now important 

habitats for the numerous waterbird species described above. 

Significant wetlands in the Mirrool Irrigation Area include Lake Wyangan, Tharbogang 

Swamp and Warburn Swamp. Lake Wyangan, near Griffith, has a dual role as a 

recreational water body with a drainage easement allowing reuse of water for irrigation. 

Tharbogang Swamp forms a shallow water body during periods of temporary 

inundation. Warburn Swamp (also known as Warburn Drainage Reserve) is also used 

for grazing during dry periods. 

Wetlands in the Yanco Irrigation Area include Fivebough Swamp, Stanbridge Swamp, 

Tuckerbil Swamp, Coonancoocabil Lagoon and Euwarderry Lagoon. 

Fivebough Swamp, near Leeton, is permanently inundated by waste water disposal 

from the sewage treatment works and town stormwater drainage with irrigation 

overflows during excessive rainfall periods. Fivebough provides important shallow 

habitat areas for a number of waterbird species. Stanbridge Swamp, east of Whitton, 

forms a shallow depression. Coonancoocabil Lagoon and Euwarderry Lagoons are 

situated along the Murrumbidgee River in the river red gum forest. 

Wetlands in the Benerembah Irrigation District include Gum Creek Lagoon and a 

number of ephemeral swamps. 

Barren Box Swamp is the only major wetland in the Tabbita Irrigation District. The 

Swamp is located about 19 km north west of Griffith and covers an area of 2,800 ha. 

Prior to irrigation Barren Box formed a large natural depression and only infrequently 

held water when local runoff caused Mirrool Creek to flow. Today, Barren Box is 

permanently filled with water impounded by a levee, and is used to supply irrigation 

water to the Wah Wah Irrigation District. 

Many wetlands (often unnamed) occur within the Wah Wah Irrigation District. Dry 

Lake and Narrabri, Berangarine, Five Oaks, Highway, Little Berangarine and Belaley 

Swamps are floodplain wetlands of the Lower Mirrool Creek. Other depressions, such 

as Garowie, Bullocks Head, Black Stump and Dead Horse Swamps, are away from the 

Lower Mirrool Creek and are semi permanent, filling with floodwaters during wet 

periods then drying out. 

Vegetation of the wetlands varies across the area, depending on the original vegetation 

and present circumstances. Dominant species include cumbungi, canegrass, nitre 

goosefoot, black box, river red gum, nardoo, reeds, rushes and sedges. 

Environmentally sensitive wetlands have been identified by Griffith Shire Councils 

LEP. These include Barren Box Swamp, Warburn Swamp, Tharbogang Swamp and 

Lake Wyangan. Carrathool Shire Council State of Environment Report has identified 

(Lower) Mirrool Creek, Cabbage Garden Creek and Merrowie Creek as 

environmentally sensitive lands. Tuckerbil Swamp and Fivebough Swamp, Mid 
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Murrumbidgee Wetlands, Lower Mirrool Creek Floodplain and Merrowie Creek are 

described as important wetlands in “A Directory of Important Wetlands in Australia 

(2nd Edn)” prepared by the Australian Nature Conservation Agency (1996). 

The characteristics and conservation values of major wetland sites adjacent to and in 

the MIA and Districts are explored in Appendix 1. 

.3 Hydrology 

In developing a land and water management plan it is important to have a sense of 

context. A good way of doing this is to develop a water and salt balance. This needs to 

show the relativities between supply and drainage, between irrigation and groundwater 

accessions, between groundwater accessions and groundwater discharges, and between 

different groundwater systems. The idea is to identify the relativities between these 

various components 

It is also important to be clear about which areas the constructed salt and water balance 

applies to. It is also important to understand which areas are directly or indirectly 

affected by irrigation. 

In the MIA, water is diverted from the Murrumbidgee River at Berembed and 

Gogeldrie weirs to irrigate horticultural and large area farm crops. The main irrigation 

areas upstream of Barren Box Swamp are the Yanco, Mirrool and Benerembah 

Irrigation Areas and District. Water is also used in the City of Griffith, the town of 

Leeton and various villages in and adjacent to the MIA&Ds. Drainage from the MIA 

returns to the river in parts of the Yanco area, but most areas drain to Mirrool Creek 

which drains to Barren Box Swamp. Along Mirrool Creek drainage water is partially 

reused in the Benerembah Irrigation District via diversions at Brays Dam. 

.1 Drainage 

Around 90% of the drainage from the MIA & Districts drains to Mirrool Creek and 

thence to Barren Box Swamp. These flows are re-used in the Wah Wah Irrigation and 

Stock & Domestic Districts. Only around 10% drains back to the Murrumbidgee River 

from the Yanco and Gogeldrie areas south of Leeton. 

Several parts of the MIA have no off-farm drainage disposal arrangements at all. 

Examples include the Lake Wyangan basin, the Warburn swamp catchment, and the 

Warrawidgee part of Benerembah. 

These features of the region mean that the total area of the MIA may be split up in 

several ways: 

.1 Landuse Areas 

 Horticulture     13,000 ha 

 Large Area Farms   188,500 ha 

 Other Lands      6,000 ha (*1) 

 Wah Wah Irrigation and S & D District. 272,500 ha 

     Total 480,000 ha 

(*1) : includes towns, the Lake Wyangan area ,the Warburn Swamp catchment. 

NSW Agriculture has estimated that the large area farm land (which does not include 

Wah Wah ) of 207,500 ha includes 65,500 ha of not irrigated lands. These lands either 
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are areas that are never irrigated (mostly on hill slopes adjacent to irrigated areas and at 

Lake Wyangan) or are not irrigated in a specific year. 

.2 Drainage Areas 

 Draining to River Horticulture    2,000 ha 

 Draining to River Large Area   32,000 ha 

 Lake Wyangan area     2,000 ha  

 Warburn Area swamp       1,000 ha 

 Draining to Willow Dam  159,500 ha 

 Benerembah Stage 4 Area   11,000 ha 

 Wah Wah Irrigation and S & D District. 272,500 ha 

     Total 480,000 ha 

The area draining to Willow Dam of 159,500 ha may be split up as 11,000 ha 

horticulture, towns (2000 ha) and the remainder (mostly irrigated) large area farms 

(146,500 ha). Some of the large area farm land is never irrigated and therefore not 

subjected to groundwater conditions and salinisation.  

NSW Agriculture, for their water balance assessments considered that large area farms 

comprised about 187,500 ha (of which part not irrigated) and horticultural areas 13,500 

ha.  

.2 Surface Water Balance 

For the purposes of the LWMP a water balance for the early 1990’s is most relevant. 

Water usage and rainfall varies from year to year, therefore it is necessary to use a 

reference period over which values may be averaged. Three reports are relevant in this 

respect, Pendlebury (1994), Tiwari (1993) and van der Lely (1992). There are some 

inconsistencies between these reports, due to the reference period used and the timing 

of the report. The LWMP investigations teams of NSW Agriculture and DLWC have 

considered these inconsistencies and arrived at values believed to be sufficiently 

accurate for the purposes of this report.  

Figure 2 schematically shows water flow paths in the MIA. It shows that large area 

farms, horticultural areas and towns are supplied by a mixture of rainfall and surface 

water from the river. (Volumes are entered in the diagram as GL/year. ) 

The MIA hydrological model (BBSWAMP) data suggests diversions average 1080 

GL/year, however this is probably an overestimation due to measurement error. 

Moreover, returns to the river at Narrandera and special diversions to Wah Wah  also 

need to be deducted. For the water balance assessment a diversion of about 1000 

GL/year (994 GL/yr) was used. Rainfall over the 1979-1991 reference period was 388 

mm/year on average, giving 819 GL over the study area. These two values are to be 

split between the horticultural farms, towns and large area farms. 

Drainage to Willow Dam and diversions at Brays Dam are the main two other values 

for which measurements are available. Many other values have to be estimated, and are 

based on reports 2 and 3 above. The flow at Willow Dam over twelve years was found 

to be about 163 GL/year and Brays Dam diversions 48.5 GL/year To the latter a 

nominal 6.5 GL/year was added for pumping in Benerembah, giving 55 GL/year. 

Considering that about 28 GL from the Yanco area drains back to the river it is found 
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that total drainage in the MIA is about 246 GL/year, of which 191 GL/year leaves the 

MIA upstream of Barren Box Swamp. 
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Figure 2  Schematic overview of water balance components in the MIA  
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As far as large area runoff is concerned, van der Lely (1992) suggest a fairly even balance 

between runoff and escape flows. This result was more or less confirmed by the Farm 

Drainage Study (Tiwari, 1993). The BBSWAMP model (Pendlebury (1994) on the other hand 

suggests farm runoff is significantly larger than escapes. However the model's estimates were 

not verified against actual data. For horticulture, management of the supply system is more 

difficult and escape flows are significantly larger than farm drainage. Tile drainage flows are 

known to be about 10 GL/year (eg David Hoey, 1980) and vertical bore drainage from Leeton 

area horticulture is about 2 GL/yr. 

For horticulture the assessed escape loss out of 125 GL/year of diversions was estimated to be 

30 GL/year and the farm runoff about 18 GL/year (8 GL irrigation and 10 GL rainfall), see 

Figure 2. Part of this water enters Lake Wyangan from which about 4 GL/year is being 

pumped. The resultant evapotranspiration using NSW Agriculture models was estimated to be 

131 GL/year. 

For large area supply system receives about 859 GL/year from the river and 55 GL/year as 

drainage reuse. Of the total about 80 GL/year escapes and 819 GL/year is delivered to farms. 

The rainfall component is 739 GL/year of which about 54 GL/year runs off and 677 GL/year 

enters the soil. The combined irrigation and rainfall runoff is about 104 GL/year, see Figure 

2. 

Some losses occur from the supply and drainage system. These are the seepage losses and 

evaporation from the channel surface and plants along the edge. The supply channel system is 

about 1000 ha in size. Consequently the evaporation losses are estimated at 15 GL. The 

seepage loss in the MIA have been estimated to be about 12 GL/year (Tiwari, 1995). 

Considering all these factors and the results of studies by DLWC and NSW Agriculture the 

distribution of volumes of supply, losses and runoffs was allocated to the various components 

in the system as shown at Figure 2. This then leaves the volumes which are actually used on 

the farms and may be assumed to enter the rootzone.  

.3 Groundwater Balance 

Figure 2 also shows the various components entering and leaving the rootzone, the shallow 

groundwater system, and the deeper groundwater system. For the purpose of salinity 

assessment in large area farms the large area farm groundwater balance is the most important. 

The recharge factors and discharge factors together determine the height of the watertable and 

therefore the salinity risk. The horticultural groundwater balance is relevant for discussion of 

the potential reductions of tile drainage flows. 

The various recharge and discharge values for large area farms were determined individually 

during the setting up of the soil salinity assessment model (SSAM). Figure 2 shows that the 

accessions passing the rootzone for the MIA as a whole are in the order of 94 GL/year, and 

that channel seepage is about 12 GL/year. These volumes enter the most shallow groundwater 

system. It is already a mostly fully charged system, with 70% of the area having watertables 

within 2 metres of the soil surface. The full 106 GL/year entering the system has to be 

discharged, except for about 4 GL/year, which contributes to continuing watertable rise and 

expansion of the high watertable area.  

About 20 GL/year is involved in leakage to deeper aquifers. Lateral outflow through the 

shallow groundwater system is not believed to exceed 6 GL/year. About 1 GL/year is pumped 

by tubewells in large area farms. The remaining accessions, about 75 GL/year, discharges in 

the form of capillary rise in the high watertable area, or is absorbed by deep rooting trees or 

other deep rooting species. The total area of trees remaining in the irrigated part of the MIA is 

believed to be no more than 1,000 ha in total (Grosse and Holics, 1994). 
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In horticultural farms the water entering the rootzone is about 139 GL/year. Of this about 19 

GL/year recharges the groundwater system. This recharge is removed by tile drainage (10 

GL/year), tubewell drainage (about 2 GL/year) or capillary rise (7 GL/year). The amount of 

deep drainage is small because the Griffith horticultural area is located over low permeability 

clays. Some small quantity of groundwater may enter the horticultural area from adjacent rice 

farms, but this would be offset by some volumes leaving the horticultural areas by shallow 

groundwater flow towards large area farms, eg horticulture on hill slopes at Tharbogang, Lake 

Wyangan and Corbie Hill. 

.4 Salt Balance 

The salt balance for the MIA consists of inputs and outputs. In the past it was common to 

consider the salt coming in through the irrigation system and to compare this with the salt 

leaving through the surface drainage system. This approach suggest a net salt accumulation in 

the MIA of some 40,000 tonnes/year. But, this approach also misses the point.  

It overlooks the fact that salt is also entering and leaving the MIA with the groundwater 

system through the processes of leaching and capillary rise. The MIA may contain about 200 

tonnes/hectare of salt in the soil profile above bedrock. This adds up to a total of about 30 

million tonnes. Compared with this, an extra 40,000 tonnes/year is virtually insignificant. 

Ultimately, the salt balance within the rootzone is most relevant to the MIA's agricultural 

sustainability. It is important to understand whether, on average, leaching processes or 

capillary rise processes are the dominant feature of this salt balance. The report on watertable 

control options (van der Lely, 1995) shows an assessment based on volumes and estimated 

salinity of the various components. Such assessments are likely to be subject to large error. It 

is more simple and probably more accurate to look at the soil salinity distribution that has 

developed over the period since watertables have become high. Figure 3 shows this for the 

land mass of the MIA and is based on soil salinity surveys carried out between 1990 and 

1994. 
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Figure 3: Distribution of Soil Salinity across the MIA, as EC 1:2 in top 0.4 metres of the soil profile. 

At the 50% percentile the salinity is 330 EC, and the average under the curve is 590 EC. If the 

increase in the 60-100 percentile range has been caused by the combined effect of irrigation 

water salinity, capillary rise from high watertables, and wash off in surface runoff, then the 

salt load increase in the top 0.4 metres since the onset of high watertable conditions may be 

estimated to be about 1.65 tonnes/ha over the whole MIA . Most of the increase of course has 

occurred in about 15% of the landscape. The total increase since the start of high watertable 

conditions over the irrigated part of the MIA (160,000 ha) is about 290,000 tonnes. If on 
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average high watertables have existed for about 15 years (a low estimate), then the increase in 

the topsoil is about 20,000 tonnes/year.  

Calculations such as these may be compared with the surface addition which appears to be in 

the order of 40,000 tonnes. The conclusion is that a significant proportion of the arriving salt 

load is passed on to the groundwater system where watertables are deeper, and by leakage 

between shallow and deeper aquifers.  

Overall the system is moving towards a state of unsustainability. Obviously the groundwater 

effects are not evenly distributed across the MIA and some sub-districts will become 

unsustainable more quickly, whilst others will not be affected for a long time. It is important 

that remedial action is considered as part of the LWMP. 

.5 Hydrogeology 

In the MIA the prior stream systems traversing from east to west are old compared with the 

systems further south in Coleambally. Consequently, the associated levee soils have been 

covered by fine textured materials originating from more recent streams to the south. The 

prior stream in south Benerembah is an example of these younger systems. The older systems 

in the MIA have been partially obliterated by the more recent activity. However, these older 

systems apparent in some places. For example, the remnants of a “broken river ridge” run 

from Wamoon to Stanbridge via Whitton into the Kooba subdivision. 

The surface soil horizons in MIA large area farms appear to consist of mainly low 

permeability clays. But in fact significant areas more permeable materials occur not far below 

the surface, sometimes within 1.5 – 3 metres. This is particularly true of those areas in the 

southern half of the MIA. 

The hydrogeology of the area is consistent with this pattern. Groundwater levels were deeper 

than 20 metres below the land surface when irrigation commenced, however infiltration from 

irrigated lands and channel seepage caused large volumes of accessions, particularly in areas 

where sandy aquifer systems occurred close to the surface. Consequently, watertable levels 

started to rise. To the north the more permeable surface layers became saturated and perched 

watertables developed. These were slowly dissipated again by capillary rise or (slow) 

groundwater flow through the shoestring sands where these were present. 

The developing pressure levels in shallow aquifers may dissipate to deeper aquifers. The 

deeper aquifers to the south and west particularly have high transmissivity and convey 

southwards any leakage that may occur from above. This is an important phenomenon 

providing significant protection to the MIA. Without it the MIA would be subjected to more 

rapid soil salinity increases over larger proportions of the area. This feature must be 

considered in any sub-surface drainage scheme. 

The initial salt content of the groundwater systems increases from low values in the east to 

higher values in the west. In the areas where dissipation laterally or downwards is very slow, 

such as in the north, the soil profile contains higher salt levels. The salt levels are mostly 

derived from rainfall over many millennia. The raised groundwater levels tend to dissolve 

these salts and convey them to discharge locations in the landscape. 

.4 Watertables 

Baseline groundwater levels in the MIA are discussed by van der Lely (1995). Tiwari (1994) 

discusses watertable conditions in the Wah Wah District as part of a review of the 

environmental status in that district. This discussion aims to provide a summary of watertable 

conditions. 
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A large number of piezometers have been installed in aquifers occurring at various depths 

below the MIA. Their depth generally ranges from 8 to 45 metres.  

About 900 piezometers are used to map regional groundwater trends. Readings are taken 

twice a year, in September and March. The September readings are considered the most 

useful for observing trends over time. For the purposes of the MIA&D LWMP, readings taken 

in 1993 are used as baseline conditions for watertables in various sub-districts.  

A small number of subdistricts were originally identified on the basis of perceived differences 

in hydrogeological conditions. They were also identified in an effort to separate areas with 

longer and shorter histories of high watertable conditions (this is important information in 

helping to predict present and future soil salinity). Balanced against this was the view that 

breaking the MIA up into too many sub-districts would make the information confusing. 

.1 Watertables under large area farms 

Figure 4 shows the outline of eight sub-districts whose total area amounts to 147,000 

hectares. They embrace the principal parts of the MIA where high watertables and soil 

salinity are most likely to develop. 
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Figure 4: Sub-districts of the MIA (for watertable and salinity assessments). 

Several maps reproduced in this plan provide background information on groundwater 

conditions in the MIA. They are: 

◼ groundwater contour maps for shallow aquifers in the MIA for 1970, 1980, 1990 

and 1997 

◼ a depth to groundwater pressure contour map for the deeper (12-35m) aquifer for 

1997 

◼ a depth to groundwater pressure contour map for the Calivil Formation aquifer at 

70-110 metres depth 

◼ a groundwater salinity map for the shallow groundwater systems in the MIA 
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The above maps for 1970, 1980, 1990 and 1997 show increasing areas with high watertables 

up to 1990 when about 82% of the MIA has a watertable within 2 metres from the surface.  

This reduced to 56% by 1997 mainly due to dry weather conditions (winter), but perhaps also 

partially due to improved irrigation practices and better drainage (eg. landforming effect). 

The next two maps show groundwater contours for deeper aquifers.  Figure ....   is for the 

aquifers based at 12-35 metres from the surface and Figure ...  is for the Calivil Formation 
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between 70 and 110 metres.    The latter aquifer is pumped for irrigation supplies south and 

south west of the MIA. 
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Figure 5 Depth to pressure surface in Calivil Formation aquifer, 70-100 metres from surface.  

 

Figure 6 below shows the watertable conditions for 1993 on which the analysis was based. 
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Figure 6 Depth to shallow groundwater in the MIA, September 1993. 

Table 5 provides an overview of the average watertable and the watertable distributions in the 

various sub-districts of the MIA for the baseline year of 1993. 

Table 5: Watertable distributions for MIA selected sub-districts (1993). Values shown are the 

proportions of land with pressure depth within the depth indicated. 

Sub-district Area 

(km2) 

<1 m <1.5 m <2 m <3 m <4 m <6 m 

Gogeldrie 236.5 0.01 0.14 0.35 0.71 0.88 0.98 

Koonadan 151.7 0.25 0.70 0.88 1.00 1.00 1.00 

Murrami 170.6 0.39 0.71 0.91 1.00 1.00 1.00 

Kooba 99.5 0.08 0.29 0.67 0.85 0.92 0.98 

Hanwood 96.4 0.41 0.68 0.80 0.90 0.95 0.98 

Yenda 206.0 0.12 0.65 1.00 1.00 1.00 1.00 

Nth Ben 115.8 0.58 0.88 0.96 0.98 1.00 1.00 

Sth Ben 222.3 0.19 0.44 0.62 0.81 0.91 0.96 

Wwidgee 167.5 0.31 0.50 0.61 0.77 0.87 0.93 

Total 147.1 0.31 0.58 0.78 0.91 0.96 0.99 

 

Deeper watertables are being experienced in the Gogeldrie area. Table 5 also shows that in 

South Benerembah watertables are still deeper than 2 metres under about 38% (ie {1.0-

0.62}x100) of land. Similarly, about 33% of the Kooba area has deep watertables. These three 

areas (Gogeldrie, South Benerembah and Kooba) benefit from groundwater dissipation to the 

south and west, and also to deeper aquifers.  

By contrast, watertables are within 2 metres under more than 80% of the Koonadan, Murrami, 

Hanwood, Yenda and north Benerembah areas. In these last two areas the watertables are 

mostly “perched” over the top of clay layers.  
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The 1993 average depth to watertable, and groundwater salinity, for each sub-district is 

shown in Table 6. Piezometer hydrographs were also extrapolated, and the results mapped, to 

predict watertable depths for the year 2013. 

Table 6 Average depth to groundwater and groundwater salinity in sub-districts of the MIA 

 Ave 1993 WT 

depth 

Ave 2013 WT 

Depth 

EC  

dS/m 

EC adopted 

dS/m (*1) 

Gogeldrie 2.89 2.37 3.7 3.6 

Koonadan 1.39 1.40 8.4 8.0 

Murrami 1.29 1.19 10.9 10.0 

Kooba 2.15 1.84 8.4 8.4 

Hanwood 1.62 1.18 14.7 10.0 

Yenda (*2) 1.51 1.48 26.3 12.0 

Nth Ben (*2) 1.31 1.26 6.8 6.8 

Sth Ben (*2) 2.06 1.40 9.0 8.0 

Warrawidgee (*2) 2.10 1.46 N/A 10.0 

Weighted Average 1.88 1.55  8.0 
(*1) For modeling purposes 

(*2) Lack of watertable data caused difficulties with the estimation of numbers for these sub-districts. 

In some sub-districts salinity contours were being distorted by too few available data, some of 

which were not representative of general conditions within the sub-district. Therefore, 

adopted salinity levels were varied from the measured values using SURFER software. 

.2 Watertables under horticultural farms 

Except for horticultural development on the upper slopes at Tharbogang, Lake Wyangan and 

Corbie Hill, practically all horticultural areas have developed watertables within 2 metres of 

the soil surface. Since 1931 high watertables have caused plantings to be lost, mostly 

following much greater than average winter rainfall. The problem has been waterlogging 

rather than salinity, however salinity has been an additional factor for yield losses in many 

instances.  

Tile drainage and tubewell drainage became popular after about 1953. This has saved the 

MIA from continuing disaster. McAlpine, in Morgan et al (1994) lists many references related 

to the benefits of tile drainage. Currently watertables are usually 1.2-1.8 metres below the 

surface. If they rise to within 0.45 metres during significant recharge events, sub-surface 

drains are capable of lowering them to 0.75 metres from the surface over 3–4 days. Design 

criteria were reviewed by van der Lely (1978), and are considered to protect 80% of land 

adequately, with some occasional problems in the remaining 20%.  

.3 Watertable trends. 

The hydrographs of Figure 9 show the groundwater level rise of shallow aquifer systems in 

the MIA since 1980.  
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Figure 9 :   Hydrographs of shallow groundwater in several parts of the MIA. 

 

The hydrograph shown for Murrami is representative of the shallow groundwater conditions 

throughout the northern parts of the Yanco and Mirrool areas.   The hydrographs for the 

Gogeldrie area , the Kooba area and Benerembah south are representative for the southern 

parts of the MIA and applicable to the aquifers located 12-35 metres below the ground 

surface.    It  may be noted from Figures 6 and 7 that the watertable conditions are actually 

higher than the levels in this aquifer system. 

The hydrographs for individual piezometers were extrapolated to the years 2004, and 2014 to 

help predict future watertable problems. The average watertable depths for the periods 1986-

1989 and 1990-1993 were used to calculate the rate of increase of watertable rise. The 

extrapolated numbers were then plotted and contoured. (It was also assumed that the 

watertables would not rise higher than 1.2 metres from the soil surface in any location.) The 

resultant maps show the area of land where future watertables will be within two metres of 

the surface. The number of hectares likely to be affected are shown in Table 7. 

Table 7 Assessed future areas with high watertables (<2m) in the MIA for the identified sub-districts) 

Sub-district Area 

(,000 

ha) 

Area (,000 ha) underlain by high watertables (<2m) 

at 5 yearly intervals from 1994 to 2024 

  1994 1999 2004 2009 2014 2019 2024 

MIA total 147.1 107.5 110.2 112.9 115.4 117.8 120.0 122.5 

Gogeldrie 23.6 8.4 9.5 10.5 11.4 12.2 13.0 13.7 

Koonadan 15.2 13.4 13.6 13.7 13.8 14.0 14.2 14.3 

Murrami 17.0 15.5 15.6 15.7 15.8 15.9 16.0 16.0 

Kooba 10.0 6.7 6.9 7.1 7.3 7.5 7.7 .79 

Yenda 20.6 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
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Hanwood 9.6 8.5 8.6 8.7 8.8 8.8 8.9 9.0 

North Ben 22.5 19.0 19.1 19.2 19.3 19.4 19.5 19.6 

South Ben 28.7 16.1 17.0 18.0 19.0 20.0 21.0 22.0 

 

Table 7 shows the total area of high watertables increasing by 2,700 ha/year. This is gradually 

reducing the 40,000 hectares (of the measured zone) where, during 1993, the watertables were 

still deeper than 2 metres.  

Over the next twenty years the average watertable in the MIA is expected to rise from 1.88 to 

1.55 metres, with most of this increase being in the deeper watertable areas. The increase 

represents 1.5 cm/year, which over 147,000 ha with a soil porosity of 8% represents a net 

increase in groundwater storage of about 1800 ML/year. By comparison, the groundwater 

balance (discussed in a later section) indicates a value of 4 GL/year. 

It is important to note that watertable analysis following the dry years since 1993 suggest the 

above forecast may be too pessimistic. Time will tell. 

Watertable trends in horticultural areas are believed to be in equilibrium, the only variations 

occur with climatic events and changes in irrigation practices. 

.4 Impact of High Groundwater Levels on Adjacent Areas 

This important issue has not been analysed in detail.    Generally, the groundwater 

conditions in the MIA have stabilised over the last 10-15 years.   The gradients to the 

adjacent areas have not altered much.   Error! Reference source not found. shows that the 

pressure levels just to the south of the MIA are several metres below the surface.   There 

is a gradient into these lands both through the shallow Shepparton Formation and the 

deeper Calivil Formation.   The volumes involved can only be estimated approximately.  

Based on typical transmissivity values and the gradients found the volumes involved are 

believed to be in the order of 24 GL/year, of which 6 GL/year would be through the 

shallower Shepparton Formation (section on Water Balance).  The Shepparton aquifers 

are alineated mostly east-west, reducing the potential for flow in a north-south direction..     

The shallow pressure levels in the areas south of the MIA have not altered very rapidly 

over the last decade or so.  It also is important to note that several large properties to the 

south of the Yanco and Mirrool areas are very large irrigators in their own right, with 

many thousands of megalitres used annually.   Therefore, the question as to whether the 

rise in watertable conditions is caused by groundwater flow from the MIA, or local 

accessions, is valid. 

The groundwater flow through the deeper Calivil Formation is being exploited by 

groundwater pumpers outside the MIA.  Pressure levels in this aquifers have declined in 

recent years 

The issue of possible impacts by groundwater flow through the Shepparton Formation 

was not considered to be of great significance at this time.  Whilst it may need to be 

revisited at some future date, groundwater impact to the areas adjacent to the MIA has not 

been further analysed for the MIA LWMP. 

 

.5 Groundwater salinity 

Available groundwater salinity values were used to assess the average groundwater salinity 

for each of the eight sub-districts. Figure 7 shows the salinity contour map for the MIA. The 
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average value is important in determining the rate of soil salinisation (as was shown in Table 

6). 
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Figure 7. Groundwater salinity values in the MIA 

The highest groundwater salinities are found in the Yenda sub-district where values of 10-15 

dS/m are common. The lowest values occur in the Gogeldrie and Koonadan sub-districts 

(about 3 dS/m). 

 

.5 Soil Salinity 

The best way to determine the status of soil salinity in the MIA is to carry out a survey. 

However, it is important to make sure the survey produces accurate, repeatable, results. 

Different types of surveys are possible, EM surveys, airborne or on-ground, sampling on a 

grid system, etc. But because we also want to monitor future trends, it is also important to 

develop a survey technique that is inexpensive, and one that provides an overview, rather than 

a mapped outline of where all the saline areas are.  

A statistically based survey technique, whereby an adequate number of random samples are 

taken from a sub-district and analysed for percentile values of salinity was selected to meet 

these requirements. Ahmed (1992) has produced a report on this technique, chronicling both 

its strengths and weaknesses, plus accompanying data for the results of surveys in 1991 and 

1992. 

.1 Soil Salinity Status. 

The 1991/92 surveys were carried out on a sub-district basis. Table 8 show a summary of the 

results. 
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Table 8: Summary of Results of Soil Salinity Surveys, 1991.1992, and 1994 (*1) 

  95 % 90 % 80 % 50 % 

  1990 1991 1994 1990 1991 1994 1990 1991 1994 1990 1991 1994 

Benerembah 10cm 1850 2303 1131 950 1105 875 600 860 638 370 530 425 

 30cm 2188 1985 1615 1080 1270 696 500 750 533 310 370 343 

Calorafield 10cm 1811 1359 - 1476 839 - 929 312 - 232 231 - 

 30cm 2625 1560 4874 2205 1290 3038 1100 473 1688 318 288 457 

Coleambally 1 10cm 393 - - 314 - - 246 - - 167 - - 

 30cm 774 - 2660 516 - 1815 326 - 979 192 - 378 

Coleambally 2 10cm - - 502 - - 398 - - 336 - - 193 

 30cm - - 1435 - - 593 - - 420 - - 268 

Coleambally 3 10cm - - 504 - - 371 - - 302 - - 173 

 30cm - - 421 - - 371 - - 310 - - 234 

Coleambally 4 10cm - - 377 - - 294 - - 247 - - 177 

 30cm - - 384 - - 333 - - 293 - - 187 

Gogeldrie 10cm 743 2963 1396 542 394 400 320 219 312 128 117 175 

 30cm 1684 3940 2432 726 852 454 508 419 310 187 171 229 

Hanwood 10cm 4575 1336 1565 2150 1128 1125 1390 1038 674 545 430 388 

 30cm 3173 1562 2240 2015 1458 1915 915 938 722 435 410 335 

Murrami 10cm 543 1803 2328 443 718 1387 283 360 296 171 185 213 

 30cm 997 2362 3074 644 884 2018 294 503 436 173 303 257 

Wah Wah  10cm - - 1479 - - 1117 - - 872 - - 545 

 30cm - - 1693 - - 1024 - - 697 - - 431 

Yenda 10cm 5670 3800 1581 2890 1470 1030 1390 1060 625 660 520 382 

 30cm 3330 3640 2356 1760 1500 1112 1320 1130 887 430 410 390 

(*1) data averages shown as EC 1:2, S/cm.for different percentiles of the full range found 

The results of Table 8 are expressed as Electrical Conductivity in a 1:2 soil/water suspension. 

The concentration in such a suspension tends to be half of the 1:5 suspension and 3.1 times 

more diluted than a saturated extract of the clay soils from which the samples were taken. 

The salinity results showed that 5-10% of the samples taken have higher salinity values, with 

another proportion in some sub-districts still above a threshold of about 2 dS/m in a saturation 

extract. It also shows that regions with a longer history of high watertable conditions, such as 

Yenda and Murrami, also have higher incidences of soil salinisation (up to 50% of land 

affected), compared with those regions, such as Kooba and Coleambally, with a very short 

history of high watertables. This feature was subsequently used to make predictions of future 

salinity through the development of the soil salinity prediction curves. 

.2 Models for Evaluating Salinity Trends. 

Salinity assessment comprises two aspects, soil salinity and (drainage) water salinity. High 

groundwater levels may produce more saline soils over time, and the runoff from these more 

saline soils may gradually become more saline. Over a thirty year planning horizon it is 

important to make the best possible predictions about trends in these two factors. The model 

used to evaluate these trends is discussed in this section. 

The effects of salinity and waterlogging manifest themselves as reduced crop yields on the 

salt affected soils. Marshall et al (1994), of NSW Agriculture produced the report on 

agricultural and economic effects of soil salinisation and waterlogging during July 1994 from 

soil salinity data  

Salinity build up mainly is a function of leaching and capillary rise in the soil, and this is 

affected by watertable levels. Since with observations in the field it often is difficult to 

distinguish between the effects of salinity on crops and the effect of watertable induced 

waterlogging on crops, it is useful for analysis purposes to lump the two together. 

Yield affected by salinity may be studied by analysing crop growth as a function of salinity. 

The main work for this comes from the USA, eg Maas and Hoffman (1978). Information is 

now also available for Australian conditions for some crops. This has been summarised by 
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Slavich (1992). Basically, as the salinity increases, a threshold level is reached above which 

crop yield reductions occur. The yield reduction is expressed as a proportion of potential yield 

for each unit increase in salinity. Soil salinity is measured as conductivity (dS/m) in a soil 

saturation extract. 

.1 General Methodology 

The soil salinity SSt for time t at any location in the landscape is a function of the soil salinity 

SSt-1 at time t-1 plus or minus three critical factors: 

◼ plus the salt content added by the net capillary rise process.  

◼ plus the salt content added by the irrigation water 

◼ minus the salt quantity removed by surface runoff 

The general equation is described by David Merrilees (1992) of the MDBC and based on 

work for the Shepparton Salinity Management Plan. 

The salt content added by capillary rise is calculated as the net capillary rise multiplied by the 

groundwater salinity and by a calibration factor (0.88). Where the leaching process exceeds 

capillary rise the net salt content added is zero or less. 

The salt content added by the irrigation water is the average volume applied (about. 6 ML/ha 

in the MIA) multiplied by the salinity (150 S/cm). 

The quantity removed by surface run-off (rainfall, irrigation) is equal to the volume of runoff 

(about 0.75 ML/ha for the MIA and CIA) multiplied with the runoff salinity. The latter is a 

function of the soil salinity SSt multiplied by the respective area and runoff calibration 

coefficient (0.2 for the Shepparton study). If the soil salinity is low (below 1000 ppm) the salt 

quantity removed is estimated from the volumes per hectare involved and the typical drainage 

runoff salinity (about 240 S/cm). 

The trick is to find suitable calibration factors. Provided suitable data can be generated and 

the above equations calibrated for MIA conditions, the above model would be capable of 

providing estimates of soil salinity and runoff salt loads with time. 

.2 Soil Salinity Predictive Trends 

The report “Present and Future Soil Salinity Conditions in the MIA and CIA” (van der Lely, 

1993) describes the procedures by which the soil salinity predictions based on the MDBC 

model have been developed. Key inputs were the soil salinity data in districts with a range of 

short and long history of high watertable conditions. The data was interpreted by looking at 

percentile ranges and comparing the data between sub-districts. This allowed calibration of 

the more theoretical equations above. The end result were curves of predicted salinity versus 

time of high groundwater levels. The curves are shown at Figure 8. They apply for a range a 

watertable level conditions that may occur, eg the categories 0-70 cm depth, 70-90 cm, 90-

110, 110-130, 130-150 cm depth. 
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Figure 8. Soil salinity over time after onset of high watertables 
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The curves of Error! Reference source not found. apply for average groundwater salinity in 

the MIA, which is about 8.0 dS/m. To find the appropriate curves for areas where 

groundwater salinities are different, the coefficients for the curve are to be multiplied by a 

linear ratio (ECgrw/8.0). 

To assess both the current and future conditions for any particular part of a district, the 

following information is needed: 

◼ the area of high watertables  

◼ the average watertable level in this area 

◼ the distribution of watertables around the mean, giving the proportion of land 

within each watertable category 

◼ the duration that the high watertable conditions have existed.  

The first and fourth of these is derived from maps, the second from the relative recharge and 

discharge factors in the groundwater balance used in the soil salinity assessment model (see 

below), and the third is based on watertable statistics. The duration of the previous high 

watertable conditions was estimated from maps. 

The (empirical) curves shown are based on data with up to 40 years of high watertable 

conditions. The prediction for sub-districts with a short history of high watertables therefore 

is within the range of data considered. For the older sub-districts the extrapolation of the 

curves beyond the timeframe of the data is subject to more uncertainty. 

.3 Soil Salinity Assessment Model 

Various approaches have been used to predict soil salinity over time, including the SHE 

model for Berriquin, various GIS based approaches, and before these, the Shepparton model 

in Northern Victoria. To date none has been totally satisfactory. A major factor in on-going 

uncertainty with these models has been the inability to calibrate extrapolated predictions. 

For the MIA&D LWMP, the Soil Salinity Prediction curves, shown above, were used. These 

were linked with groundwater balance information to allow the prediction of soil salinity for 

each LWMP option.  
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The groundwater balance provides estimates of the average depth to the watertable in the high 

watertable part of the sub-district. This may be checked against actual mapped data where 

feasible. The average watertable condition is interpreted in terms of the areas experiencing 

particular watertable depths. After this soil salinity prediction curves are applied to each of 

these areas and the outcomes totalled for each date over the next 30 years. 

The model evaluates LWMP options by first entering the volume of recharge saved, or the 

volume of discharge increased, by the option. This alters the groundwater balance and the 

average depth to watertable. Sometimes this is by only 5–10 cm, but this may make a 

difference. The distribution of areas in each watertable category changes, resulting in a 

smaller area with rapidly increasing salinity. The changed salinity status for the district can, 

in turn, be used to evaluate agronomic and economic impacts and benefits of the option, or 

option combination, under consideration. 

In previous models (eg the MDBC Drainage Evaluation Spreadsheet Model, MDBC, 1994) 

the benefits for most options were evaluated using coefficients describing the proportion of 

salinity (and waterlogging) loss that may be mitigated or prevented using the option. These 

coefficients are rather arbitrary and often decided as a compromise between the different 

views of those present at a specially convened inter-agency meeting. The Soil Salinity 

Assessment Model provides a better technique for estimating the benefits of various options. 

The evaluation of option combinations is more soundly based because it is actually an 

integration of the effects of different combinations. 

.3 Predicted Future Soil Salinity 

Table 9 summarises the outcomes on which the evaluation of the MIA&D LWMP is based 

(April 1995). 

Table 9 Areas and proportions of the MIA affected by salinity at five year intervals between 1994 and 

2024 (*1)  

Soil Salinity Areas  1994 1999 2004 2009 2014 2019 2024 

Area with ECex 2-3 dS/m ha 9806 12038 13517 14409 14827 14850 14537 

Area with ECex 3-4 dS/m ha 5711 6702 7417 7920 8252 8442 8513 

Area with ECex 4-6 dS/m ha 3795 3872 4155 4536 5005 5561 6169 

Area with ECex 6-8 dS/m ha 1050 1954 2609 3066 3361 3520 3563 

Area with ECex >8 dS/m ha 6823 7135 7336 7452 7499 7491 7435 

Total ha 27185 31701 35034 37384 38945 39864 40216 

Soil Salinity % of Land   1994 1999 2004 2009 2014 2019 2024 

Area with ECex 2-3 dS/m % 6.7 8.2 9.2 9.8 10.1 10.1 9.9 

Area with ECex 3-4 dS/m % 3.9 4.6 5.1 5.4 5.6 5.8 5.8 

Area with ECex 4-6 dS/m % 2.6 2.6 2.8 3.1 3.4 3.8 4.2 

Area with ECex 6-8 dS/m % 0.7 1.3 1.8 2.1 2.3 2.4 2.4 

Area with ECex >8 dS/m % 4.7 4.9 5.0 5.1 5.1 5.1 5.1 

Total % 18.6 21.6 23.9 25.5 26.6 27.2 27.5 

 

NSW Agriculture used the data in Table 9 in their economic evaluation model, which by 

linear programming techniques and integration with other data is capable of calculating the 

agricultural salinity loss, for the No Plan scenario or for With Plan scenarios. The difference 

in salinity cost between scenarios represents the benefit of the option, or options mix 

considered. 

Table 10 shows the difference in No Plan scenario outcomes for the various sub-districts 

considered. It shows the predicted area affected by salinity as increasing significantly over 
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time. It also shows considerable variation between the southern and northern parts of the 

MIA. 

 

Table 10 Predicted total areas affected by salinity in MIA sub-districts.  

Area 1994 1999 2004 2009 2014 2019 2024 

Koonadan 18 21 24 26 28 30 31 

Gogeldrie 2 3 4 4 4 4 4 

Murrami 33 39 42 45 46 47 47 

Yenda 34 34 34 34 34 34 34 

Kooba 11 14 16 17 18 18 18 

Hanwood 28 33 37 39 40 40 39 

MIA 20 23 25 26 27 27 27 

North Ben 21 27 32 35 38 40 41 

South Ben 11 15 17 20 21 22 23 

Warrawidgee 17 20 23 24 25 25 25 

BEN 15 19 22 25 26 27 28 

MIA + BID (ave) 19 22 24 26 27 27 27 

 

.6 Drainage Volumes 

 

.1 Drainage Flows at Barren Box Swamp. 

The section on the water balance of the MIA shows that total drainage volumes from the MIA 

are about 245 GL/year on average, of which about 24 GL/year drains to the River at Yanco 

and 48 GL/year is diverted to Benerembah at Brays Dam. Smaller volumes are extracted from 

Mirrool Creek u/s from Willow Dam by pumping, eg. the Benerembah Pumps. The drainage 

volumes arriving at Willow Dam average about 165 GL/year. However, these are subject to 

considerable variation between years and between seasons. Table 11 shows the annual totals 

for the whole season, and for the winter months. 

Table 11: Annual Flow and Salt Loads arriving at Willow Dam, with statistics. 

Year Annual Flow 
(ML) 

Winter Flow 
(ML) 

Flow>700EC 
(ML) 

Annual Salt 
Load (tns) 

Winter Salt Load 
(tns) 

1979 137862 13456 13456 35219 5391 

1980 147732 13452 13452 42586 7644 

1981 170997 20478 20478 46914 9599 

1982 84534 13041 13041 17790 3438 

1983 100896 16024 16024 37252 9202 

1984 175652 22177 10386 62201 12088 

1985 174952 16951 2486 43691 6666 

1986 161185 10280 5115 40194 5856 

1987 183011 12875 6265 46240 7653 

1988 234186 50755 49155 85318 38840 

1989 290510 41585 41585 106771 29428 

1990 202700 28205 27215 68304 19107 

1991 193375 21600 6500 44792 8842 

1992 196335 17910 2990 50766 6535 

1993 212465 13280 6245 58374 6381 
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1994 224225 28435 2765 47591 7323 

1995 191340 27295 10045 53200 14115 

1996 193140 16445 6705 44341 6516 

Ave79-88 157101 18949 14986 45741 10638 

Ave78-96 181950 21347 14106 51753 11368 

25% 163638 13453 6250 42862 6521 

Median 182480 18429 11714 46577 8247 

75% 196335 22177 14986 53200 11368 

 

Table 11 shows the large volumes during the wet years of 1988 till 1990, but also the 

difference between the years before 1988 and after 1990. The average has increased 

significantly. Salt loads tend to be disproportionately higher in the wet years. 

The volumes arriving at Willow Dam are stored in Barren Box Swamp for later reuse in 

Wah Wah. Figure 9 shows the levels as they have been recorded over the last 12 years. 
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Figure 9 Levels in Barren Box Swamp, 1977 to 1995 period. 

The maximum volume of the storage is about 100,000 ML (level 3.6m), however the safe 

maximum is about 80,000 ML (3.0 m), and the “dead” storage which can not be released is 

about 10,000 ML (1.0 metres). The outflow from the storage becomes less at a level of about 

1.5 metres (20,000 ML). This gives a 60,000 ML range in theory, however the current flood 

release policy considers it imperative that releases to Lower Mirrool Creek be made when the 

storage exceeds 65,000 ML, reducing the effective operational range to about 45,000 ML.  

The management rules for Barren Box Swamp have been changed over time. Before 1989 the 

policy was to preserve the storage and avoid releases to the Lower Mirrool Creek. Irrigation 

use tended to be less than the drainage inflows to Willow Dam. The Barren Box Storage 

levels tended to be high. 

The current operational management rules aim at avoiding releases to Lower Mirrool Creek 

by maximising the irrigation reuse and keeping the storage as low as possible. At the same 
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time there is a need to preserve the ability to supply water to landholders in the Wah Wah 

Irrigation District. Environmental Surplus Declarations (off-allocation) are made when the 

storage exceeds about 40,000 ML. Volumes released under this rule have increased markedly, 

and more landholders now have an expectation of continuation of the environmental surplus 

declarations.  

Alligator weed was discovered in Barren Box swamp in 1995, resulting in an extensive 

eradication program. As part of this program the policy to keep Swamp levels low was 

applied more vigorously, to reduce the risk of the weed escaping to downstream areas and 

streams. 

Since 1990 the levels in Barren Box Swamp have been lower, creating more airspace for 

possible floods. Water use for irrigation in Wah Wah has increased. To secure Wah Wah 

supply in times of lower Swamp levels, a practice of top up is being adopted when the levels 

drop to about the 1.5 metres level. The question as to whether or not this policy has resulted 

in the higher “drainage” volumes arriving at Willow Dam (Table 11) has not been finally 

settled. 

All the rules and practices around BBS have resulted in a pattern of flood releases as shown at 

Figure 10. 
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Figure 10: Monthly volumes of Flood Releases to Lower Mirrool Creek (ML), and BBS 

level (m), period 1979 to 1996 

About 13 events (with some stops and starts) can be recognised over the 16 year period, 

showing a frequency of almost once/year. The average release volume per event is about 67 

GL. Interestingly, the hydrological model prepared for the MIA supply and drainage system 

(BBSWAMP) estimates for a 69 year climatic period that flood releases would occur 25 

times, or once every 2.8 years, and the release volume would be about 25 GL/event. Evidently 

the period shown at 10 is wetter than the longer term probability would indicate. 

Much of the effort within the MIA&D LWMP has been to address the issues related to flood 

releases from Barren Box Swamp to the Lower Mirrool Creek. 

.2 Irrigation System Efficiency and Losses. 

The drainage volumes of the MIA are from a variety of sources, including farm drainage, 

escape flows, town drainage, pumping from Lake Wyangan, tile drainage, etc. The main 
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components are farm drainage and escape loss from the system. With drainage being a critical 

management issue in the LWMP these two factors require special attention. Farm drainage 

may be reduced by Best Management Practices and recycling. The matter of supply system 

efficiency and loss is discussed here. 

The section on the MIA water balance estimates that about 110,000 ML of escape flows may 

occur from the supply system, or about 45% of total drainage. However since the MIA system 

by and large is a closed system, and since most drainage is reused, the overall efficiency is 

quite good. A water balance approach for the supply and drainage system allows the 

assessment of the system efficiency and losses. 

Irrigation in the MIA includes diversions from the Murrumbidgee River at Berembed and 

Gogeldrie Weirs, conveyance through channels, deliveries to farms through Dethridge 

Outlets, and a drainage system. There are losses from the channel via escapes, seepage, 

evaporation, leaks and theft. There is also capture of irrigation and rainfall runoff and the 

escape flows in the drainage system. Some (about 10%) of drainage returns to the 

Murrumbidgee River but most is collected and conveyed to Barren Box Swamp via the 

Mirrool Creek. Reuse of drainage occurs along Mirrool Creek, by diversion to Benerembah at 

Brays Dam, and in the Wah Wah District. 

The volumes of diversions and the proportion of deliveries considering the effectiveness of 

drainage capture and reuse has always been of interest. Table 12 below shows the values for 

the period 1977 to 1997. 

Table 12: MIA Supply System, Diversions and Deliveries and Apparent Loss (GL) 

Year Diversions Deliveries Del% % Loss Loss GL 

1977/78 1218 1022 83 16 196 

1978/79 1008 832 67 17 176 

1979/80 1232 1064 86 14 168 

1980/81 1165 974 79 16 192 

1981/82 1203 1048 85 13 155 

1982/83 1155 961 78 17 193 

1983/84 881 734 59 17 147 

1984/85 1183 992 80 16 191 

1985/86 1140 943 76 17 197 

1986/87 1094 892 72 18 202 

1987/88 1254 1043 84 17 210 

1988/89 983 799 65 19 184 

1989/90 1102 877 71 20 225 

1990/91 1194 926 75 22 268 

1991/92 1328 1051 85 21 277 

1992/93 931 685 55 26 246 

1993/94 1040 831 67 20 209 

1994/95 1403 1072 87 24 331 

1995/96 1107 870 70 21 237 

1996/97 1325 1067 86 19 258 

       Source : Sustainable Water, DLWC, Parramatta. 

The original data have been reviewed by DLWC Hydrology. The delivery percentage is the 

recorded delivered volume divided by the total volumetric entitlement within the MIA (1,235 

GL). The percentage loss is expressed as a proportion of diversions. This means the two 

percentage values do not have to add up to 100%. The losses appear to be 210 GL in an 

average year. It may be noted that during the last 8 years there has been a jump in the 

apparent loss from about the 180 GL/year level to about 245 GL/year. There is no ready 
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explanation for this increase in apparent loss, but it is interesting to note that it correspond 

with larger drainage volumes towards Willow Dam (Table 11).  

Several factors affect the accuracy of the loss assessment in Table 12, which in fact is a poor 

estimate of the “true” system efficiency and loss. Firstly both the recorded estimate of 

diversions and deliveries are subject to error. The combined error, which includes 

unexplained losses is believed to be in the order of 14% of deliveries. Deliveries to farms are 

under-estimated by a significant proportion of the difference. The estimate of diversions, 

whilst also subject to variation, on average is believed to be more accurate (SKM report on 

system losses, 1995). This reduces the apparent loss and increases the actual efficiency of the 

system. The corrected average value is about 87%. 

The losses vary with climatic conditions. Table 13 shows values of the system water balance 

for a 10% dry year, an average year and a 10 % wet year. It shows that in a dry year the 

apparent loss is larger than in a wet year, because there is less capture and reuse of rainfall 

rejections from the channel system and rainfall runoff. However, the true losses from the 

system are larger in a wet year. True losses include channel seepage and evaporation, 

evaporation and rainfall capture by Barren Box Swamp and Lake Wyangan, drainage to the 

River and releases to the Lower Mirrool Creek. The latter components tend to increase in wet 

years. 

In Table 13, the true system losses are estimated by two methods, from diversions and 

deliveries and the use of a correction factor for inaccuracy, and by adding up the estimated 

volumes for all possible loss components. These two values do not match exactly (as 

expected), and the water balance at the bottom of the table shows the difference between the 

two estimates. 

The information presented is subject to constant improvement through closer analysis of data. 

The outcomes are very important for the negotiation of a loss allowance for the water supply 

license, and DLWC river management, because the volumes involved are significant. It is also 

important when considering costs and benefits of options to reduce channel escape volumes.  
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Table 13: Estimated efficiency and loss of the MIA supply system based on a water balance assessment 

approach, for average and 10% dry and wet years. 

 Average 10%dry Median  10%wet Source 

General Data Year Year Year Year Data 

Rainfall (mm) 394 287 390 530 1 

Evaporation Class A Pan (mm) 1709 1847 1733 1543 1 

MIA Inputs GL/year) Average 10%dry Median  10%wet  

Gross Diversions 1143 1299 1154 954 9 

Mirrool Creek Contribution 2 0 1.5 6.4 1 

Rainfall Runoff 54 na na na 2 

Irrigation Excess 50 na na na 2 

Rainfall R/O + Irrigation Excess 104 55 77 166 2 

Tile Drainage 10 8 10 12 1 

Total Inputs MIA system  =(1)              1259 1362 1243 1138  

MIA Deliveries Average 10%dry Median  10%wet  

MIA+ BID + WWID Deliveries 934 1068 952 768 9 

Wah Wah Deliveries 90 110 85 63 6 

Correction factor deliveries (14%) 1.14 1.14 1.14 1.14 1, 5 

Stock + Domestic Deliveries 10 12 10 8 8 

Deliveries (Corrected)   =(2) 1075 1230 1095 884  

      

Apparent Loss  (Base data) 209 231 202 186  

Loss after Correction (1)-(2)=(3) 184 132 147 255  

True Losses MIA System (GL/year) Average 10%dry Median  10%wet  

Seepage MIA Large Area Farms 12 12 12 12 3 

WWID Channel Seepage Losses 6 6 6 6 8 

Wah Wah S+D + Western Wah Wah Losses 10 10 10 10 8 

Seepage Horticulture 3 3 3 3 8 

Evaporation Barren Box Swamp 31 37 32 23 4 

Evaporation Lake Wyangan 4 5 4 3 4 

Evaporation Channel System 18 22 19 14 4 

Wah Wah Channel Evaporation 3 4 3 2 8 

Leakage/Theft 5 5 5 5 5 

Yanco GMS + YMS Drains to River 28 15 24 40 7 

Roaches Escape back to River 5 2 5 10 6 

Wah Wah Escapes 4 1 3 6 8 

Floodway Releases 48 0 26 110 6 

Losses MIA System     = (4) 178 122 152 244  

Water Balance      

Corrected - True Losses (5) = (4)-(3) 7 11 -5 10  

Water Balance as % Diversions 0.58 0.84 -0.41 1.10  

Note : Values of lines in italics are included with other lines. 

 Sources of Data 

1 MIA + BID Water and Salt Balance Data (1979-1991) 

2 Evaluation of Watertable Control Options report 

3 Arun Tiwari, farm drainage investigations report 

4 CSIRO for coefficients, and 12 years data 1979-1991 

5 Sinclair Knight Merz report on system losses 

6 Murrumbidgee Irrigation data  

7 Water Quality Data 
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8 Estimated 

9 Paul Pendlebury, diversions and deliveries table 

 

.3 Trends. 

The past trends in drainage volume behaviour, flood release frequency and system losses has 

been discussed. With regard to the No Plan scenario trends, the following factors play a role : 

• Increase in rice growing and water use along the Murrumbidgee River, increased incidence of 

uptake of “sleeper” and “dozer” licenses. 

• MDBC Cap since 1995. With increased use along the river the Allocations announcements each 

year have dropped from 120% to below 100% and off-allocation is unlikely to be available to the 

same extent. 

• Increased trading of water entitlements between users within and outside the MIA. 

• Environmental Flow policy announcement 1998 and an average 4% reduction in allocations. 

• Cost - price pressures in agriculture, requiring constant improvements in efficiency. 

 
These factors combined would result in less diversions into the MIA, more efficiency on-

farm, and an incentive for Murrumbidgee Irrigation to do the best with its available loss 

allowance. Releases to the Lower Mirrool Creek, and drainage returns to the River would be 

minimised within the constraints of the available infrastructure and financial resources. 

Drainage savings under the No Plan scenario to the tune of several GL/year have been 

allowed for, however the full impact of the above list of new policies has not yet been 

assessed. This assessment is expected as part of the Water Reform package announcements. 

 

.7 Water Quality 

 

.1 Drainage Water Salinity 

.1 Drainage Water Salinity Conditions. 

Drainage water leaving the MIA is more saline than the river water diverted for irrigation, 

which averages 0.15 dS/m. To understand the increase, all sources of drainage salt loads 

within the MIA have to be examined. This work was conducted by van der Lely (1992), van 

der Lely (1995) and also reported by Hassall Associates (1996). Table 14 shows the average 

volumes and salt loads of the identified sources of salt to the Mirrool creek, and to Willow 

Dam after subtraction of the volumes/loads diverted at Brays Dam. 

Table 14 Average volumes and Salt Loads from various sources in MIA Drainage(*1). 

 a b c 

0.6 x (a x b) 

d e f 
(a-d) 

g 
(c-e) 

 MC MC MC BD BD WD WD 
 volume 

(ML) 

conductivity 

(EC) 

salt loads 

(tonnes) 

volume 

(ML) 

salt loads 

(tonnes) 

net volume 

(ML) 

net salt loads 

(tonnes) 

LAF runoff 79360 na 18270 22000 4000 57360 14270 

Escapes 110000 150 9900 21000 1890 89000 8010 
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Hort TD 10000 3000 18000 500 900 9500 17100 

Hort Runoff 18000 160 1728 1000 96 17000 1632 

Dry Area Runoff 0 150 0 0 0 0 0 

Town Drainage 4000 300 720 1500 270 2500 450 

Tubewell 

Drainage 

4590 5000 13770 2500 7500 2090 6270 

Lake Wyangan 

Pumps 

4000 1100 2640 0 0 4000 2640 

Seepage into 

Drains 

100 7500 450 0 0 100 450 

BID Pumps -12000 400 -2880 0 0 -12000 -2880 

Total 218050 17760 62597 48500 14656 169550 47941 

         

Ave Salinity   478  504  471 

(*1) MC = Mirrool Creek 

WD=Willow Dam 

BD=Brays DAm 

The average calculated concentration of 471 S/cm is weighted for volumes, This differs 

from results published in the report “MIA Surface Water Quality Project”, by Mark 

Shepheard (1994). That report merely took all the salinity values over a fourteen year period 

and calculated averages of these numbers, without regard to the accompanying volumes of 

flow. Information about key drainage sites in the MIA are shown in Table 15 

Table 15. Statistics of salinity data at key sites in the MIA 

Site Mean 

(1) 

St. Dev. 25%  Median 75% Ave 

Flow 

N 

Main Canal 151 62 99 145 186 NA 141 

Gogeldrie Main Drain 538 304 307 429 717 52 143 

Yanco Main drain 1049 630 579 790 1475 25 171 

Little Mirrool Creek 1093 1116 433 590 1283 155 134 

Main Drain J 702 549 371 470 739 288 165 

Willow Dam 645 511 365 444 628 519 151 

BBO Outfall 707 183 602 683 763 337 126 

(*1)  EC as S/cm, Flow as ML/day (averages for sampling days, not full hydrology) 

 

Salt loads and salt concentrations show seasonal variations. This was reported in the Water 

and Salt Balance study. The monthly values for the Willow Dam and Barren Box Outfall sites 

found in that study are shown in Table 16. 

Table 16 Observed Willow Dam and Barren Box Outfall salinity (mg/L) 

Month Willow Dam Barren Box 

Outfall 

July 955 446 

August 693 465 

September 541 476 

October 284 484 

November 276 476 

December 246 469 

January 244 459 

February 216 424 

March 214 412 
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April 238 406 

May 270 410 

June 528 404 

Mean for Year 392 444 

Volume weighted mean 280 NA 

 

Table 16 shows the water salinity in Mirrool Creek is above 420 mg/L (700 EC) from June till 

September. The actual values in September depend on the opening date of the irrigation 

season. The present procedure is to dilute flows in Mirrool Creek from the river when the 

salinity at Willow Dam is above 700 EC and a demand for irrigation exists downstream. 

The various sources of salt identified at Table 14 may change with time. The prediction of 

future trends of salinity in the drainage system is discussed next. 

.2 Model to Evaluate Trends. 

The methodology for assessment of future soil salinity was used in the next step, that is, to 

estimate present and future salt loads from surface runoff as well as the resultant salt 

concentrations in drainage flows. The following data were used. 

Area considered    128,000 ha 

Average runoff volume     0.62 ML/ha 

Calibration coefficient       0.3   

Runoff salinity Non Saline Soils   240 S/cm 

Escape drainage  salinity    160 S/cm 

Volume of escapes   110,000 ML 

 

The area considered covers the irrigated areas upstream of Willow Dam, but not the dry areas, 

or irrigated areas not having drainage. The total large farm area upstream of Willow Dam is 

158,000 ha, including 10,000 ha of horticulture.  

From this it follows that the runoff volume would be 0.62 x 128,000 = 79,400 ML. The 

assessment of the water balance shows 100,000 ML/yr, however it applies to a 19% larger 

area. The 0.3 value for the calibration coefficient is higher than recommended by Merrilees 

(1992), however this value was found the most appropriate when developing the soil salinity 

prediction graphs. 

.3 Prediction of Future Drainage Water Salinity 

The prediction of future drainage water salinity in the MIA depends on the estimation of all 

the components together making up the total salt load. The main factors believed to be subject 

to significant change over the next 30 years are the salt loads from large area runoff and 

horticultural tile drainage. These, and the other salt loads are discussed below. 

.1 Large Area Runoff Salt Loads 

As discussed the prediction of the future drainage water salinity depends on the areas of 

various soil salinity classes within the MIA. These have been discussed for the whole MIA. 

The results of Table 17 are similar, but corrected for that (less saline) part of the Yanco Area 

that drains back to the Murrumbidgee River. 
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Table 17 Present and Future Salinised Areas of lands of the Willow Dam Catchment within the MIA2.3 

Soil Salinity % of Land   1994 1999 2004 2009 2014 2019 2024 

Area with ECex 2-3 dS/m % 0.08 0.10 0.11 0.12 0.12 0.13 0.12 

Area with ECex 3-4 dS/m % 0.04 0.05 0.05 0.06 0.06 0.06 0.06 

Area with ECex 4-6 dS/m % 0.03 0.03 0.03 0.03 0.03 0.04 0.04 

Area with ECex 6-8 dS/m % 0.01 0.01 0.02 0.02 0.02 0.02 0.02 

Area with ECex >8 dS/m % 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Total % 0.25 0.29 0.32 0.34 0.36 0.37 0.37 

 

Multiplying the areas of Table 17 by the volume of farm runoff and a runoff calibration 

coefficient gives the estimated salt load. The runoff volume from large area farms in the MIA 

has been estimated by Arun Tiwari (1993) to be 0.47 ML/ha, whilst van der Lely (1992) 

estimated 0.78 ML/ha. The latter value was an average including horticultural runoff. A 

average value of 0.62 ML/ha was used for this exercise to achieve a match between areas 

drained and total volume of farm runoff. The result after multiplying all the sub-areas for all 

five year intervals is shown at Table 18. 

Table 18 Predicted Runoff Salt Load from the MIA over time4. 

Source 1994 1999 2004 2009 2014 2019 2024 

Runoff Salt Load (tns) 18270 19404 20274 21008 21655 22239 22776 

 

Over the next thirty years the estimated salt load in the runoff can be expected to increase 

from about 18,300 T/yr to 22,800 T/yr, or by 4,500 T/yr. 

.2 Horticultural Tile Drainage Salt Load. 

The tile drainage salt load is known to decrease with time. Studies by DWR during the early 

1970’s (van der Lely and Ellis, 1971), and early 1980’s (Hoey, 1981) provided estimates of 

the decline. Monitoring during 1990 of the same farms as for the 1980 survey concluded a 

decrease from an average of 3.9 dS/m to 3.0 dS/m (MI survey). The initial salinity from 

regression analysis was found to be about 6.0 dS/m. The volumes involved were estimated to 

be about 1.7 ML/ha during the 1970’s and 1980’s, however these may now have decreased 

due to the handing over of tile drainage pumps to the landholders, providing an incentive to 

reduce accessions. 

NSW Agriculture, for the Land and Water Management Plan, summarised these results and 

reviewed the decline over time (Sue McAlpine, 1994). She combined all the data and came to 

the conclusion that the decline would be over 60 years, not 25 years as believed during the 

early 1970’s. Her work provided predictions for salt load increases of potential horticultural 

expansion into large area farm land and discharge of drainage to the MIA system. 

This report suggests a further alternative approach to estimate the salinity decrease over time.  

Firstly the salt load of an installation should be split between a base salt load and a leaching 

salt load. The base salt load relates to the constant inputs of salt into the soil profile drained 

by the system. This is the salt from the irrigation water and any salt derived from on-farm 

seepage. The latter is small for most farms but not insignificant for some. At 7 ML/ha water 

application and 160 dS/m water salinity this quantity would be about 0.8 T/ha. 

                                                           
2   The area upstream of Willow Dam considered for the assessment is 108,000 ha. 
3   April 1995 assessment, calculations of tables 5.5-5.9 are based on November 1994 assessment, which is a little different 

(increase 20 to 40% instead of 25 to 37%). 
4 Willow Dam Catchment only. 
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Secondly the remaining leaching salt load decreases by a proportion each year. This 

proportion may be estimated from the slope of the regression function during the earlier years 

after installation. The salinity decrease is applied and the same proportional decrease applied 

to the remainder, thereby effectively creating an exponential type decrease function. The 

outcome is shown at Figure 11 
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Figure 11: Estimated Average Decrease of Horticultural Salt Load with Time 

The next step is to apply this curve to all years in which tile drainage installation were made 

since 1956 and also make an allowance for future installations in the gazetted horticultural 

areas. The results are added up resulting in the behaviour of salt loads from tile drainage from 

the MIA horticultural areas. This is shown at Figure 12.  
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Figure 12: Total Annual Salt Load from Horticultural Tile Drains over Time 

From this it would appear that the salt load peaked during about the mid 1970’s, that at 

present the salt load is in the order of 18,000 tonnes, and that salt load in 30 years from now 

would be in the order of 13,000 T/year. 
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Tile drainage salt loads vary with seasons and between years. DLWC Statistical Hydrology 

has estimated that the salt load frequency distribution, for the winter season and for the 

October to end April season. This is shown at Table 19. 
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Table 19: Percentile distribution of winter and summer total tile drainage salt loads 

Percentile % 10 20 30 40 50 60 70 80 90 

June-August 6000 5600 5100 4700 4200 3800 3500 3100 2500 

Oct-April          

 

The effect of a higher salt load in a specific year does not necessarily translate into a higher 

salinity at Willow Dam in Mirrool Creek. This effect has not been assessed at this stage. 

.3 Other Salt Loads. 

The other sources of salt loads to the MIA drainage system are likely to remain more or less 

constant over time. The initial values are all based on the values in the Water and Salt 

Balance report (1992). 

Escape salt loads depend on river salinity. The latter is assumed to increase by about 1% per 

year, this being the order of increase over the last 25 years. The reason for the increase relates 

to river salinity which because of dry land salinity processes is slowly increasing. 

Seepage into drains may increase somewhat as the areas of high watertables increase further. 

An increase from 400 T/yr to 600 T/yr over 30 years is expected. 

The salt load from the Lake Wyangan basin may decline initially because of the use of the 

new pumps, but for sustainability within the basin it is necessary to maintain a salt export 

strategy. A constant salt load of 2,640 T/yr is assumed. A reduction would only be likely if 

strategies in tile drainage runoff within the Lake Wyangan catchment were successful. 

Town Drainage salt loads are not expected to change over the next 30 years. 

The Benerembah pumps will extract salt loads from Mirrool Creek. The increase depends on 

the increase of salinity in Mirrool Creek, which therefore has to be entered here after the 

preliminary results are known. As will be shown, Mirrool Creek salinity is not expected to 

change much, hence the salt load to Benerembah will remain about the same. 

The salt loads from dry area runoff in the MIA is not expected to increase in salinity since 

these areas are essentially non-saline. 

.4 Summary of Future Salt Loads. 

Table 20: Combined salt loads in the drainage system of the MIA5 

Source 1994 1999 2004 2009 2014 2019 2024 

Runoff Salt Load (tns) 18270 19404 20274 21008 21655 22239 22776 

Escape flow SL (tns) 9900 9999 10099 10200 10302 10405 10509 

Tile Drainage GRFT 18000 16800 16000 15000 14200 13700 13000 

L Wyangan 2640 2640 2640 2640 2640 2640 2640 

Grw Seepage 450 500 550 600 650 700 750 

Tubewells 13770 13770 13770 13770 13770 13770 13770 

Town Drainage 720 720 720 720 720 720 720 

Hort Runoff 1728 1728 1728 1728 1728 1728 1728 

DryLand Runoff 0 0 0 0 0 0 0 

BID pumps -2880 -2880 -2880 -2880 -2880 -2880 -2880 

Total 62598 62681 62901 62786 62785 63022 63014 

                                                           
5 Applying to area draining towards Willow Dam. 
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It is shown whilst there is an increase in large area farm runoff salt load and a decrease in tile 

drainage salt load, the overall effect is that the combined salt load stays virtually the same. 

The salt load may be converted to an average salinity at Willow Dam after correction for the 

flows diverted to Benerembah at Brays Dam. This is shown at Table 21. 

Table 21:  Predicted Salinity at Willow Dam over next 30 years 

Source 1994 1999 2004 2009 2014 2019 2024 

Runoff EC 384 408 426 441 455 467 478 

Willow Dam EC 471 472 474 473 473 475 475 

 

.4 Impact of Horticultural Expansion  

A key issue for the LWMP was the potential impact of allowing discharge of tile drainage 

effluent from horticultural expansion in large area farms. Table 22 and Table 23 shows the 

impact of discharge from an extra 2,800 hectares of tile drained land, for two scenarios: 

1. The salt load discharge is controlled to a constant 1.6 T/ha/yr 

2. The average discharge rate is 0.8 ML/ha (applicable for efficient irrigation 

systems) and the initial salinity being 6.0 dS/m, but decreasing over time. 

 

Table 22 Predicted salinity at Willow Dam for Scenario 1: 1.6 T/yr over 2800 ha (constant) 

Year 1993 1998 2003 2008 2013 2018 2023 

Tonnes/year 0 4480 4480 4480 4480 4480 4480 

New Salt Load 62598 67161 67381 67266 67265 67502 67494 

New WD EC 471 516 518 517 517 519 519 

Increase 0 44 44 44 44 44 44 

 

Table 23 Predicted salinity at Willow Dam for Scenario 2: 0.8 ML/year, EC 6 dS/m first year, declining 

with time, 2,800 ha. 

Year 1993 1998 2003 2008 2013 2018 2023 

Tonnes/year 0 7630 6600 5767 4613 4068 3627 

New Salt Load 62598 70311 69501 68553 67398 67090 66641 

New WD EC 471 547 539 530 518 515 511 

Increase 0 75 65 57 45 40 36 

 

It was found that the average drainage water salinity at Willow Dam would increase by up to 

44 EC (=S/cm) for scenario 1 and 75 EC for scenario 2. The actual increase depends also on 

the rate of installation, which may be slower than the assumed 5 year time frame.  

The additional salt loads would need to be added to the assessment of Table 20. After 

consideration of downstream effects it was decided that the increase could not be justified, 

and it was recommended that effluent from expanded horticulture should be retained on-farm. 

.2 Chemical and nutrient pollution 
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.1 Water Quality Monitoring in the MIA 

The MIA and Districts have evolved as a large reuse system with downstream irrigation users 

receiving a mixture of river water and drainage waters. Murrumbidgee Irrigation undertakes a 

range of water quality monitoring activities: 

• to monitor the quality of water diverted from the Murrumbidgee River  

• to monitor the quality of reuse and drainage waters within the irrigation system, 

• to develop management practices for operating the irrigation supply and drainage 

system.  

The program includes: 

• monthly sampling for nutrients and pesticides 

• weekly salinity monitoring at key sites 

• intensive monitoring during irrigation season peaks 

• continuous monitoring at key sites 

• response protocols 

• community awareness. 

Salinity and nutrients have been monitored for many years but at irregular intervals. Now 

information on a range of agricultural chemicals is being collected. The comprehensive water 

quality monitoring program has provided a picture of pesticide use and disposal. The results 

have shown levels of a range of pesticides above the environmental guidelines advocated by 

the Environmental Protection Authority (EPA). Some pesticides showed high levels over 

specific periods of their use while others were detected at high levels over the whole 

irrigation season. The environmental risks that are associated with these pesticides in the 

drainage/reuse system of the MIA include toxicity to and deformities in aquatic insects, fish 

kills, impacts on other types of crops and reduced water quality for stock and domestic users 

downstream. 

 

These results are being used to provide a baseline position on environmental sustainability of 

the system, to manage the irrigation system and as a tool to increase awareness of the off farm 

effects of agricultural chemical use. Contingency plans and incident reporting procedures 

have been developed for salinity, pesticides and blue green algae. On-farm chemical use, 

particularly in irrigation areas, is impacting on the off farm environment where pesticides and 

nutrients are finding their way into the regional drainage systems from the drainage outlets of 

farms. 

Table 24 Monitoring Site Description (includes long term monitoring sites, not necessarily those now 

specified in the EPA Licence) 

SUPPLY  

NARREG. Main Canal at Narrandera Regulator This site monitors the quality of water entering the 

Murrumbidgee Irrigation supply system from the diversion at 

Berembed Weir 

STUR. Sturt Canal This site provides a measure of the quality of water diverted 

into the MIA at Gogeldrie Weir. 

EMR. Main Canal at East Mirrool Regulator This site provides information about supply integrity. The site 

is located on the edge of the Mirrool Irrigation Area 

YOT. Main Canal at Yanco Offtake. A supply integrity site. 

WATER STORAGES  

LW6. South Lake Wyangan at Causeway This site monitors the quality of water for reuse in Lake View 

Channel and storage management 

BBO. Barren Box Swamp at Outfall. 

 

 

This site monitors Barren Box Swamp for storage 

management and the quality of supply water for the Wah Wah 

Irrigation District 

SSE. Stanbridge Swamp. Stanbridge Swamp is used as a drainage storage area for small 

Horticultural catchment with water eventually pumped back 
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into the drainage system 

RE-SUPPLY  

BC1. Benerembah Supply This site monitors the resultant quality of water for supply to 

the Benerembah Irrigation District after mixing of Mirrool 

Creek with fresh water from the Murrumbidgee River via the 

Sturt Canal 

BID2. Benerembah Irrigation District Supply No. 2 

(downstream from Benerembah Pumps). 

This site monitors the resultant quality of supply water from 

the mix of Mirrool Creek, Benerembah supply and DC Central 

Water. 

INTERNAL DRAINS  

LMK. Little Mirrool Creek This site monitors the quality of drainage that moves “west” 

from the Yanco Irrigation District. It includes Leeton urban 

drainage with possible discharges from the Leeton Sewerage 

Treatment Works at Fivebough Swamp 

BYD. Brays Dam This site provides an assessment of the drainage water quality 

in Mirrool Creek before the diversions into the Benerembah 

Supply 

MIRMCN. Mirrool Creek at McNamarra’s Rd This site provides an approximation of water quality leaving 

the Mirrool and Yanco Irrigation Districts before entry to 

Barren Box Swamp and / or Wah Wah Irrigation District. 

MDJ. Main Drain J. The quality of water leaving Mirrool Irrigation District and 

includes urban run-off from Griffith and Yenda, discharge 

from Griffith and Yenda sewerage works and tile drainage 

from Griffith 

EXTERNAL DRAINS  

BBOW. Barren Box Outfall Drain at Wyvern Station This site provides an assessment of the water quality supplied 

to Wah Wah Irrigation District. 

ROCUDG. Cudgel Creek downstream from Roaches 

Escape 

This site monitors the drainage quality from the Cudgel Area 

which ends up in the Murrumbidgee River. 

LAG. DC1710 discharge point This site monitors drainage quality from the Gogeldrie Area 

GMSRR. Gogeldrie Main Southern Drain at River Road. This site monitors drainage quality from the Gogeldrie Area 

before discharge to the Lagoon system. 

YMS. Yanco Main Southern Drain at River Road. This site monitors drainage quality from Yanco districts and 

includes urban drainage from both Leeton and Yanco. 

 

.2 Assessment Criteria 

To provide a relative assessment of the water quality conditions in the MIA the criteria 

developed by Harrison (1994) has been used. It should be noted that the low level criteria 

identified by Harrison may be above the long term environmental sustainable nutrient level in 

irrigation wastewater. 

Table 25 Criteria for Nutrients in Irrigation Wastewater (Harrison, 1994) 

Criteria TP mg/L TN mg/L 

Low < 0.1 < 1 

Medium 0.1 - 0.5 1 - 5 

High > 0.5 > 5 

TP Total Phosphorus 

TN Total Nitrogen (Sum of Total Kjeldahl Nitrogen (TKN) and NOx as N) 

 

.3 Results for Nitrogen 

Limited historical data is available for total nitrogen content of surface waters in the MIA. 

Monitoring of nitrogen has focused upon Nox because of the ease of testing. In 1993 a more 

comprehensive monitoring program was introduced incorporating TKN Nitrogen which 

provides an estimate of total N found in the drainage system. 

The data is a summary of the historical data which will allow comparisons with the data 

collected from the current year. 
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Table 26 Nox - N in Irrigation Wastewater during the Irrigation Season (JFMAM...SOND) from 1978 - 

1995 Data Summary 

Site Median Average Range Rating 

River Supply 

YOT-NARREG 

STUR 

 

0.146 

0.131 

 

0.178 

0.147 

 

0.011 - 0.402 

0.009 - 0.403 

 

L 

L 

Re-supply 

BC1 

 

 

 

0.107 

 

0.002 - 0.528 

 

L 

Yanco Area 

River Drains 

YMS 

GMSRR 

LAG 

West Flowing Drains 

LMK 

 

 

0.613 

 

 

 

 

0.171 

 

 

0.654 

0.264 

0.450 

 

 

0.187 

 

 

0.076 - 2.937 

0.029 - 0.690 

0.012 - 1.903 

 

 

0.003 - 0.712 

 

 

M 

L 

L 

 

 

L 

Mirrool Area 

 

Mirrool Creek 

BYD 

MCB 

WWO/MCN 

Drains 

MDJ 

 

 

 

0.130 

 

 

 

 

0.703 

 

 

 

0.155 

0.196 

0.590 

 

 

0.802 

 

 

 

0.028 - 0.451 

 

0.107 - 1.652 

 

 

0.195 - 1.174 

 

 

 

L 

L 

M 

 

 

M 

Griffith Sewerage Works 

GSW 

 

 

 

0.138 

 

 

 

0.164 

 

 

 

0.006 - 0.976 

 

 

 

L 

South Lake Wyangan 

LW6 

 

 

 

 

 

0.170 

 

 

0.007 - 0.690 

 

 

L 

Barren Box Swamp 

BBO 

 

 

0.121 

 

 

0.182 

 

 

0.005 - 0.713 

 

 

L 

West of Barren Box Swamp 

BOD 

BBE 

 

 

 

0.177 

 

 

0.034 

0.219 

 

 

0.006 - 0.146 

0.005 - 0.725 

 

 

L 

L 

     (Carter and Tijs, 1997) 

.4 Results for Phosphorus 

The following data is a summary of the historical data from 1978 to 1995 (Carter and Tijs, 

1997). Typically total phosphorus levels in drainage water are 2 to 3 times greater than the 

river supply water. The total P levels are generally in the medium class (0.1 - 0.5 mg/L P) 

according to the criteria in Table 25 developed by Harrison (1994). 

It should be noted that higher levels of P are found in drains that act as receiving waters for 

discharges from sewerage treatment works. In the MIA this is Main Drain J (MDJ, site 2) 

which carries Griffith and Yenda sewerage discharge. 

Table 27 Summary of Historical Data for the Irrigation Season (J,F,M,A,M...S,O,N,D) from 1978 - 

1995 for Total Phosphorus (mg/L P) 

Site Median Average Range Rating 

River Supply 

YOTNARREG 

STUR 

 

0.054 

0.048 

 

0.060 

0.052 

 

0.029 - 0.109 

0.023 - 0.098 

 

L 

L 

Re-supply 

BC1 

 

 

 

 

0.096 

 

0.042 - 0.296 

 

L 

Yanco Area 

River Drains 

YMS 

GMSRR 

 

 

0.106 

 

 

 

0.107 

0.096 

 

 

0.061 - 0.212 

0.053 - 0.189 

 

 

M 

L 
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LAG 

West Flowing 

Drains 

LMK 

 

 

 

0.146 

0.110 

 

 

0.156 

0.053 - 0.189 

 

 

0.065 - 0.436 

M 

 

 

M 

Mirrool Area 

Mirrool Creek 

BYD 

MCB 

WWO/MCN 

Drains 

MDJ 

 

 

0.139 

 

 

 

 

0.183 

 

 

0.148 

0.159 

0.183 

 

 

0.230 

 

 

0.096 - 0.268 

 

0.084 - 0.274 

 

 

0.051 - 1.154 

 

 

M 

M 

M 

 

 

M 

Griffith 

Sewerage works 

GSW 

 

 

 

4.519 

 

 

 

4.304 

 

 

 

1.626 - 6.310 

 

 

 

H 

South Lake 

Wyangan 

LW6 

 

 

 

 

 

0.170 

 

 

0.073 - 0.148 

 

 

M 

Barren Box 

Swamp 

BBO 

 

 

0.181 

 

 

0.198 

 

 

0.098 - 0.318 

 

 

M 

West of Barren 

Box Swamp 

BOD 

BBE 

 

 

 

0.182 

 

 

0.101 

0.203 

 

 

0.051 - 0.334 

0.120 - 0.384 

 

 

M 

M 

    (Carter and Tijs, 1997) 

Water balance studies have found that the MIA is a net phosphorus sink. That is, the amount 

of total P entering the MIA in supply water is greater than the quantity leaving in drainage 

water. During the irrigation season the total load of P entering the MIA is approximately 360 

kg per day. The average estimated return flows to the Murrumbidgee River from all drains 

from Yanco Irrigation Area is approximately 300 ML/day with a typical P content of the 

water being 0.12 mg/L. This equates to a load of 36 kg P/day. 

Drainage water is also reused in the Wah Wah Irrigation district with the average diversions 

to the area being 800 ML/day with a P content of 0.1 mg/L. This equates to a P load of 80 

kg/day. Therefore the total load of P exported from the MIA is (36 + 80) 116 kg P /day, 

compared to 360 kg P /day coming into the area. 

During the non-irrigation season diversions into the MIA are stopped therefore it is assumed 

the load of P entering the system is negligible. However, minimal discharge of drainage still 

occurs during the winter months with an estimated flow of 80 ML/day with a typical P 

content of 0.17 mg/L. This equates to a load of 13.6 kg P /day exported from the area. 

It should be noted that this assessment of phosphorus loads through the irrigation system is 

for “normal” operating conditions and could be completely different during storm events 

where the flows are different. However it does provide a “baseline” for comparison in future 

years. 

When discussing the significance of phosphorus levels in drainage water it is important to 

consider that most water in the MIA drainage system is reused as irrigation water with a small 

amount of drainage returning to the river. Within the drainage system there are several water 

bodies where the potential for algal blooms could be increased by high levels of P being 

present. To date however, there have been no significant blooms in these water bodies but it is 

recognised that P levels need to be managed to reduce possible blooms. 

.5 Results for Turbidity 

Historical data (for comparison) is available for most sites in the MIA. There are some 

problems with analysis of the data with regard to the quality control of the methodology used 

when collecting the data. 
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The correlation for turbidity and total suspended solids (TSS) is not consistent for all the 

monitoring sites therefore in 1994 the sampling program included TSS measurements for all 

sites. This will be used to develop a suitable regression analysis for each site. The main 

influence on this is the fine dispersive / slaking clay which can make the water turbid yet the 

TSS volume is not that great. 

Table 28 Turbidity NTUs 1978 - 1990 (Lab). 1994- 1995 Hach 4100P Turbidity Meter for the 

Irrigation Season (J,F,M,A,M...S,O,N,D) 

Site Median Average Range 

River Supply 

YOT-NARREG 

STUR 

 

49 

35 

 

51 

45 

 

22 - 98 

17 - 88 

Re-supply 

BC1 

 

 

 

95 

 

24 - 333 

Yanco Area 

River Drains 

YMS 

GMSRR 

LAG 

 

West Flowing Drains 

LMK 

 

 

 

 

 

 

 

 

123 

 

 

122 

112 

122 

 

 

40 - 280 

62 - 271 

65 - 289 

 

 

 

84 - 220 

Mirrool Area 

 

Mirrool Creek 

BYD 

MCB 

WWO/MCN 

 

Drains 

MDJ 

 

 

 

 

 

95 

 

 

61 

 

 

 

63 

37 

 

 

 

24 - 100 

 

62 - 121 

 

 

15 - 112 

Griffith Sewerage Works 

GSW 

 

 

 

 

 

42 

 

South Lake Wyangan 

LW6 

  

 

42 

 

 

17 - 90 

Barren Box Swamp 

BBO 

  

192 

 

81 - 282 

West of Barren Box Swamp 

BOD 

BBOW 

 

 

 

197 

 

 

157 

149 

 

 

80 - 220 

30 - 425 

   (Carter and Tijs, 1997) 

 

.6 Pesticide Management Program 

The issues considered when determining what chemicals would be tested for and the timing of 

testing were : 

• Use pattern and residual characteristics of the chemical. 

• The environmental risk. 

• The likelihood of detection based on results from the previous year and the 

results from similar monitoring conducted in other irrigation areas. 

• The cost of the analysis and the analysis method. 

Table 29 shows the general test groups of chemicals tested. 

Table 29: Test group chemicals 

Organochlorine Organophosph Triazine Miscellaneou Phenyl Urea Phenoxy 
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Pesticides (OC) orus / 

Organonitroge

n (OP/ON) 

Herbicides s Chemicals Herbicides Acids 

Herbicides 

heptachlor diazinon Atrizine Dimethipin diuron 2,4 D 

 endoslfan chlorpyrifos - 

ethyl 

prometryn haloxyfop thidiazuron dicamba 

endosulfan 

sulfate 

parathion - 

methyl 

prometone oxyflurofen fluorometuro

n 

2,4,5 T 

dieldrin parathion - 

ethyl 

simazine trifluralin linuron MCPA 

aldrin disolfoton metribuzin fluazifop   

DDE molinate propazine metolachlor   

DDD malathion  pendimethali

n 

  

DDT phorate     

toxaphene      

chlordane      

endrin      

 

The chemicals detected during the monitoring program include: 

• Atrazine 

• Simazine 

• Endosulfan sulfate 

• Thiobencarb 

• Bromacil 

• Molinate 

• MCPA 

• Malathion 

• Diazinon 

•  Endosulfan 

•  Endosulfan 

 

Table 30 Notification and Action Levels for Various Chemicals  

Chemical Environmental 

Guidelines 

g/L 

Notification Level 

g/L 

Action Level 

g/L 

atrazine 2 2 10 

diazinon 0.0006 0.0006 0.003 

diuron 8 8 40 

endosulfan 0.01 0.05 0.1 

metolachlor 8 8 40 

simazine 10 10 50 

trifluralin 0.1 0.1 0.5 

2,4 - D 4 4 20 

chlorpyrifos 0.001 0.001 0.005 

thiobencarb 1 1 5 

malathion 0.07 0.07 0.35 

molinate 2.5 12.5 25 

 

The MIA drainage system has 5 external drainage points. These are monitoring sites on four 

substantial drains that return water to billabongs, the Murrumbidgee River and the Floodway 

in the Wah Wah Irrigation District (when required). 

Table 30 gives a summary of the pesticide detections that exceeded the environmental 

guidelines for all monitoring sites within the MIA. These include internal water quality 

management sites and the external EPA sites (18 in total). 
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Table 30: Environmental Guideline Excedences for all Monitoring Sites 

Period Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Ma Jun 

94/95 ns ns 1 7 25 14 12 11 9 7 3 7 

95/96 2 4 4 13 30 14 12 13 6 8 3 4 

96/97 ns 2 7 17 14 8 4 6 2 0 0 0 

ns - No sample taken       (Carter, 1997) 

 

Generally Table 30 indicates an improvement in the number of detections of chemicals in the 

drainage system over the three years monitoring period. The reduction appears to be quite 

significant during the irrigation season of October to May. 

A weakness in the sampling regime used is the ability of extreme climatic events to influence 

the monthly results. For example, in January 1997, there was the influence of an extreme 

drought period where farm drainage and run-off was at a minimum and resulted in an 

extremely low number of pesticide detections. On the other hand in November 1994, a freak 

thunder storm occurred resulting in rice banks busting which led to a higher number of 

detections. 

Table 31 Comparison of the Number of Individual Pesticide Detections 

Period Jul Aug Sep Oct Nov Dec Jan Feb Ma Apr Ma Jun 

1994/95 ns ns 5 7 11 6 6 6 3 2 2 6 

1995/96 5 5 6 7 9 8 5 7 4 2 3 3 

1996/97 ns 2 6 9 7 8 4 4 3 2 3 1 

ns - No sample taken       (Carter, 1997) 

 

.8 Special Areas Within the MIA&D LWMP 

Although established firmly within the boundaries of the MIA&D LWMP, some local areas 

were considered to be sufficiently different in their environment, soils or culture to be 

considered for separate study. However while recognising their unique features, the basic 

principles and recommendations of this LWMP apply equally to these areas as much as other 

parts of this region. 

.1 Lake Wyangan Area 

The Lake Wyangan Area is a unique part of the MIA. In fact it is a microcosm of the entire 

MIA and Districts because it embraces: 

• a closed system with water entering but little escaping; 

• environmental problems similar to most other parts of the MIA 

• an intensely irrigated and highly productive farming region with large areas either 

severely degraded by, or at great risk of being degraded by, salinity. 

The Lake Wyangan Area covers some 7,000 hectares. It is irrigated from the Lakeview 

Channel and its extension, of which 18 out of 43.5 km are concrete lined. About 44,100 ML 

was diverted to the area during 1994/95 with 35,200 ML delivered to farms. 

The most common irrigation techniques are flood and furrow, but these are not suited to the 

Area’s steep slopes and highly permeable soils unless they are properly designed and well 

managed. Irrigation management has been poor in all too many instances. As a result 

watertables have developed in many areas, causing salting in many locations. 
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The Lakeview Channel has deteriorated and is leaking badly in the concrete lined section. 

Leakage from non-lined sections is also believed to be significant. Some land used for pasture 

grazing has been abandoned due to salting. In other areas vegetable yields have been affected.  

Horticultural crops have survived because tile drainage is installed in horticultural farms. 

However, because the irrigation methods are inappropriate, tile drainage volumes are very 

high and large volumes of saline sub-surface drainage effluent have entered Lake Wyangan.  

The downstream landholders along the Lakeview extension system are affected by capacity 

constraints. Frequently the water supply is inadequate for efficient irrigation. At other times 

the system closes down and the channel overtops in some places, flooding land. 

The drainage volume to South and North Lake Wyangan, totalling 380 hectares, is estimated 

to be in the order of 8,000 ML/year. Of this about 2,700 ML is being reused by pumping to 

the Lakeview channel and another 1-2000 ML is pumped across McPhersons Range to the 

Mirrool Creek drainage system. This transfers salt loads to already marginal water quality in 

Barren Box Swamp. And pumping drainage from Lake Wyangan is expensive relative to the 

cost of water or the cost of pumping tile drainage. 

Escape drainage volumes have been high and are not being monitored continuously to 

minimise system loss. Levels in Lake Wyangan have been above desirable levels in recent 

years, affecting adjacent landholders and recreational users. 

Water quality in Lake Wyangan is perceived to be a concern, with nutrient levels being above 

threshold levels for algae blooms to occur and pesticide residues sometimes found. However, 

over the last decade there have been no algal outbreaks and the salinity in North Lake 

Wyangan has stabilised at about 1.0-1.2 dS/m (700 ppm).  

Despite its problems the Lake Wyangan area is providing opportunities for intensive 

agricultural pursuits and recreation for the people of the MIA. Lake Wyangan is an 

environmental asset worthy of protection. South Lake Wyangan is a declared bird sanctuary 

and a Landcare group “Friends of the Lake” have initiated tree planting and other 

environmental improvements. 

Landholders and Murrumbidgee Irrigation both identify the condition of supply channels as 

the core issue to be addressed. This was discussed in the context of other management issues 

at a Value Management Workshop during May 1996. The outcomes were: 

• that the Lakeview channel is not sustainable in its current state and must be 

improved to reduce seepage and address capacity constraints. 

• that a steering committee was formed. 

• the identification of a range of operational principles and development strategies 

to improve water supply, reduce seepage and manage tile drainage effluent. 

• that landowners be encouraged to adopt best management practice to reduce 

surface and sub-surface drainage volumes. 

These outcomes are now being pursued, and an environmental status report is being prepared.  

Best management practices on-farm are essential to reduce drainage volumes and to improve 

water quality of drainage. These practices are the same as for other parts of the MIA and the 

guidelines and recommendations from the MIA&D LWMP have direct application in the 

Lake Wyangan area. 

On-farm investments in improved land and water management do depend on landholders’ 

confidence in the supply system that serves their farm. However, for most landholders in Lake 

Wyangan this should not be an impediment to start adopting these practices now, particularly 

if a system of appropriate incentives is put into effect. 
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.2 Benerembah Irrigation District 

The Benerembah Irrigation District (BID) is south-west of Griffith in the central part of the 

MIA&D LWMP area. The BID covers 44,400 ha and comprises 135 farms, some of which are 

under common ownership. 

Rising watertables and salinity emerged as environmental problems after higher intensity 

irrigation commenced in the mid 1960s. They gradually became worse and resulted in the loss 

of productive land and serious road damage. 

In the late 1980s the Benerembah Surface Drainage Scheme was established to overcome the 

lack of integrated drainage that was the major cause of environmental degradation. It manages 

the problem by collecting and controlling the drainage volumes generated within the BID. 

Discharge is to Mirrool Creek but an equivalent volume is pumped or diverted from the creek 

into the Benerembah supply system. Overall, this drainage water balance means there is no 

net downstream effect. 

A special feature of Stage 4 of the drainage scheme will be an agroforestry project to make 

use of all drainage flows generated during the winter period. 

A special feature of the scheme in general is the significant contribution (both in cash and in 

kind) by Benerembah landholders towards construction of the drainage system. This is 

formalised by a joint venture between State and Federal governments and the Benerembah 

Irrigation District Environmental Protection Trust (BIDEPT) representing the landholders. 

The scheme is currently in its final stage. 

Integrated surface drainage was only part of the program addressing BID’s environmental 

problems. Efficient on-farm use of irrigation water was seen to go hand in hand with the 

surface drainage scheme. It helps achieve a more highly productive region by saving water, 

and, through on-farm storages and re-cycling, it helps to avoid reliance on the surface drains.  

Efficient irrigation was addressed through a NSW Agriculture report: “Benerembah Land and 

Water Management Plan; On -Farm Options”. This report followed an intense series of 

community meetings and resulted in a set of guidelines for sustainable farming practise in the 

BID. The report dealt with: 

• Farm Management Date Bases 

• Water Balance for BID 

• Irrigation Management 

• Whole Farm Planning 

• Water Supply 

• On- Farm Drainage Management 

• Cultural Practices 

• Pastures 

• Trees 

• Salinity 

• Alternative Farming Systems 

• Implementation 

• Monitoring Progress 

The report therefore dealt with many of the issues required for a Land and Water 

Management Plan.  

While recognising the unique features of the Benerembah region, the On-Farm Options report 

written for the BID complements the On-Farm Options report written for the MIA&D 

LWMP. As such, the Benerembah report will serve the BID landholders well as they address 

their specific soils, their particular commercial pursuits and their own local culture within the 

overall MIA&D LWMP. 
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.3 Wah Wah Irrigation District 

During the 1930s, the increased volumes of drainage water from the MIA, as well as the 

regular availability of additional supply flows, resulted in the development an irrigation and 

stock and domestic system for the Wah Wah Irrigation District (WWID). Over time this 

system expanded and now covers an area of about 7000 ha serving 76 holdings. 

The environment of the Wah Wah region is noticeably different to other parts of the MIA. 

Soils are extremely variable (generally more permeable than the MIA), most native vegetation 

remains, watertables are deep (generally below 10m) and irrigation intensity is comparatively 

low. However, this region is at risk from significant environmental degradation from salinity 

and waterlogging. The main contributing factors are: 

• naturally saline soils 

• flood irrigation on permeable soils 

• seepage from supply channels 

• rising watertables 

• development of perched watertables in some soil types 

• higher salinity supply water (principally drainage flows from the MIA). 

• lack of a drainage system (natural water courses have limited capacity) 

• the disposal of excess drainage water within this region 

The lack of efficient water use and management causes environmental degradation in 

wetlands and depressions and road damage in Wah Wah. A regional drainage scheme for 

Wah Wah could simply shift the problem further west and solutions would need to be found 

in developing satisfactory re-use systems on-farm. 

Consequently, as part of the overall MIA&D LWMP, the special importance of Wah Wah 

was recognised by the development of a specific Wah Wah Land and Water Management 

Plan. This is discussed in detail in the section about Managing Drainage Disposal to Meet 

Agreed Standards. 

The Wah Wah Irrigation, Stock and Domestic District occupies the area west of the main 

Murrumbidgee Irrigation Area (MIA) and north of the Murrumbidgee River. Surface drainage 

from the MIA flows through the Mirrool Creek System to Barren Box Swamp at the eastern 

boundary of Wah Wah. 

Wah Wah Irrigation District is very diverse with a large variation in soils, topography and 

farm size. There are 34 landholders (family or company properties) with one or more farms 

and with one or more irrigation allocations covering a total area of 70,530 ha. Approximately 

28,000 ha (41%) of this area has been developed for irrigation. Individual land holdings range 

in size from 290 ha to 7160 ha. Water supply to the Wah Wah District varies between 

100,000 and 120,00 ML per year.  

Over the years, the majority (60–70%) of the area irrigated was devoted to annual sub clover 

pasture or native pasture, with a limited area of irrigated crops (wheat, canola, faba bean, 

soybean, sorghum, maize, sunflower, lucerne). In the summer of 1977–78, 200 ha of rice were 

grown. The area of rice peaked at over 2500 ha in the 83/84 and 84/85 seasons but then 

declined to just over 1000 ha in the 90/91 season.  

Over the past four seasons the area of rice has again increased to 3000 ha in 1996/97. 

Water allocation and intensity of usage is a major constraint upon production within the 

Wah Wah irrigation district. From time to time producers are alerted to the availability of off-

allocation irrigation water. Historically, around 20% of total use is in the form of off-

allocation. In 1994/95 total irrigation was 116,000 ML, including 26,000 ML of off-

allocation. 
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Rice is grown on 10% of the irrigated area, while it accounts for 30% of the supplied water. 

The rice growing area is controlled by regulations. Each farm is restricted to 30% of the rice 

approved area, or 65 hectares per holding, whichever is greater. Back to back rice crops are 

not permitted, except on the heavier soils of the alluvial plains.  

Pasture is grown of 70 % of the irrigated area. It accounts for 50 % of the supplied water. 

Mostly this is annual pasture, although small areas of perennial pasture are scattered 

throughout the district. 

.1 Salinity 

Wah Wah is affected by salinity problems through much the same processes as other parts of 

the MIA. However the problems are compounded by having soils which contain naturally 

high levels of salt. Significant salt loads are also delivered in the drainage flows that make up 

most of Wah Wah’s water supply. Without proper management, current trends suggest the 

situation will inevitably get worse. 

.2 Rising Watertables and Waterlogging 

Watertables under Wah Wah are currently rising between 0.2 m and 0.5 m per year depending 

on the position in the landscape. Mostly watertables are more than 15 m from the surface 

today. Therefore the salinity and waterlogging problems associated with high watertables 

(within 2 m of the land surface) are not expected within the next 20 years. Beyond this time, 

the naturally saline soils and the resultant saline groundwater, will cause significant crop and 

natural vegetation losses. 

Waterlogging within the WWID is mainly caused by poor drainage from the Mirrool and 

Wah Wah Creeks plus the lack of adequate internal on-farm drainage. Water is forced to 

accumulate in the lower parts of the landscape causing waterlogging in those areas and 

salinity problems in surrounding areas. 

.3 Financial returns 

Based on 1995/96 yields and returns, financial returns for irrigation land in the Wah Wah 

District are estimated at $11.7 million per year. Dryland financial returns total $9.5 million 

per year. 

 

.9 External Influences Outside the Control of the MIA & Districts LWMP 

 

.1 Mirrool Creek Upstream of the MIA 

.1 Flooding Effects 

Mirrool Creek is the major natural drainage line within the MIA & Districts and has its 

origins in the Temora region about 190 km to the north-east of the MIA. This creek drains on 

occasions to the Lachlan River a further 60 km to the west however all but the largest of flood 

events are dissipated across the extremely flat terrain of the Hay Plains in the lower or 

western parts of Mirrool Creek. 

The creek drains around 5,000 km2 of “dryland” farming area prior to entering the MIA at the 

East Mirrool Regulator (EMR). This upper part of Mirrool Creek does not supply water for 

irrigation, domestic or potable use. Farm dams capture runoff and combine with rain water 
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tanks to provide farm domestic supplies. Creek water is used for stock watering when 

available.  

However, that part of the Mirrool Creek Catchment outside the MIA & Districts can 

contribute significantly to flood volumes. 

In March 1979, the Department of Land & Water Conservation (then Water Resources 

Commission), released a report titled “Guidelines for Mirrool Creek Flood Plain 

Development, Barellan to Yenda.” (Floodplain Studies Unit DWR 1979.)This report outlined 

a system of proposed floodways through the flood plain area upstream of where Mirrool 

Creek enters the MIA at the EMR and the Barellan locality, approx. 35 km upstream. These 

floodways are for the conveyance of flood flows and must remain unobstructed. The report 

also defined areas which could be protected from flooding by levees should the landholders 

concerned so desire. Responsibility for the cost and construction of any of these works lies 

with the landholders. 

The design of levees take into account the dampening effect of flood plain pondage. 

Obviously, levees have the capacity to accelerate the flood flows through the defined 

floodways. Downstream areas, beyond the limits of the floodway scheme, would then receive 

earlier and higher flows than would have occurred naturally. However, the proposed levees if 

constructed as per the DLWC recommendations are in line with the overall guidelines for 

flood plain development and are said to not cause any additional flows being passed to the 

EMR. 

As the area is not designated as a floodplain under Pt 8 of the Water Act, levees are not 

controlled by Licensing requirements and do not have to be constructed to the recommended 

design specifications. Nevertheless Mirrool Creek can from time to time place additional 

burden on the already committed drainage system of the MIA & Districts and the possibility 

of any development in this region which will lead to increased runoff to Mirrool Creek must 

be discouraged. 

 

.2 Water Quality 

Limited data is available on the quality of the water entering the MIA from the upper Mirrool 

Creek area. However, the information on hand indicates that high concentrations of salt, 

nutrients and sediments are moving from those upper areas to the MIA on only a few 

occasions.  

 

.2 The Murrumbidgee River 

All projected and modelled salt loads in the MIA&D LWMP have been based on the 

Murrumbidgee River having average salinity levels of 150 EC units at the point of diversion 

to the MIA. Targets and outcomes have been based on the premise that this will not change. 

Of great concern to the MIA & Districts, as well as all who receive water in the lower 

Murrumbidgee region, is the increasing problem of dryland salinity in the upper and middle 

Murrumbidgee regions. This has the capacity to nullify all efforts in the MIA&D LWMP 

towards the improvement of drainage water salinity for “downstream” water users in the 

Benerembah, Wah Wah and Tabbita Irrigation Districts. 

It is for this reason that irrigators of the lower Murrumbidgee region have placed as an issue 

of high priority in the Murrumbidgee Catchment Action Plan (MCAP), that dryland salinity in 

the upstream catchments is a serious problem. It is essential that funds be made available to 

assist those landholders in the upper and middle Murrumbidgee regions in controlling the 

spread of this problem.  
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.3 Water Reforms 

Recent government initiatives to improve the riverine environments of the State by increasing 

water flows in our rivers has effectively taken these volumes off irrigators. The economic and 

financial evaluation of the MIA&D LWMP is based on the assumption that full allocations 

will be available to the irrigators of this region and continuing access to off-allocation flows. 

The Water Reform process, while being commendable in its intent, will reduce the MIA & 

Districts irrigators water allocations by 5 - 10%. An early economic evaluation has shown that 

this will result in a reduction of farm incomes by between $4,000 and $10,000 per year, 

thereby reducing the anticipated uptake of Plan recommended best management practices on-

farm. There is a possibility that these losses will be offset by long term efficiencies and 

increased yields, however the required changes could now become sluggish. 

Sensitivity tests on various changes in the underlying economic assumptions were undertaken. 

However this did not include any reference to reductions in water allocations, rather it looked 

at discount rates and changes in estimated costs and benefits. 

Major reviews are needed of the economic impact of the Water Reform process on irrigators 

income and structural adjustment. The Snowy River Inquiry could also further reduce water 

allocations or the security of those allocations. 
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4 OUR OBJECTIVES AND RECOMMENDATIONS 

The Murrumbidgee Irrigation Area (MIA) is one of Australia’s prime agricultural areas. It is 

renowned throughout the nation for its high quality agricultural and horticultural produce. 

However, its economic, environmental and social sustainability is threatened by rising 

watertables, salinity and excessive drainage. 

This plan is designed to start restoring the MIA’s sustainability. It is the first step on the path 

to ecologically sustainable development. It will provide a foundation on which all future work 

can build. And most importantly, in the short term, it will provide the framework for 

Murrumbidgee Irrigation’s operating licences. 

Australia’s National Strategy for Ecologically Sustainable Development defines sustainable 

development as: 

Development that improves the total quality of life, both now and in the future, 

in a way that maintains the ecological processes on which life depends. 

This plan sets out a blue-print for achieving ecologically sustainable development in the MIA. 

It provides for action on several fronts.  

The overall goal of the MIA & Districts LWMP is 

To maintain and enhance the sustainability and profitability of 

agriculture in the MIA & Districts 

Within this overall goal the plan's main objectives are:  

 

I. To reduce seepage to the groundwater system  
1. from 117,000 ML without a plan to 94,000 ML with a plan; 

II. To reduce surface drainage volumes to acceptable levels  
1. from 236,300 ML without a plan to 194,400 ML with a plan; 

III. To keep drainage water quality within agreed standards  
1. as outlined in EPA licence requirements, with salinity levels at Barren Box Swamp to be 

subjected to continuous improvement; 

IV. To manage drainage disposal to meet agreed standards  
1. by reducing flood volumes and flood frequency in Lower Mirrool Creek to environmentally 

acceptable limits; and 

V. To protect our natural resources  
1. commensurate with the fundamental changes that irrigation in the MIA has already brought 

about, to conserve biodiversity, safeguard ecological communities and to prevent further 

extinctions. 

In setting our targets, we first developed a clear idea of what might happen without a plan. 

The “No Plan Scenario” describes what we think would have happened without a plan. Even 

without this plan the self-reliant people of the MIA would improve things. But with a plan 

they can achieve much more. 

Based on our objectives, the following recommendations have been designed to accelerate the 

already improving land and water management techniques being taken on by the people of the 

MIA & Districts. 
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.1 Reducing Seepage to the Groundwater System 

By estimating the improvements that would have happened anyway, we have built-up a 

strong, conservative, picture of the plan’s benefits. Consequently all of the groups helping to 

share the plan’s costs can be sure they are getting value for money. 

The biggest problem facing the MIA is rising watertables. Once these get to within about two 

metres of the surface, land can become salt affected. Already, watertables are within two 

metres of the soil surface over more than 70% of the MIA. Fortunately, much of this land is 

still capable of supporting our most important crops.  

Nonetheless, about 18% of the MIA experiences some degree of crop loss or environmental 

loss because of salinity caused by high watertables. If we do nothing, this could rise to 28% 

over the next thirty years. Fortunately, at this stage only about 2½% of the MIA experiences 

total crop loss. Watertables are rising because of irrigation. The main cause of rising 

watertables is the water that seeps down into the groundwater system as a result of our 

activities. That is, the water not used by crops. It is estimated that over 12% of the water 

diverted from the river for irrigation ends up seeping into the ground. 

Below is a table showing the current level of seepage (Now), the expected seepage in the 

future if we to not implement any options of the LWMP (No Plan), the expected seepage if all 

LWMP options were to be implemented (With Plan) and the reduction in groundwater 

accessions as a result of the Plan. 

Other tables show similar expected results from the implementation of the LWMP 

recommendations. It is important to note that all these expected improvements are based on 

models developed by (Ary van der Lely) in 1995 

Seepage Losses Now No Plan With Plan Plan Improvement 

 

Total megalitres 125,000 117,000 94,000 -23,000 
(Van der Lely 1997) 

 

The existing seepage losses of 125,000 ML are made up of 94,000 ML from crop rootzones 

on large area farms, 19,000 ML from horticulture and 12,000 ML from channels on large area 

farms. (Losses from horticultural channels and main canals are not included in these figures.) 

Wherever practical our plan aims at prevention before cure. Much seepage can be reduced in 

straightforward and cost effective ways. But if we hope to minimise the loss of crop yields 

from salt, we must also face some hard choices. The following items outline our options for 

reducing seepage losses. 

.1 Reducing seepage losses from the delivery system 

The MIA’s irrigation water flows through more than 2,500 kilometres of open-earth channels 

and canals. Inevitably, some water seeps out of these channels into the groundwater system. 

The seepage from large area channels alone is estimated to be 12,000 megalitres per year. 

Seepage Losses 

from the Water 

Delivery system 

Now No Plan With Plan Change (with plan) 

Total megalitres 12,000 11,800 9,500  -2,300  
(Van der Lely 1997) 

Many localised leaks are significant point-sources of seepage. Murrumbidgee Irrigation’s 

Business Plan will see some lined channels eventually refurbished. Without extra investment 

this renewal will be slow. Therefore, we will: 
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Rec S1. Encourage more government investment in delivery system renewal, especially in 

replacing earth channels with concrete or other linings. 

Rec S2. Initiate a detailed program to identify bed leakage in channels, and where particular sites 

are identified ... 

a) Develop district channel seepage control systems (eg clay lining, and 

interception systems), and. 

b) Establish tree and shrub corridors in channel reserves to limit the effects of 

channel seepage (subject to MI approval). 

.2 Reducing seepage from farms 

Sustainable irrigation depends on salt being leached away from crop roots. Seepage due to 

leaching is therefore unavoidable. Nevertheless, sustainable irrigation also demands low 

leaching volumes to minimise watertable rise. The optimum leaching volume is subject to 

debate, but leaching “fractions” of between 5% and 10% are generally accepted as achievable. 

At an estimated 113,000 megalitres per year, seepage to groundwater accounts for 13% of the 

water delivered to farms. 

Seepage Losses 

from farms 

Now No Plan With Plan Change (with plan) 

LAF 94,000 88,500 70,300 -18,200 

Horticulture 19,000 17,000 15,000   -2,000 

Total megalitres 113,00  105,500  85,300  -20,200 Van der Lely 1997)  

 

This plan includes a range of options aimed at reducing on-farm seepage losses. Fortunately, 

most of these are compatible with good farm management. But the easy options alone won’t 

get us to our target. 

.1 Recommendations for all farms 

Rec S3. Adopt Best Management Practices described in the NSW Agriculture Report “On-Farm 

Options”. These provide the basis of our preferred options for all irrigated farming 

systems. (See Appendix 3.) 

Rec S4 Establish education programs and short courses to help develop farmers’ skills and 

understanding of Best Management Practices.  

Rec S5. Develop (and put in place) incentives for farmers attending courses. 

Rec S6. Promote the development of “Property Management Plans” (PMPs) that improve farm 

profitability and ease of management. Aspects of PMPs relevant to reducing seepage 

are:  

 improved irrigation layouts 

 natural resources stocktake 

 tree planting 

 business planning 

Rec S6. Encourage irrigation scheduling for efficient water use by crops. 

Rec S7. Encourage irrigation automation. 

Rec S8 . Encourage on-farm channel seepage controls. 
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Rec S9. Institute better monitoring of all crop areas and irrigation applications to identify 

practices leading to excessive seepage losses. 

Rec S10. Implement a water use efficiency improvement scheme aimed at improving on-farm water 

use efficiency for the entire MIA & Districts. 

.2 Recommendations for mixed farms 

Large area farms involve a range of irrigation enterprises including pastures, row crops, 

cereals and livestock. Many of these contribute significant seepage losses to the groundwater 

system. For example annual pasture production is estimated to contribute 7,000 ML of 

seepage per year. This is about the same as seepage under perennial horticulture. 

Because rice growing in the MIA involves more water use per hectare than other crops, and 

because rice growing occupies more land than any of our other enterprises, rice is the biggest 

single source of seepage to the groundwater. It is estimated that rice contributes between 

43,000 and 55,000 megalitres of seepage per year.  

Fortunately the rice industry has a long history of supporting responsible actions to reduce 

seepage losses from ricegrowing. For example it is an active contributor to the Rice 

Environmental Policy Advisory Group (REPAG). 

REPAG assists in the formation of policies, and reviews outcomes, for environmental 

monitoring. In particular it develops policies aimed at ensuring sustainable seepage levels. It 

uses the following monitoring strategies: 

 soil texturing and classification to determine soil suitability for ricegrowing 

 target water use of 16 ML/ha (crop requirement 11.7 ML plus 4 ML basic drainage 

allowance) seasonally adjusted 

 hydraulic loading principles that generally restrict ricegrowing to 30% of the rice 

approved area per farm 

If they exceed target water use, ricegrowers are asked to explain. If the explanation is not 

accepted, they could have approval for future rice growing withdrawn from that land. There is 

ongoing pressure to keep maximum water use down. Average water use is around 13.4 

ML/ha. 

Our recommendations will: 

Rec S11. Enforce Rice Target Water Use more firmly by identifying high water use areas (through: 

monitoring; soil type analysis; local knowledge; and bay tests) then modifying them or 

removing them from production. 

Rec S12. Encourage soil amelioration  where target water use is being exceeded, and the land is at 

risk of being reclassified. (This could include Rice puddling: the technique of rotary 

hoeing wet soil which CSIRO research has proven to be effective in reducing seepage).  

Rec S13. Reclassify that land where there is evidence of lateral seepage from rice crops causing 

problems to adjacent land. Any ricegrowing policy should be designed to eliminate 

ricegrowing on unsuitable soils.  

Rec S14. Review annually the 30% hydraulic loading policy and the 16 ML/ha rice target water use 

policy. This will be carried out by the LWMP Implementation Body in association with 

other interested parties. Changes will be recommended if satisfactory reduction in 

groundwater accessions does not result from recommendations 11, 12, and 13 above. 

.3 Recommendations for existing horticulture 

To reduce seepage losses from existing horticulture our recommendations will: 
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Rec S15. Encourage landholders to adopt improved irrigation practices including fully piped 

automated irrigation systems. ( Note: this recommendation is subject to Government 

providing a 50% subsidy for these works.) 

Government subsidies are justified on the grounds that simultaneous upgrading of on-

farm irrigation systems and off-farm delivery systems will be cheaper, more cost effective 

and more environmentally sound than the haphazard and slow uptake foreshadowed in 

the no-plan scenario. 

Murrumbidgee Irrigation must refurbish its aging infrastructure; The Government is 

keen to negotiate for the provision of funds for this refurbishment as part of the 

transition to a State Owned Corporation. The success of the Beelbangera Integrated 

Supply and Drainage Systems suggests that if every horticulturist moved to high tech 

irrigation systems tomorrow it would cost less to build an appropriate delivery system 

than it would to replace like with like. This puts a whole new perspective on the 

cost/benefit analysis of converting to high tech systems. 

.4 Recommendations for new horticulture 

Wine grape markets are relatively buoyant, and horticultural production on traditional “large 

area farms” is now possible. These forces will mean more horticultural plantings in the MIA.  

Replacing some rice with horticulture will reduce overall seepage. But it may also highlight 

many as yet unseen problems. For example, while neighbouring rice properties are both 

causing equal amounts of seepage they may present no problems to each other. If however 

one rice property is converted to horticulture, and the two farms start causing different 

amounts of seepage, it may be that the horticultural property will experience problems with 

high watertables and saline soils.  

We may expect too that new horticultural developments will need tile drainage for their 

businesses to thrive. 

These new developments provide us with an opportunity to avoid the mistakes of the past. 

The ideal time to plan for efficient irrigation and drainage is during the design stage of any 

new development. 

It is reasonable to expect new developers to meet all their business costs by themselves. No 

costs should be knowingly passed on to the rest of the MIA community. New developers are 

starting out with full knowledge of the costs to the community of inefficient irrigation systems 

and inefficient irrigation management. Therefore it is reasonable to expect new developers to 

avoid these costs. 

To reduce seepage, we will : 

Rec S16. Require all new horticulture developments to be located on sites where environmental 

impacts can be managed effectively. 

Rec S17. Require all new horticulture developments to use high efficiency irrigation systems 

Rec S18. Make whole farm plans compulsory. These should fulfil all the conditions outlined in 

Murrumbidgee Irrigation’s guidelines for “Irrigation of Horticulture on Large Area 

Holdings (as revised and published in January 1996). 

.5 Specific recommendations for Wah Wah 

Light textured and sandy soils occur over much of the WWID. Inappropriate crop selection 

and irrigation on these soils results in significant seepage losses to the groundwater system. 
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Poorly located or unprotected supply channels, both within the district supply system and on 

farms, also contribute to groundwater accessions. So too do some parts of the Mirrool Creek 

Floodway. Prior streams below the soil surface also enable high levels of seepage. 

Reducing groundwater accessions in Wah Wah is probably the most important issue which 

must be tackled by landholders. 

Rec S19. The REPAG and the recently formed Cooperative Research Centre (CRC). for 

Sustainable Rice Production be requested to review the hydraulic loading concept, with 

specific reference to Wah Wah conditions. 

In principle there is no problem with high irrigation applications in Wah Wah, provided there 

are adequate safeguards to limit the effect of rapid groundwater rise on the farmers own land, 

or the land of neighbours. Secondly, there must be adequate infrastructure to control rainfall 

runoff to depressions and creeks, except in infrequent events (say less than once every five 

years). 

In Wah Wah there are large farms, often only used partially for irrigation. A lot of land is not 

suitable for rice growing, or has lighter textured soils. The latter lands should not be used as a 

dumping ground for excess drainage. This means irrigation intensity should be calculated as 

megalitres per irrigated area, not whole farm area. 

Where there are drainage recycling systems with storages, higher irrigation intensity may be 

possible. It depends on the size of the storage and the pumps. 

Salts are transported to the region through the irrigation supply water. There is also rainfall, 

providing some dilution of added salts. Saline soil conditions are part of the Wah Wah 

District and under those conditions high intensity irrigation appears hazardous. 

Where rice is grown on 25–30% of a farm’s irrigated area (without much other irrigated 

cropping) then 4 ML/ha maximum irrigation intensity would ensure no more than about 16 

ML/ha is used for rice. Landholders would have an incentive to grow rice on their least 

permeable land, or carry out puddling or other works to reduce seepage losses. This supports 

the self-monitoring concept. 

This objective will not affect current irrigation intensity. It is not included to reduce 

current water allocations or to become a burden for any individual. Its main objective is 

to control further build up of irrigation intensity in the Wah Wah Irrigation District. 

Nevertheless Wah Wah irrigation landholders are concerned that their traditional or historic 

off-allocation water accessibility “rights” will be undermined by proposals for other 

downstream parts of the MIA&D LWMP. For example, the proposed expansion of irrigation 

south of WWID would require water allocations. The water agency would be compelled to 

deliver those allocations. But the source of that water is the same as that of the WWID farms. 

The WWID landholders see this as a threat to their historic access to excess water. 

Rec S20. That Wah Wah farms adopt practices which will restrict the irrigation intensity to 4 

megalitres per hectare of land laid out to irrigation. 

Rec S21. That approval for the transfer of allocation water to Wah Wah farms be subject to an 

environmental review process including irrigation intensity consideration. 

Rec S22. That the landholders of Wah Wah Irrigation District must not have reduced historical 

off-allocation availability as a result of any new irrigation proposals sourcing water 

from the Barren Box Swamp or Mirrool Creek supply systems.  

In Wah Wah internal farm supply channel losses can be up to 3 ML/km. These losses are 

significant when internal systems are located on transitional mallee soils or on prior stream 

soils. 
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Rec S23. Discourage the design and construction of on-farm channels that cross prior stream 

soils. 

 

.3 Off-setting seepage 

Apart from actively reducing seepage losses, we can also deliberately offset our contributions 

to high watertables. For example, by making use of water stored in the watertable, 

agroforestry compensates against the extra seepage caused by irrigation. To off-set seepage 

losses, we must:  

Rec S24. Ensure net retention of native vegetation (by retaining existing stands or replacing any 

that are cleared). 

Rec S25. Plant more deep-rooted and/or perennial pastures. 

Rec S26. Use permanent pastures to intercept seepage losses from on-farm channels. 

Rec S27. Identify on-farm recharge areas and plant them with deep-rooted perennial plants such as 

trees and salt bush, wherever appropriate. 

Rec S28. Use deep bore pumps as a source of irrigation water where appropriate. However, any 

such water should be retained on-farm in approved storage areas. (At this stage, 

pumping from community deep bores into the water delivery system is not 

recommended). It should be noted that all bores used on farm will have to be metered so 

that information collected can enable accurate crop water use figures to be calculated. 

Rec S29 Grow sod-seeded winter cereal crops after rice 

Rec S30 Investigate the suitability of roadside tree planting, and if possible combine these with on-

farm windbreaks. 

Rec S31 Promote saltbush as part of the shrub component of windbreaks. 

 

Offsetting seepage 

losses on Large 

Area Farms 

 

Best 

Mngt 

Practice 

(ML) 

On-farm 

eg better 

env mgt 

(ML) 

Tree 

planting 

agroforst 

(ML) 

Regional 

options chnnl 

seep 

(ML) 

Plan 

improvement 

(ML) 

LAF 3,000 11,600 3,600 2,300 20,500 

(Van der Lely 

1997) 

 

It should be noted that the totals include some increases in seepage. For example, soil 

structure improvements will increase seepage. 
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.2 Reducing Surface Drainage Volumes to Acceptable Levels 

Apart from rising watertables our other major problem is excess surface drainage flows. 

Drainage water equates to over 25 % of the water diverted into the MIA. 

Under the No Plan Scenario, there will be a 7,700 ML reduction in surface drainage volumes. 

Of this, 3,000 ML is related to horticultural systems and farms, and 4,700 ML is related to the 

systems and farms of Large Area Farms. Escape drainage savings at 3,200 ML are a 

significant part of the combined total. 

Total Surface 

Drainage Volumes 

Now No Plan With 

Plan 

Plan Improvement 

Total megalitres 244,000  236,300  194,400  -41,900  
(Van der Lely 1997) 

 

The three major sources of surface drainage water in the MIA are escapes from the delivery 

system; rainfall; and irrigation drainage (including tile drainage). We need a plan of attack for 

each of these. 

It should be noted here that water supplies to downstream communities relying on drainage 

water are made more secure and cleaner through managed escape flows to the drainage 

system. 

The chart below shows the sources and the proportions of all drainage water within the MIA 

and Districts on an average year.  

 

 

The MIA is unique among Australian irrigation districts in that it is essentially a closed 

system. The MIA’s water is diverted from the Murrumbidgee River, but most of it is used in 

the catchment of the Lachlan. Even so, only in exceptional floods does the bottom end of the 

MIA have an outlet to the Lachlan River. 

A small proportion of the MIA’s drainage water is released into the Murrumbidgee. But most 

is either re-used within irrigation districts or it is disposed of close by. Sometimes, however, 

heavy rain overloads the disposal system and water spills out on to the vast plains linking 

Mirrool Creek to the Lachlan River. In this low-lying country, known as the Mirrool Creek 

Floodway, floods spread wide and last for months. 

Such floods now occur more frequently than under natural conditions. Indeed the quest to 

overcome the hardship they cause gave rise to this Land and Water Management Plan. There 

are no easy answers to this problem, but it does boil down to two main jobs: 

Figure 13 Major sources of drainage 
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• Using water efficiently to keep drainage volumes as small as possible; 

• Having clear policies for drainage disposal. 

Later sections deal with managing drainage disposal. This section deals with options for 

reducing drainage volumes. 

.1 Reducing escapes from the delivery system 

Escapes and spillages from the water delivery system together account for about 45% of the 

MIA’s drainage. They are the biggest source of drainage water in the MIA. They have a 

number of causes:  

 Water spillage into drains if demand changes at short notice (due to heavy rain for 

example). The sheer size of the system results in long lead times between ordering 

and receiving water. 

 Low channel capacity to buffer against fluctuating demand. To meet increasing 

demand, the channel system now runs at levels above design capacity. 

 Supplies to downstream communities relying on drainage water through spillages to 

the drainage system. 

 Improvements to the quality of the downstream supply through a managed supply 

channel escape (spillage) in order to “shandy” the poorer quality drainage water. 

 

Drainage Losses from the 

Water Delivery system 

Now No Plan With Plan Plan 

Improvement 

Total megalitres 115,000 111,800  103,300  -8,500  
(Van der Lely 1997) 

 

Metered delivery system losses of 11% of the water diverted from the river are comparable 

with other irrigation areas. But since they are under the control of a single organisation, they 

give us potential for significantly reducing our drainage. Changes here can buy time while we 

encourage other community members to reduce their drainage also. Our recommendations 

will: 

Rec D1 Reserve all delivery system water savings to help fulfil long term environmental Reserve 

objectives within the planning area. 

To reduce drainage volumes, our recommendations are to: 

Rec D2 Better forecast demand. 

Good management of the delivery system is linked to good farm management. 

Murrumbidgee Irrigation can use irrigation scheduling techniques to anticipate demand if 

its customers use irrigation scheduling, and irrigators can schedule more confidently if 

water deliveries are responsive to their needs. 

Rec D3 Accelerate automation of the delivery system 

Murrumbidgee Irrigation is investing in system automation. It would like to invest more 

heavily. 

Rec D4 Strategically invest in delivery system renewal. 

Murrumbidgee Irrigation has been negotiating with Government about system 

refurbishment. So far it seems refurbishment will happen slowly.  

Rec D5 Monitor delivery system performance to reduce escape losses. 
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Murrumbidgee Irrigation has conducted a water audit to provide benchmark conditions 

for ongoing performance monitoring (see Appendix 4). 

There is considerable capacity for reducing drainage from the delivery system. This makes 

refurbishment an even more attractive investment for government. However, downstream 

water quality imperatives mean that the projected savings should not be a high proportion of 

drainage flows out of the delivery system.  

(As will be explained on the section on managing drainage water quality, if we reduce surface 

drainage flows, we must also reduce tile drainage flows by at least the same proportion. If we 

do not, there will be less surface drainage water to dilute the constant supply of salt from tile 

drains. Consequently, salt concentrations in the drainage system will rise.) 

.2 Reducing drainage from farms 

In the MIA, drainage from farms includes rainfall runoff, irrigation runoff and tile drainage. 

This plan considers these all together, because ultimately they must be managed together in 

the drainage system. The plan’s biggest impact, however, will be on irrigation runoff. It 

accounts for over 7% of the water delivered to farms 

Total Drainage from 

Farms 

Now No Plan With Plan Plan 

Improvement 

Total megalitres 135,000  130,500  106,000  -24,400  
(Van der Lely 1997) 

 

This plan includes a range of options aimed at reducing drainage from farms. Fortunately, 

most of these are entirely compatible with good farm management. 

Fortunately too, many of our preferred options for reducing on-farm seepage will also help to 

reduce runoff (irrigation scheduling and micro-irrigation systems for example).  

Unfortunately, there is often a trade-off between decreased seepage and increased runoff. For 

example, laser levelling removes the dips and hollows that would otherwise hold water. 

Therefore without careful management it can mean more runoff and faster runoff. 

There are other trade-offs as well. For instance, on-farm drainage recycling reduces surface 

drainage at the cost of building-up extra salt on the farm. 

.1 Recommendations for all farms 

Apart from the options already outlined, to reduce drainage losses from all farming systems 

we will: 

Rec D6 Promote the development of “Property Management Plans.” 

Rec D7 Encourage more efficient irrigation by encouraging irrigation scheduling. 

Rec D8 Encourage irrigation automation. 

Rec D9 Encourage appropriate soil management to ensure more even watering. 

Rec D10 Establish a water use efficiency improvement scheme. 

.2 Recommendations for mixed farms 

To reduce drainage from mixed farming systems, we will: 

Rec D11 Encourage adoption of on-farm drainage recycling systems (with storage capacity). 
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.3 Recommendations for existing horticulture 

To reduce surface drainage losses from existing horticulture, we will: 

Rec D12 Encourage landholders to adopt improved irrigation practices including fully-piped 

automated irrigation systems ( Note: this recommendation is subject to Government 

providing a subsidy for these works.) 

.4 Recommendations for new horticulture 

New horticultural developments provide an opportunity to avoid the mistakes of the past. The 

ideal time to plan efficient drainage is during the design stage. 

To reduce drainage losses from new horticulture our recommendations are to: 

Rec D13 Implement improved irrigation practices. 

Rec D14 Install shallower and closer sub-surface drains. 

Rec D15 Retain all sub-surface drainage water (including water from deep bores) on-farm in 

approved storage areas. 

Once implemented these options will significantly reduce drainage volumes: 

Drainage 

reduction 

source 

BMPs all 

farms 

On-farm 

options 

Regional 

options 

Tile 

drainage 

Total Plan 

Improvement 

Megalitres 

saved 

1,400 21,000 17,500 2,000 41,900 
(Van der Lely 1997) 

 

The BMPs include 1,444 ML of increased drainage due to increased runoff from land forming 

and other actions to reduce seepage losses to the groundwater system. The on-farm options 

include 15,200 ML due to recycling systems of which 400 units with 5 ML storage are 

assumed. One regional option is pumping water from drains to reduce drainage flows into 

Willow Dam. The installed pumps would have a capacity of 12,000 ML per year. This 

capacity would be fully used in average to wet years. But during drier years no pumping 

would take place. In assessing the LWMP average pumping of 10,000 ML was assumed. This 

is reflected in the 41,900 ML quoted in the table. In wet years the savings would be 47,900 

ML. 

About 10% of the total savings are for that part of the drainage already going direct to the 

Murrumbidgee. 

.3 Re-using drainage water 

Drainage water is potentially an incredibly valuable resource. Therefore, apart from actively 

reducing drainage volumes, we can also deliberately re-use drainage water to minimise the 

final volume requiring disposal. Compared with many parts of the Murray-Darling Basin, the 

MIA’s drainage water is relatively low in salinity. It can therefore be used to irrigate a variety 

of crops. 

Drainage management in the MIA hinges on the management of Barren Box Swamp. Barren 

Box is effectively a community drainage recycling system. 

Drainage re-use above Barren Box Swamp is most effective in keeping drainage volumes 

manageable. (Already, Benerembah makes use of 55,000 megalitres of drainage water.) Extra 

drainage re-use may however compromise the supply of water to Wah Wah and other areas 

reliant on drainage flows. 
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Downstream re-use reduces drainage volumes as well, but it also creates different problems. 

Below Barren Box, the lack of buffering storages makes it difficult to manage drainage from 

re-use areas. Moreover, the commonly grown crops need water supplies that are more reliable 

than existing drainage flows.  

Deliberate spillages from the delivery system into the Mirrool Creek improve reliability of 

supply to Wah Wah. However without a buffering storage, it is difficult for the Wah Wah 

system to cope with a fluctuating supply. Consequently, much water is deliberately spilled on 

to the downstream floodplain when Barren Box Swamp, the major en-route storage in this 

region, becomes over-full.  

Downstream re-use can create a vicious circle; it can continuously shift the problem further 

west. Under Murrumbidgee Irrigation’s current drainage re-use policy this should not be a 

problem because it only authorises drainage re-use for low intensity irrigation. However, 

history shows a tendency for low-intensity irrigators to pursue every opportunity to become 

high intensity irrigators if any extra water is made available. 

To more effectively re-use drainage water, our preferred options are to: 

Rec D16 Encourage adoption of on-farm drainage recycling systems with storage capacity. 

(However, recycling systems on existing horticultural farms are generally considered 

impractical, their installation is therefore not recommended.) 

Rec D17 Investigate the feasibility of extending the concepts used in the Beelbangera Integrated 

Supply and Drainage System to other parts of the MIA. 

Rec D18 Encourage landholders to re-use water from surface drains within the MIA and Districts 

(subject to Murrumbidgee Irrigation’s drainage re-use policy). 

Rec D19 Investigate the feasibility of constructing drainage re-use pumps at selected locations 

(Murrumbidgee Irrigation). 

Rec D20 Develop on-farm woodlots to use poor quality stored drainage water. 

Rec D21 Investigate the potential for completely opportunistic drainage re-use downstream of 

Barren Box Swamp, (ie irrigation not reliant on secure supplies). Potential options include 

water-harvesting and woodlot production. 

 

 Best Mngt 

Practice 

Tile Drainage On-farm 

Regional 

options 

Plan 

improvement 

Farm 

Drainage 

Reductions 

(ML) 

1,400 2,000 21,000 24,400 
(Van der Lely 1997) 

 

.1 Specific recommendations for Wah Wah 

The main purpose of farm storages in Wah Wah Irrigation District would be to manage 

rainfall runoff. Irrigation drainage is minimal due to the supply constraints within many parts 

of this district. In Wah Wah, 17 of the 34 land holders have initiated drainage recycling 

operations. Within the Wah Wah Irrigation District, runoff can be recycled from 22% (6062 

ha) of the area developed for irrigation and returned to irrigate 15% (4163 ha) of the area 

developed for irrigation. 

Rec D22 All Wah Wah farms should have a working drainage recycling system, including storage of 

adequate size to recover all possible drainage water and deliver it to at least 60% and 
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preferably 100% of the farm. The capacity of the storage would need to be determined as a 

factor of total farm area and farm irrigated area. Broad design criteria should be: 

a)  a return drain with some storage capacity below ground level and have water pumped 

back to the supply system and; 

b)  a return drain with larger storage capacity and an above ground level storage dam 

into which a pump delivers all drainage water. 

c)  The use of existing black box depressions is to be avoided if possible. If it is 

considered absolutely necessary to use them, then the impacts must be minimised. ie. 

only a small part of the depression should be used for a constructed storage leaving 

the remaining part of the depression in a drier and more natural condition. The 

storage location should be considerate of soil conditions and the environment. 

Continual monitoring of the stored water quality should be undertaken by the 

landholder. 

Rec D23 The concept of developing a surface drainage system for the Wah Wah Irrigation District 

should be retained for consideration in the future. 

 

.4 Managing rainfall run-off 

The average annual rainfall run-off of 68,000 megalitres is just as significant as irrigation 

drainage. In extreme years it is a much greater problem. Our worst floods occur when heavy 

rains follow general irrigations.  

Rainfall is the wild-card in drainage management. We cannot stop the rain from falling. All 

we can really do is try to make space available to store the water when it falls, and then 

release it in a controlled manner.  

There are two issues associated with rainfall. First, the initial flush of rainfall run-off is 

thought to carry more pollution than other drainage flows. (In the first flush, accumulated salt, 

nutrients and other pollutants from the surface of the entire landscape are washed into the 

drainage system.) Second, the sheer volume of drainage generated by heavy rain must be 

managed. 

The pollution flushed into the drainage system by rainfall run-off is discussed in Keeping 

Drainage Water Quality Within Agreed Standards. Managing the drainage volumes generated 

by rain is discussed in Managing Drainage Disposal To Meet Agreed Standards. 
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.3 Keeping Drainage Water Quality Within Agreed Standards 

The Australian community is increasingly concerned about water quality. Nutrient pollution 

and the dangers of algal blooms are now the topics of every day conversation. Salinity, 

nutrients and other forms of chemical pollution are a real threat to the well being of the 

national ecology and economy. Consequently, there is a growing desire to act on these 

problems. 

All these issues are especially important in the MIA. Much of our water is recycled. At the 

lower end of our system, recycled water is the mainstay of irrigation. It is also a major 

component of domestic water supplies even though it is not used for drinking. The future of 

the MIA depends on good quality water. 

Just as all Murray-Darling Basin communities are linked by rivers, so too are our upstream 

and downstream communities bound by water delivery and drainage systems. From Yanco to 

the Hay Plains, we must systematically tackle a range of problems. Some we can tackle now; 

others we must study more before we act.  

.1 Managing the quality of water within the delivery system 

The quality of the MIA’s water is an issue even before it enters our water delivery system. 

The people of the MIA are passionately concerned about the health of the entire Murray-

Darling Basin. Naturally, because it affects us most directly, we are especially conscious of 

upstream river management.  

Since all communities in the Murray-Darling Basin are linked by the river system, we must 

lead by example. We must manage our section of the system responsibly. But we must also do 

more. We must also actively encourage upstream communities to live up to their 

responsibilities. 

To improve water quality upstream of the MIA, we recommend: 

Rec Q1 Murrumbidgee Catchment Management Committee introduce programs through the 

Murrumbidgee Catchment Action Plan to maintain and improve water quality upstream of 

the MIA. 

.2 Managing the quality of water leaving towns 

There are two water quality issues associated with urban areas. First, rainfall flushes 

pollutants through stormwater drains into the MIA’s drainage system. Second, sewage 

effluent disposal is the major source of nutrient pollution in the MIA. Therefore, we 

recommend that: 

Rec Q2 Local governments develop and initiate land based re-use of sewage treatment plant 

effluent within the next five years. 

 eg CSIRO FILTER Trial, which provides an effective sewage treatment for nutrient and 

pollutant removal in a sustainable way on limited areas of high-value land around urban 

centres. 

Rec Q3 Local governments develop and initiate stormwater drainage management plans for urban 

areas within the next five years. These should be licensed by the EPA. 
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.3 Managing the quality of water leaving farms 

Farm drainage is the major source of chemical pollution in the MIA (it is also a significant 

source of nutrient pollution). This then is where we must concentrate our efforts. Some of our 

recommendations apply to all farms, but others apply only to specific farming systems.  

.1 Recommendations for all farms 

For continued production of high quality crops, we must strike a balance between the costs 

and benefits of on-farm pesticide and fertiliser use. To do this, our recommendations will: 

Rec Q4 Establish education programs and short courses to help develop farmers’ skills and 

understanding of Best Management Practices.  

Rec Q5 Encourage all chemical users to attend a “Farm Chemical User Training Program.” 

Rec Q6 Develop (and put in place) incentives for farmers to attend courses. 

Rec Q7 Encourage “Integrated Pest Management” (including biological pest control where 

appropriate). 

Rec Q8 Encourage best management practices for pesticide use. 

Rec Q9 Encourage best management practices for fertiliser use. 

Rec Q10 Encourage Councils to provide drum disposal facilities and amnesty days for the 

collection of unused pesticides. 

Rec Q11 Encourage appropriate soil management (see Appendix 3). 

Rec Q12 Where appropriate (see section on drainage re-use), encourage adoption of on-farm 

drainage recycling systems. 

Rec Q13 Institute more rigorous monitoring of pesticide and chemical use to better identify 

practices leading to pollution (see Appendix 4). 

.2 Recommendations for mixed farms 

To reduce pesticide contamination, salinity and nutrient run-off, our preferred options for 

mixed farming systems are to: 

Rec Q14 Encourage best management practices to minimise water flows through irrigation bays. 

Rec Q15 Encourage adoption of on-farm drainage recycling systems with storages. 

Rec Q16 Investigate the impact of deactivating sub-surface drainage schemes on mixed farms. 

Unless suitable on-farm storage is available, deactivate existing community and private 

sub-surface drainage schemes in mixed farms  

Rec Q17 Retain all sub-surface drainage (including water from deep bores) on-farm in approved 

storage areas. Drainage from these storages will only be permitted if, following 

consultation, the environmental impacts and benefits warrant it. 

.3 Recommendations for existing horticulture 

Existing horticulture generates surface drainage flows and also makes extensive use of tile 

drainage. Tile drains collect more than just excess irrigation drainage water. They may also 

collect salty water from the groundwater system. Tile drainage pumps therefore bring regional 

groundwater to the surface. In this way, individual farming families deal with a problem 

caused by irrigation throughout the MIA. 
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Tile drainage flows increase the salt concentration of drainage flows entering Barren Box 

Swamp. In managing drainage water quality, if we reduce surface drainage flows, we must 

also reduce tile drainage flows by at least the same proportion. If we do not, there will be less 

surface drainage water to dilute the constant supply of salt from tile drains. Consequently, salt 

concentrations in the drainage system will rise. 

We must aim to reduce tile drainage flows proportionally, by at least as much as we 

reduce surface run-off. If we do not, drainage water quality will get worse. 

Total Tile 

Drainage 

Now No Plan With Plan Plan Improvement 

Total megalitres 12,000 11,400 8,600 -2,800 
(Van der Lely 1997) 

 

To reduce pesticide contamination, salinity, nutrient run-off and tile drainage flows, our 

recommendations will: 

Rec Q18 Develop guidelines (based on farm trials) for: 

 Stopping tile drainage pumps during irrigation. 

 Starting pumps once the watertable rises to within 1.2 metres of the soil surface. 

 Stopping pumps once the watertable drops to 1.5 metres. 

 Installing shallower and closer drains. 

Rec Q19 Manage all tile drainage emanating from gazetted horticultural holdings to reduce 
environmental impacts (especially downstream) and as far as possible making beneficial 
use of the resource. 

Rec Q20 Aim for further improvements in water quality and reductions in salt loads once the initial 
targets are achieved. Our Water Use Efficiency Improvement Scheme is expected to 
address these objectives. 

.4 Recommendations for new horticulture 

To reduce pesticide contamination, nutrient run-off and tile drainage flows, our 

recommendations for new horticultural developments are to: 

Rec Q21 Retain all sub-surface drainage (including water from deep bores) on-farm in approved 
storage areas. 

Rec Q22 Ban discharge from storage dams into community drainage schemes. 

.4 Managing the quality of water in the drainage system 

Because the MIA is an incredibly complex, interlinked and closed system, and because so 

much of its water is recycled, drainage water quality is a major issue. Indeed the sustainability 

of some areas may depend on improved drainage quality. Therefore, we recommend that: 

Rec Q22 The salinity level of irrigation supply water to the Wah Wah Irrigation District be of a 
sustainable quality. Water users below Barren Box Swamp, and some scientists, believe 
the target level should be 450 EC. It is currently 700 EC. An investigation is to be carried 
out within the first three years of the implementation of this plan to identify the practices 
to be implemented to achieve sustainability, and to investigate if the target is achievable. 

.1 Managing the salinity of water returning to the river 

Part of the Yanco Irrigation Area drains to the river and the drainage contains a salt load 

above the normal salt level of the river. The Murray Darling Basin Commission (MDBC) has 

developed a strategy to manage any increases in salt load above the 1988 level that may occur 

from irrigation areas. This is called the Salinity and Drainage (S&D) Strategy. If for any 

reason a land and water management plan area needs to discharge more salt to remain viable, 
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and other options have been considered and are less practical, then salinity credits may be 

available to allow acceptance of these salt loads to the river system.  

These salinity credits are not free of costs. NSW has earned up to 15 of these salinity credits 

and will distribute these between all Land and Water Management projects according to 

merit. At present the MIA&D LWMP does not require the use of salinity credits. However 

this could change in the future following a systematic review of all issues and options. 

Under the salinity credit management arrangements it is also possible for an irrigation area to 

earn its own credits by releasing available (used) allocation volumes for dilution of the river 

system when they are most effective, eg during summer. These earned credits may then be 

used to implement other options, for instance increased tubewell drainage discharge. 

.2 Wah Wah’s Perspective on Upstream Water Quality Improvements 

A detailed study was carried out on the drainage issues in the WWID This investigation firstly 

examined the possibility of modifying and using the existing drainage pattern to carry 

irrigation drainage water and excess rainfall drainage out of the WWID possibly to the 

Lachlan River. This concept was dismissed due to unacceptable environmental and social 

effects. A second option was to investigate on-farm drainage disposal in order to manage this 

drainage within the WWID 

The study concluded that irrigation drainage water and most rainfall events could be managed 

within the District by developing recycling systems and on-farm storage dams. 

However, the Wah Wah community remains concerned about the external influences on their 

ability to achieve sustainability, viz improvements in supply water quality being dependent on 

upstream improvements in drainage water management. 

It has been claimed that sustainability for Wah Wah will not be achieved unless the quality of 

the supply water delivered is improved significantly. Wah Wah receives the majority of its 

supply water from upstream drainage flows which contains levels of salts, nutrients and 

chemicals. The current criteria for water quality in Wah Wah is based on salinity levels; 

nutrients and chemicals being in low concentrations. Since 1984 DLWC has worked towards 

a target maximum salinity level of 700 EC. In practise, this averages around 500–600 EC. 

Wah Wah landholders are demanding a new maximum of 400 EC.  

Upstream improvements in drainage water quality will occur through those landholders 

adopting best management practises based on the recommendations in and the financial 

encouragement through the MIA&D LWMP. However, it is unlikely that this alone will 

reduce the salt loads to the required level of 400 EC. Additional works such as piping all tile 

drainage flows to an evaporation or treatment area will be required and could prove to be 

extremely expensive. 

Other informed sources suggest that if watertables remain deep in Wah Wah, then the district 

will remain sustainable using the current water quality levels and that any production losses 

are not the result of poor supply water quality.  

These issues must therefore be weighed up against each other. Do the benefits to be gained 

downstream ie, in the WWID justify the costs upstream? Is the current level of salt in the 

Wah Wah supply water causing long term damage to the soils? 

A major recommendation of the Wah Wah LWMP is: The Wah Wah Working Group desires 

a target of 400 EC for supply water quality and recommends an investigation into the target 

through the implementation of upstream water management practices as outlined in 

Recommendation Q22 in the MIA & Districts Draft LWMP (January 1997). 
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.4 Managing Drainage Disposal to Meet Agreed Standards 

So far the plan has concentrated on “cleaning up our own backyard.” All our on-farm 

recommendations will help reduce drainage flows. But even after we put them in place, it is 

now clear that excess drainage and flooding will remain as hard issues. 

Drainage management in the MIA hinges on management of Barren Box Swamp. The 

Kinhill Study looked at providing a “channel to the river” from the swamp, but downstream 

communities were passionate in their opposition to that idea. They were concerned about the 

effect it might have on the river. 

Despite our predicament, we must strive to manage drainage disposal better. In some ways it 

is helpful to break the problem into bite sized chunks. Since the problem hinges on Barren 

Box Swamp, we must look at the problem upstream, downstream and at the swamp. 

We must also draw a distinction between the problems of on-going excess drainage and 

major floods through Barren Box and beyond. Excess drainage water is discharged on to the 

Mirrool Creek floodway two years in every three. Major floods, on the other hand, happen 

every fifteen to twenty years. 

There is a “grey area” between the issues of excess drainage and major floods. However for 

clarity in setting priorities, it is helpful to deal with them separately. 

.1 Improving Drainage Management Above Barren Box Swamp 

Upstream of the swamp, the answer is to reduce drainage flows. Our whole plan concentrates 

on doing just that. 

.2 Improving Drainage Management At Barren Box Swamp 

In its present configuration, Barren Box Swamp is operated in accordance with guidelines 

aimed at minimising floodway releases whilst still contributing to a secure supply for 

Wah Wah. Topping up the Swamp for supply reasons must be reduced to the absolute 

minimum as this in turn increases the likelihood of more floodway releases.  

Another option is to build a pump station at Barren Box to pump water directly from the 

swamp into the Wah Wah main channel. This would increase the operating range of the 

Swamp. It may also help reduce both the frequency and duration of floodway use. 

To improve drainage management at Barren Box Swamp, our recommendation is to: 

Rec DD1 Construct a pump station at Barren Box Swamp with sufficient capacity to: 

a) increase the range of operation of the swamp; 
b) assist in reducing the floodway use both in frequency and duration; 
c) optimise the water management options for Mirrool Creek and Barren Box 

Swamp. 

.3 Improving Drainage Management Below Barren Box Swamp 

Drainage management below Barren Box Swamp is the heart of the problem. It is fraught with 

difficulties, but it must be resolved. This section deals with managing excess drainage water 

originating in the MIA upstream of the Swamp. 

To improve drainage management below Barren Box Swamp, our recommendations are to: 

Rec DD2 Investigate agroforestry and other schemes to use saline drainage flows. 

Rec DD3 Upgrade channels to supply agroforestry and other schemes to use saline drainage flows, 
and for the possible expansion of irrigation in the Wah Wah Irrigation District. 
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Rec DD4 Possible purchase of water entitlements for irrigation landholders along the upgraded 
channels, subject to environmental and channel capacity constraints. 

Rec DD5 Introduce water pricing systems to encourage the responsible use of surplus flows from 
Barren Box Swamp. 

Rec DD6 Allocate funds to investigate community solutions for the disposal of highly saline 
drainage flows. 

Rec DD7 The concept of an outlet channel to the Murrumbidgee River should be retained for 
consideration in the future. 

This would enable the community in future to participate in the Murray Darling Basin 

Commission Salinity & Drainage Management Strategy which provides funds and 

incentives for approved local works associated with drainage access to the river. 
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.5 Improving Flood Management at Barren Box Swamp and Beyond 

Natural flooding caused by heavy rainfall occurred in the MIA in 1989. Water reaching 

Barren Box Swamp exceeded the available storage capacity. The swamp levee was breached 

in an effort to control the direction of the flood and so minimise damage. On average, the 

major floods of this size are likely to occur every 15 to 20 years. 

Since then “Flood Operations Guidelines” have been prepared. These will guide the Swamp’s 

operators during future floods. The guidelines allow for levee breaching during extreme 

floods. 

The Guidelines are Stage One of a two stage process. Stage One looks at current conditions 

and gives guidance for floods that may occur tomorrow. Stage Two will look at many other 

issues such as the viability of easements to flood and structural (works) options. Earlier 

studies have dismissed a spillway as uneconomic. Similarly they have dismissed diversion 

works to route floodwaters around the Swamp. 

Major flooding remains an important issue with implications for legal liability and 

corporatisation of Murrumbidgee Irrigation. We recommend: 

Rec DD8 Adoption of the Flood Operations Guidelines for Barren Box Swamp. 

.1 Progress on Flood Management since the Draft MIA&D LWMP was released 

Since recommendations DD1 - DD8 were first published in the Drat MIA&D LWMP several 

studies have been completed. (These are discussed in more detail in later sections.) 

To some extent recommendations DD1 - DD8 were superseded by the outcomes of a meeting 

at Gunbar on 9 May 1997.  

That meeting considered a study by Greg Roads. This showed that if an embankment in the 

upper floodway section was upgraded to allow 400 ML/day, it would fail 16 years in 69. If it 

was upgraded to 1200 ML/day it would only fail 4 years in 69. (Upgrading to 2,000 ML/day 

only gives minor extra protection.) Costs would be about $720K, with $200K more for 

balancing upgrades to the downstream road crossing. 

The meeting resolved that the Floodway and Lower Mirrool Creek should be improved.  

The resolution involved four recommendations: 

Rec DD9 The upper Floodway section should be improved to 1200 ML/day; 

Rec DD10 The structures downstream of the Mid Western Highway should be approved to handle 

this capacity; 

Rec DD11 The landholders along LMC should be provided with levees to protect selected lands 

from flooding; 

Rec DD12 The MPO option should be implemented to provide opportunity flows for flood irrigation 

to LMC landholders below about the Berangerine road crossing. 
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.6 Managing Land and Water Downstream of Barren Box Swamp 

Wah Wah is downstream of the intensively irrigated Yanco and Mirrool Irrigation Areas and 

the Benerembah Irrigation District. It is also downstream of the major drainage system of 

Mirrool Creek. Consequently, it is important to recognise the Wah Wah LWMP is subject to 

many external factors. 

These external factors have a large bearing on current and potential environmental problems 

of the WWID They are broadly: 

◼ Water supply to Wah Wah (total availability, seasonal availability, off allocation) 

◼ Long term water quality deliverd to Wah Wah 

◼ MDBC CAP effect 

◼ Flood effects along Lower Mirrool Creek 

◼ Benerembah Stage IV Drainage Scheme 

Studies have been or are currently being completed to formulate recommendations to address 

these external issues where possible. Nonetheless, the only way the Wah Wah LWMP can 

deal with these external factors is to assume that the upstream MIA&D LWMP will achieve 

its targets for reducing drainage volumes and reducing seepage to the groundwater system. 

.1 Wah Wah Irrigation District LWMP 

The Wah Wah LWMP forms part of the “downstream” (west of Barren Box Swamp) input to 

the final MIA&D LWMP. It is broadly based on the On-Farm Options Report by NSW 

Agriculture. Extra details have been drawn from recommendations recorded at Wah Wah 

Working Group meetings. 

The Wah Wah LWMP was separately released to the entire WWID community. Comments on 

it were received at a public meeting at Goolgowi in August 1997. 

The MIA&D LWMP recognises that Wah Wah differs from lands in the upstream region. The 

MIA&D LWMP will help achieve environmental sustainability in Wah Wah principally 

through the various regional and on-farm management recommendations. Where specific 

recommendations for Wah Wah differ to the upstream areas they have been highlighted in the 

body of the MIA&D LWMP. 

The WW LWMP is designed to establish guidelines for future management of the Wah Wah 

region. It is all about actions to ensure the long term economic and environmental progress of 

the Wah Wah Irrigation District. 
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.7 Protecting Our Natural Resources 

Land and water management options aim to stabilise the rising watertables, decrease surface 

waterlogging and reduce surface salinisation. Options which rehabilitate degraded areas, 

retain and maintain remnant vegetation and develop strategic tree planting and agroforestry 

will provide extra environmental benefits. Local Government Activities, State Environmental 

Planning Provisions, the NPWS Act, Native Vegetation Conservation Act and the Threatened 

Species Conservation Act should all protect native flora and fauna and aboriginal heritage 

sites from clearing or disturbance. 

Areas of conservation value already protected by other Acts have been identified as: 

◼ remnant vegetation associated with farm lands, riverine corridors, wetlands, 

roadside verges and stock routes 

◼ wildlife and habitat corridors 

◼ Aboriginal heritage sites 

◼ areas that contain rare or threatened species, ecological communities and/or 

critical habitat 

Priorities for additional support through the LWMP should include: 

◼ remnant vegetation on farm lands 

◼ riverine corridors and wetlands. 

◼ strategic tree planting, bush regeneration and agroforestry 

By reducing seepage, reducing drainage flows and improving water quality our plan will help 

the natural environment. For example, wetlands are expected to return to more normal water 

regimes with the implementation of upstream and downstream surface drainage options. But 

there are also specific things we can do to protect our natural resources and to ensure 

ecological sustainability. We recommend: 

Rec N1. Cooperation between landholders (through whole farm plans), local government and 

government agencies to retain native vegetation and to plant corridors of original tree 

species. 

Rec N2. Protection, and where possible rehabilitation, of larger wetlands. 

Rec N3. Protection of natural depressions by ensuring separate farm water storages and recycling 

areas are incorporated into farm plans. 

Rec N4. Ensuring Aboriginal heritage sites are not disturbed by any LWMP or farm works. 

Rec N5. Following conservation practices when undertaking any required works. 

Cooperative projects will be developed between government agencies and local landholders, 

community groups and local government to identify and survey areas of conservation value, 

develop management plans and implement appropriate options. Property Management 

Planning workshops will provide a basis for including natural resource management issues in 

farm designs. Detailed actions are included in the Implementation section of the Plan. 
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5 CHOOSING THE BEST COMBINATION OF OPTIONS FOR THE 

PLAN 

The key to “optimising” the upstream and downstream components of the LWMP into one 

overall preferred package, lies in finding a balance between the various, sometimes competing 

plan objectives. The process of optimisation aims to find a package that: 

1. Maximises economic returns from the plan; 

2. Satisfies environmental objectives; 

3. Avoids double counting of benefits; 

4. Establishes some form of risk weighting. (For example, all else being equal, those 

options with high costs and uncertain benefits, would be less preferred than those 

with high costs and more certain benefits. Similarly, all else being equal, those 

options for which external conditions may change over the life of the plan, would 

be less preferred than those for which conditions are thought likely to be more 

stable.) 

Moreover, the preferred package should be robust. The outcomes should not be overly 

sensitive to possible changes in the anticipated rate of adoption. 

.1 “Optimisation” Objectives 

For the MIA&D LWMP, “optimisation” was an iterative process organised around three main 

steps 

1. Choosing an optimum option combination for the upstream areas (while also 

having regard for downstream outcomes). 

2. Choosing an optimum option combination for the downstream areas (while also 

having regard for downstream outcomes). 

3. Bringing these combinations together as range of integrated “scenarios,” for final 

selection and evaluation of a preferred scenario. 

Upstream of Barren Box Swamp, the “optimisation” aimed: 

• To maintain or enhance productivity and sustainability by minimising land 

salinity; 

• To control drainage volumes so that downstream effects were brought within 

acceptable levels; 

• To meet EPA drainage water quality standards; 

• To keep drainage water salinity within an acceptable range for downstream uses; 

• To minimise groundwater impacts from the irrigation areas; 

• To maintain or enhance the natural environment relative to current conditions. 

Downstream of Barren Box Swamp the “optimisation” objectives were: 

• To develop drainage infrastructure capable of controlling MIA drainage volumes 

and quality; 

• To avoid unacceptable water quality impacts (or other impacts) on either the 

Murrumbidgee or Lachlan River systems; 

• To reduce the frequency and duration of flooding in the Lower Mirrool Creek 

system, and thereby minimise costs in terms of lost agricultural production, 

wetland habitat degradation, or groundwater accessions; 

• To avoid liability for flooding. 
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Rather than being stand alone objectives, the downstream objectives are more akin to 

constraints on the upstream plan. 

.2 “Optimisation” Targets 

For large area farms, sub-surface drainage is uneconomic. Therefore soil salinity problems 

have to be addressed by reducing accessions. Figure 14 (below) shows the predicted extent of 

land affected by salinity (vertical scale) over the next 30 years (horizontal scale) for the No 

Plan Scenario and various option combinations aimed at reducing accessions and/or rice 

areas.  

Further reductions in accessions will reduce the upward trend in soil slinisation, but they will 

not eliminate the problem. The trend could only be reversed by installing sub-surface drainage 

schemes, and these are not economic. 

After examining the various lines it was concluded that a suitable compromise target would 

be to reduce annual accessions by 25,000 ML. To place this in context, current total 

accessions are estimated at 95,000 ML/yr. 
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Figure 14 Predicted percentages of land affected by salinity in mixed farming for different levels of 

reductions in accessions over the next 30 years. 

Reducing drainage volumes has both positive and negative economic and environmental 

costs. The Barren Box Swamp hydrological model shows reductions in excess of 15% in 

drainage volumes at Willow Dam will not significantly reduce the frequency or duration of 

downstream flooding. But such reductions will reduce Wah Wah’s supply security.  

From this the drainage reduction target appears to be in the range 24–36 GL/year. But such a 

target would be based mostly on averages. From a management perspective, controlling 

drainage volumes during wet periods is the major issue. Therefore, a higher target is 

justifiable. Drainage savings may come from on-farm drainage, escape drainage and tile 

drainage. It is important to note that if other drainage flows are reduced, tile drainage flows 

must be reduced by at least the same proportion. If tile drainage is not proportionally reduced, 

Wah Wah’s supply would become more saline. 

For drainage water salinity the target was no overall increase at Willow Dam relative to 

current levels. Nonetheless BMPs may result in significant reduction in salinity caused by 

horticulture. On the other hand, salinity caused by LAF may increase as a result of runoff 

from increased areas of land salinisation. 

Wah Wah landholders would like the salinity of their water supply reduced to 400 EC (from 

700 EC). This is not seen to be achievable under current conditions, therefore it was not used 
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as an optimisation target. Nonetheless, the actions needed to achieve a reduction of this 

magnitude were considered during optimisation. 

Water quality targets (other than salinity) are based on EPA guidelines. It was decided that 

water quality improvements should be at least 60% of the current problem in both horticulture 

and mixed farming areas. 

.2 Choosing the Best Option Combination Upstream of Barren Box Swamp 

Having set the targets for optimisation, the various upstream options for all land categories 

were listed. A total of 83 options were identified, being 15 each for extended horticulture and 

vegetable areas, 21 for horticulture and 32 for mixed farming. These options were categorised 

between Best Management Practices options (27), and optimisation options. For each option 

the following factors were determined. 

• Adoption rates. Distinction was made between current adoption rates, no plan 

scenario adoption rates, with plan scenario adoption rates and maximum potential 

adoption rates.  

• Economic costs and benefits. These were derived by estimates of annualised 

capital costs at 7% interest and operating costs. Benefits were estimated from 

available economic analysis and other estimating procedures. 

• Environmental benefits and costs. For water quality this is a percentage 

improvement if all farmers participate, for salinity this is an EC improvement at 

Willow Dam. For runoff, escape, tile drainage, and accession reduction options the 

environmental benefits and costs were expressed as a volume per farm 

participating. 

For Best Management Practices options the "with plan" adoption rates were determined from 

two studies. For the other options the realistic maximum number of possible customers over 

and above the No Plan scenario adoption rates who could possibly adopt the option was 

determined as a starting point. 

The above values obtained were entered into a linear programming model for optimisation. 

This model operates for the range of constraints as determined by the targets. The model 

calculated the multiplier (values between 0 and 1) on the maximum possible number of 

farmers that may participate in each of the options. This effectively gives the "with plan" 

adoption rate required for each option to achieve all targets simultaneously. 

A total of 18 scenarios were modelled. Firstly the effect of Best Management Practices and 

the No Plan scenario was examined. These produce small but significant achievements 

towards the sustainability, drainage volumes and water quality targets. The second process 

was whether all targets may be achieved by using economic options alone (BCR greater than 

1). It was found that the drainage volume (greater than 36 GL/year reduction) and drainage 

water salinity targets (zero increase at Willow Dam) may be achieved with economic options 

only, but not the sustainability target in MIA mixed farms, and water quality targets in 

horticultural farms. To achieve these targets uneconomic options had to be included. This 

especially applies to lowering salinity at Willow Dam.  

.1 Preferred Package Upstream of Willow Dam.  

The recommended package includes the full range of Best Management Practices options to 

improve soil productivity, reduce accessions, reduce tile drainage flows, reduce drainage 

volumes and salt loads, reduce pesticide contamination to drains and protect the natural 

environment. The expected rate of adoption however is not very high and will depend on 

incentives. 
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The required adoption rates of the other options was determined by the modeling process and 

then adjusted depending on other considerations. For instance, the model was based on 

averages, but drainage volumes vary considerably. A safety margin is appropriate as long as 

there are no adverse environmental side effects.  

In horticultural farms only a few additional options are to be implemented. Recycling of 

drainage was not acceptable to the community and has poor economics. The same applies to 

separation and diversion of tile drainage effluent to evaporation areas. The main emphasis for 

the LWMP will need to be the reduction in tile drainage flows and salt loads by better 

irrigation practices and reduced accessions. It is expected that the 15% target will be achieved 

by BMPs. More is desirable in the long term if the overall drainage reduction from the MIA is 

to be reduced by a higher proportion, or if drainage recycling systems in large area farms 

become mandatory. High technology irrigation systems are desirable but can not be 

recommended strongly due to poor economics. Some opportunity may exist when the supply 

system is being renovated and the off farm and on farm systems can be integrated, saving 

costs overall. 

On extended horticultural farms sustainability may be achieved by sub-surface drainage but a 

relaxation in the rules requiring effluent to be kept on farm is not possible. This disposal of 

effluent stored in on-farm evaporation areas by transfer to a community evaporation area 

needs to be investigated further. The initial evaluation is negative on basis of practicality and 

economics. Extended horticultural farms are expected to develop whole farm plans and use 

efficient irrigation techniques. 

Mixed farms in the MIA can only achieve sustainability if sub-surface drainage is 

implemented, which is not economic, or if the rice areas are adjusted, which is not economic 

unless alternative profitable crops exist. The latter opportunities are limited where it matters 

most, which is the northern half of the MIA. It was decided that the current rice 

environmental guidelines need strengthening, but that an across the board reduction of rice 

areas is not justified.  

MIA farms will need to adopt whole farm planning and better irrigation practices to reduce 

accessions and to grow alternatives such as deep rooting pasture species, lucerne on channel 

banks, and trees to remove groundwater. Tree lots of size 2-5 hectares are proposed for at 

least 160 farms, to extract groundwater but also complement measures to prevent 

contaminated drainage reaching drains. 

Recycling systems in large area farms to improve water quality and reduce drainage may be 

implemented on 150 holdings (25%) in the Willow Dam drainage catchment, and a higher 

proportion in the Yanco river catchments and the Wah Wah and Tabita areas. Salt affected 

areas in the MIA and farms split up in many portions are the least preferred in terms of 

priority. Farms with row crops have the highest priority. 

Deep bore pumping is not recommended at the present time. Channel seepage reductions may 

be achieved by clay lining at an estimated 10 sites. 

Vegetable farms may be treated as mixed farms, recognising that sub-surface drainage (by 

mole drainage) and on-farm disposal of effluent is likely to be economic, and that recycling of 

surface drainage is important to avoid drainage system pollution and to control drainage 

volumes. Irrigation techniques should be improved to reduce accessions. 

Regional options include the reduction of escape drainage and reuse of MIA drainage 

upstream of Barren Box swamp, however the reduction should not exceed volumes consistent 

with the requirement that salt loads from horticulture and other sources need to be diluted to 

achieve the target zero increase at Willow Dam, or a desired improvement. 
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.2 Benefits of the optimised package 

The LWMP package is assessed as having the following benefits: 

• Watertable levels will be marginally reduced, and groundwater accessions will be 

reduced by a total of 20,000 ML/year;  

• Land Salinity will affect only 22% of the MIA landscape (instead of 28% under 

the No Plan scenario). 

• Water quality contamination from large area farms will reduce by 60%, for 

horticultural farms the reduction will be only 40%; 

• Drainage water volumes will be reduced by 15%, this will reduce flood volumes 

and flood frequency (from 28 to 18 incidents over 70 years); 

• Drainage water salinity at Willow Dam will not deteriorate relative to the quality 

of water diverted from the river; 

• Tree planting programs will improve the natural resources stock in the region, and 

wetland management will improve over time. 

.3 Choosing the Best Downstream Option Combination in Light of the 
Upstream Decisions 

.1 Introduction 

As this plan evolved it became clear that Barren Box Swamp (BBS) was the major hinge 

point.  

Upstream of BBS the greatest priority is to improve water quality and to develop programs to 

reduce both surface drainage flows and seepage to the groundwater. Around 90% of all 

drainage emanating from the irrigation area upstream off BBS is collected in Mirrool Creek. 

This is diverted to the Wah Wah Irrigation District (WWID) directly, or stored in the BBS for 

later use in WWID. Many environmental problems downstream of BBS are a result of excess 

drainage from upstream areas.  

Downstream of BBS there are three major areas of concern. These are the WWID, the Lower 

Mirrool Creek floodplain (LMC), and the Northern Hay Plains area, which includes 

landholders of the Western Wah Wah Water Users Association (WUA).  

As far as the downstream plans are concerned, the targets determined in the upstream plan for 

drainage volume reductions, salt load reductions and water quality improvements are key 

external factors. The downstream plans cannot do anything about the nutrient load, pesticides, 

turbidity and other water quality aspects of the water it is receiving from upstream. However 

the downstream plans do have a capacity to adopt options which modify the effect of two key 

factors : 

1. The excess drainage volumes released to the Lower Mirrool Creek floodplain, and  

2. The salt loads arriving at Willow Dam and being reused in the northern and 

southern part of the Wah Wah Irrigation District.  

Therefore integration of the upstream and downstream plans is required mainly in terms of 

these two factors. Economic, environmental and social aspects are equally important 

integration criteria. 

A hydrological model simulating the MIA’s supply and drainage system supported the 

optimisation process. This model (BBSWAMP) underpins all the upstream and downstream 

studies. 
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The model divides the MIA into different parts according to channel divisions and land use 

(as per the early 1990s). A superimposed climatic regime covering the last 69 years of records 

helps estimate daily volumes and salinity in the supply and drainage systems. These vary 

according to rainfall and evaporation.  

The model’s calculated values have been calibrated against actual drainage volumes on the 

same day in the same year at key points such as Brays Dam, Willow Dam, and the Wah Wah 

Main. Various operational rules, such as those managing Barren Box Swamp, are key factors 

in the model. They significantly affect its accuracy. (This will be discussed in more detail 

later.) 

Studies for the downstream areas include:  

• The KinHill study of 1994 (this looked at discharging excess drainage and flood 

water to either the Lachlan or Murrumbidgee Rivers using an excavated channel); 

• The Wah Wah LWMP (which consists of on-farm options similar to those 

recommended in the upstream plan); 

• The Flood Control Works (FCW) options; and  

• The Northern Hay Plains Study (NHPS - which examined irrigation and other 

options to utilise excess water in BBS). 

How we might ultimately achieve sustainable management of salt loads from the upstream 

areas is not yet clear. Nonetheless this issue needs to be taken into account in the preferred 

LWMP scenario selection. Similarly the environmental impacts on wetlands of the Lower 

Mirrool Creek need to be taken into account. Some introductory comments are therefore 

appropriate. 

For typical, traditional rice/pasture/wheat large area farming enterprises of the upstream MIA, 

sub-surface drainage including pipelines and evaporation areas is uneconomic. The existing 

gazetted horticultural farms have tile drains that contribute significant (but diminishing) salt 

loads into BBS. The LWMP Working Group considered that continued diversion of salt loads 

from gazetted horticulture areas should be permitted.  

However, for extensions of new horticulture in large area farms, a separate 1995 study by 

Hassall Associates found disposal of salt loads generated by these new enterprises would 

have a small but significant impact on the Wah Wah landholders downstream. The economics 

analysis suggested that the cost to downstream landholders would be slightly less than the 

cost of providing evaporative disposal upstream, but socially the downstream disposal option 

was not acceptable.  

The study also identified the need to provide for the disposal of larger volumes of saline 

effluent following infrequent rainfall events (say once every 5-–10 years). This was strongly 

emphasised by the steering committee led by Mr John Dal Broi. 

.1 Integration Method 

Integration began in June 1997 when the Taskforce charged with responsibility drew up plans 

to identify scenarios, evaluate hydrological and salinity benefits related to each scenario, and 

analyse economic, social and environmental factors. Other matters such as Structural 

Adjustment and new NPWS guidelines for natural resource management were dealt with in 

parallel. 

It was soon clear that attempts to fully optimise all possible options from all upstream and 

downstream plans would be too ambitious and likely to fail because of the complexity of 

issues and the imperfections of the data and assumptions used.  
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Instead the Task Force developed a set of downstream integrated strategies which covered the 

full range of possibilities. This set of strategies was then subjected to preliminary analysis for 

hydrological, salinity, and economic effects. At the same time a Multi Criteria Analysis 

(MCA) looked at the environmental benefits and costs of each possible strategy. This work 

provided guidance for the ultimate selection of a preferred strategy for further evaluation. 

.2 Integration Objectives. 

1. To provide an overview of the integration process between the upstream and downstream 

plan components. 

2. To provide a technical discussion of the methods and criteria used for the evaluation of 

hydrological and salinity impacts of various scenarios between upstream and downstream 

plan components. 

3. To produce a transparent discussion of the advantages and disadvantages of various 

strategies including the preferred strategy, based on the evaluation of physical, economic 

and environmental factors. 

.2 Downstream LWMP Studies 

This section describes the main study outcomes in terms of hydrological and salinity criteria 

(the main factors considered for integration). It is not just a summary of previous studies since 

it also discusses how and why the option (package) was modified for evaluation of the 

downstream integrated strategies.  

This section is intended as an overview. Specific issues requiring detailed discussion are more 

fully explored in appendices. The reader is also referred to specific reports for background. 

Component options not included in the LWMP Taskforce’s preferred strategy are also briefly 

covered in Appendix 5. 

.1 Wah Wah LWMP 

Wah Wah Irrigation District (WWID) irrigation entitlements are supplied as a mixture of 

drainage flows from the MIA and fresh water from MI’s delivery system. These supplies are 

diverted through Mirrool Creek to Willow Dam near Barren Box Swamp. 

No drainage leaves the WWID, but some accumulates in depressions and natural creek lines. 

The Wah Wah LWMP makes provision for recycling on-farm and places controls on rice 

growing to reduce groundwater accessions. It also involves some tree planting and pasture 

options to minimise seepage to the groundwater. 

The Wah Wah LWMP is concerned with the control of rising groundwaters, and natural 

resource management. It is also concerned with salinity in Wah Wah’s supply. This is 

currently in the order of 500–700 EC for Wah Wah South, and about 300–400 EC for 

Wah Wah North.  

The upstream plan recommends (recommendation Q22) that: 

“The salinity level of irrigation supply water to the Wah Wah Irrigation District be of a 

sustainable quality. Water users below Barren Box Swamp, and some scientists, believe 

the target level should be 450 EC. It is currently 700 EC. An investigation is to be carried 

out within the first three years of the implementation of this plan to identify the practices 

to be implemented to achieve sustainability, and to investigate if the target is 

achievable.” 

The WW LWMP committee has stated a desire to have the target supply salinity lowered to 

400 EC.  
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“The Wah Wah Working Group desires a target of 400 EC for supply water quality and 

recommends an investigation into the target through the implementation of upstream 

water management practices as outlined in Recommendation Q22 in the MIA & Districts 

Draft LWMP (January 1997).” 

However reductions depend on options adopted in the upstream MIA plan or options of the 

downstream solution scenarios. These include the “flushing through effect” of having more 

irrigation downstream, and the effect of pumping from BBS into the Wah Wah Main (which 

shifts salts away from the Wah Wah South supply), and other salt management proposals 

discussed later in this section. 

Volumes of drainage leaving the MIA in excess of requirements in Wah Wah have had 

several consequences, some cause damage:  

• Occasional overtopping of banks in the Floodway east of Carrathool Stock Route (part of WWID). 

The Flood Control Option report suggests this will happen 16 times every 69 years. 

• Frequent serious flooding of the Lower Mirrool Creek environment downstream of Boomerang 

Pipes (not part of WWID).  

others provide benefits:  

• Benefits to certain landholders in the Floodway and Lower Mirrool Creek upstream of the Mid-

Western Highway, who pump or divert the water for irrigation purposes. 

• A high frequency of off-allocation irrigation supplies in the WWID due to high levels in Barren 

Box Swamp, as a result the WWID has the highest supply security in the Murrumbidgee Region 

Because the existing system provides a mix of benefits and costs, different downstream 

interest groups react differently to each proposal to reduce drainage. Most downstream 

options aim to find compromises between conflicting local needs and environmental 

concerns. 

Wah Wah landholders want to retain the existing benefits of off-allocation supplies from the 

Mirrool Creek system, but under the upstream plan these volumes will be reduced as drainage 

volumes from the MIA are reduced. Several aspects of off-allocation (or environmental 

surplus6) availability are discussed in Appendix 6. WWID landholders have had no 

entitlement to off-allocation flows since the introduction of the volumetric allocation scheme 

in 1983, but they have enjoyed drainage flows in excess of their requirement without having 

to endure the consequences of downstream flooding themselves. 

In many ways the problem remains. The MIA is virtually a closed system, but it cannot be 

fully closed without environmental impact on Lower Mirrool Creek.  

The upstream plan assumes drainage volumes will be reduced by a fixed volume or 

proportion each year. Whether or not that assumption is valid, the volumes arriving at Willow 

Dam will certainly be larger in wet years than dry years. But almost by definition, 

downstream irrigation demand will always run counter to supply availability. Downstream 

irrigators will always want more water in dry years than wet ones. Inevitably there will be 

problem years. At best these may be less frequent than now. 

The WWID also needs to become more efficient, to ensure its own sustainability. (Without an 

LWMP in 20 years watertables in Wah Wah will rise to within 2 m of the surface over 16 % 

of the landscape.) The Wah Wah LWMP strategy helps address the problems of the WWID, 

but it does not solve the MIA’s drainage problems. 

                                                           
6 In this text the term “off-allocation” is used only in the context of the Wah Wah District and should not be confused with 

the same term used for irrigation along the rest of the Murrumbidgee River system. Declarations of off-allocation in the 

Wah Wah system do not occur at the same time, and are related to levels in BBS, not rainfall events along the River. 

Murrumbidgee Irrigation has used the term “Environmental Surplus” from Barren Box Swamp since the surplus available 

and used in Wah Wah would reduce the flooding risk, and therefore the environmental impacts along Lower Mirrool 

Creek. This latter term is also not considered ideal, but used in following text nevertheless. 
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.2 KinHill Channel to the River Study. 

In 1994 many downstream community groups as well as the Murrumbidgee Catchment 

Management Committee (MCM) rejected the conclusions of the KinHill study. Its 

recommendations were perceived to cause downstream impacts without any real attempt to 

improve upstream irrigation practices or drainage water quality. At that stage the upstream 

MIA&D LWMP was not completed. Therefore it was not considered in KinHill’s final 

recommendations. 

Despite its rejection by downstream communities, the KinHill study contains some good 

analysis of several issues. 

KinHill considered 600 ML/day channels with the aim of reducing flood frequency in Lower 

Mirrool Creek to less than 1 year in 15. This was thought comparable to natural flood 

frequencies. However, environmental studies by Shepheard (1992) and others reported by 

KinHill indicate 1 year in 5 is sufficient for some species. 

Over-grazing in the LMC is an equally important environmental threat that tends to override 

the benefits of longer flood intervals. Therefore natural flood frequencies are not necessarily 

optimal for current environmental conditions. Wetlands production is greater at higher flood 

frequencies, without significant changes in habitat value.  

KinHill consulted many groups. They adopted a target range of one year in every 8-15 after 

examining the cost to landholders of more frequent flooding and anecdotal evidence of 

natural upstream flooding. In other words, they considered historical, economic and social 

factors as well as environmental concerns. The desire to reduce flood damages to landholders 

was an important consideration. 

An environmental evaluation backed up by concordance analysis (Volume B of KinHill 

report) found disposal to the Lachlan was less desirable than disposal to the Murrumbidgee. 

Of the Murrumbidgee options the Brays Dam option was rejected as insufficient and the 

South West Drainage Scheme to Maude as too expensive. This left the Channel 2 route to 

Carrathool. A gravity outfall west of Carrathool, rather than a pumped outfall at Carrathool, 

was preferred.  

The hydrologic evaluation showed a 600 ML/day channel could reduce flooding to 1 year in 

every 10 with greatly reduced flood volumes (Appendix L, KinHill part B). Interestingly, the 

results also showed a 200 ML channel could significantly reduce flood frequency to 1 year in 

every 5 or 6 (down from once every 2.8 years at present). 

The channel to the river option has been added to the preferred strategy. Nonetheless, it is 

recognised that several prerequisites would need to be satisfied before it can be implemented. 

Implementation would be subject to an EIS, this means that the threat of alligator weed 

escaping from BBS into the Murray-Darling system needs to be overcome. This is the biggest 

issue requiring resolution. Also, water quality from Barren Box Swamp and Mirrool Creek 

would need improvement to become acceptable to the downstream community and approving 

agencies such as EPA. Salinity impacts would also have to fit the MDBC Salinity and 

Drainage Strategy.  

The channel option is also included in the evaluation process because transparency calls for a 

full and frank discussion and comparison of all options. On that basis a 200 ML/day channel 

to the Murrumbidgee River has been included by the LWMP Taskforce. This channel would 

be operated under different design standards, rules and guidelines to those proposed in the 

KinHill study7. 

                                                           
7 The KinHill Channel to the River Option also included a 200 ha wetland, to filter water and improve quality before 

discharge to the River 
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.3 Northern Hay Plains Study (NHPS) 

The NHPS examined a number of options to make use of excess drainage volumes in BBS. 

These included:  

◼ Ring tanks; 

◼ Multiple Point Outfalls (MPO8) which would deliver water for beneficial use to 

several points downstream) into the Lower Mirrool Creek further downstream; 

◼ Irrigation of 15 or 30 farms respectively along Stock and Domestic (S&D) 

Channel 2 (Western Wah Wah area); 

◼ A large storage for use with the irrigation options; and  

◼ Agroforestry (which was considered in a preliminary fashion). 

A major term of reference for the NHPS was that solutions had to overcome “the flood 

liability” issue. (It is actually more accurate to refer to “damages to landholders,” rather than 

liability9.) Moreover, the underlying aim of the MPO option was to enable those landholders 

who suffer most from larger floods to start sharing in the benefits of smaller drainage flows. 

The NHPS reports, Volumes A and B discuss these options in detail. Most options involve a 

400 ML/day channel from Barren Box Swamp. The channel would go either to existing 

irrigation, new irrigation, or simply to more downstream parts of Lower Mirrool Creek in an 

effort to spread the load in terms of flood damage.  

A set of hydrological rules was developed to simulate the agreed management of Barren Box 

Swamp and diversion of excess drainage. All options were evaluated under these rules.  

None of the options generated a favourable Benefit: Cost Ratio (BCR). Most were in the 

order of 0.5 to 0.7. Capital costs were relatively high, and although the on-farm irrigation 

would (just) be economic in isolation, the modest income generated by landholders left very 

little capacity to contribute towards the capital costs of any option.  

Because monetary values could not be assigned to the environmental benefits generated by 

each option, it was very difficult to include these in the final economics analysis. There is a 

lot of uncertainty about the magnitude of environmental benefits.  

Flood hydrology was a major determinant in option evaluation. Without any plans (upstream 

or downstream), flood frequency along LMC is about once every 2.8 years (25 times in 69 

years). With the adoption of the upstream LWMP this frequency reduces to about once every 

3.6 years (19 times in 69 years). The various NHPS options reduced the frequency from this 

baseline to about: 

◼ once every 3.8 years for the ring tanks;  

◼ once every 4.1 years for an MPO option involving a channel to the Mid Western 

Highway plus irrigation); or 

◼ once every 6.0 years for a large storage with irrigation of 30 farms. 

The NHPS study did not identify specific targets for flood frequency or any other parameter. 

Rather, various criteria (frequency, economics, equity, environmental, risk) were ranked and 

weighted according to a scoring method completed by the NHPS Steering Committee. The 

outcomes for each strategy were evaluated against these criteria, in which flood frequency 

and volume ranked highest. 

                                                           
8 TheMPO would deliver water for beneficial use to several downstream points. 
9 Although flooding has occurred in Lower Mirrool Creek from time to time, and landholders may have suffered damages to 

property and stock on certain occasions, no “flood liability” has been accepted by either Murrumbidgee Irrigation or the 

NSW Government. This is so despite ex-gratia payments to some landholders following their representations. This could 

be an important issue in cost sharing of works, to be faced by Lower Mirrool Creek landholders. Schemes may be 

implemented to reduce frequency and severity of flooding. Dependent on who is ultimately responsible for the damage the 

benefit may be assigned to either the landholders themselves, or the agency liable. 
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At the time the hydrological model appeared to suggest significant benefits in terms of 

salinity reductions for the Wah Wah supply. For example, Table 4.6 of the NHPS report, 

volume B, page 46 shows EC values in the Wah Wah South supply of 428 EC for the MPO 

option and less than 400 EC for the large storage.  

Because the recommendations appeared to solve the salinity problem, alternatives for 

managing salinity were not pursued vigorously. However the inclusion of agroforestry to 

manage higher saline flows during winter was examined. An option including 750 hectares of 

trees and a 5000 ML storage to retain winter flows showed a total cost of $3.5 million. 

Operational costs were $450K/year with $12 million income (mainly at the end of a 15 year 

cycle). The economics of the agroforestry option appeared unfavourable. Therefore it was not 

included in the NHPS preferred options. 

During integration of the upstream and downstream plans, doubts emerged about the accuracy 

of the NHPS salinity predictions. For instance, how could the recommended Large Storage 

plus Irrigation option produce less salinity for Wah Wah South than Willow Dam? These 

doubts, backed up by cursory salt balance calculations, resulted in a re-assessment of the 

preferred options package and salinity benefits for the overall scenario. 

The “Do Nothing“ Net Present Value (NPV) was minus $2.3 million based on values reported 

by Mactier, in the KinHill report, for costs and benefits to LMC landholders of continued 

flooding. Although the large storage and irrigation proposal almost halves flood damages, its 

NPV (about minus $8 million) is lower than the “Do Nothing” option. The question is: are the 

environmental benefits strong enough to overcome the NPV shortfall? If they could be given a 

monetary value, would they bring the BCR up to one? 

All NHPS options are uneconomic. They could only be justified by very high environmental 

benefits. Therefore integrating the upstream and downstream plans into a preferred package 

becomes a minimalist exercise. How can environmental and social benefits be maximised at 

least cost? The MPO, and irrigation options were scaled down to a 200 ML/day channel plus 

15 farms with new irrigation. The agroforestry option was revisited and the accompanying 

storage reduced from 5,000 ML to 4,000 ML. The new MPO option was developed in 

consultation with the LMC landholders, and the minimum irrigation scheme is consistent with 

proposals by the Western Wah Wah. 

.4 Flood Management Options 

BBSWAMP was used in a flood management study by Greg Roads. This showed that if an 

embankment in the upper floodway section was upgraded to allow 400 ML/day, it would fail 

16 years in 69. If it was upgraded to 1200 ML/day it would only fail 4 years in 69. (Upgrading 

to 2,000 ML/day only gives minor extra protection.) Costs would be about $720K, with 

$200K more for balancing upgrades to the downstream road crossing. 

A meeting at Gunbar on 9 May 1997 resolved that the Floodway and Lower Mirrool Creek 

should be improved. The resolution had four parts: 

1. The upper Floodway section should be improved to 1200 ML/day; 

2. The structures downstream of the Mid Western Highway should be approved to 

handle this capacity; 

3. The landholders along LMC should be provided with levees to protect selected 

lands from flooding; 

4. The MPO option should be implemented to provide opportunity flows for flood 

irrigation to LMC landholders below about the Berangerine road crossing. 

There was also a suggestion that the upper Floodway section should be by-passed with a 1200 

ML parallel channel to avoid flooding of an 8 km long prior stream section. This idea was 

abandoned for the preferred plan scenario evaluation because : 
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1. Cursory examination showed the costs would be far greater than the upgrading of 

existing levees. 

2. If the preferred LWMP strategy reduces flood frequency sufficiently there would 

be little benefit. After all, inevitably about 4-8 events greater than 1,200 ML/day 

are expected every 69 years, and the parallel channel’s benefits only relate to the 

remaining smaller events. 

In integrating the overall plan strategy, the first 3 parts of the Gunbar resolutions were 

parcelled up as the Flood Control Works (FCW). The MPO option was added to the part of 

the strategy that includes new irrigation along an upgraded channel 2 (Western Wah Wah) 

area). This was used in evaluating all downstream strategies. 

As far as the third part of the resolution is concerned, the Taskforce originally decided that 

levees are included in the FCW however it is conceded there may be problems. Under NSW 

Government policy, landholders are generally responsible for natural flood events. And 

inappropriately designed levees, could cause significant costs downstream or upstream. For 

example flood water could reach the Lachlan River much more quickly. That would be 

strongly opposed by landholders in that area. Besides, more rapid flood flows would increase 

the risk of Alligator Weed escaping into the Lachlan (even though it is now more or less 

contained and controlled in BBS).  

Levees designed for 1200 ML/day would also have to be located differently to levees 

designed for larger floods. Therefore they would need to be more substantial, or they would 

fail during larger events. 

Proper levee design would require detailed observations of a typical 1200 ML/day event. It 

would involve measuring flood levels and plotting the areas affected, before carrying out the 

designs. Although there is a map prepared by DLWC River Management Branch showing 

possible locations (Flood Options Preliminary Report), there is not enough flood level data to 

actually design levees for 1200 ML/day events.  

These considerations together could lead to the conclusion that until it can be more fully 

evaluated landholders along LMC should not be given provision for levees to protect selected 

lands from flooding. However, based on social factors the LWMP Taskforce has undertaken 

to include it in negotiations with Government over plan strategies and funding. A very coarse 

estimate of $0.5 million total cost is based on the preliminary map, which shows potential for 

170 km of levees. 

If a 1200 ML/day Floodway was constructed the flooding behaviour downstream would 

change. The 1200 ML/day capacity in the upper section would take BBS releases more 

quickly to LMC areas below Narrabri Swamp, but for shorter period.  

The total volume reaching the downstream areas would be about the same before and after the 

upgrade. However, increasing the flow rate from 400 to 1200 ML/day could mean more land 

will be flooded for less time between Boomerang Pipes and the Mid Western Highway. 

Further downstream there would be less overall change. 

A more rapid flooding pattern followed more quickly by smaller flows could benefit many 

landholders in terms of grazing potential. It could also produce undesirable consequences for 

some landholders. 

It is important to note that the 1200 ML/day capacity does not have to be used every time. On 

many occasions it may be desirable to release at 400 ML/day, despite the larger available 

capacity. The FCW option provides increased management flexibility, which may be 

exploited to provide the highest benefits to the downstream areas, consistent with the need to 

lower BBS at a specific rate. There is a commitment between Murrumbidgee Irrigation, the 

LWMP Taskforce and downstream landholders to examine this question and to develop 

suitable operational strategies for implementation. The Barren Box Swamp operational and 
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flood release guidelines, referred to and discussed at Appendix 7 are a basis for these 

discussions. 

The Gunbar meeting endorsed the MPO option as a social requirement for reconciliation with 

the more downstream LMC landholders. They always seem to suffer during the larger events, 

which are seen as destructive, but they never seem to benefit from the smaller events, which 

never quite reach them. These small floods could provide beneficial effects like new growth 

for grazing. MPO releases through three or four outfalls to LMC lands could provide 

improved grazing potential for limited areas. (These could be rotated to avoid environmental 

damage.) Average releases of 3,000 ML/year could provide about $90K/year benefits from 

increased grazing potential on 1,000 ha (see downstream economics report). 

The MPO option in the FCW is very different to that in the NHPS (that involved 9,000 

ML/year on average). Consequently in the FCW it only reduces flood releases to the upper 

LMC Floodway by about one event in every 69 years.  

Multi Criteria Analysis has also revealed concerns that regular uncontrolled flooding from 

MPO or new irrigation (channel escapes) could degrade flood sensitive Old Man Salt Bush 

areas in the LMC. 

.3 Drainage Salinity Management Issues 

The upstream and downstream LWMPs have concentrated mainly on drainage volume 

controls. Optimisation of the upstream LWMP included a requirement to maintain drainage 

water salinity at current levels. This objective was exceeded. It will actually improve because 

tile drainage volumes will be reduced and large area farms will retain a lot of irrigation 

drainage. No options that increased salt loads were allowed. For example extended 

horticulture will have to construct evaporative basins where effluent disposal is required. 

Occasionally however drainage reductions will need to be offset by fresh river diversions to 

supply Wah Wah and provide dilution. 

The BBSWAMP model does not allow prediction of future MIA salt loads. The modelled 

volumes can be changed, but salinity levels for each source of salt are fixed. The model can 

track salt loads through the system for the identified baseline conditions. It can also provide 

guidance (within the constraints of the assumptions made) about the impact of specific 

options, such as reductions in tile drainage flows. 

Salinity values in the BBSWAMP model are based on averages calculated from data collected 

over the 1978-1992 period (Water and Salt Balance report, 1992). This period includes two 

events that may both have influenced salt loads. Up to 1983 experimental tubewell drainage 

from large area farms was still occurring at maximum rates. And in 1990, tile drainage pumps 

were handed over to horticulturists, (the potential to reduce power costs gave them an 

incentive to use the pumps less often). For the purpose of this discussion the baseline is 

referred to as “the 1980s baseline.” 

Separate studies on trends in land salinity and salt loads (Watertable Control Options Report) 

show loads from tile drainage in gazetted horticulture are decreasing, but large area farm 

runoff salt loads are increasing. The current (1994-1997) combined Mirrool Creek salinity has 

decreased relative to the 1980s baseline. This is attributed to the handover of tile drainage 

pumps in 1990 and dry weather conditions. Also, many horticulturists may already have 

adopted improved practices and reduced their effluent discharge.  

Over the next 30 years the Large Area Farm runoff salinity will increase, but by year 30 the 

overall situation may be no worse than the 1980s baseline (Water Control Options report, 

1995). No predictions have been made beyond the 30 year planning horizon, however it must 

be expected that after 30 years the situation will get progressively worse. 
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As mentioned in an earlier section, there is an expectation by extended horticulturalists that 

effluent discharge may be allowed in extreme conditions. In very wet years drainage effluent 

volumes are high and evaporation rates are low. This will test the adequacy of constructed 

evaporation areas. 

Many current evaporation areas are smaller than current guidelines recommend (larger than or 

equal to 10% of planted area). CSIRO is investigating design criteria (including permissible 

seepage) for sustainable evaporation areas. 

On a regional scale the salt loads arriving at Willow Dam, and their variability, are good 

criteria for evaluating downstream management options. Table 32 shows flows and salt loads 

at Willow Dam over 14 years. Winter figures are particularly important because salinity is 

often greater than 700 or 1000 EC in that season. During wet years not only is the volume of 

drainage far above the average (or median), salinity is also significantly higher. This 

compounding effect makes it very difficult to find an adequate and economic solution. 

Table 32: Willow Dam. Flows and Salt Loads arriving, including salt load in winter where salinity is 

greater than 1000 EC 

Year Ann’ Flow 

ML 

Winter’ 

Flow 

ML 

Flow>1000 

EC - ML 

Flow>700E

C - ML 

Annual 

tonnes 

Winter 

tonnes 

Winter tonnes 

>1000 EC 

Winter 

rain 

mm 

1984 175652 22177 5518 10386 62201 12088 5153 119 

1985 174952 16951 2266 2486 43691 6666 2206 110 

1986 161185 10280 3835 5115 40194 5856 3871 123 

1987 183011 12875 4625 6265 46240 7653 4710 152 

1988 234186 50755 30100 49155 85318 38840 28183 163 

1989 290510 41585 34685 41585 106771 29428 25288 65 

1990 202700 28205 13305 27215 68304 19107 10980 136 

1991 193375 21600 5235 6500 44792 8842 4739 125 

1992 196335 17910 2640 2990 50766 6535 1948 105 

1993 212465 13280 3840 6245 58374 6381 3312 122 

1994 224225 28435 530 2765 47591 7323 326 41 

1995 191340 27295 4820 10045 53200 14115 5098 116 

1996 193140 16445 1610 6705 44341 6516 1299 180 

Average 202544 23676 8693 13651 57830 13027 7470 120 

25% 183011 16445 2640 5115 44792 6535 2206 110 

Median 196335 21600 4625 6500 50766 7653 4710 122 

75% 212465 28205 8693 13651 58374 14115 7470 136 

 

At this stage, salt discharge from large area farms (with or without extended horticulture) is 

not permitted. Soil salinity is increasing on large area farms. This trend is not reversed by the 

upstream LWMP because sub-surface drainage in large area farms is uneconomic when 

pipelines and evaporation areas are added to the costs. 

Only two principle means of salt management are thought to be possible in the MIA: 

1. On-farm retention, or retention after transfer into community sized basins. 

2. Disposal to the downstream environment, either deliberately, or as a result of 

runoff processes. 

The first of these is currently part of the upstream LWMP wherever it is feasible. Evaporative 

disposal is a key component in this strategy. Recycling, which is one of the main upstream 

options, will mean more farm drainage being retained on-farm, with less runoff and lower salt 

loads. Moreover, tile drainage flows will be reduced by better irrigation practices including 

investments in so-called high tech methods.  
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Delivering larger volumes of fresh water directly to downstream irrigators will compensate 

for lower drainage volumes. Therefore the overall effect is more salt being retained in the 

MIA and better water quality for downstream water users. The overall improvement should be 

about 60 EC units at Willow Dam (based on BBSWAMP). 

The second means of salt management (downstream disposal) comes into play when upstream 

retention is not adequate. At present the main disposal options are: 

1. Disposal to the Lower Mirrool Creek (rejected on environmental grounds) 

2. Disposal to agroforestry woodlots.  

3. Disposal to a Serial Biological Concentration (SBC) project site. 

4. Disposal to the Murrumbidgee River via a channel 

Those options aim to manage salt loads. There are other downstream options that affect 

salinity (salt concentrations) for downstream users. Investigation of various options for 

managing drainage volumes has revealed that salt concentrations in Wah Wah South could be 

improved by: 

1. More downstream irrigation. (This creates demand for extra River diversions and 

more rapid turnover in Barren Box Swamp. The NHPS shows significant salinity 

benefits for this “flushing through” effect. 

2. A pump on BBS. (This would effectively transfer small quantities of salt from the 

Wah Wah South channel to the Wah Wah North channel.) 

These two options have the potential to improve salinity downstream, but it is difficult to 

perceive how they could be implemented just for that reason. They rely on mixing and 

dilution for the improvement gained and as such can not be considered suitable in the long 

term. Still, because salinity from the MIA will not increase above 1980s baseline levels for 30 

years, and because many upstream LWMP recommendations will reduce salinity, these extra 

options will help buy even more time to find longer term strategies. 

For the time being, watertables in Wah Wah are generally deep enough to allow adequate 

leaching to offset higher salt concentrations in irrigation water. Therefore it is the volume of 

water used in Wah Wah, rather than the imported salt, that is causing environmental 

problems.  

There is only limited evidence that 700 EC water is damaging to Wah Wah crops under 

current watertable conditions. Wah Wah landholders have been receiving flow of this quality, 

and worse, for decades. 

However watertables in WWID are rising, and in about 20 years they will reduce leaching 

rates. Under that scenario, current irrigation salinity levels could be regarded as too high. 

Hopefully that process will be further delayed by the WW LWMP. It aims to reduce seepage 

to the groundwater system (see Wah Wah No Plan Scenario report, and the WW LWMP).  

Deliberately putting salt into LMC is environmentally unacceptable. Salt would accumulate in 

the topsoil, the sub-soil and the groundwater system. Topsoil salts would eventually be 

mobilised and deposited in the Lachlan River. Salt ending up in the groundwater system 

would have less impact because the groundwater system is already mostly saline. In any case, 

landholders would strongly oppose the implementation of this option. This basically leaves 

three options to be examined. 

Agroforestry is uneconomic unless significant environmental benefits can be identified and 

accounted for. The costs and benefits of the SBC option are currently being investigated. 

Appendix 5 briefly describes these and other options not currently part of the MIA&D 

LWMP strategy. 

The major difficulty is that salt loads and drainage flows are extremely variable. Table 32 

demonstrates this clearly. Schemes that use water (agroforestry, SBC) can be scaled up to use 
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large flows. But if they are, in average and dry years they must either be run on sub optimal 

volumes, or they must use large volumes of low salinity on-allocation irrigation supplies. 

If large volumes of fresh water are needed the economics becomes doubtful because they are 

grounded on low cost, moderately saline, water. On the other hand, if these schemes are 

scaled to cope with median flows and salt loads, they do not provide sufficient long term 

benefit. 

In years of low winter flows, fresh water is probably required for both the SBC and 

agroforestry options. At this stage it not clear how entitlements to fresh water would be made 

available. Either water entitlements would have to be purchased or institutional arrangements 

would have to be put in place whereby the benefiting community makes this water available.  

If 10,000 ML of allocation are needed for the SBC project, this represent 1% of MIA water 

use. At $40/ML the economic value is about $ 0.4 million/year. Current sales of water 

indicate the capital value involved is about $4-5 million. Agroforestry would require 

substantially less fresh water. 

The channel to the River option would provide a solution for most years, keeping in mind that 

EC impacts on the Murrumbidgee River are still to be evaluated. The option involves 

significant MDBC EC credits. The current estimate is 1.6 EC credits based on 5,000 tonnes of 

salt each year. Using the channel option during high flow years would have less impact. (The 

reuse aspect downstream has not yet been considered). Previous investigations by KinHill did 

not include deliberate discharge of salt, just maximum flood flows of 600 ML/day. It involved 

only a fraction of an EC unit extra in the Murrumbidgee River in most years. 

The MDBC is currently re-examining the Salinity and Drainage (S&D) strategy. It is likely to 

place more emphasis on dryland salinity in the future. Overall, the Murray-Darling system is 

under more threat from dryland salinity than was recognised when the S&D Strategy was 

originally negotiated. This will probably result in increasing restrictions on salt discharges 

everywhere. This includes the irrigation areas, even though 15 EC units are available to NSW 

for use (Reference: MDBC documentation on the S&D Strategy). The implications are that if 

a channel to the river was considered for implementation, it could only be used when other 

means are no longer possible, an option to be called upon in special, infrequent 

circumstances. Alternatives internal to the MIA&D LWMP would have to be developed to the 

maximum feasible extent. 

The conclusion of this line of reasoning is that a channel to the River may eventually become 

the preferred option because it alone is capable of dealing with high rainfall years. Table 32 

appears to suggest this occurs when the winter flow with salinity EC above 700 EC is greater 

than about 7,000 ML. During those wet years extended horticulturalists could by-pass their 

evaporation areas (if they were constructed according to the adopted guidelines and if they 

were full). During other years agroforestry, or SBC may provide sufficient disposal capacity. 

At the time of completing the LWMP Strategy the downstream salinity management 

described above had not been endorsed by the MIA&D LWMP Taskforce.  

Various feasibility studies are still outstanding. The urgency of implementing a downstream 

salinity strategy is not high. There is time to achieve some of the environmental pre-requisites 

necessary to make the channel to the river option (if economic) acceptable. When the time 

comes however, the above strategy on salinity management could be incorporated readily into 

the existing overall LWMP. 

.4 Selecting Scenarios for Evaluation 

Salt management options investigated were deep aquifer disposal and a pipeline to the sea 

(cursory only). Both of these were rejected earlier during the LWMP process (Stanton, 1993, 

Economic Ranking of Options report).  
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Other irrigation related options considered in the NHPS included a multicell BBS and the 

piping of the WW stock and domestic supply system to generate extra water for allocation in 

average and dry years. These were found to be uneconomic. Moreover, constructing a 

spillway to protect BBS levees was not economically justifiable either. 

Several other options were investigated in earlier studies. Agro-forestry options to 

accommodate saline winter flows were examined by KinHill, and again by the NHPS. 

Appendix 5 provides an overview of these studies. They are still relevant for the overall MIA 

salinity management strategy. Furthermore, the KinHill Channel to the River, included a 

wetland to filter drainage before it reached the river. This would require further scrutiny if the 

channel was considered again. 

Finally, there are options to construct a pump on BBS, to pump water into either the 

Wah Wah Main (2 metres max. lift) or the BBS Outfall (1 metres max. lift). This was first 

canvassed in the optimisation report (1996). It should create more air space in BBS and delay 

the need for River diversions to Wah Wah irrigators, thereby reducing flood incidence in the 

LMC. 

In summary, the various downstream studies involve options aimed at reducing social and 

environmental costs to the downstream community caused by excess drainage volumes and 

salt loads from the MIA. Although WWID uses base drainage flows it does not contribute to 

management of excess drainage; the WW LWMP mainly solves local problems. 

The NHPS options are mostly uneconomic, but the MIA&D LWMP Taskforce believes social 

and environmental reasons justify partial implementation. The economics of the flood control 

works (FCW) have not yet been determined. However the high incidence of flood damage 

adjacent to the Floodway through Corynnia if nothing is done appears to justify prioritisation 

of such works.  

There are up to ten building blocks for the LWMP strategy, including: 

1. No Plan scenario 

2. MIA&D LWMP 

3. WW LWMP 

4. Flood Control Works, as defined 

5. New Irrigation 15 Farms. 

6. New Irrigation 30 farms and large storage (25,000 ML-NHPS Preferred) 

7. Multi-Point Outfalls (MPO), as defined 

8. Barren Box Swamp pump 

9. Agroforestry (to be defined) 

10. Channel to River (200 ML/day) 

Any combination could constitute a scenario for downstream management of volumes and salt 

loads. However, from an efficiency viewpoint, only 5 or 6 combinations could be evaluated.  

After much consideration, the scenarios outlined in Table 33 were selected for evaluation. 

They cover the full range of possibilities in terms of hydrological and environmental 

effectiveness. These scenarios were subjected to economic, environmental and hydrologic 

(BBSWAMP model) evaluation. 

Table 33 Scenarios selected for Evaluation of Preferred Scenario 

Scenario Components 

0 No Plan scenario (base case) 

1 MIA and WW LWMPs. 

2a MIA+WW LWMPs, + Flood Control Works,  

2b scenario 2a, + agroforestry (1000 ha, 4000 ML storage)  

3a scenario 2a, + BBS pump (200, 300, 400 ML/day options) 

3b scenario 3a, + agroforestry (1000 ha, 4000 ML storage) 
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4a scenario 2a, + Irrigation of 15 farms in Western Wah Wah 

4b scenario 4a, + MPO. 

5 scenario 2a, + NHPS large storage proposal, irrigation of 30 farms, and the MPO option 

6 scenario 2a, + channel to River (200 ML/day) 

 

.5 Evaluating Selected Scenarios 

.1 Criteria 

The LWMP must be economically sound, environmentally sound and socially acceptable and 

equitable. Generally, it is relatively easy to compare economic values one with another. 

Environmental values are more difficult to compare with each other. It is more difficult still to 

compare environmental values with economic values. Techniques like Multi Criteria Analysis 

(MCA) help compare environmental impacts. 

The criteria for this analysis included the quality of habitat resulting from the various 

scenarios, groundwater accessions from the LMC floodplain, and the effect on threatened 

species. Methods similar to MCA can be used to evaluate specific social impacts, such as 

stress, unemployment, disruption. Such components have not been analysed in the context of 

this report. 

Many economic values were quantified directly, these include agricultural production, costs 

of works, damage to crops and grazing values. These were fed directly into the economics 

evaluation model. Other economic aspects were assessed indirectly, after first evaluating 

hydrological aspects, and the salinity effects on Wah Wah’s water supply. Soil salinity 

prediction modelling (Watertable Control Options report) and the BBSWAMP hydrological 

model assisted in this respect. 

The economic criteria therefore depend in part on a series of hydrological and soil salinity 

criteria. For the upstream plan the following environmental benefits were identified and 

quantified (DLWC Economics Unit report, 1996). 

◼ Containment of land salinity increases; 

◼ Reductions in groundwater accessions; 

◼ Reductions in drainage volumes to downstream; 

◼ Reductions in flood frequency and flooding in the LMC area; and 

◼ Reductions in salt loads in the drainage system 

This list leaves out the important water quality improvements in the drainage system to 

Willow Dam, which could not be quantified in dollar terms. The current upstream LWMP 

dealing with water quality uses options which together have a negative economic net present 

value (NPV) of about $10 million. The question to be answered during future evaluation is 

whether the downstream water quality benefits are greater than this cost. 

With respect to the downstream impacts, the DLWC economics model used the following 

specific factors estimated from BBSWAMP: 

◼ Mean annual floodway volume (GL/year); 

◼ Mean annual Wah Wah shortage (GL/year); 

◼ Mean annual direct river diversions to Wah Wah (GL/year); 

◼ Mean salinity for Wah Wah South supply (EC); and 

◼ Mean annual Wah Wah South supply (GL/year). 

Flood volumes on the LMC were used rather than frequency, or duration of release although 

both appeared to be correlated closely at a fixed 400 ML/day release rate. The advantage of 

flood volumes is that they can be expressed as a value per megalitre. They are not strongly 

dependent on the rate of floodway release (hence duration). Therefore they allowed the 
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variable effect of possible upgrades to the FCW works (from 400 ML/day to 1200 ML/day) to 

be eliminated. 

The shortages factor and the direct diversions from the River factor are used to calculate the 

economic effect on Wah Wah farmers. However, it is important to note that the model 

generally assumes supply would be maintained for the area irrigated under the 1980s baseline 

(not necessarily that of the 1990s). As a result, the shortages were never very large. But the 

direct river diversions component of Wah Wah’s supply became quite significant in some 

scenarios (eg the MIA&D LWMP). (Appendix 6 discusses the availability of environmental 

surplus flows for WWID landholders.) 

The Wah Wah South supply salinity is the key salinity indicator for the effect on Wah Wah 

production. The effect of LWMP changes in salinity on the North supply is considered zero 

(salinity already being of the order of 300-400 EC). 

Other criteria are important from an environmental viewpoint. Averages are not a good means 

of presenting risk. A series of larger and smaller floods are part of a natural cycle, they 

support the environment rather than harm it. The frequency, time of year and duration of each 

event are important for the completion of breeding cycles. In that regard it is important to note 

that the natural events of the past would have had shorter duration than the recent events 

influenced by irrigation development in the MIA. 

If optimal values for frequency, duration, and timing could be nominated, the evaluation of 

downstream scenarios would become a simple matter of calculating the outcomes for each 

scenario using the BBSWAMP model, and then making a selection. The planning process has 

been frustrated by a lack of identified optimal values (eg see MCA report in the downstream 

economics report). 

There is insufficient knowledge of the optimal values for the LMC type wetlands in this 

respect. Since optimal values are not obvious, the precautionary principle suggests a need for 

caution before selecting scenarios that involve large change from the current situation. This is 

backed up by NPWS analysis of the effects on listed Threatened Species. Several threatened 

species (Freckled Duck, Australasian Bittern, Southern Bell Frog) prefer a wet regime, others 

(Bush Stone Curlew) prefer a drier regime. 

A final criterion relates to the issue of flood liability. As mentioned earlier neither 

Murrumbidgee Irrigation nor the Government accepts liability. The preferred term is 

“damages to landholders due to flooding (damages).” Downstream works and strategies will 

reduce flood volumes and frequency, hence they will reduce damages to landholders. If the 

costs of strategies are greater than the value of reduced damages, the increased environmental 

values or social values need to account for the difference before works can be justified. It is 

tacitly assumed that works and strategies should be adopted to the extent they can be justified 

on economic and environmental grounds. It is likely however that there will still be on-going 

flood damage costs to landholders. 

.2 Specifications and Operational Rules of Selected Downstream Evaluation Scenarios  

The BBSWAMP hydrologic model needs accurate information about the operational 

conditions of proposed packages to predict outcomes accurately. This includes the means of 

reducing drainage in the MIA, sizes of channels, number of irrigators, timing of irrigation 

availability, entitlement volumes for new irrigation, when to stop diversion, when to apply 

dilution flows, BBS operational rules, etc. Key assumptions for the downstream scenarios 

outlined in Table 33 are discussed below.  

The assumptions and scaling of new options is also important for costing purposes. Wherever 

possible costings were based on previous reports (KinHill, SKM). This information was 

collated to prepare this report. It was then used in the downstream economics report.  
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.1 Irrigation in Western Wah Wah 

A 200 ML/day channel is assumed to flow through Wyvern, along the Carrathool Stock Route 

and the Midwestern Highway, and then towards the Channel 8 route. Fifteen farmers 

(identified in a recent Western Wah Wah WUA proposal) would receive opportunistic 

supplies whenever BBS is held above the level for environmental surplus declarations (about 

40,000 ML, SKM report, volume B). 

It is also assumed the landholders would each purchase 500 ML water allocations to ensure a 

minimum supply each year. This would allow them to irrigate using the same crop mix and 

same irrigation regimes described by SKM (1997). The on-farm economics have been derived 

from that report, but costings have been modified to reflect the smaller channel size. 

Specific trigger levels for releases from BBS to the new irrigators would be designed to 

ensure existing irrigators are not disadvantaged. The current system is capable of supplying 

about 6,000 ML/year. Under the upgrade, (if every landholder purchases 500 ML of 

allocation) the annual entitlement supplied would be 7,500 ML. The BBSWAMP model 

shows BBS levels allowing opportunistic supplies to bring average usage up to about 10-

12,000 ML/year, based on assumed areas of pastures and crops. 

At 10-12,000 ML/year on average a smaller channel (less than 200 ML/day) would be 

adequate (depending on supply variations between years). The Western Wah Wah 

landholders have actually requested an upgrade to only 150 ML/day, with supplies of 100 

ML/day each Spring and Autumn whenever BBS is above a certain level.  

.2 Multiple Point Outfall Option 

The MPO option was requested by LMC landholders, to provide social equity. In the current 

scenarios it is quite different to that costed by SKM. SKM assumed a 400 ML/day channel to 

the Mid Western Highway (MWH), dropping to 200 ML/day near channel 8. This affects 

costs. It also affects operation.  

A 200 ML/day channel all the way means Western Wah Wah irrigators and MPO 

beneficiaries must share capacity. Current modelling assumes irrigation begins when BBS is 

above the off-allocation level of 40,000 ML. The MPO would commence flowing when BBS 

is 5,000 ML higher, or above 45,000 ML. At those times the channel would run at full 

capacity (200 ML/day). Irrigators would continue to irrigate, and the MPO daily flow would 

be 200 ML minus irrigation use. In winter or low demand periods this may be the full 200 

ML, however at many other times it would be less. 

SKM’s MPO involved large volumes being transferred to the western end of LMC. Under this 

scheme, the 9,000 ML/year average would often have been exceeded (more than 30,000 ML 

in one year). This raised environmental concerns that too large an area would be flooded, and 

that the potential to reach the Lachlan River was also too large.  

In the current scenario social equity benefits are the priority. Volumes are tailored to achieve 

those with minimal environmental cost. Therefore the modelling assumes that each time the 

MPO is operated, it is switched off once the diverted volume reaches 3,000 ML. This is 

sufficient to flood irrigate 1,000 to 2,000 ha of the LMC floodplain. (The maximum area 

irrigable without environmental harm has not been surveyed. It would depend on farmers’ 

investments in channels and banks to protect sensitive areas. The 1-2000 ha estimate is 

conservative.) 

If BBS is still above 45,000 ML when the MPO is switched off, once cumulative evaporation 

minus rainfall exceeds 150 mm, the MPO would be allowed to operate a second (or third) 

time. This is believed to reflect responsible management. BBSWAMP shows an average 

3,000 ML/year would be diverted through the MPO. 
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.3 Pump on Barren Box Swamp 

Modelling a pump on BBS, revealed specific assumptions in the BBSWAMP model to be 

inadequate. Earlier versions of BBSWAMP assumed water releases from BBS occurred at a 

constant rate unaltered by the swamp dropping below 1.5 m. In practice water does not outfall 

freely when swamp levels are between 1.5 and 1.0 m. At 1.0 m flow almost ceases.  

The modelling omission may have led to optimistic estimates of reductions in flood volumes 

and frequencies in previous studies (SKM, KinHill, MIA&D LWMP, Benerembah Stage 4).  

For the evaluation of all downstream integration scenarios, model rules were adjusted to take 

account of the declining BBS outlet capacity. 

Data on flows from BBS into the Outfall are very scarce and very inconsistent. There is no 

clear relationship between flow and level. It is influenced by the presence of silt, the presence 

of weeds, the opening of the Outfall structure and the screens to stop Alligator Weed 

escaping. Table 34 was compiled after discussions with the District Manager, Griffith and Mr 

E. McDonald of the Channel Attendants section. Table 34 reflects how the BBS pump would 

be used.  
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Table 34: Operating conditions at BBS with and without pump option 

Swamp 

Level 

(m) 

Outfall 

Without 

Pump ML/day 

Outfall With 

Pump ML/day 

Pumped Vol to 

BB Outfall 

ML/day 

 

Pumped Vol to WW 

Main 

(*1) max ML/day 

Volume in 

Swamp ML 

2.0 > 600 >600 0 400 39000 

1.8 600 >600 0 400 32500 

1.6 500 600 100 300 26000 

1.4 400 600 200 200 20000 

1.2 300 600 300 100 14500 

1.0 100 500 400 0 9000 

0.9 0 400 400 0 7500 

0.8 0 0 stop 0 5000 

(*1)  This flow is a maximum, WW main may not require any pumped volume if Willow Dam flow adequate. Critical rule is 

WWD < WWF + BBSouthmax. Pumping would be to main d/s of bypass into Outfall. 

Appendix 7 provides an overview and analysis of the various operational rules that have been 

used for normal operation and flood management. The operational rules include 

environmental surplus declarations and top-up rules, first described by SKM (Volume B). The 

analysis includes the hydrologic effect of the rules on Lower Mirrool Creek flood volumes 

and frequency and Wah Wah supply in the context of the BBS pump option, new irrigation, 

and the upstream MIA&D LWMP.  

Usually an "environmental surplus" is available when BBS is above 40,000 ML, or 20-30,000 

ML from April to July, or 45,000 ML in September and October. The aim is to lower levels 

more quickly in autumn, but to preserve storage at the beginning of summer. 

“Top-up rules,” are intended to guarantee Wah Wah supplies when BBS falls below certain 

levels. They apply when BBS falls below 20,000 ML (except from April to August inclusive).  

In recent times MI has varied these rules to improve BBS management and reduce the risk of 

Alligator Weed escaping. These variations are providing valuable experience in comparing 

changed rules against past practice. 

In modelling the BBS pump, it was assumed that both the environmental surplus rule and the 

top-up rule could be lowered by 10,000 ML below current values. This effectively increases 

storage by up to 10,000 ML and reduces the need for river diversions to WWID. Pump 

capacities of 200, 300, and 400 ML/day were modelled. 

.4 Flood Control Works  

The Flood Control Options report refers to operational rules for flood management. With 400 

ML Floodway capacity the swamp is allowed to rise to 65,000 ML before flood releases 

begin. They continue until BBS drops to 40,000 ML. BBSWAMP actually allows for further 

releases in late autumn and winter until the environmental surplus declaration levels are 

reached.  

With 1200 ML Floodway capacity similar trigger levels are used. The difference is the rate of 

outflow. When the BBS levels are just above the trigger level the lower 400 ML/day rates 

would still apply, but rates would progressively increase as the BBS level increases. Different 

rates affect the release duration. The volume may also be affected, but if so the effect is 

believed to be small. Appendix 7 provides a discussion of a possible release strategy 

discussed by the Taskforce, but which still needs to be confirmed with other local 

landholders. 

The Roads report costings were use to evaluate the Flood Control Works. 
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.5 Agroforestry 

The SKM report agroforestry option included 750 ha of trees and a 5,000 ML storage. The 

scheme involved storing winter flows and irrigating during the subsequent spring and 

summer. At $3.5 million, the capital costs were high. The current scenarios 2b and 3b 

(previous section) involve either a 2,000 ha woodlot without storage or a 1,000 ha woodlot 

with 4,000 ML storage.  

The first involves irrigating with winter flows up to the median volume of water over 1000 

EC arriving at BBS (Table 32). However, commercial viability would also demand spring and 

summer irrigations. This would compete with irrigators’ needs. 

Therefore scenario 3b is more attractive. It involves 2,500 ML of winter flows being diverted 

directly into the woodlot. The 4,000 ML storage would account for the remainder of the 

median volume over 1000 EC arriving at BBS. This provides a 6.5 ML/ha minimum 

application in dry years. Up to 10 ML/ha may be available in years with a large volume of 

environmental surplus available. 

Agroforestry’s ability to survive on a wide range of flows would make management of excess 

drainage much easier. If the economics were suitable, this would give it a higher ranking than 

the new irrigation option. However the MIA&D LWMP Taskforce has opted for the new 

irrigation option. Appendix 5 provides further background on agroforestry. 

As with SBC there will be times that on-allocation water may be needed to ensure the 

economic viability of agroforestry. This water would need to be purchased or made available 

by the MIA community through institutional arrangements. Compared with SBC the lower 

volumes are involved, therefore costs are also lower. 

With regard to the BBSWAMP hydrologic model the following rules were used: 

◼ The storage must be empty by the end of May to receive next seasons winter flows.  

◼ A 200 ML/day channel to the storage and woodlots. 

◼ The maximum storage depth is 3 metres.  

◼ From 1 June to 31 August flows greater than 1,000 EC (up to a maximum of 6,500 ML) 

are diverted to the storage and woodlots. 

◼ In spring a crop factor of 0.83 governs irrigation from the storage. 

◼ Diversion to the storage is allowed when BBS is above 40,000 ML, but no diversion is 

allowed if the volume in storage is over: 4000 ML from September to December; 3000 

ML in January; 2000 ML in February; or 1000 ML in March. During April and May it is 

not filled at all.  

◼ If the storage is empty on 15 February, 2,000 ML from BBS (2 ML/ha) is applied to 

ensure the trees get some water and keep producing timber in dry years. 

Unfortunately, the operating rules were difficult to include in the model. When modelling was 

completed the LWMP Taskforce had already decided not to advance the agroforestry option 

in the LWMP Preferred Scenario. Both agroforestry scenarios use about 8,500 ML/year. This 

reduces floodway volumes by 2-3,000 ML/year. 

.6 Channel to River 

A 200 ML/day channel to the Murrumbidgee River would significantly reduce flood 

frequency (KinHill report). In the downstream scenarios this would be an add-on to new 

irrigation, so necessitating a 400 ML/day channel up to the Channel 2 system take-off 26 km 

west of the Carrathool Stock Route. No artificial wetland was included.  

The Channel to the River is seen as a combined flood management and salinity management 

option. The option has been included in the preferred strategy to be tabled for negotiations. 

The rules adopted for modelling were: 
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◼ Channel size 200 ML/day; 

◼ Winter flows over 800 EC at Willow Dam diverted to river (7,000 ML average); 

◼ Winter flows below 800 EC at Willow Dam diverted into BBS; 

◼ When BBS is over 50,000 ML the channel discharges to the River at 200 ML/day; 

◼ No flood diversions are allowed in October, November and December (this is when 

Molinate is used in rice and contamination above the guidelines is most likely); 

◼ The volumes diverted are to be tallied and reported in the results as an average. 

 

As discussed in the section on drainage water salinity, salinity discharges would mainly be 

needed for the wetter years, but the modelling, up to April 1998, did not include this 

distinction. 

.3 Hydrological Evaluation 

.1 Results based on Previous Studies 

The results of previous studies using BBSWAMP are not essential for this report, but they do 

provide context for evaluating the final preferred scenarios. 

The BBSWAMP model’s accuracy depends on the accuracy of system operating rules as they 

are codified in the computer. Any bias introduced through these rules affects predictions of 

salinity and hydrology downstream of BBS. The rules have been adjusted from time to time, 

as understanding of the system’s behaviour has improved. Refinement and improvement is 

still continuing. Unfortunately, Hydrology Unit finds the model has become unwieldy and 

complex because of all the variations that have been introduced. For instance, there have been 

changes from the original model for: 

◼ Analysis of the 1989 flood events; 

◼ Integrated drainage studies (1992); 

◼ Barren Box operating policy studies (1993); 

◼ The KinHill study (1994); 

◼ The LMC Flood Management studies (1995); 

◼ The Benerembah Stage 4 EIS study (1996); 

◼ The Economics evaluation of the MIA upstream LWMP (1996); 

◼ The Sinclair Knight Merz NHPS study (1997); 

◼ The current integration of upstream and downstream plans (1997); 

Computer models like BBSWAMP do not provide definitive answers. They are most valid 

when used for comparative purposes. 

Over time BBSWAMP model rules have changed. Each change affects particular outcomes. 

Each change means the results of previous studies are no longer valid for the variables 

affected by that rule. For other aspects the previous studies are still valid. Nonetheless even 

when studies are no longer valid, they still indicate the magnitude of change relative to the 

baseline scenario evaluated using the same rules. 

The original studies concentrated on flood behaviour and the representation of that through 

the use of 69 years of climatic data. The crop mix in the MIA was assumed constant over the 

simulation period. Irrigation demand was estimated from evaporation rates, rainfall and crop 

factors. Drainage runoff was simulated. Calibration could never be more than approximate, 

for instance the mix between farm runoff and escape flows in the MIA essentially is an 

assumption, although there have been data collection efforts to get a better feel for this 

(Tiwari, 1994). The model results were compared against actual drainage flow and salinity 

data until an acceptable balance was found. This was refined from time to time, for instance 

the supply diversions to Benerembah at Brays Dam did not appear to be correct until the 

Benerembah Stage 4 studies. 
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Salinity aspects were dealt with by tagging the various drainage flows with a constant salinity, 

based on the Water and Salt Balance report (1992). There is no ability in the model to reflect 

changes in salinity of contributing sources over time, neither is there a mechanism whereby 

salt loads between smaller and larger rainfall events can be scaled. This is no surprise since 

salinity behaviour in the real world is extremely complex and not easily captured by scientific 

algorithms. Consequently, the salinity aspect of the model has never been claimed to be the 

strongest aspect, nevertheless, the evaluations are useful for comparing options. 

The MIA plan contains an option to pump from drains into supplies and to use this option in 

average to wet conditions, not drier conditions when Wah Wah supply needs augmentation 

anyway. It was difficult to convert this option into computer rules and code. During economic 

evaluation of the upstream plan this option was not correctly represented. The model reduced 

drainage by more than intended during dry conditions, and less than intended during wet 

conditions. 

When other drainage savings were evaluated for upstream areas, BBSWAMP showed that 

during subsequent dry periods large drainage savings result in a shortfall in the supply to crop 

areas in Wah Wah. This makes drainage savings less attractive economically because the 

model assumes extra diversions are needed to overcome the shortfall. But in reality this will 

only happen for the on-allocation component (Appendix 6). 

BBSWAMP simulates the downstream impacts of drainage savings by reducing the farm 

drainage component, the tile drainage component and the escape component by a specified 

percentage. This mix of % reductions have been varied for different runs, eg 20% for the 

SKM project, 15% for the Benerembah Stage 4 EIS, a 20/20/10% mix or a 24/20/10 mix for 

the current studies.  

In reality reductions will never be in these exact proportions. They depend among other 

factors on weather conditions. In drier years the proportion saved may be larger than in wetter 

years. Through the adopted rules, the model must make choices about how to simulate actual 

conditions. These choices are never easy.  

Problems in selecting rules for drainage reductions are a good example of why, despite best 

efforts, uncertainty will always be associated with model results. Nevertheless, given the 

probabilistic nature of the models, these assumptions have been deemed adequate for option 

assessment and comparison. 

The above discussion may come across as criticism, it is not. It is intended to provide 

transparency to those inexperienced with modelling processes and who, perhaps through 

frustration, have criticised the modellers. It is also intended to help reach conclusions during 

the selection of a Preferred Strategy. 

Table 35 provides some of the key downstream results for the various studies. It is a selection 

from various reports of well over 100 modelling runs. The base case is shown for each 

because the rules for the base case also varied over time (mainly BBS rules).
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Table 35: BBSWAMP results for various studies (including base cases) 

Scenario KinHill 

Base 

KinHill 

200 ML 

SKM 

Base 

SKM 

MPO2 

SKM 

LS2 

BID 4 

Base 

BID 4 

t2 

MIA  

Base 

MIA 

LWMP 

Lower Mirrool Creek           

Flood Volume 24.1 9.5 25.8 16.1 15.1 23.2 23.7 25.8 20.8 

# Floods per 69 years 23 13 24 18 13 22 21 24 19 

EC -  537 470 480 546 533 537 502 

Barren Box Swamp          

EC 660 590 620 471 461 597 610 620 583 

Wah Wah Supply          

Total South supply GL/a   62.8 83.0 85.1 na na 62.8 61.1 

Reliability % 97 97 99.9 99.3 99.2 98.6 98.5 99.9 98.3 

Direct from River GL/a   20.4 29.7 30.7 42.0 42.4 20.4 33.4 

Shortage GL/a   0.13 0.35 0.34 1.60 1.80 0.13 2.01 

EC South   585 458 439 591 580 585 549 

EC North   385 371 371 348 348 385 348 

Additions          

New Irrigation GL/a   0 9.41 9.4 0 0 0 0 

MPO GL/a   0 8.34 0 0 0 0 0 

BBS pump GL/a   0 0 0 0 0 0 0 

Agroforestry GL/a   0 0 0 0 0 0 0 

Note : The SKM and BID options do not include the effect of the MIA&D LWMP 

.2 Results of Selected Integration Case Scenarios 

The Taskforce was determined to complete the task of integrating all component plans by 

December 1997. This required a preliminary economic evaluation based on hydrological 

inputs. In October, the Taskforce did not have the benefit of modelling efforts that only 

became available in late November (and later). Therefore, results for the identified scenarios 

were “estimated” from previous runs, of which over 100 were available (examples are shown 

in Table 35). The Taskforce used Table 37 (based on the earlier runs identified in Table 36) to 

select the final scenarios for evaluation.  

Table 36: Reference BBSWAMP runs used for estimating model  

Scenario Scenario name Hydrology Run 

0 No Plan Base Case 

1 MIA +WW plans  Base+LWMP+10/10 

2a MIA+WW+FCW Assumed same as 1 

2b         =2a+woodlots Estimated from Scene 1, WL0750 

3a MIA/WW/FCW+BBSpump Base B run 18/3/97 

3b           =3a+woodlots Estimated from 3a, 2b 

4a MIA/WW/FCW+Western Wah Wah Estimated from 4b,2a, 2b 

4b          =Western Wah Wah+MPO MO1+LWMP 

5 MIA+WW+FCW+NHPS LS2+Ary1 

6 200 ML/d Channel to River Estimated from KinHill 
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Table 37: Estimated hydrological outcomes for scenarios based on Table 36. 

Factor/Scenario 0 1 2a 2b 3a 3b 4a 4b 5 6 

Volume (GL/a) 25.9 20.6 20.6 17.0 15.8 13.0 19.0 16.2 12.1 9.5 

Duration 139 na na na na na na na na na 

Flood Frequency/69 yrs 24 19 19 16 16 13 18 17 10 13 

Floodway  EC 537 500 500 480 483 450 480 465 440 440 

MPO Volume (GL/a) 0 0 0 0 0 0 0 4.0 0 0 

BBS  EC 620 577 577 500 432 400 530 448 421 450 

Total GL/a 120.0 117.6 117.6 122.0 123.8 130.0 125.0 129.2 133.2 128.0 

Direct Diversion GL/a 20.4 33.4 33.4 38.0 35.6 39.0 38.0 40.2 43.9 40.0 

Shortage (GL/a) 0.1 2.0 2.0 3.7 3.4 4.5 4.0 4.5 5.4 4.5 

EC South 585 549 549 470 391 370 470 428 402 430 

EC North 385 349 349 340 361 350 350 339 318 330 

South GL/a 63.0 61.2 61.2 69.0 67.7 74.0 70.0 74.0 78.2 63.0 

Vol used new irrigation / 

agroforestry (GL/a) 

0.0 0.0 0.0 7.0 0.0 7.0 9.5 9.5 9.3 0.0 

 

Table 37 was the basis for the preliminary economic analysis and also, on 8 November 1997, 

for the selection of the Preferred Strategy. Table 38 shows outcomes of BBSWAMP runs 

from late November 1997. These latter runs included modified model rules for Barren Box 

Swamp outflows (Table 34). 

Table 38:  BBSWAMP results for selected case scenarios. 

Factor/Scenario Base 1 2a 2b 3a 3b 4a 4b 5 6 
Lower Mirrool Creek            

Flood Volume 25.8 20.6 21.5 18.6 20.1 18.0 19.9 16.93 12.1 18.2 

Flood Frequency 24 21 21 20 20 21 21 19 12 19 

EC 537 477 477 457 452 439 444 440 420 476 

Barren Box Swamp           

Volume at Willow Dam 165 164 154 159 153 158 160 160 162 167 

Willow Dam avg EC 447 403 403 395 404 396 394 393 390 442 

BBS average EC 620 571 571 530 457 425 458 457 430 550 

Wah Wah Supply           

Total South supply 

GL/a 

62.8 55.7 55.7 58.4 59.5 59.0 66.8 69.9 77.1 62.0 

Reliability % 99.9 97 96.6 96.0 97.2 96.6 94.0 94.1 94.4 99.3 

Extra from River GL/a 20.4 35.7 35.7 40.2 34.6 39.6 40.9 41.1 43.2 22.9 

Shortage GL/a 0.13 2.49 2.49 3.06 3.36 2.92 5.13 7.89 5.35 0.24 

EC South 585 539 539 493 429 394 426 432 417 559 

EC North 385 322 322 317 352 340 378 313 310 375 

Additions           

New Irrigation GL/a 0 0 0 0 0 0 8.9 8.9 9.3 0 

MPO GL/a 0 0 0 0 0 0 0 3.0 0 0 

BBS pump GL/a 0 0 0 0 12.0 12.7 0 0 0 0 

Agroforestry GL/a 0 0 0 8.8 0 8.4 0 0 0 0 

Diversion to River 0 0 0 0 0 0 0 0 0 11.3 

Notes: 

Scenario 1 was not actually run but derived from scenario 2a. 

Scenario 6 above does not include the effect of the upstream MIA&D LWMP and needs to be compared against scenario 

0. 

 

Subsequent to the above results, during March 1998, further modelling was carried out to 

analyse the effect of BBS operating rules in conjunction with various base cases and various 
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scenarios including the MIA&D LWMP, the BBS pump option and new irrigation. The 

effects considered were the effect on river diversions (important when considering the MDBC 

Cap), Lower Mirrool Creek flooding frequency and volumes, and possible shortages in 

WWID. Appendix 7 provides this analysis. 

.4 Discussion of Results. 

In comparing the outcomes of Table 37 and Table 38, several features stand out: 

◼ The latest runs show less benefit in lower flood volumes and frequency than previous 

runs. The main model difference is reduced outflow capacity when BBS gets below 1.5 

m. There is an obvious sensitivity to this particular feature. 

◼ The MIA&D LWMP reductions in drainage (particularly tile drainage) significantly 

improve salinity at Willow Dam (447 down to 403 EC). 

◼ The Barren Box Pump has a small effect on flooding only. However its effect on salinity 

in BBS and Wah Wah South is very significant. There are also benefits in terms of 

reduced River diversions (Appendix 6). Wah Wah South improves by more than 110/140 

EC. 

◼ The irrigation option does not significantly lower flood frequency or volumes, but adding 

the MPO makes a significant improvement. Scenario 4a/4b also reduces salinity in 

Wah Wah South by more than 100 EC compared with scenario 1/2a. 

◼ Scenario 6, the channel to the River option, was run without the inclusion of the MIA&D 

LWMP (scenario 1). Therefore it should be compared with the Base scenario. In that 

context, floodway volumes are reduced by 7,000 ML, flood frequency by 5 events in 69 

years and BBS salinity by 70 EC, but WW South salinity is only marginally reduced. 

About 11.3 GL/year and 9,000 tonnes of salt (not shown) would be discharged to the 

River. 

◼ The large storage proposal is obviously effective and lowers flood frequency to 12 times 

in 69 years, whilst salinity also appears to be vastly improved. 

◼ The agroforestry options 2b and 3b improve the salinity of the WW South supply and 

BBS by about 30-40 EC. 

These late changes to the hydrological outcome do not significantly alter the economic 

evaluation of the whole plan. The benefit cost ratio (BCR) hardly varies when different 

options are interchanged. This is because the downstream capital costs are low relative to the 

overall plan costs and benefits.  

However, the results are important in terms of selecting the most suitable combination of 

downstream options. In that regard it has already been noted that most downstream options 

are uneconomic. Fortunately one exception is the Wah Wah LWMP. WWID is critical for the 

on-going use of the base level drainage volumes (and hopefully more). 

The environmental benefits have not yet been included in these early conclusions. 

Further discussion of the main features identified is provided in the sections below. 

.1 Hydrology Outcomes 

Senior DLWC Hydrologists believe the most recent results are the best estimates of the likely 

outcomes. The previous assumptions regarding BBS were always biased for low levels in the 

BBS. From that viewpoint Table 37 would be too optimistic.  

The counter argument is that perhaps the new outflow rules of Table 34 are exaggerating the 

decrease in flow. After all there are no accurate data in this respect. Secondly, the 

introduction to this section concludes that the effect of some drainage savings aspects of the 

upstream plan have been under-estimated. On the other hand, the MIA drainage savings are 

estimated by a % reduction rule, and this may also introduce a bias. 
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While there are arguments for using the estimates in Table 37, the best course of action is to 

follow the latest BBSWAMP results. After all its various arguments have both increasing and 

decreasing effects on flood volumes and flood frequency. 

.2 Salinity Improvements 

The large improvements in Willow Dam salinity (WDEC) between options 0 and the others is 

due to the effect of the MIA&D LWMP. It selectively reduces the most saline sources of 

drainage by the largest proportions. For the other scenarios WDEC does not vary much as was 

expected. 

Both the BBS pump and the new irrigation options reduce WW South salinity (WWSEC) to 

very low values. These are so low a sanity check would be useful, but BBSWAMP does not 

provide for this. Table 39 below provides some guidance: 

Table 39: Salt loads arriving at Willow Dam for various scenarios 

Scenario WDEC Flow (ML) Salt Load (t) 

0 447 164.4 44,090 

2a 395 159.0 37,680 

3a 403 154.5 37,360 

4a 393 159.9 37,700 

5 390 162.0 37,900 

 

This indicates a 15% reduction in salt loads overall. These values can be compared with the 

total salt load diverted to WW North, WW South, the Floodway and new irrigation options, as 

in Table 40: 

Table 40: Salt Loads passed on to downstream, for various scenarios 

Factor No Plan (0) MIA&D 

LWMP (1) 

BBS pump 

(3a) 

Western 

Wah Wah 

(4a) 
WW South     

EC 630 571 429 394 

Flow 62.1 59.1 59.5 66.7 

Salt Load 23,475 20,247 15,315 15,770 

WW North      

EC 381 322 352 314 

Flow 56.9 55.7 55.4 55.0 

Salt Load 13,000 10,760 11,700 10,360 

Floodway     

EC 537 477 452 444 

Flow 26.0 21.5 20.1 19.9 

Salt Load 8,380 6,150 5,450 5,300 

New Irrigation/etc     

EC 0 0 0 11.9 

Flow 0 0 0 394 

Salt Load 0 0 0 2,800 

Total Flow 145 136.3 135.0 153.5 

Total Salt Load 44,850 37,150 32,460 34,230 

 

The comparison is very close for scenarios 0 and also for scenario 1/2a, but there is a 3,500-

4,900 tonnes discrepancy for scenarios 3a/4a. The reason is unclear, but there could be a bug 

in BBSWAMP for these scenarios (remembering that salinity predictions are not its strength). 
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This would also apply to scenario 5, the large storage plus irrigation proposal. The results of 

Table 40 also indicate the SKM study may be 11-14% too optimistic about salinity outcomes. 

It has not been possible to check BBSWAMP for coding errors. Instead the approach 

followed during integration has been to estimate salinity benefits, rather than rely on 

modelling results. For scenarios 3a/3b, 4a/4b and 5 the improvements relative to scenario 1 

and 2a/2b are probably small. After all Table 39 indicates that total salt loads are not 

diminished by these options, and the salt has to go somewhere. 

.3 Barren Box Swamp Operational Rules 

The modelling of DLWC Hydrology Unit (now Catchment Processes and Modelling Unit) 

during Feb/Mar 1998 have been analysed and are described at Appendix 7. The main 

conclusions are shown here: 

• The reduction in Floodway volume and frequency from 24 to 21 times in 69 years is very 

small compared to the effort in the MIA plan to reduce drainage by 42 GL/year. The MIA 

plan appears quite inefficient in reducing flood volumes and frequency. Much of this has 

to do with the need to supply Wah Wah, off setting drainage savings in the drier years 

particularly.  

• The BBSWAMP model is not capable of modeling the effect of declared environmental 

surplus declaration (ESD) flows on water usage patterns in the WWID. This is a pity 

because the current discussions concern just that effect. 

• The currently preferred top up rules increase the volume of extra river diversions to supply 

Wah Wah compared to the situation that top up was not applied at all. The volumes 

involved suggest that it may be justified economically to implement works in the MIA to 

supply WWID direct, instead of relying on stored volumes in BBS. 

• New Irrigation appear to increase the "extra" diversions to supply WWID (and Western 

Wah Wah) significantly. However, it was confirmed that these "extra" diversions reflect 

the supply of water on-allocations transferred to and attached to the new irrigation, which 

would be compensated by a reduction in demand elsewhere (not shown by model). The 

outcome is that the MDBC Cap provisions are not affected. 

• The BBS pump concept reduces "extra" diversions to WWID significantly, and may be 

justified for that reason. A 200 ML/day pump appears the preferred size at this stage. 

.4 Adopted Hydrology and Salinity Outcomes 

Based on the above discussion it was concluded that Table 38 needed upgrading. Table 41 

was collated to provide these alternatives: 

The only differences between Table 41 and Table 38 are the BBS salinity and WW South 

salinity for scenarios 3 to 6. Table 40 suggests the discrepancy is about 4,000 tonnes, this 

represents about 100 EC units in the WW South supply (assuming a flow of 66 GL/year). 

Therefore this is the approximate size of the correction (to be adjusted further for BBS pump 

or agroforestry where appropriate).  

The KinHill Channel evaluation has also been corrected. The present assessment suggests 

about 9,000 tonnes are removed from the BBS system and most of this relates to the WW 

South supply system. It is recognised however that further evaluation of salt loads and 

volumes to River needs to be carried out before this solution may be finally adopted. 

Table 41:  Best estimate outcomes of hydrology and salinity for various case scenarios  

Factor Base 1 2a 2b 3a 3b 4a 4b 5 6 
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Lower Mirrool Creek            

Flood Volume 25.8 20.6 21.5 18.6 20.1 18.0 19.9 16.93 12.1 18.2 

Flood Frequency 24 21 21 20 20 21 21 19 12 19 

EC (*1) 537 477 477 457 452 439 444 440 420 476 

Barren Box Swamp           

Volume at Willow Dam 165 164 154 159 153 158 160 160 162 167 

Willow Dam avg EC 447 403 403 395 404 396 394 393 390 442 

BBS average EC 620 571 571 530 570 530 560 570 550 450 

Wah Wah Supply           

Total South supply 

GL/a 

62.8 55.7 55.7 58.4 59.5 59.0 66.8 69.9 77.1 62.0 

Reliability % 99.9 97 96.6 96.0 97.2 96.6 94.0 94.1 94.4 99.3 

Extra from River GL/a 20.4 35.7 35.7 40.2 34.6 39.6 40.9 41.1 43.2 22.9 

Shortage GL/a 0.13 2.49 2.49 3.06 3.36 2.92 5.13 7.89 5.35 0.24 

EC South 585 539 539 493 510 470 520 520 510 420 

EC North 385 322 322 317 352 340 378 313 310 375 

Additions           

New Irrigation GL/a 0 0 0 0 0 0 8.9 8.9 9.3 0 

MPO GL/a 0 0 0 0 0 0 0 3.0 0 0 

BBS pump GL/a 0 0 0 0 12.0 12.7 0 0 0 0 

Agroforestry GL/a 0 0 0 8.8 0 8.4 0 0 0 0 

Diversion to River 0 0 0 0 0 0 0 0 0 11.3 

Notes : 

Scenario 1 was not actually run but derived from scenario 2a 

Scenario 6 above does not include the effect of the MIA&D LWMP and needs to be compared against scenario 0 

(*1)  No corrections have been applied to the Floodway EC, but perhaps there should have been. 

.6 The Preferred Scenario 

 

.1 Formulation of Preferred Scenario 

The Taskforce used Table 37 and its associated economics evaluation, and decided at its 

8/11/97 meeting the shape of the Preferred MIA&D LWMP Strategy. Scenario A became a 

combination of  

◼ The MIA&D LWMP as adopted 

◼ The WW LWMP, as adopted 

◼ The Flood Control Works, as described herein 

◼ The Irrigation scheme of the Western Wah Wah WUA proposal (15 farms) 

◼ The MPO option as described herein 

◼ The BBS pump proposal, leaving open the matter of size. 

In addition, the Taskforce requested the evaluation of an alternative scenario, that is the 

Preferred Strategy plus the addition of a 200 ML/day channel to the Murrumbidgee River 

option. This became Scenario B. 

.2 Results and Conclusions of Preferred Scenario 

The Hydrology Unit ran scenarios A and B, based on the rules as discussed in this section. 

Table 42 shows the results corrected in terms of the discussion preceding Table 41. 

The KinHill Channel evaluation has also been corrected, with a better result. There 

BBSWAMP suggests about 9,000 tonnes are removed from the BBS system and most of this 

relates to the WW South supply system. 
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Table 42: BBSWAMP outcomes for preferred scenarios and estimated likely hydrological and salinity 

outcomes. 

  Best Estimate Best Estimate 

Area Factor(*4) Scenario A Scenario B 

Floodway Volume (GL/a) 14.9 10.94 

  Frequency/69 yrs  18 11 

  EC 447 447 

 MPO Volume (GL/a) 2.2 2.2 

BBS EC 540 440 

 Volume Pumped  15.1 15.3 

Wah Wah Total supply GL/a 118.5 117.9 

  Extra Diversion GL/a 31.6 33.1 

  Shortage (GL/a) 14.1 14.4 

  EC South 500 400 

  EC North 369 362 

  South GL/a 63.1 62.7 

New Irrigation/Agroforestry Vol Used (GL/a 10 10 

To River Vol (GL/a) 0 6.3 

 Salt load (t/1000)  0 6.3 

Note : Only BBS EC and WW South EC have been adjusted relative to the model results. It is probable that the Floodway 

EC in this table is too low. 

The numbering of scenarios was influenced by the time factor and may vary between different sections of this report. 

Scenario A includes a 300 ML/day BBS pump. BBSWAMP showed no clear advantage for a 

larger pump in hydrological and salinity outcomes. The economic evaluation will determine 

whether the pump is economic. 

Although the floodway volume is reduced from 25.8 GL/year to 14.9 GL/year, the frequency 

reduction (from 24 to 18) is proportionally smaller. Obviously a few flood events were not 

eliminated during the model runs.  

The results for the Preferred Strategy (Scenario A) appear to be environmentally acceptable, 

since the MCA process did not require a large shift towards a drier regime for LMC. Scenario 

A also appears to be socially acceptable. Nonetheless, some landholders will not be satisfied 

by the package, including those expecting flood levees to be built and those hoping for a 

continuation of the smaller flood events. It is also probable that Scenario A does not fully 

overcome the recurring “damages” question. Some mechanism for dealing with “damages” 

will be required. 

Salinity reductions appear less favourable than suggested by previous studies like SKM. It 

remains as an issue to be dealt with in the future. The Channel to the Murrumbidgee River 

option (Scenario B) would provide a solution in that respect, however it could only be 

implemented in the context of a satisfactory balance between environmental needs, the S&D 

strategy and the needs of the MIA community. Not all these requirements have been met at 

this time. 

The outcomes of Table 42 were used for the economic evaluation.  

.3 Further Optimisation is not justified 

The above sections finalise the hydrological and salinity evaluations for the downstream 

plans. However, the optimisation of the overall MIA&D LWMP may not yet be complete. 

The balance of the overall plan requires the consideration of adjustments of both upstream 

and downstream options. The evaluation so far has only considered adjustments to the 

downstream options. 
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In general, this community plan has the highest overall benefits for the least costs. 

Optimisation would involve the systematic increase or decrease of upstream option, in 

conjunction with the decrease or increase of associated downstream options. This is obviously 

very difficult to achieve, however the economics model by the Economics Unit in Parramatta 

could be used in that regard. 

There are several reasons why this process does not appear useful. The upstream options are 

generally positive as far as economics are concerned, except for some of those which involve 

water quality improvements. The downstream options (except WW LWMP) are generally not 

economic. It is most unlikely that a change in the upstream options would make the 

downstream options much more attractive. The conclusion is that further optimisation of the 

overall plan is not warranted. 
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6 THE PLAN AND ITS OUTCOMES 

For this plan to succeed, it is important that everyone involved has a clear common 

understanding of what it is that the LWMP is working towards. It is important that everyone 

should have a clear picture of what the plan’s outcomes will look like. It is also important that 

appropriate institutional arrangements are put in place. These will include management 

arrangements, adjustment packages, education & training, and research & development. 

.1 Targets, Outcomes and Timeframes 

As previously explained, “optimising” the final choice of options for the preferred plan 

scenario involved finding a balance between various, sometimes competing, objectives. 

(Although the objectives sometimes compete with each other, there are other times when they 

have an additive effect. For example, reducing drainage volumes also helps enhance the 

Lower Mirrool Creek environment.) 

Each option was assessed in terms of whether it would help us to acheive our overall goal: 

To maintain and enhance the sustainability and profitability of 

agriculture in the MIA & Districts 

In the following evaluation tables this goal is referred to in "shorthand" as (Prod).  

Each option was then further assessed in terms of whether it would help us to acheive our 

main objectives: 

1. To reduce seepage to the groundwater system (SS) 

2. To reduce drainage volumes to acceptable levels (DV) 

3. To keep drainage water quality within agreed standards. [This was considerd in two 

parts: To reduce drainage water salinity (DWS); and To improve other aspects of 

water quality (WQ)] 

4. To manage drainage disposal to meet agreed standards. [This was also considerd in 

two parts: To reduce the economic and social costs of downstream flooding (DS) To 

protect and enhance the natural environment in the Lower Mirrool Creek (LMC)] 

5. To protect and enhance natural resources (NR) 

 

The matrix shown in Table 43 and Table 44 below indicates which objectives each of the plan 

components addresses, the level of adoption expected, the implementation timeframe, 

implementation responsibilities, and other comments. The plan components are grouped into 

four major categories:  

• best management practices,  

• on-farm activities,  

• regional activities and  

• additional implementation activities. 

The objectives addressed by each plan component are shown in Table 43. Some components 

address some objectives more strongly than others. Where the effect on an objective is more 

significant this is represented in the table by two ticks. 

Table 43 Plan components and the “optimisation objectives they address. (*1). 

Component 1 

Prod 

2 

SS 

3 

WQ 

4 

DWS 

5 

DV 

6 

NR 

7 

DS 

8 

LMC 

BMPs         



 101  

Horticulture  v  vv vv v    

LAF v v vv v v v   

Irr. Efficiency systems v v v v vv    

Irrigation/Drainage survey & design v v v v v v v v 

FARM ACTIVITIES         

High Tech Hort Irr systems v  vv vv vv  v  

Conversion to Perennial Pasture  v       

Irr. woodlots and harvesting  v v  v    

On farm seepage control using perm. past  v       

Rice soil amelioration  v       

Rice area reclassification  v   v    

Drainage recycling v (-) vv v vv    

Sub surface drainage and disposal v v  v   v  

Mole drainage and on-farm recirculation  v v     v  

Laser landforming v v   (-)    

Rice target water use  v       

REGIONAL ACTIVITIES         

Better Forecasting water demand    (-) v    

System automation to reduce Esc. loss    (-) vv    

Farm pumping from drains     vv    

District pumping from drains     vv    

Clay lining of channels v v       

Channel seepage control by tree planting  v v       

Interceptor drainage of channel seepage v v       

Plant corridors of trees on Crown land  v    v   

Plant trees in recharge areas  v       

Wetlands protection guidelines      vv   

Urban storm runoff impl. plans   v      

New Irrigators WWS&D district v      v v 

Multiple outfalls Lower Mirrool Creek v      v (-) 

Upgrade channel 2 to 200 ML/day v      vv v 

Barren Box Swamp pumps    v   v v 

Channel to River    vv    vv 

Floodway control works       v  

Lower Mirrool Creek Levees       v  

*1 (v = positive effect, (-) = possible negative effect) 
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Table 44 Plan components, adoption rates, timeframes and responsibilities. 

Component Total 

Cost 

($m) 

No Plan 

Adopt 

Rate 
(*1) 

LWMP 

Adopt 

Rate 

(*1) 

Time 

frame 

(yrs) 

Del. 

Resp.(

*3) 

Comment 

BMPs       

Horticulture  15.4 var var 1-15 F  

LAF 9.2 var var 1-15 F  

Irr. Efficiency systems 8.7  257 1-15 F  

FARM ACTIVITIES       

High Tech Hort Irr systems 48.8 100 300 1-15 Ag (*2) 

Conversion to Perennial Pasture 2.2 1000 ha 2000 ha 1-10 Ag  

Irr. woodlots and harvesting 4.1 19 145 1-10 Ag 5 ha each 

On farm seepage control using Perm Past 0.01 15 40 10 Ag  

Rice soil amelioration 0.8 0 72 1-10 Ag  

Rice area reclassification 5.1 0 1000 ha 1-10 MI  

Drainage recycling 12 mm storage 1.0 13 24 1-10 Ag Row crops 

Drainage Recycling 5 ML storage 14.0 0 400 1-15 Ag (*2) Rice farms 

Sub surface drainage and disposal  7.7 28 65 1-13 Ag Veg, Ext Hort 

Mole drainage and on-farm recirculation  1.0 7 7 1-10 Ag Veg farms 

On-Farm Recycling + Storage - WW 0.8  20 1-15 Ag  

Laser landforming WW 7.7  7500 ha 1-10 Ag  

Rice target water use WW 0.8  619 ha 1-10 MI  

Conversion to Mixed Pasture WW 1.5  1350 ha 1-10 Ag  

On-Farm Seepage Control WW 0.2  37 km 1-11 Ag  

New Irrigators Channel 2 route 1.7 0 15 2-5 Ag Downstream 

REGIONAL ACTIVITIES       

Better Forecasting water demand 0.5 15% 36% 1-2 MI  

System automation to reduce escape loss 4.8 20% 70 s 1-5 MI (*2) 

Farm pumping from drains 0.7 4 20 1-10 MI WQ constraint 

District pumping from drains 2.7 0 3 s 1-3 MI WQ constraint 

Clay lining of channels 1.0 1 s 10 s 3-10 MI  

Channel seepage control by tree planting  0.2 ? 25 s 1-10 MI  

Interceptor drainage of channel seepage 0.7 10 s 20 s 1-15 Ag  

Plant corridors of trees on Crown land 0.08 0 4 s 1-15 MI  

Plant trees in recharge areas 4.4 0 1000 ha 1-15 MI  

Wetlands protection guidelines 0.08 0 1 1 MI working group 

Urban storm runoff impl. plans 0.05 0 1 3-4 GCC  

Multiple outfalls Lower Mirrool Creek 1.0 0 4 4-5 MI  

Upgrade channel 2 WW to 200 ML/day 4.6 0 1 1-4 MI  

Barren Box Swamp pumps 1.0 0 1 s 1-3 MI  

Channel to River 5.4 0 1 5-7 MI  

Floodway control works 0.9 0 1 1-4 MI Upgrade+struct 

Lower Mirrool Creek levees 0.5 0 170 km 6-10 MI On-farm 

IMPLEMENTATION ACTIVITIES       

Irrigation/Drainage survey & Design 2.5 ? 225 1-15 Ag  

Performance Monitoring  3.9 exist plan 1-30 MI  

Research and development 5.3 exist plan 1-15 MI  

Extension Officers 7.2 0 6 off'rs 1-15 Ag  

Water Use Monitoring 3.8 na plan 1-15 IREC  

Plan Administration 12.6 na plan 1-15 MI  

Structural Adjustment Program 66.9 na plan 1-15 MDC  

(*1) Units are no of farms unless specified otherwise. (ha=hectares, s=sites, km=kilometres, na =not assessed) 

(*2)Adoption rate changed upwards from optimisation process by committee due to consideration of other factors  

(*3)Murrumbidgee Irrigation (MI) will be responsible for all implementation, however the task of the program, extension, recommendations 

for subsidies may be delegated/contracted to others. Ag= NSW Agriculture, GCC=Griffith City Council and Leeton Shire Council, 

IREC=Irrigation Research and Extension Committee and the MIA Council of Horitcultural Associations, MDC= MIA Development 

Committee, F=farmer 
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Within 15 years of implementation the outcomes for each “optimisation objective” is 

expected to that shown in Table 45. (These results are discussed in more detail below.) 

Table 45. Objectives, targets and outcomes expected with the MIA&D LWMP. 

Objective 

 

Target Outcome (*1) 

1.Productivity. Increase Increased 

2.Soil Salinity LAF :Reduce accessions by 

25,000 ML 

(keep soil salinity to less than 20% 

of landscape)  

Reduced by 21.300 ML 
(22% affected at year 30) 

3.Water Quality Achieve EPA guidelines 60-80% improvement compared with 

baseline 

4.Drainage Water 

Salinity 

Improve compared to present Improvement of 100 EC at Willow Dam 

5.Drainage Volumes Reduce by 36,000 ML/year Reduced by >50,000 ML/year. 

6.Natural Resources Preserve and enhance Enhanced through implementation of 

developed guidelines 

7.Downstream 

Ec+Soc Impacts 

Avoid deleterious impacts and 

costs 

Flooding incidence reduced, reducing 

damage 

8.Lower Mirrool 

Creek environment 

Reduce flood frequency and 

volumes to environmentally 

acceptable limits 

Reduction to below 15 times/69 years 

with Channel to River  

(but only 18 times without Channel To 

the River included in plan)  

 

.1 Soil Salinity 

The initial soil salinity targets could not be met. This was because sub-surface drainage in 

large area farm land was not economic (without higher value crops being grown). Therefore 

the LWMP must rely on best management practices, pasture options and rice environmental 

management to achieve the best outcome possible. Consequently, although they are better 

than they would have been without a plan, land salinity trend are still not sustainable (except 

in those areas where higher value crops are grown and sub-surface drainage, with on-farm 

effluent disposal, is implemented). 

.2 Water Quality 

Significant water quality improvements are expected, but EPA water quality guidelines are 

unlikely to be fully met. In horticulture, high tech irrigation systems10 coupled with best 

management practices may get close to the target, but from time to time there will still be 

some runoff during rainfall events. In large area farms about 400 recycling systems with 5 ML 

storage capacity are expected. This will significantly reduce the discharge of contaminated 

runoff.  

Unfortunately, economic evaluations show that drainage savings in excess of 24,000 ML start 

to make this component uneconomic. Total LWMP savings will be more than 50,000 ML (see 

below). System efficiency is already about 87% and extra savings would require extra 

diversions from the river. This economic cost more than offsets the economic benefits of the 

drainage savings.  

There is little scope to further reduce drainage from large area farms without significant 

economic penalty. This is the main reason why the plan does not anticipate recycling on all 

                                                           
10 eg pressurised systems such as drip irrigation, and low level sprinklers. 
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farms or larger drainage storages. In high watertable areas, drainage recycling also attracts 

concerns about salt build up on-farm. Consequently, recycling adoption rates are less than 

100%. 

.3 Drainage Water Salinity 

High tech irrigation systems on horticultural farms will bring about significant tile drainage 

reductions. However, on Large Area Farms, drainage recycling will necessitate extra 

diversions from the River to supply Wah Wah. This will bring about dilution of the remaining 

farm drainage components.  

Soil salinity in the MIA is increasing, and whilst drainage water salinity appears to be within 

acceptable limits at present, in the long term there are likely to be problems. High salinity in 

high flow years compounds the difficulty of finding solutions in the Lower Mirrool Creek 

catchment. The LWMP recommends that the Channel to the River option be considered for 

infrequent disposal of medium salinity flows at times of high river flows. 

.4 Drainage Volumes 

With lower “escapes” from the supply system, drainage volumes are likely to decrease by 

more than 50,000 ML if the plan as outlined in Table 43 and Table 44 is implemented. This is 

more than the initial target of 36,000 ML. However the Taskforce, when considering plan 

adoption rates, opted for this greater reduction on the grounds that the larger capacity to save 

drainage helps better manage the supply system in wetter years. The economic evaluation was 

based on averages. The plan’s recommendation has avoided relying on averages alone. 

.5 Natural Resources 

The MIA is rich in terms of bird life and wetlands habitat. The development of guidelines for 

natural resource and wetland management well help enhance this asset. However there is a 

threat of reduced drainage as a result of the Water Reform Package.  

The Lower Mirrool Creek environment will be improved as a result of reduced flooding 

incidence. Despite considerable effort we still have not developed an optimal regime of 

wetting and drying for this area. This makes it difficult to decide on the best combination of 

plan components downstream of Barren Box Swamp. 

.6 Flooding Downstream 

Despite large drainage reductions in the MIA, the downstream reductions in flooding 

frequency and volume appear relatively small. The upstream components of the plan appear 

relatively ineffective in solving the downstream flooding issues. The downstream solutions 

considered individually also appear to result in only small improvements. This is a reflection 

of the nature of the frequency distribution of MIA drainage flows and salinity between wet 

and dry years. Only the Channel to the River option directly addresses the deficiency in 

wetter years. 

The economic and social impacts of flooding downstream of Barren Box Swamp have been 

addressed by a package of solutions. Most of the components in this package have insufficient 

economic merit to be justified by that criteria alone. Nonetheless, the Flood Control Works 

and the Multi Point Outfalls have a significant social benefits that on their own are considered 

to be worth the cost of their implementation. 

Unquantifiable environmental benefits are particularly important for those parts of the plan 

that address water quality and the impacts on the Lower Mirrool Creek environment. These 
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have been subjected to Multi-Criteria Analysis, which is explained in the chapter that looks at 

plan evaluation. 

.2 The Water Use Efficiency Improvement Scheme 

The absolute cornerstone of our plan is a Water Use Efficiency Improvement Scheme 

(WUEIS). It is the institutional mechanism that will help drive adoption of all other plan 

components. The irrigation community, through the MIA Council of Horticultural 

Associations and the Ricegrowers’ Association are committed to the WUEIS. They believe: 

• WUEIS puts the focus where it should be: up-front on the best management practices that 

will increase output per megalitre of water and reduce both surface and sub-surface 

drainage.  

• WUEIS will provide a basis for enterprise and whole farm benchmarking and comparative 

analysis. As well as gauging progress of LWMP implementation, it will also provide 

valuable farm management information for irrigators.  

• WUEIS allows a focus on education and continual improvement rather than the potential 

penalty focus of the drainage monitoring scheme outlined in the draft MIA&D LWMP.  

Furthermore, irrigators have suggested the WUEIS should be developed by the industry with 

the necessary accountability mechanisms rather than the LWMP implementor – 

Murrumbidgee Irrigation. This will improve industry ownership and compliance with the 

scheme.  

Responses to the draft Upstream MIA&D LWMP have generally accepted the proposal to 

implement a water use efficiency monitoring program. There has also been a lot of 

constructive debate about the best way to implement it. Several alternatives have been 

suggested. These vary considerably in both costs and benefits. The main alternatives are: 

1. Data collection via remote sensing satellite imagery with GIS database processing. 

2. Data collection via aerial photography with GIS database processing.  

3. Data collection via landholder survey with linear database processing  

The consensus within the MIA is that, at this stage, both the satellite imagery and aerial 

photography alternatives are probably too expensive and too impractical for everyday use. 

They are also limited by their inability to differentiate between the many varieties of 

horticultural crops. This is important because different varieties (for example Shiraz and 

Chardonnay grapevines) can have quite different water requirements. 

Indicative costings suggest that these approaches would require the equivalent of two 

additional staff to ground truth information. While it is important to research options for more 

practical implementation over the long term, the immediate priority is to get the WUEIS up 

and running with the available, workable methodologies. 

The commodity groups are keen to take a pro-active role in implementing the WUEIS. They 

believe surveys and linear processing can provide a simple, robust and cost effective approach 

to making it happen and making it happen quickly. They are keen to establish a pilot WUEIS 

to get the ball rolling. 

.1 Horticultural industries 

MIA Horticultural Council recently developed a comprehensive database of horticultural 

plantings. It represents an investment of over $45,000 and considerable in-kind costs by the 

Wine Grapes Marketing Board, Riverina Citrus Marketing, MIA Horticultural Council, 
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Australian Prune Industry Association and the MIA Sustainable Development Committee. 

Murrumbidgee Irrigation also assisted by way of information sharing. 

MIA Horticultural Council will be responsible for ongoing annual surveys followed by data 

collection, collation and maintenance. This will ensure that all industry groups have access to 

a common, accurate data set. Data collected includes:  

• general farm statistics (eg: addresses, names, location etc) 

• crop types and areas (eg: citrus, grapes, prunes, stone fruit, other) 

• variety types and areas (eg:- Valencia, Navel, Shiraz, Chardonnay, D’Argen) 

• water information (Eg:- water allocation, use, transfers etc) 

.2 Large Area Farms 

For large area farms, the Irrigation Research and Extension Committee (IREC) will manage 

and implement the scheme. The Ricegrowers’ Association believes it is more appropriate for 

IREC to carry out the role - as not all large area farms grow rice (there are approximately 

1000 large area farms of which about 620 grow rice). IREC has agreed to undertake the 

project through a Memorandum of Understanding with Murrumbidgee Irrigation that outlines 

responsibilities of both parties, accountability mechanisms and financial arrangements that 

are revenue neutral to both parties.  

.3 The Pilot WUEIS 

The objectives for the pilot WUEIS are:  

1. To determine an appropriate and cost effective method for assessing farm water 

use;  

2. To develop this method into a practical record keeping mechanism for landholders 

to report on crops and areas and to link these to crop water use information  

3. To develop a suitable model for recording, monitoring and assessing the 

landholder information;  

4. To develop mechanisms to provide feedback to individual landholders on crop 

water use efficiency. 

It is anticipated that the pilot program would involve landholder surveys with linear database 

processing. This would deliver information about  

• current plantings; 

• water use details for season just completed; 

• water transfer details for the season just completed; 

• water use efficiency calculation; 

• water use efficiency of each farm in relation to others in region or subregion; 

• seasonal evapotranspiration estimates for each crop and total for each farm; 

• expected water balance for the previous twelve months; 

• actual water balance for the previous twelve months; and 

• the difference between the two. 

 

It will also be invaluable in promoting direct liaison between commodity groups, LWMP 

extension staff and MI Environmental Services Manager regarding education programs.  

Moreover, it will generate broad industry data showing planting trends, as well as an annual 

report of industry performance against plan objectives. And it will gather information on 
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other things, such as remote sensing and GIS projects being undertaken by other irrigation 

areas: Coleambally, Riverland and by the CRC for Sustainable Rice Production;  

Table 46 Proposed Annual Process - 

March Surveys sent to all users  

March - May  Surveys collected over three month period, 

June  Survey information collected and data entered in the database.  

June  Water use/transfer information for previous season obtained from MI and entered. 

July  Farm reports returned to growers for reference/comparison, Two copies provided.  

July  Murrumbidgee Irrigation requests one copy of the forms from each grower, incentives 

provided for hasty return.  

August  Random audit of information  

August-March  Extension/education programs run in conjunction with LWMP extension staff  

 

.4 Remote Sensing 

Land-sat imagery does not have the capacity to distinguish between different varieties of a 

given crop. Different varieties can have vastly different water use characteristics.  

A range of projects have been proposed for the MIA to investigate the opportunities for the 

use of remote sensing for crop and water use data gathering. Mike Bryant from the Centre for 

Water Policy Research would like to further investigate the applicability of techniques from 

the USA for analysing water use on farm. The CRC for Sustainable Rice Production have 

identified a project in determining and analysing satellite and other images for crop types. 

This would continue the work already started by CSIRO Griffith Laboratory (by Henry 

Barrs). Other programs require grower surveys, where growers provide detailed information 

about the size and type of crops on their properties. For example in Wah Wah the data 

collected has been used to calculate the WUEIS for each farm. Environmental Research and 

Information Consortium Pty Ltd (ERIC) is conducting a trial based on the use of satellite data 

to identify summer and winter cropping programs, and aerial photography to measure 

individual paddock areas. The aerial photography component of the program has already been 

completed. This satellite trial will demonstrate the benefits of remote sensing radar for soil 

moisture determination, crop determination and monitoring; and Spot XS and Spot Pan for 

soil fertility patterns. 

Good baseline data of the natural resources eg, soils, hydrology, vegetation landscape are 

required. These data form a basis for monitoring crop condition, water use and land 

degradation within a farm and a regional context for industry. The WUEIS scheme requires 

linkages with research and development to achieve longer term planning and management 

objectives (eg, decision support systems -DSS- land condition monitoring, evaluation and 

reporting). The only way to achieve this in a time and cost efficient manner is to utilise 

satellite data.  

.3 Other Institutional Arrangements 

The following section outlines the case for structural adjustment as part of the LWMP. The 

proposed financial assistance measures are set out in some detail in the section on cost 

sharing. 



 108  

.1 Resource Management Issues 

A number of issues arise out of the MIA Land and Water Management Plan that affect farm 

viability. The structural adjustment package for the region needs to address those issues that 

affect or are affected by the objectives of the Plan. This component of the package will 

encompass assistance in the areas of training and education, resource management works and 

capital restructuring. With respect to the latter, assistance will only be provided where there is 

clear link to the objectives of the plan.  

An example of such issues would be rice area reclassification. Clearly, the requirement for 

some irrigators to move alternative crops would be necessary as a result of LWMP objectives 

and it is in our interests to ensure that anyone in this position is provided some assistance in 

order to adjust to such changes.  

The provision of support as part of this package must be justified against regional 

environmental outcomes.  

.2 Industry Adjustment Issues 

In addition to issues that specifically relate to the Land and Water Management Plan, there 

are a number of other industry and / or external pressures that should be addressed as part of a 

regional assistance package. As stated, the distinction of such issues can be extremely 

difficult, given that farm profitability can largely influence environmental sustainability. 

The working party’s agreed method for distinguishing assistance in this category is that the 

provision of subsidies under this category are not necessarily meeting the regional 

environmental objectives of the LWMP. An example would include a commercial decision to 

move into alternative crops - this could be initiated without pressure from the LWMP or 

indeed without an affect on the objectives of the LWMP. 

It is proposed that funding for these assistance measures will be drawn from the new 

Integrated Rural Package (formally RAS) available to all agricultural producers. In addition, 

the MIA Sustainable Development Committee is currently developing a proposal for a 

specific regional assistance scheme via the Rural Partnership Program. The likelihood of a 

Rural Partnership Program being implemented in the MIA is now promising given in-

principle support from the State and Federal Governments.  

In summary, from time to time one or more of the irrigated agricultural industries in the MIA 

may require specific assistance measures not identified in the LWMP.  

Provision of industry support should be made available via existing government programs 

in the absence of specific regional / industry packages.  

 

.2 A Framework for Future On-Farm Assistance and Structural Adjustment 

It is well recognised that structural adjustment within irrigated agriculture has and will 

continue to take place over time, with or without the intervention of assistance programs such 

as this. There will always be the argument that efficient allocation of resources is achieved 

most appropriately by allowing market mechanisms to work freely without unnecessary 

intervention. 

In many respects the history of the MIA has shown that market forces will eventually bring 

about the structural change required for long term viability. For instance, whilst individual 

farm sizes remain small in the MIA the market response to declining terms of trade has been 

the amalgamation of farming units, such that it is estimated that the average horticultural farm 
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business now owns 1.87 farms whilst the average large area irrigated agricultural farm 

business owns 1.84 farms. (sources: RGA, MIACHA) 

Notwithstanding the above comments, the provision of adjustment support for Land and 

Water Management Plan (LWMP) implementation is considered essential by the working 

group. This adjustment package recognises two critical issues in relation to LWMP 

implementation:  

1. That our ability to meet regional sustainability objectives may be threatened by the 

inability of individuals to cope with the pace of change.  

An assistance package is needed to ensure that adoption rates meet plan expectations.  

2. That through regulatory intervention via some of the plan recommendations, we are in fact 

imposing constraints on production that potentially go beyond what would be considered 

free market constraints. Indeed, in respect of many environmental issues the wider 

community could be seen to be making value judgements with the expectation that only a 

small section of the community should pay for the actions required of these judgements.  

An assistance package is needed to ensure that the whole community shares the costs and 

benefits of regional environmental sustainability.  

In addition, wherever possible this package should be consistent with the provisions contained 

within the State Government’s Water Reform Adjustment Package. Landholders within Areas 

and Districts should be given equal access to any assistance measures aimed at offsetting the 

impacts of the broader water reform agenda. 

To assist with the identification of potential funding streams, adjustment pressures are 

broadly categorised into two groups - those that relate to resource management issues to arise 

out of the MIA Land and Water Management Plan, and those that relate to industry-based 

adjustment issues. In reality, the two categories are intrinsically linked since any threat to 

farm profitability can be regarded as a threat to environmental sustainability and vice versa.  

.1 Administration of the Scheme 

Murrumbidgee Irrigation has agreed to implement the resource management component of the 

structural adjustment package in the MIA, Murrumbidgee Irrigation would be responsible for 

ensuring that the objectives of the package and indeed the Land and Water Management Plan 

were being addressed. 

The exact mechanism by which the package will be delivered has not yet been determined. It 

is possible that MI will seek the assistance of other organisations to act in an advisory or even 

operational capacity. The following organisations may be able to assist in this regard:- 

The LWMP Advisory Panel (yet to be formed) could act as the overarching body for the 

package. This may still prove difficult given that Panel will have no real powers other than an 

advisory role for MI. 

The existing Murrumbidgee Valley Rural Financial Counselling Service could be provided 

with additional resources to address these issues. There would be a need to reconsider the 

composition of the advisory committee to the service such that it is more accountable to the 

LWMP objectives. In addition, approval from the Department of Primary Industries and 

Energy would be required in respect of this supplementary role for the Service.  

The MIA Sustainable Development Committee may be another alternative. Although 

membership of this committee is already drawn from a broad range of backgrounds and 

community groups, there may be a need to consider further membership to ensure that all 

interests are being addressed. This committee would have the advantage of providing a 

broader focus to the region’s issues other than just structural adjustment.  
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.2 Features of the package 
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Re-training

Re-establishment

assistance

NON-VIABLE

MURRUMBIDGEE IRRIGATION AREAS AND DISTRICTS

Structural Adjustment Package

 

.1 Education and Training  

Education is considered to be an essential component of structural adjustment in the MIA. 

The education package will be based around the Property Management Planning framework 

as implemented in other irrigation regions and will include a modular format. Participants will 

be able to complete the whole property management planning process or selectively undertake 

modules as required. Actual details of modules will need to be finalised over the coming 

months, in order to best suit local needs.  

In order to ensure a high level of uptake for education units, some assistance measures will 

require various education modules as a pre-requisite or co-requisite for funding.  

.2 Eligibility Criteria 

Means testing is not considered necessary for any of the subsidies. Notwithstanding this 

comment, there will be a need to prioritise limited funding and therefore applications will be 

assessed according to specific criteria, such as:  

◼ Does the application for funding address regional environmental objectives or 

industry / individual restructuring objectives.  

The provision of funding from LWMP monies must address regional 

environmental objectives of the LWMP. 

◼ Does the application form part of a subregional plan. 

Applications made as part of a subregional plan should receive priority (but not 

necessarily exclusivity) in order to ensure the success of that plan. 

◼ Is the applicant prepared to undertake training and education modules that are 

tied to the funding. 

Some level of cross compliance is considered vital for most assistance measures 

in the plan. 

◼ Does the on-farm works program meet specific design requirements. 

On-farm works must meet specific design criteria before funding can be made 

available.  

The above-listed criteria are to be regarded only as examples. One of the first tasks of the 

implementation body and/or its structural adjustment advisory body, will be to refine the 

assessment criteria used to prioritise applications for assistance.  

Each application should be treated on its individual merits after taking into account the 

assessment criteria. 
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.3 Maximum amounts of funding 

It is proposed that the level of subsidies and grants will vary according to the specific activity 

undertaken. A three-tiered system of ensuring the equitable distribution of funds will be used.  

1. All incentives will be given an indicative percentage maximum amount of funding.  

2. All incentives for capital and resource management works will also be given an upper cash 

limit based on a minimum “flag fall” per property and a rate per hectare of irrigable area. 

Differentiation will be required between perennial horticulture and large area farms, in 

terms of the per hectare maximum subsidy, in order to ensure equitable access to funds.  

3. In addition, within each funding year, an absolute upper limit per business may be imposed 

in order to ensure that we strike a sensible balance between environmental outcomes and 

positive community perception of Plan objectives. That is, spreading around the Plan’s 

“benefits” as well as the “costs” will foster higher levels of community support and 

participation and in so doing create momentum for change. 

Section 4 provides further details on the working party’s recommendations regarding 

maximum levels of funding. 

.4 Cross-Compliance 

It is proposed that all incentives for on-farm resource management and capital works will 

require the completion of one of more training modules or demonstration of appropriate skills 

through prior accredited training as either a prerequisite or co-requisite to funding. That is, 

course training / education will not be compulsory but will be necessary before grants are 

made available. Exactly which modules will be made compulsory for each grant will be 

determined at a later date by the implementation body or its advisory group. 

Irrespective of the proposed capital works, the working party considers that the completion of 

at least one core module is required. This could possibly take the form of a business planning 

module (either via the engagement of a consultant or via the PMP business planning module) 

or simply a basic unit on sustainability and the objectives of the LWMP. It will enable:- 

◼ a skills assessment of the applicant to determine what if any other modules would 

be appropriate. 

◼ the landholder to understand the financial implications of the decision as well as 

providing a chance to assess alternatives.  

It is proposed that subsidies for education and training as well as design and consultancy work 

would not be tied to any cross compliance activity. 

In addition, it should be noted that cross-compliance is only supported by the Commonwealth 

Government if it is broadly supported by the community.  

.5 Non-Viable Farms 

The Structural Adjustment Package will not attempt to determine farm viability. This will be 

left as far as possible to market forces. 

Clearly though, the package must recognise the pressures being experienced by landholders as 

a result of changes in their operating environment. To ignore this would not only create 

unnecessary social trauma but may also threaten the ability of Murrumbidgee Irrigation to 

meet Plan objectives. To this end, incentives will be provided for those landholders that are 

unable, for whatever reason, to meet the challenges imposed over the life of the Plan.  
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.3 Education and Training 

Training and education is considered to be an essential component of the Murrumbidgee 

Irrigation Areas and Districts Land and Water Management Plan. A complete range of 

training and education modules will be available, based on the property management planning 

format.  

The Structural Adjustment program considers that some cross compliance is vital for most 

assistance measures in the plan. Applicants for funding may be asked to undertake appropriate 

training and education modules. As an introduction to training and education, all landholders 

should undertake a short course, the Farm Chemical Users course, funded largely by the 

Structural Adjustment “education and training grants” and industry incentives. This course 

can be provided in a non threatening environment with much hands on activities.  

To gain access to the plan incentives landholders will be asked to provide farm plans and 

designs (for which incentives will be available) and be able to justify their business 

management position and farm practice standards. By undertaking the Property Management 

Planning program (8 or 9 modules) and or the Irrigation Management Training Program (4 

modules) landholders will be given the tools with which to develop a unique farm plan and 

business plan, meeting most criteria for gaining incentives for on farm works. 

In addition, there will always be other courses available that are not direct components of the 

plan but nevertheless landholders would be eligible for “education and training grants”. Such 

courses would include the Graduate Certificate in Irrigation course.  

.4 Property Management Planning 

Property Management Planning (PMP) is potentially a powerful vehicle for educating 

landholders about the value of this plan’s on-farm recommendations. PMPs integrate personal 

goals with enterprise production, economics, marketing, and natural resource management. 

They are ideal business planning processes for the family farming businesses which are 

predominant in the MIA and districts. 

Many landholders in our region have already adopted the recommendations emanating from 

the Plan. They would not necessarily require all of the information contained within the 

current PMP workshop series. 

During the past year Farming for the Future personnel have modified the current workshops. 

These were originally designed for dry area farms. They are now also suitable for irrigation 

districts. The workshops successfully combine the disciplines and ideas of NSW Agriculture, 

Department of Land and Water Conservation, National Parks and Wildlife Service and NSW 

Farmers Association. 

Even though they are still under review, the PMP workshops may require further modification 

to meet the specific requirements of MIA and District farmers. In principle, however, the 

Working Group regards this form of education as an important tool in the extension of the 

Plan recommendations. 

It is generally understood that adults “learn by doing”. They are generally self-motivated 

towards problem-centred learning. This is best achieved in social groups where individuals 

can participate in discussions and activities with their peers. 

We could simply tell landholders about our recommendations, but they would probably forget 

the intricacies of each recommendation. We could demonstrate the recommendations on a 

particular farm with a group of farmers. They may remember this exercise, but they may not 

understand the principles as they fit into their own farming systems. If landholders learn 

about the recommendation in relation to their own farm, they will understand. 



 113  

This PMP approach to adopting LWMP recommendations on-farm, may not be suitable for all 

landholders. Some may prefer to entrust this planning and implementing phase to professional 

surveyors, farm planners and so on. However, experience shows that farmers generally prefer 

to make decisions for themselves based on the best information they have about their own 

“piece of dirt”. 

By overlaying each piece of information, that is details on climate, topography, soils, 

vegetation, property improvements, crop and livestock management, labour, financial 

management, marketing and personal goals, landholders have a very clear picture from which 

to make decisions. 

Each series of eight workshops would be attended by no more than 8 to 10 farming families. It 

is important that group members live near each other in order to tackle regional and local 

issues not restricted by the farm gate. 

There would be a two to four week break between each workshop in the series. Ideally the 

workshops would be held at locations that suited the whole group. They would be as near to 

the members’ properties as possible. Each workshop would need plenty of tables and chairs 

and plenty of room to work on aerial photographs and the like. 

By completing the workshop activities (and maybe some homework), farmers could produce a 

planning document relevant to their farms. It would contain a basic business plan supported 

by aerial photographs and plastic overlays of other information about their particular property 

and its layout. 

The current workshop program includes: 

PMP WORKSHOP DURATION RESPONSIBILITY 
1. Setting direction 
and current layout 

Full day Workshop Co-Ordinator 

2. Natural resources 
stocktake 

Full day Soils Officer/Salinity Officer 

   

3. Irrigation system 
evaluation 

Full day Irrigation Officer 

4. Property layout  Full day Greening Australia rep/ 
surveyor/ designer. 

5. Human resources 
and business position 

Full day s Specialist in succession 
planning and financial 
planning 

6. Enterprise 
evaluation  

Half day per 
major 
enterprise 

Agronomist/ sheep officer/ 
beef officer/ other specialist 

7. Enterprise planning  Full day Landholder and/or 
economist 

8. Business planning  Full day Workshop co-ordinator and 
business planning specialist. 

 

Farmers would attend only the workshops applicable to their quest for knowledge. Therefore, 

an alternative training program which focuses on irrigation principles and application is the 

Irrigation Management Training. There is considerable overlap with the PMP program. 

However the PMP program’s strength is drawing together all farm planning concepts in 

developing a farm plan and business plan. 
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IRRIGATION MANAGEMENT 

TRAINING  WORKSHOP SESSIONS 

DURATION ACTIVITY 

Soils and natural resources Fully day Soil pits, soil types, and irrigation, soil salinity testing, 

vegetaion assessment, mapping of soil types 

How plants grow and irrigation 

scheduling 

Full day Identifying moisture stress, waterlogging and nutrient 

disorders, determining water use efficiency, calculatinf 

optimum refill point, evaluating impact on watertables. 

Irrigation system evaluation Full day In field measuring irrigation system efficiency, mapping 

irrigation system and problems, mapping non permanent 

features 

Improved layout and management Full day Matching soils, irrigationand landuse, mapping improved farm 

layout, identiying management changes, criteria for rebates. 

 

 

.5 Research and Development 

No LWMP is complete without considering a Research and Development (R&D) Program. 

The plan has various objectives and implementation is based on the assumption that trends in 

the state of our natural resources have been assessed correctly. Times change and 

shortcomings in the knowledge base on which assumptions are based are being recognised. 

Where serious questions may be raised regarding the analysis underlying the plan, these 

should be followed up by a R&D program. The LWMP Taskforce has recognised such a need 

exists and proposes to have an R&D strategy, to be re-defined from time to time between the 

implementor and the reviewing agencies. The total value of the strategy is estimated to cost 

$350,000 per year over the first 15 years, and this cost has been written into the plan. 

It is necessary to recognise that the LWMP tries to identify R&D costs over and above the 

monetary value already spent in the MIA for salinity, natural resources and productivity 

research. Agencies involved are the CSIRO and NSW Agriculture and investigations support 

by DLWC. It is assumed that the basic effort of these agencies will continue, as it would 

under a No Plan scenario. However the plan recognises that there are specific items which 

require support from LWMP implementation funding. The R&D strategy may replace some 

of the on-going R&D effort, but also intends to pick up the new areas of research needed and 

recognised from time to time. 

Table 47 Research and Development strategy for the first 5 years of plan implementation 

Name Total Yr1 Yr2 Yr3 Yr4 Yr5 

Community Evaporation Areas 200 0 0 0 100 100 

Tile Drainage Effluent study 31 31 0 0 0 0 

Lake Wyangan Env. Status report 25 25 0 0 0  

Reduce Salinity in WW supply (feas) 100 0 0 0 50 50 

WUE Crop Factors Research 350 120 120 110 0 0 

Dev Satellite Imagery + GIS 350 100 100 80 70 0 

Salinity Risk Research (*1) 330 100 100 100 110 110 

Total 1330 376 320 290 330 260 

(*1) These might include the development of a groundwater model for review purposes, rice hydraulic loading 

impact analysis, and research on the effect of recycling system on farm salt balances. 

Efforts have already been made to get the above projects started for the first few years. 

Applications for external funding have been made. Not all these projects may come about, for 

instance the WUE crop factors research is currently in doubt. Despite this the values shown 

give a good indication of the level of funding needed overall. 
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The strategy does not attempt to replace other R&D programs carried out by agencies, many 

of which are of a generic and nature not specific to the MIA&D LWMP. The above strategy 

tries to identify just those items that are of specific interest to the MIA. 

The above strategy does not include the Water Use Efficiency Improvement Scheme 

development for the first five years of the plan and the cost of Performance Monitoring. 

Another cost of development not included relates to the agreement with NPWS to develop 

guidelines for on-farm and regional Natural Resource Management (flora/fauna) over the first 

few years of the plan implementation. These costs, estimated by NPWS to be $500K between 

three LWMP areas, would be 100% government funded. Implementation costs for these yet to 

be developed guidelines has not been included in this Plan. It will need to be negotiated 

during the first major review of the plan. 

.1 Serial Biological Concentration 

This scheme is currently being investigated by the MIA Sustainable Development Committee. 

The more saline winter drainage flows may be managed by irrigating salt tolerant plant 

species with saline water. Water tables are avoided by sub-surface drains which can be 

pumped to the surface for further use. Using the same principles, this water is then used on 

more and more salt tolerant plants finishing in relatively small evaporation ponds. It is 

proposed that the scheme will be self sustaining with pumping power provided by electricity 

generated from the evaporation ponds and self funding based on the sale of produce from the 

results of irrigation eg. grapes, timber etc.  

.4 Management Arrangements 

In principle, responsibility for each part of the plan should rest closely with the people whose 

actions will decide its success. It was for this reason that the LWMP Working Group closely 

examined and then embraced the concept of creating a Trust based on the Catchment 

Management Act 1989 to be the body to administer and implement the recommendations of 

our LWMP. 

However, the Government stipulated that the implementation entity would be the State 

Owned Murrumbidgee Irrigation Corporation (MI). 

Once the plan has been finalised, MI proposes to integrate the plan requirements with the 

commercial Business Plan required for the corporatised entity. Murrumbidgee Irrigation 

Corporation will be responsible to government for its commercial role and to the community 

for the environmental aspects of irrigated land use within the MIA & Districts including its 

part in the performance monitoring program. 

.1 The LWMP Advisory Panel 

The Memorandum and Articles of Association of Murrumbidgee Irrigation (MI) set down by 

Government as part of Corporatisation provide “Where a function of the corporation is the 

implementation of the Murrumbidgee LWMP, the directors will seek and give due 

consideration to, the advice of an advisory committee established by the corporation in 

conjunction with the ICRC (Irrigation Community Representative Committee).” 

ICRC will comprise a representative each of RIVROC, RGA and MIA Council of 

Horticultural Associations. It will be chaired by Independent Murrumbidgee Irrigation 

Director, Janet Epps. 

The Advisory Panel should have a majority of landholder members and ensure that the 

different commodity groups are fairly represented. Government agencies would provide 

minority membership and technical support to this Advisory Panel. It is suggested that the 
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Advisory Panel should consist of no more than 10 members with 6 coming from the irrigator 

groups. Ideally this should include some Landcare representation. Membership is as yet 

undecided, however it could be resolved through nominations and non compulsory voting. 

The responsibilities of this panel and for each representative panel member would be 

contained within the formal documentation (a “Memorandum of Understanding”). The 

following proposed structure suggests the way this Advisory Panel could fit into MI and also 

fairly represent the community.  

.2 Other Stakeholders 

Other participants will be required to make varying degrees of commitment to the 

implementation of the plan agreements. 

Landholders in the MIA & Districts will express their commitment to the plan by investing 

in substantial on-farm works and by adopting “best management practices.” 

Community groups such as Landcare Groups and the Rural Lands Protection Boards will 

commit to the plan through land caring activities such as protecting wetlands, remnant 

vegetation and aboriginal heritage sites, and for tree, shrub and native grass planting. 

Landcare groups will also provide leadership in the educational requirements of the Plan 

implementation. 

The Murrumbidgee and Lachlan Catchment Management Committee will mainly have a 

review role in reporting on the progress of the plan. Further commitment from the CMCs 

would be through the introduction of programs in the upper catchment to maintain / improve 

the quality of water for the entire river. Their responsibility should also extend to those areas 

downstream of the MIA&D LWMP by way of ensuring that this Plan has no negative impacts 

on those communities including the lower Lachlan River. 

The Department of Land and Water Conservation will review of the plan progress, along 

with implementing complementary programs for river water quality improvement and 

undertaking a support monitoring role. 

NSW Agriculture will carry out and promote research and extension programs to support the 

plan objectives and priorities together with a support monitoring function.  

CSIRO has the principal role of carrying out research to support the Plan through the 

National Centre for Irrigation Research and the CRC for Sustainable Rice Production.. 

Local Governments, Narrandera, Leeton, Griffith, Carrathool and Hay, will be required to 

move towards consistency between each Local Environment Plan and the LWMP, which 

should also result in consistency between LEPs across the MIA & Districts. Local authorities 

already have responsibilities in environmental planning and other legislation, such as weed 

control, stormwater management and roadside management, which will complement the plan. 

The major commodity groups, Ricegrowers Association, the MIA Council of Horticultural 

Associations and IREC will commit to the Plan by promoting and developing the Water Use 

Efficiency programs and supporting their farmers in implementing the on-farm aspects of the 

plan. 

State and Federal Governments will contribute financially to the plan implementation in 

accordance with cost sharing arrangements developed with the MIA community. 

National Parks and Wildlife Service will continue to protect flora, fauna and Aboriginal 

sites. 
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.3 Murrumbidgee Irrigation’s Role as the LWMP Implementor 

Murrumbidgee Irrigation will conduct its business from delegations to it from the Water Act 

(1912) and the Irrigation Act (1912). Activities involved in implementing the plan are 

summarised below. 

.1 Area of Responsibility of the MIA & Districts LWMP 

The area of responsibility of the MIA&D LWMP would be principally that area already 

administered by Murrumbidgee Irrigation. This area consists of: 

 Yanco and Mirrool Irrigation Areas. 

 Benerembah, Tabbita and Wah Wah Irrigation Districts. 

 Wah Wah Stock and Domestic District. 

 Any other surrounding property which receives benefit from the Murrumbidgee 

Irrigation water delivery / drainage system. 

.2 Administrative Arrangements 

Implementation of the LWMP by Murrumbidgee Irrigation will require the following actions: 

 Negotiation of final agreements between government (LWMP implementation 

agreement), MI and the community representatives (“Memorandum of 

Understanding”). 

 Development of the implementation programs through the LWMP Advisory Panel 

which ensures information links to and from the community. 

 Negotiation of funding agreements and coordination of priorities and budgets for 

LWMP activities. 

 Liaison with relevant agencies (eg. NSW Agriculture) and community groups for 

individuals to undertake Property Management Planning and to adopt on farm 

BMPs. 

 Liaison with suitable provider(s) for the development, delivery and assessment of 

education programs. 

 Liaison with suitable provider(s) for the planning and implementation of 

engineering works.  

 Coordination of environmental monitoring programs for groundwater, water 

quality and crop water use efficiencies. 

 Reporting on implementation process and performance indicators, and review of 

any auditing of the plan report for appropriate adjustment of the plan. 

.3 Delivery System Management 

The LWMP has been prepared on the assumption that sufficient funding to refurbish the 

irrigation system will be provided by the NSW Government. From this base, 

recommendations within the LWMP focus on upgrading and automation of supply and 

drainage infrastructure to ensure an environmentally sound and efficient system. 

I. Renewal of delivery system. 

II. Automation of the delivery system. 

III. Better forecasting of demand. 

IV. Development of channel seepage control systems. 

V. Planting of tree and shrub corridors in channel reserves. 

VI. Management of Barren Box Swamp including 

A. Development of swamp operational options. 
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B. further development of the recommendations of the Northern Hay 

Plains study and resulting Gunbar decisions 

C. Adoption of Flood Operation Guidelines 

.4 Implementation Activities 

To implement the main recommendations of the LWMP the range of activities outlined below 

will be developed and undertaken.  Some activities are or will be undertaken by specific 

agencies or groups to fulfil their own statutory requirements.  However these activities have 

been included to ensure that as many natural resource issues as possible are identified in the 

Plan.  Murrumbidgee Irrigation will have overall responsibility for implementation of the 

Water Use Efficiency Improvement Scheme, LWMP education and training programs, natural 

resource structural adjustment, onfarm BMPs, irrigation engineering works and LWMP 

research and development.  Various mechanisms such as joint ventures, Memorandums of 

Understanding, tenders and contracts will be used to link Land and Water Management Plan 

implementation to the appropriate agency or group.  Other natural resource activities 

identified in the LWMP (such as regional plans for urban issues, vegetation management, 

Aboriginal heritage and biodiversity) will be coordinated by Murrumbidgee Irrigation with 

relevant agencies and groups within the MIA community. 

 

Activities Staff 

(@ $80000/year 
including oncosts, 

vehicle use and 

sustenance) 

Other 

resources 

Plan Coordination 

• Negotiate and finalise implementation agreement 

• Convene Advisory Panel 

• Develop and coordinate implementation of policies 

from LWMP (such as WWID issues of water quality, 

allocations and irrigation intensity, delivery savings). 

• Report and review annually on LWMP 

implementation against targets  

• Develop and implement Heads of Agreement 

• Develop appropriate community links 

• Develop system administration for plan 

implementation 

• Manage and report on funds 

• Oversee budget preparation, tenders, consultants, 

contractors, levy collection, claims and payments 

• Publicise achievements 

1 x Plan 

Manager/ 

Coordinator 

 

Admin costs and 

Advisory Panel 

expenses @ 

$70000/year 

DLWC Audit @ 

$50000/year 

Implementation of Water Use Efficiency Program 

• collect, enter and manage data 

• assess crop factor and data collection methodologies 

• analyse, interpret and assess water use comparisons 

• generate extension information 

• investigate remote sensing options 

• monitor and evaluate changes in water use efficiencies 

• incorporate present rice growing environmental 

management processes into WUEIS. 

2 x Project 

Officers 

0.5 x Admin 

Assistant 

(Initially 

employed under 

contract by 

MIACHA and 

IREC) 

Admin costs and 

software 

upgrades etc @ 

$50000/year 
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Activities Staff  

(@ $80000/year 
including oncosts, 

vehicle use and 

sustenance) 

Other 

resources 

LWMP Education and Training 

• Implement Farm Chemical User Course uptake project 

• Develop education programs and short courses for 

MIA LWMP BMPs 

• Develop and implement Property Management 

Planning program, incorporating natural environment 

protection guidelines 

1 x Property 

Management 

Planner (with 

local FFTF 

Facilitator, Plan 

Manager and 

extension staff) 

Training and 

education 

Grants from 

structural 

adjustment 

program and 

industry 

incentives for 

Farm Chemical 

User Course. 

Structural adjustment for natural resource issues 

• Assist with business planning and farm economics 

• Develop eligibility criteria for incentives for on farm 

and education options 

• Implement financial arrangements for structural 

adjustment scheme. 

• Assess and approve incentive applications 

• Monitor, report and audit incentives scheme 

1 x Structural 

Adjustment 

Officer (with 

PMPlanner, 

Plan Manager 

and extension 

staff) 

Costs for 

Structural 

adjustment 

package 

outlined in 

Table 65. 

Implementation of BMPs and on farm activities 

Implement within extension programs relevant BMPs for 

each farming type as described in the LWMP On farm 

Options report, specifically including plan 

recommendations for: 

• whole farm planning, irrigation survey and design 

including on farm channel design and seepage control 

• irrigation scheduling and water management 

• automation of irrigation systems 

• crop water use efficiencies - all crops 

• use of winter crops after rice and in vineyards 

• piped irrigation systems for horticulture 

• criteria for new horticultural developments including 

continued ban on subsurface drainage disposal off 

farm. 

• soil management, fertiliser use and EM surveying 

• on-farm recycling with storage and drainage reuse  

• criteria for alternative water sources - deep bores, 

drainage reuse 

• tile drainage guidelines and management 

• retention of native vegetation, protection of on-farm 

depressions, windbreaks 

• planting of deep rooted pastures and recharge areas 

• crop production and related issues with LWMP focus 

• responsible pesticide use and Integrated Pest 

Management 

• planting (and harvesting) of irrigated woodlots  

6 x Extension 

staff (for 

example 4 x 

Irrigation 

Specialists and 

2 x 

Agronomists) 

 

Costs for on 

farm activities 

outlined in 

Table 65. 
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• subsurface drainage, disposal and recirculation, 

deactivation of regional sub surface drainage schemes 

• laser landforming 

• rice water use targets, rice area classifications/ 

reclassification, and rice soil amelioration 

• conservation practices for undertaking on farm works 

Engineering Works 

• Renewal of delivery system. 

• Automate the delivery system. 

• Better forecasting of demand. 

• Development of channel seepage control systems. 

• planting of tree and shrub corridors in channel 

reserves. 

• claylining etc of Channels. 

• Investigate further opportunities for regional drainage 

reuse. 

• Develop further joint ventures for system renewal and 

on farm improvements. 

• Management of Barren Box Storage including 

• Develop pump operational arrangements. 

• Further develop recommendations of the 

Northern Hay Plains study and resulting 

Gunbar decisions - opportunistic irrigation by 

Western Wah Wah WUA, Multiple Outfall 

Points, Channel to the River, Floodway 

Control Works to 1200 Ml/day, Levees. 

• Adopt Flood Operation Guidelines 

Murrumbidgee 

Irrigation 

engineers, 

works and 

operations staff 

and LWMP staff 

Costs outlined 

in Table 65. 

LWMP Research and Development 

Coordinate research and development by government 

agencies, CRC for Sustainable Rice Production, CSIRO, 

LWRRDC and other relevant groups: 

• Investigate the improvement of supply water quality 

for Wah Wah ID. 

• Investigate use / management of saline winter flows 

(with MIA Sustainable Development Committee) 

• Investigate the improvement and accuracy of water 

delivery / measurement devices 

• Develop and implement crop water use efficiency 

models, and Geographic Information Systems 

• Undertake water audit to set performance monitoring 

to manage escape flows.  

• Develop onfarm baseline and review program for plan 

progress 

• Review hydraulic loading policy and target water use 

for rice growing 

• Investigate agricultural chemical use and distribution 

for pollution contingency monitoring 

• Review irrigation intensity and water transfer impacts 

in WWID. 

1 x Scientific 

Officer 

Costs born by 

each research 

facility 
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Activities Staff  

(@ $80000/year 

including oncosts, 

vehicle use and 

sustenance) 

Other 

resources 

Implementation of Regional Plans 

• Develop and implement storm water drainage plans 

• Develop sewerage treatment management plans 

• Implement drum disposal facilities and amnesties for 

agricultural chemicals collection 

• Protect and rehabilitate wetlands, protect natural 

depressions 

• Plant tree and shrub corridors on Crown lands such as 

stock and road reserves, Mirrool Creek 

• Retain natural vegetation, plant corridors of original 

species/trees/saltbush as appropriate 

• Protect Aboriginal Heritage sites from LWMP 

implementation activities 

• Introduce programs to maintain and improve upstream 

river water quality. 

Local 

government, 

AVCARE, 

NPWS, local 

environmental 

groups, MCMC, 

DLWC, EPA, 

Murrumbidgee 

Irrigation,  

Costs outlined 

in Table 65. 

.5 Implementation of natural resource plans  

.6 Retention and maintenance of remnant vegetation 

• support government agency projects that survey the distribution and 

abundance of remnant vegetation and fauna including the identification of 

areas that contain threatened species or critical habitat; eg. regional 

vegetation management plan as required by the proposed Vegetation Act. 

• undertake a community education program on the value of protecting 

remnant vegetation with the regional vegetation management plan 

committee 

• encourage councils, other government agencies and landholders to protect 

and retain remnant vegetation under existing legislation 

• encourage local councils to adopt tree preservation orders 

• support government agencies in the implementation of appropriate 

recovery plans to protect and rehabilitate areas that contain endangered 

flora and fauna 

• implement grazing controls and/or fence regenerating and rehabilitating 

native vegetation 

• implement weed and fire control strategies 
•  

.7  

 

 

Local 

government, 

AVCARE, 

NPWS, local 

environmental 

groups, MCMC, 

DLWC, EPA, 

Murrumbidgee 

Irrigation 
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Activities Staff  

(@ $80000/year 

including oncosts, 

vehicle use and 

sustenance) 

Other 

resources 

.8 Implementation of natural resource plans (contd) 

.9 Strategic tree planting program 

• prepare a long term regional vegetation enhancement program in 

conjunction with community groups such as Landcare, Greening Australia, 

proposed Vegetation Management Plan Committee 

• identify potential strategic sites for planting 

• implement grazing controls and/or fence regenerating and rehabilitating 

native vegetation as part of above program 

• implement weed and fire control strategies as part of above program 

• identify community support and funding for the program 

.10 Riverine corridors and wetlands 

• support government agencies and other stakeholders in the preparation of 

management plans for the protection and rehabilitation of riverine 

corridors and wetland areas  

• participate in community education programs with the Murrumbidgee 

Wetlands Working Group on the value of protecting wetlands 

• remove willows from along watercourses and wetlands and replace with 

locally native species 

• protect natural depressions from use as on-farm disposal basins 

.11 Roadside verges and reserves, and stock route and 

reserves 

• support the preparation of roadside management plans in conjunction with 

local government, RTA, Rural Lands Protection Boards and other users of 

reserves etc. 

• support community projects that rehabilitate roadside verges, stock routes 

and reserves with identified conservation values 

.12 Farmlands 

• encourage landholders to undertake farm plan design which include 

conservation of remnant vegetation areas 

• address the cause of rising groundwater, surface waterlogging and soil 

salinity through these and other LWMP options 

• identify areas of salt affected and waterlogged land suitable for 

revegetation 

• encourage landholders to include tree plantings and bush regeneration as 

part of the farm plan design 

• encourage the development of on-farm storage and recycling areas separate 

from natural depressions and wetlands 

• assess feasibility of incorporating agroforestry on previously cleared land 

• assess the land capability for irrigation including natural resource issues in 

the criteria 

 

Local 

government, 

AVCARE, 

NPWS, local 

environmental 

groups, MCMC, 

DLWC, EPA, 

Murrumbidgee 

Irrigation 
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Activities Staff  

(@ $80000/year 

including oncosts, 

vehicle use and 

sustenance) 

Other 

resources 

.13 Implementation of natural resource plans (contd) 

.14 Aboriginal heritage 

• support government agencies in development of appropriate management 

plans for identified archaeological sites in conjunction with the local 

Aboriginal community. 

.15 Management principles for construction of major 

regional and on-farm LWMP works 

• where required under NSW government legislation, undertake appropriate 

environmental assessment of flora, fauna and archaeological sites before 

commencing 

• avoid areas of identified conservation value 

• avoid clearing native vegetation from stream banks and channels 

• avoid excavation within 10m from the outer canopy of remnant vegetation 

• replant compensatory areas of locally native vegetation if vegetation is 

unavoidably removed 

• avoid degradation of wetlands, swamps and lagoons 

• avoid realignment of water courses 

• provide adequate control measures for erosion and sediment prior to 

construction. 

.16  

 

 

 

Local 

government, 

AVCARE, 

NPWS, local 

environmental 

groups, MCMC, 

DLWC, EPA, 

Murrumbidgee 

Irrigation 

 

 

 

   

.5 Performance Monitoring 

Ongoing monitoring will be another important part of this plan. Careful monitoring will 

ensure the plan continues to serve the community well into the next century. Monitoring will 

enable us to: 

 evaluate the plan; 

 develop arrangements and schedules for financing implementation; and 

 identify opportunities to improve the Plan as new information comes to light.  

NSW Agriculture has developed a series of performance indicators to help check whether the 

plan is reaching its targets. To monitor the effectiveness of the LWMP we recommend: 

Rec M1 Monitor the main trends for sustainability in the MIA against the plan predictions and the 

outcomes of specific actions. 

.1 Monitoring Program 

Three principal components of measuring agricultural, economic and environmental 

sustainability have been identified: 

i). crop and livestock productivity; 



 124  

ii). environmental and ecological soundness - where indicators such as soil quality, 

chemical use and export, water quality, land use and quality of wildlife habitat are 

assessed; and 

iii).socioeconomic viability. 

The Water Use Efficiency Improvement Scheme will provide overall indication of the rate of 

implementation of the Plan. Water quality improvement will also be an important outcome. 

However, a number of outputs of the plan implementation will also be monitored. 

I. Crop and livestock productivity indicators reflect the efficiency of production and 

are measured by an aggregation of input indicators such as farm labour, machinery, 

agricultural chemical and seed purchases; and output indicators such as crop production 

available for livestock and human consumption. Selection of suitable productivity 

indicators requires the conversion of all inputs and outputs to a common currency. For 

example, a common currency may take the form of net primary productivity or dollar 

return per ML of applied irrigation. 

II. Agro-ecological soundness and environmental quality may be measured by 

indicators of: 

A. Soil Integrity: can be assessed though the integration of information on the 

physical (eg soil structure, infiltration rate and cultural practices) and chemical (eg 

soil pH, exchangeable cations, organic carbon, soil nitrogen and phosphorous levels 

and soil salinity) characteristics of soils. A useful index of soil quality should 

integrate physical, chemical, and biological parameters that quantify the relationship 

between degrading and beneficial processes. For example, the study of nematode and 

earthworm communities has been shown to be a useful tool for assessing some aspects 

of soil integrity. Certainly these methods should be investigated further as a tool for 

evaluating soil integrity. 

B. Chemical export: which includes the on-farm management and off-farm 

movement of pesticides and nutrients and the tracking of drainage salinity and 

turbidity. 

C. Irrigation (and drainage) water availability, quality and runoff: where 

parameters such as irrigation system design efficiency, irrigation application, 

irrigation water quality and water use efficiency are measured. 

D. Wildlife habitat quality: which involves assessments of biodiversity, wetland and 

remnant vegetation health and management; and 

E. Landuse patterns: where indicators such as farm size and tenure, soil irrigation 

suitability and the area of degraded agricultural land are measured. 

III. Socioeconomic indicators may reflect quality of life and profitability at both the farm 

and regional community level. Farm-level indicators include: the farmer’s age, health and 

level of skills and education achieved; farm size; whether the farm is family owned or 

corporate ownership; whether the farm is managed by the owner or hired manager; 

financial indicators such as equity; the level of indebtedness and the extent of reliance on 

off-farm income. Regional indicators may include unemployment statistics, demographics, 

business profiles and economic indicators such as Real Net Farm Income and terms of 

trade. 

.2 Pollution Monitoring 

Murrumbidgee Irrigation has been licensed under the Pollution Control Act of 1970. The 

licence describes authorised discharge and monitoring points and requires the development of 
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chemical contingency plans, chemical control plans and irrigation waste water control 

program (once the LWMP has been approved). 

The licence requires monitoring of water quality parameters such as EC, total nitrogen, total 

phosphorus, turbidity and specified agricultural chemicals at prescribed times during the year. 

The licence is designed to ensure progressive implementation of best management practices 

by Murrumbidgee Irrigation and irrigators of the MIA & Districts in accordance with the 

approved LWMP. This is expected to protect the environment, including the riverine 

environment and provide long term sustainable land use. 

In the event that water quality and other environmental outcomes sought by the licence and 

the Land and Water Management Plan are not achieved, the EPA will review the licence and 

the Land and Water Management Plan to achieve their ownrequired water quality objective. 

Murrumbidgee Irrigation also operates under an Irrigation Corporations Water Management 

Works Licence from DLWC. This licence includes Environmental Management Conditions 

which focus on  

I. Water Supply Volume (allocation and diversions) 

II. Quality of Diverted Water (point of diversion) 

III. Water Supply Management (distribution and use) 

IV. Soil and Vegetation Management (soil salinity, wetlands, noxious aquatic weeds, 

environmental assets) 

V. Flood and Floodplain Management 

VI. Groundwater Management (inc. groundwater quality) 

VII. Salinity and Drainage Strategy (application) 

VIII. Land & Water Management Plan (development & implementation) including: 

A. efficiency of water management (relating to supply, accessions and runoff) 

B. irrigation intensity (including hydraulic loading and rice environmental 

management) 

C. drainage water management (including volume, salinity and disposal of 

excess) 

D. aquatic and general environment management (in association with other 

agencies) 

E. on- farm best management practices (in association with other agencies) 

 

The Environmental Management Conditions attempt to integrate the outcomes of the LWMP and the 

conditions of both licences, to balance targets for water use efficiency, surface drainage, groundwater 

accessions, and watertable and waterlogging control with targets related to downstream users, 

environment health, pollution control and salt loading of receiving waters. 

.3 Data Collection Methods. 

The monitoring program proposes three distinct programs: 

1. On-farm and Regional Survey - Data relating to the adoption of specific on-farm options 

(for example, drainage recycling, fertiliser and chemical management practices) is 

collected in this manner. Regional data collected in this manner includes demographic and 

landuse information, production and financial statistics; 

2. Agency Research and monitoring activities - On-farm and regional recording of data eg 

logging of drainage discharge volumes, flow rates, soil infiltration characteristics, 

groundwater contour mapping, and water quality assessment programs. Many of these 

programs currently exist, however, their focus may need to be reviewed to comply with the 

LWMP requirements; and 

3. Farmer participation in data collection - Largely relies on the collection of data by 

farmers through the use of decision support systems (such as Ricecheck) and through their 
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participation in on-farm surveys. This allows farmers to track the effectiveness of their on-

farm practices. 

Assessment of the LWMP at the regional level involves the collection of spatial data and the 

development of a regional geographic information system (GIS) to assist with interpretation. 

Development of a GIS is an essential tool to help identify trends. 

The Proposed Monitoring Program is shown at Appendix 4. 

The various items are shown in order of objective, performance area and performance 

indicator. The programs include: firstly on-farm monitoring as part of the use of decision 

support systems (DSS) by farmers themselves; secondly regional surveys; and finally agency 

monitoring programs. 

A baseline survey will collect farm information before or within the first year of the plan. A 

review of this process will identify those parameters which can be readily and reliably 

measured. This will provide an indicative picture of LWMP adoption trends, environmental 

changes and economic progress. 
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7 EVALUATING THE PLAN 

The development of the integrated Land and Water Management Plan (LWMP) for the 

Murrumbidgee Irrigation Area & Districts stands to benefit local landholders, the regional 

community, the wider community and the environment. 

For both the Upstream and Downstream Plans separate cash flow models were developed to 

the NSW Treasury standards. These models were then combined for the Integrated Plan by 

aggregating the additive components and by estimating the overall economic impacts of 

management of excess drainage volumes and soil salinisation due to drainage-borne salt. 

The economic assessment of the Integrated Plan was carried out under many evaluation 

scenarios to derive the scenario finally considered as the Integrated Plan. This consists of the 

following: MIA & Districts Upstream Plan options, Wah Wah Plan options, Flood Control 

Works options, 200 ML/day channel with 15 new irrigators, Multiple-Point Outfall option, 

Barren Box Swamp Pump (300 ML/day) and Channel to River. 

The economic evaluation of the Integrated Plan showed that it has a net present value (NPV) 

of -$12.8 million, an internal rate of return (IRR) of 5.1% pa, and a benefit-cost ratio (BCR) 

of 0.87 at 7% discount rate. However, at 5% discount rate, the Plan has positive economic 

results with NPV of $1.2 million and BCR of above one. 

An environmental impact evaluation focusing on the downstream options of the Plan 

indicated that the environmental scenario including Barren Box Swamp Pump would result in 

the best environmental benefits to the region. On the other hand, 200 ML/day with 15 new 

irrigators and Multiple Point Outfalls options were expected to produce disbenefits to the 

environment. Thus incorporation of these three options in the Plan would have off setting 

environmental impacts with each other. 

Including the costs of the Structural Adjustment Program, the overall undiscounted total cost 

of the Integrated Plan was estimated at $259 million. This amount included $182 million of 

project costs and $77 million of operation and maintenance costs. The total requested 

government contribution to the project costs of the Plan estimated at about $98 million which 

was 38% of the total costs of the Plan. The amount of levy on each landholder and community 

member will be determined when the amount of government contribution for each 

option/activity is finally ascertained. 

In the case of a project like LWMP, the economic results should take into consideration that 

Treasury support is not necessarily determined purely on BCR at a particular discount rate, 

but on several other issues. The other point to note is that if the proposed funds for Research 

and Development, Extension Officers and Plan Administration were reduced by about $20 

million, the Plan would just yield positive economic results at 7% discount rate. 

.1 Introduction 

The economic assessment of the proposed Murrumbidgee Irrigation Areas and Districts Land 

and Water Management (Upstream) Plan strategies was completed in July 1996 and was 

documented as a Draft Report (DLWC 1996). Subsequently, on the basis of the comments 

and suggestions from the community representatives and updated information on costs and 

implementation units, the Upstream Plan evaluation was finalised. The economic assessment 

of the Downstream Plan strategies and the integration of the Upstream and the Downstream 

Plan economics were undertaken during the second half of 1997 and completed in March 

1998. 

The purpose of this chapter is to provide a summary of the economic assessment of the MIA 

& Districts Integrated Land and Water Management Plan (LWMP) (Upstream and 
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Downstream) strategies. The results presented in this chapter are based on an economic 

analysis undertaken by the Resource Economics & Sociology Unit of the NSW Department of 

Land and Water Conservation. 

To understand this section fully, readers should consult two other reports namely: MIA & 

Districts LWMP: Economic Assessment of the Upstream Plan Strategy - A Final Report 

(1998a) and Economic Assessment of MIA & Districts Integrated LWMP Strategy: 

Downstream and Integrated Plan Technical Report (1998b). The detailed documentations of 

the processes and the methods involved in the economic evaluation the Plan along with the 

economic and technical information are provided in these reports. 

.2 Economic evaluation method 

Separate economic cash flow models (over a 30 year evaluation period) were developed for 

both the Upstream and the Downstream Plan components. The costs and benefits associated 

with each specific plan components underpin these models. The models were then combined 

for the Integrated Plan (Upstream and Downstream). The process of integration of the 

upstream and downstream cash flow models was carried out by: 

• aggregating the additive components of both models; and 

• estimating the overall economic impacts of management of excess drainage volumes and 

soil salinisation due to drainage-borne salt of the integrated plan. 

These cash flow models for economic evaluation of the MIA & Districts LWMP were 

developed to the NSW Treasury standards according to its Guidelines for Economic 

Appraisal (NSW Treasury 1997), and were able to be tested for the changes in key economic 

parameters and assumptions. This feature enabled various sensitivity tests of the economic 

results to determine the Plan’s robustness.  

.3 Economic Evaluation of Upstream Plan 

The July 1996 economic assessment of the MIA & Districts LWMP (Upstream) strategy 

revealed that the Plan in the form evaluated was not economically viable according to NSW 

Treasury’s requirements (DLWC Jul 1996). Although Treasury support for LWMP project is 

not determined purely by the value of BCR at any particular discount rate; the costs, benefits 

and implementation numbers of the proposed options were revisited in order to improve the 

economic results of the Upstream Plan. 

The NSW Agriculture, Yanco, the DLWC Resource Assessment Unit, Griffith and several 

members of the Taskforce were involved in this process. The best possible estimates on the 

costs, option specific benefits and the revised implementation numbers were provided and 

then incorporated in the upstream model. The recent revision of funding provisions for 

Research and Development, Extension Officers, Water Use Monitoring and of the cost for 

SCADA (System Automation to Reduce Escape Loss) were also incorporated. 

Out of these revisions, the proposed fund for research and development activities was 

significantly higher. A total of $5.25 million was proposed, by the Taskforce of the Plan, to 

be made available over 15 years for possible research activities in place of the earlier proposal 

of $530,000 for three specific research projects. 

The net present value (NPV), internal rate of return (IRR) and benefit-cost ratio (BCR) of the 

revised Upstream Plan were -$3,020 million, 6.4% and 0.96 respectively. The detailed results 

of the Upstream Plan are presented in the Final Upstream Report (DLWC 1998a). 
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.4 Economic Evaluation of Downstream Plan 

The economic evaluation of the MIA & Districts LWMP Downstream Plan strategy was 

started during mid-1997. There are three components of the Downstream Plan. These are the 

Wah Wah (WW) Plan, the Northern Hay Plains (NHP) Scheme and the Flood Control Works 

(FCW). Each of these components consisted of a number of options. Because of the nature of 

the proposed NHP Scheme options, they were evaluated under different scenarios 

incorporating one or a group of NHP/other proposed options under each scenario in 

conjunction with the MIA & Districts upstream options, WW plan options and FCW options 

(DLWC 1998b). 

The cash flow of the costs and the additive components of the downstream option benefits 

under different scenarios were derived independently and later aggregated with the respective 

items of the upstream options. The economic impacts of non-additive components namely, 

management of excess drainage volumes and salinisation due to drainage-borne salt, were 

evaluated for the integrated plan as a whole. 

It was not possible to derive the economic results only for the downstream options as the 

impacts of management of excess drainage volumes and salinisation due to drainage-borne 

salt were not estimated for these options alone. 

.5 Economic Evaluation of Integrated Plan 

As mentioned above, integration of the MIA & Districts Upstream and Downstream Plan 

components was done by aggregating the additive components of both the upstream and 

downstream models and estimating the overall economic impacts of management of excess 

drainage volumes and soil salinisation due to drainage-borne salt. 

The economic assessment of the Integrated Plan was carried out under many evaluation 

scenarios in two rounds of analysis. After the first round of analysis a number of scenarios 

were selected for the second round analysis through a process of consultation among the 

Taskforce Members. Two alternative preferred scenarios (Scenario A and Scenario B) were 

derived during the second and final round. These evaluation scenarios are described in detail 

in the Downstream and Integrated Plan Technical Report (DLWC 1998b). The summary 

economic results for all of the scenarios are also presented in that report. 

Scenario B was chosen as the Integrated Plan. It consists of: 

◼ MIA & Districts Upstream Plan options 

◼ Wah Wah Plan options 

◼ Flood Control Works options  

◼ 200 ML/day Channel with 15 new irrigators  

◼ Multiple-Point Outfall option  

◼ Barren Box Swamp Pump (300 ML/day) 

◼ Channel to River 

In addition, an amount of $12.6 million was incorporated into the analysis as plan 

administration costs over 15 years. This amount included 9 officers at $80,000 pa, $70,000 pa 

as administration fees for LWMP committees and $50,000 pa as DLWC plan management 

and coordination costs. 

The economic results of the MIA & Districts Integrated Land and Water Management Plan 

(Scenario B) are presented in this report (Table 48). Finally, 76 options were incorporated in 

the assessment of the Plan. A consolidated list of all the options considered for the final round 

of analysis of the Integrated Plan is described in Appendix 8. 
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.1 Integrated Plan Economic results 

The economic evaluation of the MIA & Districts Integrated Land and Water Management 

Plan showed that it has a net present value (NPV) of -$12.8 million, an internal rate of return 

(IRR) of 5.1% pa, and a benefit-cost ratio (BCR) of 0.87 (Table 48). The results of this 

analysis, unless otherwise specified, refer to the discount rate of 7% per annum as specified 

by NSW Treasury. 

These results apparently do not meet the NSW Treasury (NSW Treasury 1997) standards in 

order to qualify for public funding. However, a recent Addendum to the Land and Water 

Management Planning Guidelines states that Treasury support or otherwise for a project is not 

determined purely by the value of BCR at any particular discount rate (LWMPAT Aug 1997). 

Rather, its support depends on a number of other considerations including: 

• the ability of the overall project to meet its objectives; 

• all the unpriced benefits and costs that are not reflected in the BCR; 

• sensitivity of the BCR to ranges of values of key parameters such as adoption and discount 

rates, and prices. 

Therefore, the economic results of the Plan need to be interpreted keeping these aspects in 

mind. 

However, the sensitivity tests of the economic results showed that at the 5% discount rate, the 

Plan would provide positive NPV of $1.2 million and BCR of above one. 

The sensitivity tests also showed that, at 7% discount rate, the sum of all benefits will need to 

be increased by 15% in order for the Plan to become economically viable. Similarly, this 

could be achieved by reducing the sum of all costs by 13%. If it eventuates that the assumed 

values of irrigation water wereunderestimated, and were in fact 63% greater, then the Plan 

would be economically viable. 
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The results of the analysis are discussed below in detail. More detailed data on the economic 

evaluation of the Integrated Plan are contained in the tables provided in Appendix 3 of the 

Downstream and Integrated Plan Technical Report (DLWC 1998). 

Table 48 MIA & Districts Integrated LWMP Economic Assessment Results: Costs and Benefits in 

Constant $’000. 

TOTAL OVER NPV   @

COSTS 30 YEARS 7%

Project Costs $115,501 $76,073

Recurrent Costs $54,524 $18,571

Renewal Costs $22,598 $6,223

Residual Value (-ve cost) ($27,067) ($3,556)

Total Costs 165,557 97,312

BENEFITS

Economic Value of Irrigation Water Conserved $65,300 $22,627

Reduced Agricultural Losses due to Soil Salinity $8,365 $2,418

Road Maintenance Costs  Avoided $2,007 $475

Management of Excess Drainage Volumes ($6,801) ($2,340)

Reduction in Drainage-Borne Salt $20,219 $6,637

Improvement in Drainage Quality $0 $0

Option-Specific Benefits $173,626 $54,704

Total Benefits 262,716 84,521

CASH FLOW OF NET BENEFITS $97,159 ($12,791)

RESULTS OF ECONOMIC ASSESSMENT:

Net Present Value ($12,791)

Internal Rate of Return 5.1% pa

Benefit Cost Ratio @ 7% pa 0.87

RESULTS OF SENSITIVITY TESTS: NPV IRR BCR

With Discount Rate          @ 4% $11,625 1.10

@ 5% $1,210 1.01

@ 10% ($23,400) 0.71

With 7% Discount Rate:

Benefits Decreased by 20% ($29,695) 2.5% 0.69

Costs Increased by 20% ($32,253) 2.9% 0.72

Water Value Decreased by 20% ($16,495) 4.6% 0.83

For NPV to Approach Zero, -Benefits need to be Increased by 15%

-Costs need to be Reduced by 13%

-Value of Water need to be Increased by 63%
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.1 Costs 

The total costs of the MIA & Districts Integrated LWMP for implementation in its entirety 

over the 30 year period was about $165.6 million in nominal terms taking residual values into 

consideration and without accounting for inflation. The project costs (otherwise known as 

capital costs) totalled $115.5 million which constituted nearly 70% of the total costs. The 

recurrent costs, which consisted mostly of operation and maintenance costs but also included 

some on-farm cost differences, accounted for $54.5 million or about 33% of the total costs. 

The renewal costs applied to options that had pumps, etc. that have to be replaced periodically 

during the 30 year evaluation period and constituted about 14% of the total costs. 

The residual value, considered as the negative cost, was the economic interpretation of the 

probable ongoing value of the Plan (see Economic Report - Downstream and Integrated Plan. 

DLWC 1998, Section 3.7 for more detail). This value was equal to about 16% of the total 

costs in nominal terms. 

In present value terms, total costs of the Integrated Plan was estimated at $97.3 million. 

.2 Benefits 

The overall benefits of the Plan can be classified into two broad categories: 

• the benefits accrued from various physical attributes, such as reduction in demand 

for irrigation water, reduction in groundwater accessions, management of excess 

drainage volumes, reduction in drainage-borne salt, etc. and 

• other benefits that are specific to each option. 

The physical attributes of the Plan were derived simply by summing the various physical 

effects across all options. Economic analyses were then applied to these physical parameters 

on a whole Plan basis to obtain the benefits or disbenefits attributable to the overall change in 

that individual physical attribute. This was done to ensure that non-linear effects were 

accounted for in benefit categories such as that dependent on reduced accession losses, which 

display diminishing returns. 

Following are brief descriptions of each of the benefit categories. 

.3 Economic Value of Irrigation Water Conserved: 

Benefits from the total irrigation water saved by the Plan was estimated at about $22.6 million 

in present value terms. This was 27% of total discounted benefits of the Plan. 

.4 Reduced Agricultural Losses due to Soil Salinity: 

The overall effect of all options in the Plan from reducing the impacts of soil salinity through 

groundwater control had a variable effect subject to diminishing returns. That is, the first 

option that reduced groundwater accessions derived soil salinity benefits at around $26/ML 

while the last (or actually the least attractive) option chosen only derived these benefits at 

around $10/ML. Also, substantial time-lags would be involved in the actual achievement of 

the full benefit subsequent to commencing accessions reduction. This had the effect of 

reducing the NPV because of the time value of benefits. The Plan-wide soil salinity effect was 

less than anticipated, the NPV being about $2.4 million. 

.5 Road Maintenance Costs Avoided: 

Groundwater accessions prevented by the Plan also gave rise to immediate benefits through 

the avoidance of excessive road maintenance costs. Benefits were estimated as the cost of 
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road maintenance that would be avoided if the watertable was to be kept deeper, or actually if 

the total area of shallow watertables were reduced. However, the overall effect was not very 

large, achieving an NPV of only about $0.5 million. 

.6 Management of Excess Drainage Volumes: 

Management of excess drainage volumes within the MIA & Districts Plan area would result 

in a net disbenefit to the Plan of about $2.3 million, in present value terms. Incorporated in 

this figure was the benefit from reducing floodway flows, offset by the following: 

• the disbenefits of increasing the likelihood of incurring short term supply 

shortages in Wah Wah; and 

• the economic cost of diverting river water specifically to ensure that shortages 

were minimised. 

The negative effect was due mostly to the cost of the additional diversions. 

.7 Reduction in Drainage-borne Salt: 

There are disbenefits associated with exporting salt in the drainage from an irrigation area. 

Consequently, there is a large penalty for salt export in the drainage flow from Yanco that 

returns to the River. On the other hand, it appeared that Wah Wah, to which the majority of 

the salt goes, had the capacity to accept salt at a lower economic penalty than the River for the 

first ten to twelve years of the Plan. 

By reducing the drainage-borne salt exported to the river and to Wah Wah, the overall Plan 

benefits totalled by about $6.6 million, in present value terms. 

.8 Improvement in Drainage/Water Quality: 

It was unfortunately not possible to measure this, or put an economic value against it, because 

of the lack of acceptable scientific data on the environmental effects of drainage quality. 

However, it is worth mentioning that the combined options to be implemented mainly for the 

purpose of water quality improvement have a shortfall in the order of some $10 million in 

NPV terms. If the unquantified benefits from water quality improvements can be assumed to 

be in the order of that amount then the costs involved would be justified. Whether or not the 

benefit would be in that order is a matter of judgement. There would definitely be a benefit of 

water quality improvement to the Plan, but would be unlikely to be as significant as the 

amount mentioned above. 

.9 Option-Specific Benefits: 

These were the benefits that are specific to some options, such as crop yield improvements, 

reduction in spraying, pumping and chemical use costs, and benefits from waterlogging 

avoided. A proportion of these benefits were derived from yield improvements. These yield 

improvements were anticipated to come from such options as high-tech horticultural irrigation 

and sub-surface drainage. There were also some disbenefits due to crop switching made 

necessary through reclassifying some rice-growing areas. 

Option-specific benefits constituted the largest category of Plan benefits. The NPV of this 

category totalled over $54.7 million or nearly two-thirds of the present value of all benefits of 

the Integrated Plan. 

.2 Sensitivity of the Results 

Sensitivity tests on various changes in the underlying economic assumptions were undertaken. 
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The first sensitivity test involved alternative discount rates of 4%, 5% and 10% per annum 

applied to the cash flow analysis. The use of 4% and 10% rates were required by the NSW 

Treasury in addition to the benchmark rate of 7%, while the Commonwealth Government and 

the MDBC prefer the 5% discount rate. At the Commonwealth Government discount rate, the 

Plan would achieve positive results as shown by a positive NPV and a BCR of above one 

(Table 5.1). 

The sensitivity of the economic results of the Plan were also tested against possible changes 

in the sum of estimated costs and benefits used. The analysis was repeated with 20% lower 

benefits, 20% higher costs and 20% lower water values at the discount rate of 7%. While 

these results were in themselves not economically favourable, they were meant merely as 

indications of the sensitivity of the results to such changes, and could be used to approximate 

the results arising from appropriate changes in the underlying costs and benefit estimates. 

For example, if the crop yield increased benefits for a set of options appeared to be under-

estimated by some $10 million in present value terms, the correction of this assumption would 

increase the benefits by about 12%. As a 20% benefits decrease produced a reduction of 0.18 

in the BCR, a 12% increase in the benefits should result in an increase of 0.11 in the BCR. 

The revised result would therefore be in the order of 0.98 for the BCR for this hypothetical 

increase in the benefits. 

The sensitivity tests also estimated, at 7% discount rate, the extent by which the sum of 

benefits, costs or water values needed to be changed in order for the Plan to achieve economic 

viability. These sensitivity tests showed that the benefits would need to be increased by 15%, 

or the costs would need to be decreased by 13%, in order for the Plan to be economically 

viable. Similarly, if it appeared that the assumed values of irrigation water were too low, an 

increase of all values by 63% would enable the Plan to become economically viable. 

.3 Expected Beneficiaries 

Implementation of the Plan would be expected to bring benefits to the individual landholders 

who were directly involved, to other members of the MIA & Districts community at large, to 

the environment and to the economy of New South Wales as a whole. 

While always a subjective process, each identified benefit impact could be allocated to one or 

more of these beneficiary groups. For the purposes of this study, this was done in a more 

general sense at the benefit category level, as summarised in Table 49 below. 

It should be noted that some of the above impacts were actually disbenefits. Disbenefits 

would include drainage volume reductions increasing the frequency of temporary supply 

shortages in Wah Wah. Further disbenefits would be those arising from certain landholders 

having to switch from rice-growing to other enterprises generating lower returns. 

The benefits gained by individual landholders would be generally of the financial kind, and 

would be often insufficient to make the initiatives financially attractive to them. For example, 

accessions control initiatives would generate benefits for all landholders over a large area, 

including those farms on which the initiatives would be carried out. Because the benefits 

would be broadly distributed, the share of the benefits accruing to the implementing farms 

would not pay for the implementation. 

Table 49 Distribution of Integrated Plan Benefits. 

BENEFIT CATEGORY BENEFICIARY GROUP 

 Individual 

Landholder 

U/S & D/S 

Community 

Environment Economy at 

Large 

Irrigation Water Conserved ■ ■ • ■ 

Soil Salinity Avoided ■ ■ •  
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Road Costs Avoided  ■  ■ 

Drainage Volume Management  ■ •  

Drainage Salt Reduction  ■ • ■ 

Drainage Quality Improvement  • • • 

Option-Specific Benefits ■ ■ •  

Note: ■ = Quantified benefits and disbenefits 

 • = Unquantified benefits and disbenefits 

 

The community category included both upstream and downstream portions of the MIA & 

Districts, although not always in equal or uniform proportions. For example, only the 

upstream community was likely to benefit from watertable control measures. Conversely, the 

benefit of reducing drainage salt would accrue to the downstream community and would only 

have a beneficial effect on the upstream community where recycling would be practiced. 

Generally, the environmental benefits could not be quantified. Neither could those associated 

with drainage water quality improvements that accrue to irrigation re-users and the 

downstream users on the Murrumbidgee and Murray Rivers. 

The benefits attributed to the economy at large were generally those to do with use of the 

Murrumbidgee and Murray Rivers downstream of the MIA & Districts, but include the 

benefits to motorists who would benefit from an improvement in the road system in the MIA 

& Districts. 

Option-specific benefits would be mostly accrued to the individual landholders implementing 

the Plan options. These benefits are in the form of crop yield and production improvements 

and secondary reductions in farming costs. However, it was assumed the community as a 

whole would benefit from operating efficiencies associated with the introduction of a SCADA 

system for escape loss control. Further, the environment would benefit from vegetation and 

wetlands conservation initiatives, although these benefits were not quantified for the Plan. 

Moreover, all the environmental improvements would generate additional recreational 

benefits to tourists, anglers and the like within the whole region. 

.6 Environmental Evaluation of the Plan 

The primary objective of this component was to identify potential environmental benefits or 

disbenefits associated with the scenarios assessed in the plan and to evaluate the 

environmental impacts of the scenarios. This evaluation process involved consultation with 

stakeholder representatives to identify important environmental indicators or criteria in the 

MIA & Districts and the compilation of an environmental expert panel to assess the impact of 

each scenario on these criteria (refer to Appendix 2 of the Economic Evaluation Report for a 

list of stakeholders and agencies involved). The scenarios used were based on scenarios 

derived in the economic component of the plan, except for Scenario E1 and Scenario E3. 

Table 50 gives a brief description of the scenarios assessed in the multicriteria analysis. 

Table 50 Scenario Description 

Scenario Scenario Outline 

Scenario E1 * No Plan - do nothing  

Scenario 2a MIA Plan + WW + FCW 

Scenario E3 * Scenario 2a + BBSman + NIO 

Scenario 4b Scenario 2a + NIA + MPO 

Scenario A Scenario 2a + BBSman + NIA + MPO 
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Scenario B ** Scenario A + CTR 

* These scenarios were not considered in the economic analysis of the plan. 

** Scenario B is the Integrated Plan as discussed earlier. 

Abbreviations: MIA = MIA & Districts Upstream Plan, WW = Wah Wah Plan, FCW = Flood Control 

Works, BBSman = Barren Box Swamp Management, NIO = New irrigation using opportunity water 

only; NIA= 200 ML/day Channel with 15 new irrigators, each having an allocation, MPO = Multi Point 

Outfall option, CTR = Channel to River 

The extent of environmental benefits and disbenefits associated with the different scenarios 

analysed were assessed using the scale shown in Table 51. The scale was used by the 

environmental panel to assign a score to each environmental criteria based on their opinion of 

the level of environmental impact expected if a proposed scenario was implemented. For the 

purposes of this analysis it was assumed that all criteria had equal weighting. 

Table 51 Scale Used To Assess Environmental Impacts 

Benefits/ Disbenefits Scale Level of Impact 

Environmental Benefits 3 High Positive Impact 

 2 Moderate Positive Impact 

 1 Low Positive Impact 

 0 No Impact 

 -1 Low Negative Impact 

 -2 Moderate Negative Impact 

Environmental Disbenefits -3 High Negative Impact 

 

A summary table showing the weighted average results obtained from all environmental 

participants is provided in Appendix 2 of the Economic Evaluation Report. These results were 

used as a measure of the extent of environmental benefits or disbenefits associated with 

proposed scenarios for the Lower Mirrool Creek environment in the MIA & Districts LWMP 

downstream. Scenarios with higher average scores had a greater amount of environmental 

benefits associated with them and were thus preferred to scenarios with lower or negative 

scores. The environmental ranking of scenarios are presented in Table 52. 

Table 52 Scenario Impacts: Environmental Rankings 

Scenario Environmental Ranking Average Environmental Impact 

Scenario B 1 High Positive Impact 

Scenario E3 2 High Positive Impact 

Scenario A 3 High Positive Impact 

Scenario 4b 4 Moderate Positive Impact 

Scenario 2a 5 Low Positive Impact 

No Plan 6 Minimal Impact 

 

Scenario B was found to be the most preferred scenario with a high positive impact on the 

Lower Mirrool Creek environment according to the responses in the MCA environmental 

impact survey. These results showed that Scenarios E3 and A were also expected to have high 

positive impacts on the environment if implemented. The main characteristic of these 
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environmentally preferred scenarios was the inclusion of the Barren Box Swamp (BBS) 

management option. This option was expected to result in a more equitable distribution of 

water flow volumes to the MIA & Districts for environmental purposes when BBS levels are 

low. 

It was further observed that the No Plan scenario and the Scenario 2a would expect to result 

in environmental disbenefits in the MIA & Districts. It is obvious that the No Plan scenario 

would continue to cause environmental degradation. As far as Scenario 2a is concerned, it 

was the perception of respondents that without any drainage/ floodway management activities 

(ie, NHP options), improvements to the environment would not be achieved. 

These results also suggest that the inclusion of the BBS management option in a scenario 

would increase the environmental benefits substantially where as the scenario that does not 

include BBS management option, ie, the Scenario 4b would expect to result in lower 

environmental benefits. 

.1 Additional River Impacts 

Scenario B was the only scenario that included the Channel to River option, hence the impact 

of Scenario B on the river environment needed to be evaluated. The impact of Scenario B on 

four additional criteria relating to the river environment were assessed by the environmental 

expert panel. These four additional criteria were considered separately and not included in the 

overall environmental assessments shown above since Scenario B was the only scenario 

affected by these criteria. These four additional criteria considered the impact of Scenario B 

on water quality, salinity, alligator weed and water volumes in the Murrumbidgee River. 

Responses given by environmental experts for these additional criteria indicated that 

moderate negative impacts were expected. 

The position of Scenario B in the environmental ranking will depend on what weight is 

applied to the additional criteria with respect to the existing environmental criteria assessed. It 

was observed that when equal weighting was given to all environmental criteria including the 

four additional river impact criteria Scenario B dropped to position number 3 in the 

environmental ranking. To assess the sensitivity of this result the weights attached to the four 

river impact criteria were increased, such that the importance of these criteria relative to the 

general environmental criteria was greater. It was observed that when the weighting of the 

four river impact criteria increased to become twice as important as the other environmental 

criteria, Scenario B dropped to position number 5 in the environmental ranking. 

.7 Integrated Environmental and economic Evaluation 

The results from the economic component of this study were integrated with the 

environmental results from the MCA process to assess the combined economic and 

environmental rankings of the scenarios. This assessment does not include the four additional 

river impact criteria. The Net Present Values (NPV) for each scenario calculated in the 

economic analysis (DLWC, 1998b) were used to represent the economic results in this 

integrated ranking. The economic analysis was undertaken for scenarios 2a, 4b, A and B. As a 

result the integration of economic and environmental impacts was only conducted for these 

four scenarios. The NPV was used to calculate an economic weight which was then 

multiplied with the average environmental score for each scenario to give a weighted score 

(refer to Appendix 2 of the Economic Evaluation Report for an example of this calculation). 

The weighted score was used in the integrated ranking of scenarios, shown in Table 53. 
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Table 53 Scenario Impacts: integrated Economic And Environmental Rankings 

Scenario Integrated Ranking Adjusted Environmental Ranking11 

Scenario A 1 2 

Scenario 2a 2 4 

Scenario 4b 3 3 

Scenario B 4 1 

 

The preferred scenario for integrated economic and environmental benefits in the MIA & 

Districts was found to be Scenario A. Scenario A had an environmental ranking of 2 when 

compared only with the four scenarios shown in Table 53, hence its position has improved by 

one with the integration of the economic analysis into the rankings. This suggests that 

Scenario A would be both economically and environmentally beneficial to the MIA & 

Districts community.  

On the other hand, the Scenario B (which is Scenario A plus Channel to River option) with a 

high positive impact on the Lower Mirrool Creek environment was ranked at the bottom when 

economic and environmental results were combined. Although Scenario B was the preferred 

scenario in the environmental ranking it is a relatively more expensive scenario than the 

others due to the inclusion of the Channel to River option. 

In summary, the environmental impact survey responses showed that the Scenario B would 

have high positive impacts on the Lower Mirrool Creek environment, despite adverse external 

impacts on the Murrumbidgee River. Whether the environmental benefits in Lower Mirrool 

Creek and the improved ability to manage floods and salinity in the MIA & Districts outweigh 

the disadvantages of the River impacts as well as the additional costs associated with the 

Channel to River option depends on the relative weighting applied to the river impacts. It was 

found that with a weighting less than two Scenario B is the preferred scenario overall. 

.8 Integrated Plan Cost Sharing Results 

Land and Water Management Plan cost-sharing is usually based on the beneficiary pays 

principle. The LWMP beneficiaries include the farmers and the farming communities, the 

State as a whole, and all Australians because of the Murray-Darling Basin’s importance to the 

nations environment and economy. 

The costs of the Integrated MIA & Districts LWMP should be shared fairly among the 

individual landholders, the people of MIA & Districts and the broader community 

(represented by the state and the federal governments). As most people in the MIA & Districts 

depend upon the success of the farming and non-farming business to preserve their lifestyle 

and assets, it is proposed to share the costs of the Plan amongst all the landholders and land 

users. 

The community representatives carefully examined each and every option of the Plan in order 

to identify the expected beneficiaries. They considered the following general principles in 

identifying the beneficiaries of each of the Plan options: 

• Where on-farm best management practices expected to help improve farm profitability 

thereby directly benefiting the landholders, the landholders are being asked to meet the full 

costs; 

                                                           
11 Only four of the original scenario shown in Table 52 were considered for the integrated economic and environmental 

assessment. The other 3 scenarios were taken out of the ranking’s shown in Table 53 and the position of the remaining 

scenarios adjusted accordingly to give the “Adjusted Environmental Ranking” shown. 
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• Government is being asked to contribute for on-farm works when these are not 

commercially viable, or where present rate of adoption is below the plan targets; and 

• Government is being asked to pay for implementation where actions benefit the 

environment, the local community in general or the communities outside the MIA & 

Districts. 

The community representatives derived a proportion of the capital costs for each of the 

options which they considered should be the government contribution towards 

implementation of that option. As implementation of the plan options would be completed by 

year 15, it was expected that government contribution would also continue until year 15. 

The detailed cost-sharing results for the Integrated Plan are presented in Table 54 below. It 

should be noted here that the cost of the last item of Table 54, Structural Adjustment 

Program, was not incorporated in the economic analysis. The reason behind it, is that this 

item was considered to be an additional component of the Plan which should be dealt with 

outside the economic assessment process. Moreover, none of the previous economic 

assessment process of other LWMPs incorporated costs of such a program. 

Including the Structural Adjustment Program costs, the overall total cost of the MIA & 

Districts Integrated Land and Water Management Plan was estimated to be about $259 

million. This amount included $182 million of project costs and $77 million of O&M costs. 

The total requested government contribution to the project costs of the Plan stood at about 

$98 million which is 38% of the total costs of the Plan. 

If agreement on requested government contribution, in particular on the items involving 

implementation, monitoring, administration, and further research and development, could not 

be reached or be realised at a significantly lower level, the landholders’ and the community 

contribution would be substantially higher. This means that implementation of the Plan would 

cost more for each landholder as well for the community. 
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Table 54 Cost Sharing Results for MIA & Districts Integrated LWMP. 

Project O&M Total  Requested Government Total

Costs Costs Cost  Contrib'n to Project Cost Landholder

$'000 $'000 $'000   % $'000 $'000

BEST MANAGEMENT PRACTICES

Ext'd and Gaz'd Horti exl Irrig'n Efficiency Systems 1,528 13,889 15,416 0% 0 15,416

Mixed and Veges excl Irrig'n Efficiency Systems 2,370 6,844 9,214 0% 0 9,214

Impl Irrigation Efficiency Systems 2,770 5,983 8,753 50% 1,385 7,368

FARM  ACTIVITIES

Irrigation/Drainage Survey & Design 2,475 0 2,475 50% 1,238 1,238

High Tech Horticultural Irrigation Systems 28,980 19,800 48,780 50% 14,490 34,290

Conversion to Perennial Pastures 697 1,524 2,221 25% 174 2,047

Irrigated Woodlots and Harvesting 1,221 2,925 4,146 75% 916 3,230

On-Farm Seepage Control using Permanent Pastures 3 7 10 0% 0 10

On-Farm Channel Seepage Control 148 49 197 75% 111 86

Rice Soil Amelioration 768 0 768 25% 192 576

Rice Area Reclassification 0 5,100 5,100 0% 0 5,100

Drainage Recycling 9,225 6,531 15,756 90% 8,303 7,453

Subsurface Drainage & Disposal 4,550 3,196 7,746 25% 1,138 6,609

Mole Drainage & On-Farm Recirculation 455 536 991 25% 114 877

Laser Landforming 5,303 2,363 7,665 0% 0 7,665

Rice Target Water Use 530 268 798 0% 0 798

REGIONAL ACTIVITIES

Better Forecasting of Water Demand 0 520 520 0% 0 520

System Automation to Reduce Escape Loss 3,500 1,296 4,796 100% 3,500 1,296

Farm Pumping from District Drains 140 563 703 25% 35 668

District Pumping from District Drains 600 2,100 2,700 80% 480 2,220

Clay Lining of Channels 960 0 960 100% 960 0

Channel Seepage Control by Planting Trees - Regional 100 64 164 100% 100 64

Interception Drainage of Channel Seepage 190 523 713 100% 190 523

Plant Corridors of Trees on Crown Land 32 44 76 60% 19 57

Plant Trees in Recharge Areas 4,430 0 4,430 38% 1,683 2,747

Wetlands Protection Guidelines - Dev't & Impl'n 20 60 80 50% 10 70

Urban Storm Runoff Implementation Plans 50 0 50 50% 25 25

New Irrigators 1,275 413 1,687 0% 0 1,687

Multiple Outfalls to Mirrool Creek 906 122 1,028 100% 906 122

200ML/day Channel - No Storage (9UsA) 3,578 1,037 4,615 100% 3,578 1,037

Barren Box Swamp Pupms 495 524 1,019 100% 495 524

Channel to River 4,588 844 5,432 100% 4,588 844

Floodway Control Works 916 0 916 100% 916 0

IMPLEMENTATION ACTIVITIES

Performance Monitoring of the Plan 3,900 0 3,900 50% 1,950 1,950

Research and Development 5,250 0 5,250 100% 5,250 0

Extension Officers 7,200 0 7,200 100% 7,200 0

Water Use Monitoring 3,750 0 3,750 100% 3,750 0

Plan Administration 12,600 0 12,600 100% 12,600 0

INTEGRATED PLAN TOTAL 115,501 77,123 192,624 40% 76,295 116,329

Structural Adjustment Program 66,927 0 66,927 33% 22,086 44,841

INTEGRATED PLAN INCLUDING 182,428 77,123 259,551 38% 98,381 161,170

COSTS OF STRUCTURAL ADJUSTMENTS
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.9 Conclusion 

The Integrated Plan economic results showed that the Plan appears uneconomic at 7% 

discount rate. However, a few important points need to be mentioned: 

• The plan yielded economic results at 5% discount rate; 

• Treasury support is not necessarily determined purely on BCR at a particular discount rate, 

rather it is determined on a blend of several considerations in the case of a project like a 

LWMP, and 

• If the proposed funds for Research and Development, Extension Officers and Plan 

Administration are reduced substantially by about $20 million (from the proposed amount 

of $25 million to $5 million) the Plan would yield positive economic results at 7% 

discount rate. 

In terms of economic results, these issues need to be taken into consideration at the time of 

review of the Plan by the community groups and the government agencies and at the 

negotiation stage between these parties. 

An environmental impact evaluation focusing on the downstream options of the Plan 

indicated that the environmental scenario including BBS Pump would result in the best 

environmental benefits to the region. On the other hand, 200 ML/day with 15 new irrigators 

and MPO options were expected to produce disbenefits to the environment. Thus 

incorporation of these three options in the Plan would have off setting environmental impacts 

with each other. 

Including the costs of the Structural Adjustment Program, the overall undiscounted total cost 

of the Integrated Plan was estimated at $259 million. This amount included $182 million of 

project costs and $77 million of operation and maintenance costs. The total requested 

government contribution to the project costs of the Plan estimated at about $98 million which 

was 38% of the total costs of the Plan. The amount of levy on each landholder and community 

member will be determined when the amount of government contribution for each activity is 

finally ascertained. 
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8 MAKING IT HAPPEN 

This plan is more than just good intentions. It is a blueprint for ensuring a sustainable future 

for the MIA. To make these changes happen, we must look at every chance to encourage 

everyone in the region to play their part. 

So far we have spelt out our targets for improvements in land and water management. We 

have also spelt out the best management practices for making those advances. In this section 

of the Land and Water Management Plan, we look at specific ways of bringing about change. 

The foundation of this plan is the existing work that has been, and is still being funded 

through a range of government, industry and community funding sources. This plan builds on 

that foundation; it does not replace it.  

.1 Financial incentives 

The existing work was not by itself bringing about change quickly enough to ensure the future 

sustainability of the MIA. This plan provides funds in addition to these existing funds. This 

plan accelerates the pace of on farm work, and it initiates new work in areas that hitherto were 

not being addressed. Therefore this plan is predicated on the continuing access to the 

current range of funding initiatives. 

The existing incentive schemes are well designed and successful. Their greatest problem is 

insufficient funds. The existing schemes will remain. They underpin the adoption of many of 

the on farm recommendations in the plan. 

Our Land & Water Management Plan is aimed at creating change in every landholder and 

urban dweller’s approach to land and water use in this entire region. Current funding is 

therefore far too low to address the requirements of a full and active uptake of the Plan’s 

recommendations. A significant increase in the level of funding is essential if regional 

sustainability is to be achieved. 

New programs such as the provision of incentives for mole drainage, automation of flood 

irrigation and soil pit surveys for horticultural design are already proposed. It is essential that 

we receive an increased level of incentive to cover these programs as well as those proposed 

through the LWMP.  

NSW Agriculture has several farmer assistance schemes currently in existence. Their 

principal role is to encourage a start along the change process required to redevelop farms to 

modern, water efficient, irrigation layouts. 

These packages come under two main government assistance programs: 

1. The Rural Assistance Program 

2. Salt Action Incentives 

The Rural Assistance Program will loan a primary producer up to 90% of any relevant on-

farm work up to $100,000 provided that the landholder’s assets do not exceed $800,000. The 

interest rate is based on 75% of the treasury bond rate and is currently around 6.5%. 

Repayments are fixed over 10 years. 

Also available under this program are grants of up to $5,000 for items such as farmer training, 

relevant professional advice, farm plans, irrigation scheduling and pertinent computer 

software. 

The Salt Action Program is mainly an incentive scheme to give landholders a start into the 

upgrading of their farm infrastructure. Works such as pipe system upgrades of irrigation 
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systems, and whole farm planning are eligible projects. The scheme has a very limited 

financial capacity and also limited personnel resources in NSW Agriculture. 

.1 The cost of not providing incentives 

This plan assumes specific on-farm adoption levels for each onfarm recommendation. The 

economic evaluation depends on these adoption levels. For the plan to be successful, 

achieving these levels of adoption is imperative.  

The survey of farmers likely adoption patterns revealed a certain level of financial assistance 

would be required to ensure the uptake of all recommendations within the time frame of the 

plan. In fact cash flow limitations were identified as the main impediment to the adoption 

levels by horticulturalists.  

.2 Proposed incentives 

The proposed financial assistance measures target two main categories of assistance: 

1. Incentives to achieve on-farm management changes; and 

2. Financial assistance to those farmers who are affected by regulatory intervention under the 

plan's recommendations 

The incentives for on farm works will be administered as part of the structural adjustment 

program. Each of these incentives has been designed to obtain maximum adoption by farmers 

to achieve the resource management outcomes identified in the plan.  

Actual levels of assistance are broadly based around the recommendations in the draft plan - 

in some cases the level of proposed subsidy has been modified following the public 

consultation phase after the release of the draft. A number of new measures identified 

following a review of the package have also been incorporated into this package.  

.1 Cash incentives for resource management works 

This component of the package will concentrate on the provision of assistance to improve 

adoption rates for on-farm resource management works related to environmental 

sustainability in the LWMP.  

Cash grants are the preferred mechanism for dealing with resource management works. The 

environmental objectives of these activities do not always satisfy sound business principles 

for the individual but from a regional perspective the activity can be justified.  

The wider economic and regional benefits of resource management works needs to be 

addressed by the provision of funds where commercial finance may not always be 

available.  

Cash grants for resource management works will be provided based on a percentage of total 

cost to a maximum based on a per unit area of irrigable land. An absolute maximum will also 

apply in some years in order to ensure equitable distribution of funds in that year.  

The figures expressed below are the recommendations of the Working Party only. They will 

form the basis of funding negotiations between the LWMP Taskforce and the Government 

and may also be subject to refinement once the plan is adopted.  

Specific assistance measures in this category are shown in Table 55. 

Table 55 Specific incentives for resource management works. 

ACTIVITY Recommended 

Maximum 

Recommended 

Maximum cash 

Comments 
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percentage amounts 

drainage recycling with storage 90% $8,000 + $40/ha 

for large area 

farms  

assumed 430 farms @ 260 ha/farm. Nil uptake assumed 

with horticulture. Total assistance of $8.47 million. 

sub-surface drainage with 

shandied reuse 

25% $2000 + $155/ha assumed 5 farms @ 100 ha/farm. Total assistance of 

$87,500 

sub-surface drainage with trees / 

saltbush 

25% $2000 + $155/ha assumed 6 farms @ 100 ha/farm. Total assistance of 

$105,000 

sub-surface drainage with 

evaporation basin 

25% $2000 + $155/ha assumed 54 farms @ 100 ha. Total assistance of 

$945,000 

mole drainage with reticulation 25% $2000 + $143/ha assumed 7 farms @ 100 ha/farm. Total assistance of 

$113,750 

high tech irrigation systems 50% $15,000 + 

$1900/ha 

assumed 300 farms @ 20 ha/farm. Total assistance of 

$14.49 million 

Irrigation/drainage survey and 

design 

50% $21/ha assumed 225 farms @ 260 ha/farm. Total assistance of 

$1.23 million 

Improved irrigation efficiency 50% $5000 per farm assumed 277 farms @ 5,000 per farm. Total assistance 

$1.39 million 

establishing irrigated woodlots 75% $1260 per ha  assumed 725 ha. Total assistance $913,500 

regional channel seepage control 

with trees 

100% $4000/ha assumed 25 sites @ $4,000 per site. Total assistance 

$100,000 

on-farm channel seepage with 

trees 

75% $3000/ha assumed 46 ha @ $3000/ha. Total assistance of 

$138,000 

establishment of permanent 

pastures 

25% $52/ha 3350 ha @ $52/ha (total cost $208/ha). Total assistance 

$174,200. 

rice soil amelioration 

(note - includes Wah Wah plan 

but no lost area assumed for 

reclassification due to ability to 

bring other land into production) 

25% $97.50 per ha assumed once only payment with future costs to be met 

by individual otherwise must adjust out of rice 

production on these soils. Total cost $390/ha. 

Assumed 72 farms (2400 ha) @ $80/ha. Total 

assistance $192,000. 

Eg:- Farmer Y wishes to install a drip irrigation system on a 40 hectare farm at a total cost of $250,000. 

Provided all criteria are satisfied, this farmer could be eligible for an allowance of up to $91,000 on the 

following basis:- 50% to a maximum of cash amount $15,000 (fixed) + $76000 ($1900 per hectare). 

Eg:- Farm Z applies for assistance to install a drainage recycling system on a 250 hectare large area farm. 

Total cost of the system is $25,000. Farmer Z would be eligible for an allowance of up to $18,000 on the 

following basis:- 90% to a maximum cash amount of $8000 (fixed) + $10000 ($40/ hectare). 

Whilst means testing is not considered necessary, landholders will need to demonstrate that 

they have the ability to complete the total package of resource management works via 

personal equity or debt funding. 

.2 Structural Adjustment Financial Assistance 

Interest subsidies were considered to be the preferred mechanism for dealing with subsidies 

for capital restructuring on the basis that decisions regarding capital requirements on-farm 

should be subject to strict business principles and therefore the ability to attract commercial 

finance for such activities is seen as a means by which rigour could be applied to the analysis. 

Notwithstanding these comments, it would appear that interest subsidies are no longer an 

acceptable form of assistance from a government perspective and therefore cash grants have 

been identified as the delivery mechanism.  

Improvements in productivity / sustainability as a result of restructuring debts and / or 

purchases of plant and equipment could attract a percentage subsidy on the interest on debt up 

to a maximum based on a per unit area of irrigable land. Land build-up would also attract 

assistance under this category, particularly where the purchase assists the exit of a farm 

family in a non-viable situation. In all cases landholders must justify the provision of support 

on the grounds of regional environmental outcomes.  
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Specific assistance measures in this categoryare shown in Table 56. 

Table 56 Specific incentives for recapitalisation. 

ACTIVITY Recommended 

Maximum 

percentage  

Recommended 

Maximums cash 

amounts 

Comments 

Land amalgamation / build-up 10% maximum 

$50,000/farm 

assumed 90 farms and cash grant of 10% of purchase 

price to a maximum of $500,000 purchase price. Total 

assistance $4,500,000. 

Plant recapitalisation assistance 15% maximum 

$7,500/farm 

assumed 100 (10% of rice farmers eventually moving 

into other crops) purchases @ $50,000 and 15% 

grant. Total assistance $750,000.  

Eg:- Farmer Z has recently had a large part of the family’s 250 ha farm reclassified as not being suitable for 

rice production. The family wishes to purchase capital equipment to enable them to move into row cropping 

enterprises and reduce water use on farm. The decision involves a purchase of $50,000 worth of equipment. 

Farmer Z would eligible for up to $7,500 in assistance.  

In respect of this example, it is essential that the assistance package can be justified on 

environmental grounds - LWMP objectives must be satisfied.  

.1 Reconstruction / relocation assistance 

The working party considered in its deliberations that where resource management objectives 

were at stake, the maximum level of assistance for non-viable farms available through 

existing means was not sufficient. An alternative package was developed in order to address 

the additional constraints imposed by the LWMP.  

Farm families in financial difficulty as a result of constraints imposed by the LWMP would 

be offered an incentive to either exit or reconstruct the business via a once-off reconstruction / 

relocation allowance based on the change in value of the property as a result of the LWMP 

constraints (such as rice area reclassification). Secondary incentives in this package would 

include retraining and/or income subsidies for a period after exiting the farm. 

Specific assistance measures in this category are shown in . 

Table 57 Specific assistance measures for reconstruction / relocation 

ACTIVITY Recommended 

Maximum 

percentage  

Recommended 

Maximums cash 

amounts 

Comments 

Reconstruction/relocation 

assistance 

n/a maximum drop in 

value $750 LA and 

$6,000 Hort.  

At least two valuations of property prior to 

reclassification and following reclassification (OR 

property put to sale) with the landholder receiving 

reconstruction assistance if property does not reach 

valuation. Assumed 36 LA farms @ $500/ha avg drop 

in value and 25 horticulture farms @ $4,000 avg drop 

in value. Eligibility also requires that LWMP has 

triggered the need for re-establishment. Total 

assistance $4.68 million LA and $2 million 

horticulture.  

Retraining subsidy  $2000 once only assumed 61 farms. Eligibility triggered by above. Not 

means tested. Total assistance $122,000 
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Eg. Farmer Z has a major section of the farm reclassified as not being suitable for rice production. The 

family is unable to afford restructuring into alternative enterprises and soil amelioration has not improved 

water leakage problems. They make a decision to sell the property. Two valuations result in an average 

current value of $2500/ha. The farm is put up for auction and fetches only $2425/ha. A re-establishment 

grant of $75/ha is paid to the family upon settlement. A covenant is placed on the farm restricting rice 

farming on reclassified soils. Retraining subsidy would also be offered.  

.2 Cash incentives for education and training  

Training and education is considered to be an essential component of the structural 

adjustment package for the MIA. A complete range of training and education modules will be 

specified as part of the LWMP, based on the property management planning format. In 

addition, there will always be other courses available that are not direct components of the 

plan but nevertheless should attract a level of incentive in order to encourage further 

education. Such courses would include the Farm Chemical Users course and the Graduate 

Certificate in Irrigation course.  

It is proposed that a training and education grant will be made available on a cost receipt basis 

with growers accessing this grant to offset the cost of completing training and education 

modules over the life of the plan. Prior approval for the grant would be required. It should be 

noted that the $5,000 per person would be expected to cover the cost of any courses tied to 

LWMP farm grants and subsidies. 

Specific assistance measures in this category are shown in Table 58. 

Table 58 Specific incentives for education and training 

ACTIVITY Recommended 

Maximum 

percentage 

subsidy 

Recommended 

Maximums cash 

amounts 

Comments 

Training and Education Grants  $5,000 per property 

on a cost receipt 

basis 

assume 1800 farmers @ $5,000/farm. Not means 

tested where resource sustainability objectives are 

satisfied OR where modules are required as part of 

cross-compliance for on-farm works. Approved list of 

LWMP courses and accredited providers. Total 

assistance $9 million.  

.3 Cash incentives for consultancy advice 

Various aspects of the LWMP require specific consultancy and/or design advice. The package 

will include cash incentives based on a percentage of costs of obtaining such advise. The 

working party recommends that upper limits to assistance in this category be set to avoid 

potential for over-servicing by professionals. 

Specific assistance measures in this category are shown in Table 59. 

Table 59 Specific incentives for consultancy advice 

ACTIVITY Recommended 

Maximum 

percentage 

subsidy 

Recommended 

Maximums cash 

amounts 

Comments 

Training and Education Grants 90% $2700 per property 

on a cost receipt 

basis 

assumed 375 farms @ $2700/farm. Not means tested 

where resource sustainability objectives are satisfied 

OR where modules are required as part of cross-

compliance for on-farm works. Total assistance $1.01 

million. 

Once again prior approval for the subsidy would be necessary with payments made on a cost-

receipt basis.  
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.2 Sharing the costs 

Land and Water Management Plans throughout NSW are funded on a “beneficiary pays” 

basis. Beneficiaries include farmers and farming communities, NSW as a whole, and all 

Australians because of the Murray-Darling Basin’s importance to the nation’s environment 

and economy.  

The costs of this plan must be shared fairly between individual landholders, the people of the 

MIA and the broader community (as represented by the state and federal governments). As 

most people in the MIA & Districts depend upon the success of the farming and non-farming 

businesses to preserve their lifestyle and assets, we are proposing to share some specific costs 

amongst all landholders and land users in the MIA & Districts. 

.1 Allocation of costs 

Landholders will bear by far the biggest proportion of the cost of implementing the LWMP. 

Table 60 shows the breakdown of landholder contributions to the LWMP. 

Table 60 Breakdown of landholder contributions to the LWMP 

Components of Landholder 

Contributions 

Value 

BMPs $24.6m 

WUEIS $7.4m 

On-Farm Options $71.7m 

MI Outlays-regional $49.5m 

-community 50% $4.0m 

Total $157.2m 

 

The total cost of the Plan is estimated at $259.6 million. It is expected that these costs will be 

raised from three distinct sources. Table 61 indicates the level of costs each of the following 

three groups will contribute: 

• Landholder irrigators within the MIA & Districts; 

• Government- a combination of both State and Commonwealth, and 

• Local urban residents within the boundaries of Leeton Shire and Griffith City. 

Table 61 Distribution of Costs Between Beneficiaries  

Landholder/Irrigators $157.2m 60.5% 

Government Contribution $98.4m 38.0% 

Urban Community-50% $4.0m 1.5% 

Total Cost $259.6m 100% 
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.2 Landholders 

Landholders in the MIA & Districts are self reliant. They expect to pick up the cost of 

activities that directly benefit them, and as the major beneficiaries of the plan it is only proper 

that they be the highest contributors to Plan costs. It is anticipated that they will provide 

$157.4M representing 60.5% of the total cost.  

Therefore, where on-farm best management practices will help improve farm profitability, 

they are being asked to meet the full cost. This amounts to $24.6m for BMPs alone. 

Other Plan activities the landholders will partially or totally fund consist of the On-Farm 

Activities including Irrigation Efficiency Systems costing $79.1m, those Regional 

Activities that Murrumbidgee Irrigation will be required to find funds for, (especially those 

related to the irrigation supply and drainage distribution systems) at a cost of $4.7m and their 

portion of the Structural Adjustment Package costing $44.8m.  

There are other Regional Activities which benefit the broader community including 

landholders. It is anticipated that the cost of these activities, amounting to $8m will be shared 

between the landholders and urban communities. Each group will therefore fund $4m.  

.3 Government 

Government is being asked to help pay where actions benefit the environment or communities 

outside the MIA & Districts. Government is also being asked to kick in for on-farm works 

when these are not commercially viable, or where present adoption rates are below plan 

targets. 

A significant number of the Farm and Regional Activities result in benefits to the 

environment. The optimisation process was used to select those options with significant 

impacts on reducing water use and reducing drainage flows, whilst even the BMPs address 

improving water quality issues through improved management practices. The MCA 

conducted on the downstream options identified enormous environmental benefits. 

It is also important to recall the results of the farmer survey addressing adoption levels of the 

various activities in the Plan. Horticultural growers especially indicated that significant 

assistance would be needed to achieve the adoption levels proposed in the plan.  

In the past, Government paid for research and extension to help reflect agriculture’s 

importance to the nation. Once again, government is being asked to pay the full costs of 

feasibility studies and extension activities within the plan area. 

Government is therefore being asked to contribute to the plan. Error! Reference source not 

found. shows those activities for which Government contributions are being sought and the 

relevant level of contribution according to the various beneficiaries of the activity. 
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.3 The Implementation Schedule 

Table 62 Implementation Cash Flow 

Year Govt Contr'n 

(M$) 

L'holder 

Contr'n (M$) 

% Govt 

Contr'n 
1 8.72 6.50 57% 

2 8.10 6.94 54% 

3 8.21 7.13 54% 

4 8.48 7.32 54% 

5 8.88 7.54 54% 

6 7.73 7.55 51% 

7 7.73 7.75 50% 

8 6.20 7.92 44% 

9 6.20 8.10 43% 

10 6.09 8.27 42% 

11 4.42 6.43 41% 

12 4.41 6.29 41% 

13 4.41 6.57 40% 

14 4.41 6.64 40% 

15 4.41 6.75 40% 

16 0.00 3.79 0% 

17 0.00 3.80 0% 

18 0.00 3.75 0% 

19 0.00 3.70 0% 

20 0.00 3.67 0% 

21 0.00 3.86 0% 

22 0.00 3.68 0% 

23 0.00 3.71 0% 

24 0.00 3.68 0% 

25 0.00 3.89 0% 

26 0.00 3.30 0% 

27 0.00 3.33 0% 

28 0.00 3.10 0% 

29 0.00 3.13 0% 

30 0.00 3.11 0% 

 98.4 161.2  

 

.4 The Urban Community Contribution 

We believe it is reasonable for everyone in the MIA & Districts to help pay for some of our 

recommendations. After considerable public discussion on the issue, there is agreement that 

the urban community within the plan boundaries should contribute to the cost of the Plan. 

Urban communities should contribute because: 
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 property values will be protected against salinity damage. 

 they contribute pollution which must be managed 

 they have responsibilities to neighbouring downstream communities. 

 they are indirect beneficiaries of a flourishing regional economy. 

 they directly benefit from regional vegetation programs such as revegetation of wildlife 

corridors and roadside reserves sometimes carried out through Landcare. 

Activities amounting to $8m in cost were identified as having broader community benefits. 

Landholder/irrigators are expected to fund 50% of this cost leaving the balance to be found by 

the urban communities.  

Revenue raised would therefore total $4m over the first 15 year implementation phase of this 

program and will represent a fair distribution of these costs across the whole community. The 

urban community is not expected to contribute any further funds after fifteen years. 

The Task Force, Murrumbidgee Irrigation, Leeton Shire and Griffith City have been 

discussing how this community contribution is to be raised. Discussions aimed at gaining a 

consensus are still continuing. 

The initial proposal to the Councils was to levy the urban (or non-rural) ratepayers a fixed 

cost per premises. On this basis, with an estimated 10,000 rateable premises within the plan 

boundaries, a levy of $27 per premises per year would need to be raised. 

The exact procedure for collecting this levy is still being discussed between MI and the 

Councils, but it is considered to be a matter for the Implementation Entity. MI have agreed in 

principle to raise the levy and are considering suitable procedures for its collection. 

.5 Farm Viability - Ability to Contribute to the LWMP 

A 1995 MIA Farm Business Survey by Naunton & Co suggests the large area farms surveyed 

have a reasonable capacity to contribute to on-farm works outlined in the LWMP. 

Importantly, this capacity is only through annual profits. Current average debt levels of 21 per 

cent of assets leave little capacity to finance major works through increased debt. 

On the other hand, the horticultural farms surveyed were judged to have limited capacity to 

contribute to proposed on-farm works either through profits or increased debt. 

These conclusions become clear in the context of  

◼ the range of farm sizes in the MIA and Districts; 

◼ the range of disposable income available to each farming family; and 

◼ the percentage of equity most families have in their farms. 
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Figure 15 Farm size 

Large Area Farm Sizes
(Source Murrumbidgee Irrigation 1997)

341

162

193

57

19
4 1 4 1 1

0

50

100

150

200

250

300

350

100 200 300 400 500 600 700 800 900 1000

Farm Size (ha)

N
o

. 
o

f 
fa

rm
s

 

Horticultural Farm Sizes
(Source Murrumbidgee Irrigation 1997)
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.1 Disposable Income per Family 

Disposable family income is essentially the profit or loss for each farm business divided by 

the number of families operating that farm. As such it is a measure of the amount available 

within each family for allocation on discretionary items including debt reduction, personal 

drawings, taxation, on-farm investment and off-farm investment. 

Naunton judged that farms with a family disposable income of less than $25,000 would have 

little or no ability to contribute to LWMP on-farm works. Farms with a family disposable 

income between $25,000 and $50,000 would have a modest ability to contribute, while farms 

with more than $50,000 family disposable income should be able to contribute. 

By this reckoning, 41% of large area farms would not be able to contribute to LWMP on-farm 

works. Similarly 67% of horticultural farms would also be unable to contribute. 
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Figure 16 Average Disposable Farm Family Income 

3 yr Average Disposable Family Income

Large Area Farms
(Source Naunton Farm Business Survey 1995)
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3 yr Average Disposable Family Income

Horticultural Farms
(Source Naunton Farm Business Survey 1995)
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.2 Owner Equity in Farming Businesses 

Total equity provides an indication of the net asset base of the farm. The proportion of the 

total equity owned by the farming business (per cent equity) provides an indicator of farm 

viability. Where farm debt is serviced only by farm income, then as a general guide: 

◼ at less than 50% equity, the business is considered non-viable 

◼ from 50-80% equity, the business is considered at risk or of marginal viability 

◼ above 80% equity, the business is considered strongly viable 
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Figure 17 Owner Equity in Farms 

Per Cent Equity

Large Area Farms
(Source Naunton Farm Business Survey 1995)
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Table 63 Average Farm Performance (from MIA Farm Business Survey, Naunton & Co, 1995) 

 Large Area 

Farms 

Horticultural 

Farms 

Median Area (ha) 320  20  

Average Number of Families per Farm 1.4 1.3 

Average Age of Principal Farmer 

(years) 

53.5 52.5 

Median Total Income $188,742  $87,812  

Average Total Expenses $203,384 $92,915 

Average Profit $55,463 $28,553 

Average Disposable Family Income $41,126 $22,392 

Average Total Assets $1,124,344 $601,429 

Average Total Liabilities $231,533 $92,275 

Average Net Assets $892,811 $509,155 

.3 Risk Analysis 

Before government commits itself to sharing the costs of this plan, it wants to understand how 

secure its investment will be. It wants to be sure that MIA farms are well placed to take 

advantage of the benefits of the plan. It wants to be sure that the challenges of land and water 

management are not readily going to be overwhelmed by the ever-present risk of a natural 

disaster or a collapse in commodity prices.  

Per cent equity provides some guide to a farm business’s ability to withstand these sudden 

shocks. Farms with more than 80% equity are considered less at risk than those with lower 

equity.  

Fortunately Naunton’s work shows the vast majority of farms in the planning area (64.4% of 

large area farms and 71.4% of horticultural farms) have 80% equity or more. 
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9 APPENDICES 
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.1 Appendix 1:  Major Wetlands of the MIA & Districts 

Characteristics and Conservation Values of Major Wetland Sites Adjacent to and in the MIA and Districts (*Wetlands Outside MIA&Ds) 

Wetlands Water 

Regime 

Vegetation Recorded Breeding of Colonial Water 

Birds 

RAMSAR  

Site 

National 

Estate 

Important 

Wetland 

(ANCA 

1996) 

Migratory 

Species 

Recorded 

Threatened Species 

Recorded 

Barren Box 

Swamp 

Permanent Fringed by cumbungi, open water 

in remainder 

Sacred ibis, Royal spoonbill, Pacific 

Heron, Little Pied cormorant, Darter 

No No No  Freckled Duck, Blue-billed 

Duck 

*Coonancoocabil 

Lagoon 

Permanent Fringed by river red gum. The 

lagoon is joined to the 

Murrumbidgee River 

 No No No   

*Euwarderry 

Lagoon 

Permanent Fringed by river red gum and black 

box. The lagoon is joined to the 

Murrumbidgee River 

 No No No   

*Gooragool 

Lagoon 

Permanent Fringed by river red gum and black 

box. The lagoon is joined to the 

Murrumbidgee River 

 No No No   

*Kooba Swamp Permanent Black box. Sacred ibis, Royal spoonbill, Intermediate 

egret, Great egret, Cattle egret, Pacific 

heron, Rufous night heron, Little pied 

cormorant, Little black cormorant 

No No No   

Fivebough 

Swamp 

Permanent Covered by thick beds of 

Cumbungi. Open water in sewage 

treatment works evaporation 

ponds/wet meadows in east 

 No No Yes Yes Freckled Duck, Blue-billed 

Duck, Painted Snipe, Black-

tailed Godwit, Brolga, 

Australasian Bittern, Magpie 

Goose, Grey Falcon, Superb 

Parrot, Turquoise Parrot 

Lake Wyangan Permanent Fringed by cumbungi, open water 

in the centre 

Darter No No No  Freckled Duck, Blue-billed 

Duck 

Stanbridge 

Swamp 

Permanent Covered by cumbungi  No No No  Magpie Goose 
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Tharbogang 

Swamp 

Permanent Fringed on the western edge by 

black box 

 No No No   

Tuckerbil Swamp Semi-

Permanent 

Fringed by nitre goosefoot and 

cumbungi 

 No No Yes Yes Australasian Bittern, Brolga 

Warburn Swamp Permanent Some black box fringe the western 

and northern edge of the swamp. 

Large areas of cumbungi 

Sacred ibis No No No   

Almond Road 

Swamp 

Ephemeral black box Sacred ibis, Little egret, Intermediate 

egret, Great egret, Cattle egret 

No No No   

Gum Creek 

Lagoon 

Ephemeral Covered by black box  No No No   

Amoilla Swamp Ephemeral cane grass  No No No   

Belaley Swamp Ephemeral cane grass  No No No   

Berangerine 

Swamp 

Part-

Permanent 

Part-

Ephemeral 

black box (many are dead), lignum, 

cumbungi dominates near the 

Wah Wah escape channel, old black 

box in the fringe 

Sacred ibis, Straw necked ibis, glossy ibis, 

Royal spoonbill, Yellow billed spoonbill, 

Pacific heron, Rufous night heron, Great 

cormorant, Little pied cormorant, Little 

black cormorant, Darter. 

No No Yes Yes Freckled Duck, Painted Snipe, 

Australasian Bittern 

Bullocks Head 

Swamp 

Ephemeral black box  No No No   

Dead Horse 

Swamp  

Ephemeral black box  No No No   

Garowie Swamp Ephemeral cane grass  No No No   

Lethington 

Swamp 

Ephemeral cane grass  No No No   

Lower Mirrool 

Creek 

Ephemeral black box, cane grass, lignum and 

nitre goosefoot 

 No No Yes Yes  

Murphys Lake Ephemeral black box  No No    
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Narrabri Swamp Ephemeral 

and Semi-

Permanent 

cane grass mixed with lignum 

covers low area. Nitre goosefoot 

and black box on higher ground 

with patches of cumbungi 

 No No Yes   

Polygonum 

Swamp/ Dry Lake 

Ephemeral black box  No No No   

Wah Wah Creek Permanent black box  No No No   

Five Oaks 

Swamp 

Ephemeral  Sacred ibis, Straw necked ibis, Royal 

spoonbill, Great cormorant, Little pied 

cormorant, 

No No No   

Highway Swamp Ephemeral   No No No   

Little Berangerine 

Swamp 

Ephemeral   No No No   

Black Stump 

Swamp 

Ephemeral   No No No   

Cabbage Garden 

Creek 

Ephemeral   No No No   

Anders Creek Ephemeral   No No No   
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.2 Appendix 2: A Complete List of Plan Recommendations 

.1 Reducing Seepage to the Groundwater System 

Rec S1. Encourage more government investment in delivery system renewal, especially in 

replacing earth channels with concrete or other linings. 

Rec S2. Initiate a detailed program to identify bed leakage in channels, and where 

particular sites are identified ... 

a) Develop district channel seepage control systems (eg clay lining, and 

interception systems), and. 

b) Establish tree and shrub corridors in channel reserves to limit the 

effects of channel seepage (subject to MI approval). 

Rec S3. Adopt Best Management Practices described in the NSW Agriculture Report “On-

Farm Options”. These provide the basis of our preferred options for all 

irrigated farming systems. (See Appendix 3.) 

Rec S4 Establish education programs and short courses to help develop farmers’ skills 

and understanding of Best Management Practices.  

Rec S5. Develop (and put in place) incentives for farmers attending courses. 

Rec S6. Promote the development of “Property Management Plans” (PMPs) that improve 

farm profitability and ease of management. Aspects of PMPs relevant to 

reducing seepage are:  

 improved irrigation layouts 

 natural resources stocktake 

 tree planting 

 business planning 

Rec S6. Encourage irrigation scheduling for efficient water use by crops. 

Rec S7. Encourage irrigation automation. 

Rec S8 . Encourage on-farm channel seepage controls. 

Rec S9. Institute better monitoring of all crop areas and irrigation applications to identify 

practices leading to excessive seepage losses. 

Rec S10. Implement a water use efficiency improvement scheme aimed at improving on-

farm water use efficiency for the entire MIA & Districts. 

Rec S11. Enforce Rice Target Water Use more firmly by identifying high water use areas 

(through: monitoring; soil type analysis; local knowledge; and bay tests) then 

modifying them or removing them from production. 

Rec S12. Encourage soil amelioration  where target water use is being exceeded, and the 

land is at risk of being reclassified. (This could include Rice puddling: the 

technique of rotary hoeing wet soil which CSIRO research has proven to be 

effective in reducing seepage).  

Rec S13. Reclassify that land where there is evidence of lateral seepage from rice crops 

causing problems to adjacent land. Any ricegrowing policy should be designed 

to eliminate ricegrowing on unsuitable soils.  
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Rec S14. Review annually the 30% hydraulic loading policy and the 16 ML/ha rice target 

water use policy. This will be carried out by the LWMP Implementation Body in 

association with other interested parties. Changes will be recommended if 

satisfactory reduction in groundwater accessions does not result from 

recommendations 11, 12, and 13 above. 

Rec S15. Encourage landholders to adopt improved irrigation practices including fully 

piped automated irrigation systems. ( Note: this recommendation is subject to 

Government providing a 50% subsidy for these works.) 

Government subsidies are justified on the grounds that simultaneous upgrading 

of on-farm irrigation systems and off-farm delivery systems will be cheaper, 

more cost effective and more environmentally sound than the haphazard and 

slow uptake foreshadowed in the no-plan scenario. 

Murrumbidgee Irrigation must refurbish its aging infrastructure; The 

Government is keen to negotiate for the provision of funds for this refurbishment 

as part of the transition to a State Owned Corporation. The success of the 

Beelbangera Integrated Supply and Drainage Systems suggests that if every 

horticulturist moved to high tech irrigation systems tomorrow it would cost less 

to build an appropriate delivery system than it would to replace like with like. 

This puts a whole new perspective on the cost/benefit analysis of converting to 

high tech systems. 

Rec S16. Require all new horticulture developments to be located on sites where 

environmental impacts can be managed effectively. 

Rec S17. Require all new horticulture developments to use high efficiency irrigation 

systems 

Rec S18. Make whole farm plans compulsory. These should fulfil all the conditions 

outlined in Murrumbidgee Irrigation’s guidelines for “Irrigation of Horticulture 

on Large Area Holdings (as revised and published in January 1996). 

Rec S19. The REPAG and the recently formed Cooperative Research Centre (CRC). for 

Sustainable Rice Production be requested to review the hydraulic loading 

concept, with specific reference to Wah Wah conditions. 

Rec S20. That Wah Wah farms adopt practices which will restrict the irrigation intensity 

to 4 megalitres per hectare of land laid out to irrigation. 

Rec S21. That approval for the transfer of allocation water to Wah Wah farms be subject 

to an environmental review process including irrigation intensity consideration. 

Rec S22. That the landholders of Wah Wah Irrigation District must not have reduced 

historical off-allocation availability as a result of any new irrigation proposals 

sourcing water from the Barren Box Swamp or Mirrool Creek supply systems.  

Rec S23. Discourage the design and construction of on-farm channels that cross prior 

stream soils. 

Rec S24. Ensure net retention of native vegetation (by retaining existing stands or 

replacing any that are cleared). 

Rec S25. Plant more deep-rooted and/or perennial pastures. 

Rec S26. Use permanent pastures to intercept seepage losses from on-farm channels. 

Rec S27. Identify on-farm recharge areas and plant them with deep-rooted perennial plants 

such as trees and salt bush, wherever appropriate. 
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Rec S28. Use deep bore pumps as a source of irrigation water where appropriate. 

However, any such water should be retained on-farm in approved storage areas. 

(At this stage, pumping from community deep bores into the water delivery 

system is not recommended). It should be noted that all bores used on farm will 

have to be metered so that information collected can enable accurate crop water 

use figures to be calculated. 

Rec S29 Grow sod-seeded winter cereal crops after rice 

Rec S30 Investigate the suitability of roadside tree planting, and if possible combine these 

with on-farm windbreaks. 

Rec S31 Promote saltbush as part of the shrub component of windbreaks. 

.2 Reducing Surface Drainage Volumes to Acceptable Levels 

Rec D1 Reserve all delivery system water savings to help fulfil long term environmental 

Reserve objectives within the planning area. 

Rec D2 Better forecast demand. 

Good management of the delivery system is linked to good farm management. 

Murrumbidgee Irrigation can use irrigation scheduling techniques to anticipate 

demand if its customers use irrigation scheduling, and irrigators can schedule 

more confidently if water deliveries are responsive to their needs. 

Rec D3 Accelerate automation of the delivery system 

Murrumbidgee Irrigation is investing in system automation. It would like to invest 

more heavily. 

Rec D4 Strategically invest in delivery system renewal. 

Murrumbidgee Irrigation has been negotiating with Government about system 

refurbishment. So far it seems refurbishment will happen slowly.  

Rec D5 Monitor delivery system performance to reduce escape losses. 

Murrumbidgee Irrigation has conducted a water audit to provide benchmark 

conditions for ongoing performance monitoring (see Appendix 4). 

Rec D6 Promote the development of “Property Management Plans.” 

Rec D7 Encourage more efficient irrigation by encouraging irrigation scheduling. 

Rec D8 Encourage irrigation automation. 

Rec D9 Encourage appropriate soil management to ensure more even watering. 

Rec D10 Establish a water use efficiency improvement scheme. 

Rec D11 Encourage adoption of on-farm drainage recycling systems (with storage 

capacity). 

Rec D12 Encourage landholders to adopt improved irrigation practices including fully-

piped automated irrigation systems ( Note: this recommendation is subject to 

Government providing a subsidy for these works.) 

Rec D13 Implement improved irrigation practices. 

Rec D14 Install shallower and closer sub-surface drains. 

Rec D15 Retain all sub-surface drainage water (including water from deep bores) on-farm 

in approved storage areas. 
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Rec D16 Encourage adoption of on-farm drainage recycling systems with storage capacity. 

(However, recycling systems on existing horticultural farms are generally 

considered impractical, their installation is therefore not recommended.) 

Rec D17 Investigate the feasibility of extending the concepts used in the Beelbangera 

Integrated Supply and Drainage System to other parts of the MIA. 

Rec D18 Encourage landholders to re-use water from surface drains within the MIA and 

Districts (subject to Murrumbidgee Irrigation’s drainage re-use policy). 

Rec D19 Investigate the feasibility of constructing drainage re-use pumps at selected 

locations (Murrumbidgee Irrigation). 

Rec D20 Develop on-farm woodlots to use poor quality stored drainage water. 

Rec D21 Investigate the potential for completely opportunistic drainage re-use downstream 

of Barren Box Swamp, (ie irrigation not reliant on secure supplies). Potential 

options include water-harvesting and woodlot production. 

Rec D22 All Wah Wah farms should have a working drainage recycling system, including 

storage of adequate size to recover all possible drainage water and deliver it to at 

least 60% and preferably 100% of the farm. The capacity of the storage would 

need to be determined as a factor of total farm area and farm irrigated area. 

Broad design criteria should be: 

a)  a return drain with some storage capacity below ground level and have 

water pumped back to the supply system and; 

b)  a return drain with larger storage capacity and an above ground level 

storage dam into which a pump delivers all drainage water. 

c)  The use of existing black box depressions is to be avoided if possible. If it is 

considered absolutely necessary to use them, then the impacts must be 

minimised. ie. only a small part of the depression should be used for a 

constructed storage leaving the remaining part of the depression in a drier 

and more natural condition. The storage location should be considerate of 

soil conditions and the environment. Continual monitoring of the stored 

water quality should be undertaken by the landholder. 

Rec D23 The concept of developing a surface drainage system for the Wah Wah Irrigation 

District should be retained for consideration in the future. 

.3 Keeping Drainage Water Quality Within Agreed Standards 

Rec Q1 Murrumbidgee Catchment Management Committee introduce programs through 

the Murrumbidgee Catchment Action Plan to maintain and improve water quality 

upstream of the MIA. 

Rec Q2 Local governments develop and initiate land based re-use of sewage treatment 

plant effluent within the next five years. 

 eg CSIRO FILTER Trial, which provides an effective sewage treatment for 

nutrient and pollutant removal in a sustainable way on limited areas of high-

value land around urban centres. 

Rec Q3 Local governments develop and initiate stormwater drainage management plans 

for urban areas within the next five years. These should be licensed by the EPA. 

Rec Q4 Establish education programs and short courses to help develop farmers’ skills 

and understanding of Best Management Practices.  
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Rec Q5 Encourage all chemical users to attend a “Farm Chemical User Training 

Program.” 

Rec Q6 Develop (and put in place) incentives for farmers to attend courses. 

Rec Q7 Encourage “Integrated Pest Management” (including biological pest control 

where appropriate). 

Rec Q8 Encourage best management practices for pesticide use. 

Rec Q9 Encourage best management practices for fertiliser use. 

Rec Q10 Encourage Councils to provide drum disposal facilities and amnesty days for the 

collection of unused pesticides. 

Rec Q11 Encourage appropriate soil management (see Appendix 3). 

Rec Q12 Where appropriate (see section on drainage re-use), encourage adoption of on-

farm drainage recycling systems. 

Rec Q13 Institute more rigorous monitoring of pesticide and chemical use to better identify 

practices leading to pollution (see Appendix 4). 

Rec Q14 Encourage best management practices to minimise water flows through irrigation 

bays. 

Rec Q15 Encourage adoption of on-farm drainage recycling systems with storages. 

Rec Q16 Investigate the impact of deactivating sub-surface drainage schemes on mixed 

farms. Unless suitable on-farm storage is available, deactivate existing 

community and private sub-surface drainage schemes in mixed farms  

Rec Q17 Retain all sub-surface drainage (including water from deep bores) on-farm in 

approved storage areas. Drainage from these storages will only be permitted if, 

following consultation, the environmental impacts and benefits warrant it. 

Rec Q18 Develop guidelines (based on farm trials) for: 

Rec Q19 Manage all tile drainage emanating from gazetted horticultural holdings to 
reduce environmental impacts (especially downstream) and as far as possible 
making beneficial use of the resource. 

Rec Q20 Aim for further improvements in water quality and reductions in salt loads once 
the initial targets are achieved. Our Water Use Efficiency Improvement Scheme is 
expected to address these objectives. 

Rec Q21 Retain all sub-surface drainage (including water from deep bores) on-farm in 
approved storage areas. 

Rec Q22 Ban discharge from storage dams into community drainage schemes. 

Rec Q22 The salinity level of irrigation supply water to the Wah Wah Irrigation District be 
of a sustainable quality. Water users below Barren Box Swamp, and some 
scientists, believe the target level should be 450 EC. It is currently 700 EC. An 
investigation is to be carried out within the first three years of the implementation 
of this plan to identify the practices to be implemented to achieve sustainability, 
and to investigate if the target is achievable. 

.4 Managing Drainage Disposal to Meet Agreed Standards 

Rec DD1 Construct a pump station at Barren Box Swamp with sufficient capacity to: 

a) increase the range of operation of the swamp; 
b) assist in reducing the floodway use both in frequency and duration; 
c) optimise the water management options for Mirrool Creek and 

Barren Box Swamp. 



 164  

Rec DD2 Investigate agroforestry and other schemes to use saline drainage flows. 

Rec DD3 Upgrade channels to supply agroforestry and other schemes to use saline 
drainage flows, and for the possible expansion of irrigation in the Wah Wah 
Irrigation District. 

Rec DD4 Possible purchase of water entitlements for irrigation landholders along the 
upgraded channels, subject to environmental and channel capacity constraints. 

Rec DD5 Introduce water pricing systems to encourage the responsible use of surplus flows 
from Barren Box Swamp. 

Rec DD6 Allocate funds to investigate community solutions for the disposal of highly saline 
drainage flows. 

Rec DD7 The concept of an outlet channel to the Murrumbidgee River should be retained 
for consideration in the future. 

This would enable the community in future to participate in the Murray Darling 

Basin Commission Salinity & Drainage Management Strategy which provides 

funds and incentives for approved local works associated with drainage access to 

the river. 

Rec DD8 Adoption of the Flood Operations Guidelines for Barren Box Swamp. 

Rec DD9 The upper Floodway section should be improved to 1200 ML/day; 

Rec DD10 The structures downstream of the Mid Western Highway should be approved to 

handle this capacity; 

Rec DD11 The landholders along LMC should be provided with levees to protect selected 

lands from flooding; 

Rec DD12 The MPO option should be implemented to provide opportunity flows for flood 

irrigation to LMC landholders below about the Berangerine road crossing. 

.5 Protecting Our Natural Resources 

Rec N1. Cooperation between landholders (through whole farm plans), local government 

and government agencies to retain native vegetation and to plant corridors of 

original tree species. 

Rec N2. Protection, and where possible rehabilitation, of larger wetlands. 

Rec N3. Protection of natural depressions by ensuring separate farm water storages and 

recycling areas are incorporated into farm plans. 

Rec N4. Ensuring Aboriginal heritage sites are not disturbed by any LWMP or farm works. 

Rec N5. Following conservation practices when undertaking any required works. 
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.3 Appendix 3: On-farm Best Management Practices 

 

Reducing Farm Surface Runoff 

 

Management Option Management Practice 

Property Management 

Planning (PMP) 
• Prepare a PMP. 

• Conduct and incorporate an irrigation survey and design as a component of the farm PMP. 

• Incorporate the construction of a drainage recycling system and on-farm storage into farm PMP.  

• Conduct an EM-31 survey to determine soil irrigation capability as part of PMP. 

 

Irrigation and 

Drainage System 

Design  

• Adopt scheduling techniques irrespective of irrigation system layout. 

• Furrow irrigation systems supply channels should have sufficient height and head to provide a flow  rate of 3.0 litres/sec/furrow. 

• Farm channels and drains on slopes steeper than 1 : 1000 should be piped. 

• Drainage recirculation systems and on-farm storage’s should be designed to make allowance for rainfall events. 

• Match irrigation layout to soil characteristics, irrigation run length, slope and  flow rate. 

• Furrow length should be determined by available flow rate but should not exceed 100m for steeper slopes (1:200) on sandy soils and 400m on flatter 

slopes (1:1500) on a heavy clay soil. 

 

Addition Points for Perennial Horticulture: 

• When using furrow irrigation on poorly subbing soils (such as Red Brown Earths and non self-mulching clays), furrows should be shallow (10 - 15 cm 

deep) and closely spaced (a narrower bed configuration). Bed height should be shallower. 

• Automate irrigation supply on border check and furrow layouts. This includes the use of automated bay outlets and the use of water alarms. 

• All permanent horticulture farms should adopt fully piped irrigation systems (micro or drip). 

• Horticulturists should consider system automation options. 

• Review irrigation system performance regularly with maintenance carried out as required. 
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Best Irrigation 

Management Practice 

 

Irrigation scheduling: 

• Irrigation scheduling should be adopted irrespective of layout. This means matching plant water requirements to irrigation frequency and volume, 

whilst considering the crop growing environment (eg. stage of crop growth, prevailing weather and soil water storage characteristics). 

• Utilise Decision Support Systems such as Rice Check to monitor the efficiency of crop water use. 

• The use of irrigation scheduling devices such as tensiometers will assist growers to detect over irrigation. 

  

 Irrigation Application:  

• For furrow irrigation the time taken for water to reach the bottom of the furrow should be half the time of the total irrigation. 

• Head in supply ditches can be manipulated to reduce surface runoff. Maintain a high initial head (faster flow rate) for the advanced flow then allow 

channel to drop for cut back flow. 

• Soils should be as uniform as possible down each irrigation run. Variation in flow rates between tractor and non-tractor furrows needs to be 

considered. The uniformity of advanced flow rates in a furrow irrigated paddock can be improved by the compaction (rolling) of non-tractor furrows.  

• Increased application uniformity and reduced runoff can be achieved by adopting micro-irrigation in horticultural and row crops.  

• In soils with low permeability (poor subbing ability) surge flow irrigation techniques, high flow rates and short irrigation runs should be adopted. 

• In rice crops depth markers and the use of the last irrigation bay as a drainage buffer will reduce runoff. This requires raising bank  height to a 

minimum of 450 mm. 

  

 Management of Supply and Drainage: 

• The use of low head pipe and lay flat delivery systems allow for easier irrigation management, especially when using cut back flow methods. 

  

 Additional Points for Perennial Horticulture:  

• Furrows should be positioned under the tree or vine canopy and should avoid traffic zones. 
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Best Drainage 

Management Practice 
• Drainage reuse should be considered where practical. 

• Drainage reuse systems should recover all possible drainage water and deliver it to at least 60% and preferably 100% of the farm 

• The recycling of all sub-surface drainage using furrow / bed irrigation systems is recommended. These systems should be designed to retain the first 

12 mm of rainfall runoff. 

• Excess farm drainage entering DLWC channels should be considered for reuse where there is no risk of damage to crops due to poor water quality 

(salinity, herbicides). 

 

Soil Management • Determine soil infiltration characteristics by conducting an EM 31 survey. 

• The water holding capacity of soils should be evaluated. Match irrigation system layout and  management to soil water holding and infiltration 

characteristics. 

• Improving the subbing ability of soils will reduce surface runoff by reducing the irrigation time. This can be achieved by: increasing soil organic 

matter; strategic planting of deep rooted crops in the crop rotation, strategic cultivation at optimum soil moisture(eg. aggresizing), and the modification 

of stubble management (eg leave stubble in furrows to slow the rate of wetting of the soil surface thus reducing the rate of slaking and dispersion). 

• A system of permanent beds is recommended on soils which have poor subbing ability and exhibit slaking and dispersion. 

• The application of gypsum to sodic clay soils and deep ripping where a compacted layer exists (except in rice soils) will facilitate subbing. 

 

Perennial Vegetation 

Management 
• The planting of on-farm woodlots should be considered for the disposal of poor quality farm drainage water. 

• The disposal of drainage on remnant native vegetation in on-farm depressions should not occur. 
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Improved Drainage Water Quality 

 

Management Option Management Practice 

Property Management 

Planning(PMP) 
• Allow for the construction of on-farm storage’s and woodlots to dispose of poor quality drainage water during the development of PMPs. 

 

Irrigation and 

Drainage System 

Design  

• On-farm drainage recycling systems should be installed where practical. These should aim to incorporate storage capability for the first 12 mm of 

rainfall runoff. 

• The recycling of all sub-surface drainage using furrow / bed irrigation systems is recommended. These should be designed to retain the first 12 mm of 

rainfall runoff. 

 

Best Irrigation 

Management Practice 
• Adopt irrigation best management practice to minimise surface and sub-surface drainage and therefore reduce the potential for chemical contamination 

of regional waterways. This includes practices such as:  

• the adoption of irrigation scheduling techniques;  

• the application of fertilisers during an irrigation cycle (preferably during the cut back flow to avoid losses in surface runoff) or to moist soil; 

• Placing depth markers in rice bays and the use of the last bay as a drainage buffer to facilitate rice water depth management to reduce rice drainage 

runoff. This will require raising bank height to a minimum of 450 mm and consolidate rice banks to buffer against rainfall events and blowouts.  

• The adoption of micro-irrigation will facilitate the precise application of chemicals through fertigation and chemigation techniques. 

• Water sensors can be used for border check irrigation to reduce surface drainage.  

 

Best Drainage 

Management Practice  

Drainage Reuse: 

• A system should be in place to capture or reuse rainfall or irrigation runoff that occurs immediately following fertiliser or chemical applications.  

• This could involve the use of:  

I. an on-farm reuse system;  

II. community holding ponds;  

III. wetlands or drainage channels as filter strips;  

IV. a 10 - 20 m wide buffer strip on-farm which contains unfertilised perennial pasture or trees  which will act to 'catch' and filter any nutrients 

or chemicals before they move off the farm. 
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Best Drainage 

Management Practice 

(continued) 

 

Drainage Reuse (continued): 

• The quality of recycled drainage water used for irrigation should be regularly evaluated for salinity levels and pesticide residues (particularly 

herbicides). 

• Where practical first flush of stormwater should be retained and used on farm. 

 Tile Drainage Management: 

• Discharges from tile drainage should be minimised. Sub-surface drainage reduction may be approached in 3 different ways: 

I.  changes to the irrigation system and its management, 

II.  recycle the sub-surface drainage water, and 

III.  change the sub-surface drainage system and its management. This could involve: 

 - The installation of weirs in-line or in the outlet ditch. 

 - The installation of in-line flow control valves; and 

 - Manipulating the tile drainage pumping cycle so that operation occurs less frequently. For example: 

• Stopping the operation of  tile drain pumps during an irrigation and following fertiliser applications. 

• Starting the operation of  tile drain pump when the watertable reaches 120 cm depth during normal  operation. 

• Stopping the operation of  tile drain pump when the watertable is deeper than 150 cm from the surface. 

•  Install shallower and closer drains. 

  Use Best Chemical Management Practices: 

• All chemical users should attend the "Farm Chemical User Training Program" offered by NSW Agriculture. 

• Use IPM or Biological Control techniques for control of pests where alternatives to chemical control have been identified. 

• Where practical use only non-residual chemicals. Select chemicals that are most efficient and least hazardous to the operator and the environment. 

• Never fill spray tanks directly from or near channels and never discharge rinse water or unused chemicals into drains. 

• Use appropriate spray droplet size (300 microns for herbicides and no more than 100 microns for other pesticides) and solid stream application to rice 

water.  

• Minimise spray drift during chemical application. Spraying with steady breeze of 4 - 10 km/hour will minimise drift. 

• Store pesticides at least 150 m from a water source or drain and avoid areas of high watertables. 

• Triple rinse empty pesticide containers and dispose in Council drum disposal facilities. 
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Soil Management • Adopt best soil management practices to minimise turbidity, nutrients and pesticides losses in eroded soil contained in irrigation and rainfall runoff. 

These include: 

• Calculate crop nutrient budgets by using the following procedure: 

a) Regularly conduct soil and plant tissue analysis to determine crop fertiliser requirements. 

b) Assess nutrient inputs from other sources eg. amount of organic nitrogen contributed by legumes in sods or in the pasture mix.  

c) Determine additional fertiliser requirements (based on NSW Agriculture recommendations) taking into consideration soil and plant reserves, 

stage of crop growth and inputs from other sources. 

d) Following fertiliser application evaluate application efficiency by assessing crop response, residual soil and leaf tissue status and potential 

losses to the system (eg. nutrient levels in tile drainage discharges). 

e) Review nutrient budget and  make adjustments where necessary. 

• Apply fertilisers in small frequent amounts rather than in single large applications. 

• Incorporate fertiliser or pesticides into the soil where practical. 

• On permeable soils slow release fertilisers should be used. 

• Improve soil structure by minimum tillage, organic matter addition and the retention of surface mulches and stubble.  

 

Perennial Vegetation 

Management  
• Plant deep-rooted perennial pastures and sods between tree or vine rows to intercept and 'recycle' nutrients infiltrating below the crop root zone. 

• Allow for a 10 - 20 m wide buffer strip on-farm which contains unfertilised perennial pasture or trees . This will act to 'catch' and filter any nutrients or 

chemicals before they move off the farm. 

• If mixed annual pastures are to be maintained for longer than 3 years reduce nitrate leaching by introducing perennial grasses into the pasture. 

• Reduce the duration of the annual pasture phase to prevent the build-up of excessive nitrates which are known to cause soil acidification. 
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Management of Perennial Vegetation 

 

Management Option Management Practice 

Property Management 

Planning 
• SEPP 46 guidelines and planning procedures should be followed prior to the removal of any on-farm vegetation. 

• Property Management Plans should include an assessment of remnant vegetation (health, species, age etc.) and identify suitable sites for planting of 

woodlots, windbreaks and the location of other areas of perennial vegetation such as saltbush and pastures. PMPs should incorporate a management 

and implementation plan for existing native vegetation and proposed tree plantings. 

• On-farm recharge and discharge zones should be identified and the feasibility of woodlots and other perennial vegetation for reducing accessions or 

lowering the watertable in these areas examined. 

• When locating tree plantings, distance to DLWC supply channels and drains and local electricity authority planting guidelines need to be considered.  

• Roadside vegetation should be retained. 

• Where possible on-farm tree plantings should link in with regional tree and wildlife corridors. Farmers should contact their local Landcare groups 

regarding Catchment vegetation management plans.  

 

Saltbush: 

• The use of saltbush in dryland pastures to provide fodder during the autumn feed gap and where it will not interfere with annual cropping rotations 

should be considered. 

• Saltbush, in conjunction with other salt tolerant species should be considered for reclaiming saline land. 

• Saltbush may be incorporated as a windbreak component, whilst also providing a stock feed source. 

 

Irrigation and 

Drainage System 

Design 

• The planting of trees and other perennial vegetation along on-farm channels and drains to intercept seepage should be considered. Plantings adjacent to 

DLWC channels should be located such that the canopy of fully grown trees should come no closer than 5 m from the toe of the channel bank. 

 

Best Irrigation 

Management Practice 
• Perennial vegetation (including trees) planted for groundwater interception should be only irrigated during establishment. In planting areas where there 

is a very high watertable (less than 1.0 m from the soil surface) or where salt scalds are evident, tree rows should be hilled prior to planting. 

• Best Irrigation Management Practices should be applied to all irrigated woodlots used for commercial purposes. 
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Best Drainage 

Management Practice 
• The planting of on-farm woodlots should be considered for the disposal of poor quality farm drainage water. 

  

• The disposal of drainage on remnant native vegetation should not occur. 

  

• Allow for a 10 - 20 m wide buffer strip on-farm which contains unfertilised perennial pasture or trees . This will act to 'catch' and filter any nutrients or 

chemicals before they move off the farm. 

•  

Soil Management • In horticultural crops the planting of sods between vine and tree rows should be considered. The incorporation of deep-rooted perennial vegetation 

such as lucerne into sods will help to reduce nitrate leaching below the crop root zone as well as providing additional organic matter and nutrients to 

crops. 

  

• The planting of on-farm windbreaks will increase stock and crop productivity and product quality and help to protect soils from degradation. 
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Reduce Groundwater Accessions 

 

Management Option Management Practice 

Property Management 

Planning (PMPs) 

For All Farm Cropping Systems 

  

• Base farm channels on a Whole Farm Plan to minimise channel length and the number of associated structures. 

• Unless sealed, the design and construction of farm channels that cross prior stream soils and tile drains, is discouraged. 

• Prior to the installation of tile drainage systems, farmers landholders should undertake detailed soil and groundwater investigations. 

 

Irrigation and 

Drainage System 

Design 

Supply 

• Criteria to achieve the desired flow rate should be established and designed into the irrigation system prior to construction. 

• Irrigation system designers should match available supply flows with bay widths for contour and border check layouts, and length of furrows for bed 

systems. Design and construct contour bays so that the required amount of water can be applied within 6 hours with available flow. 

• For border check layouts a bay length of 400m and minimum flow of 2 ML/day/10m width of bay for self mulching clays and 3-4 ML/day/10m for 

lighter soils is required to achieve high efficiencies.  Discourage bay widths greater than 30m on slopes flatter than 1:1500 with 6 revs of flow. 

• Slightly oversize channels to accommodate some weed growth during the irrigation season. 

• Furrow length should be determined by available flow rate but should not exceed 100m for steeper slopes (>1:200) on sandy soils and 400m on flatter 

slopes (>1:1500) on a heavy clay soil. 

• Furrow shape should be determined by soil type and slope, with the aim to produce maximum subbing with minimum percolation below the crop root 

zone. 

  

 Drainage 

• Design all fields to have access to a farm drain which is deep enough to completely drain the field and borrow pits.  Construct farm drains to a size 

capable of draining all farming area within 4 hours after irrigation and preferably within 12 hours (definitely 24 hours) after rainfall. 

• Cut field drains at the bottom of each paddock to a minimum depth of 0.1m and minimum slope of 0.02% to assist drainage to the paddock outlet. 

• Minimise the number of structures in drains and size them to pass water at a rate above drainage requirements. 
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Irrigation and System 

Design cont'd. 

 

 

 

 

• All furrow irrigated systems should have a drainage recirculation system that is capable of draining all farming area within 4 hours after irrigation, and 

preferably within 12 hours (definitely 24 hours) after rainfall. 

• Collection methods (for channel seepage) must avoid mobilisation of subsoil salt to the surface.  Depth of collection pits will need to be carefully 

assessed and output water monitored for salinity. 

• Where tile drainage lines are traversed by furrows, sealing of the line or the trench over this distance could be expected to significantly reduce loss of 

water to the tile installation.  Piping or sealing of the furrow over this distance could be a more practical solution. 

• If tile drainage lines are installed parallel to furrows, furrow placement above these installations must be avoided. 

• Those soils which "sub" more readily, such as the self-mulching clays, are more suited to deeper furrows and higher, wider beds. 

• If saline soils are a problem, beds are sometimes formed with a ridge to control the location where salts accumulate.  Irrigators should regularly 

monitor the salinity and depth of the watertable.  

 

Best Irrigation 

Management  

 

 

 

• The use of piped systems on light textured soils should be considered. 

• In lighter soils prone to seepage supply ditches should be piped. Low head pipe and riser systems to the head of tree / vine rows are suitable. 

• Furrow shape and spacing should be determined by soil type and slope, with the aim to produce maximum subbing with minimum percolation below 

the crop root zone. 

• Furrows should be consolidated prior to first irrigation to prevent erosion and to facilitate the primary flow.  Rolling or light rainfall can achieve good 

firming. 

  

 Groundwater Use on Farm 

• Where a high watertable exists, groundwater pumping of water with salinity less than 5 dS/m is encouraged.  This groundwater should be reused over 

the same aquifer from which it was drawn. 
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Best Drainage 

Management Practices 
• Landform all irrigated paddocks to improve surface drainage.  Ideally for furrow or bed farming, a cereal crop should be sown immediately after 

landforming. 

• Design all fields to have access to a farm drain which is deep enough to completely drain the field and borrow pits.  Construct farm drains to a size 

capable of draining all farming area within 4 hours after irrigation and preferably within 12 hours (definitely 24 hours) after rainfall. 

• Develop suitable channel sealing techniques and apply these to on-farm channels where necessary. 

• Where channels can not be effectively sealed, the interception of channel seepage or collection and reuse options should be evaluated to minimise 

degradation and groundwater accessions. 

  

 Additional Points For Perennial Horticulture: 

 Drainage 

• On horticulture farms where excessive water use is detected or downslope seepage is obvious encourage the: 

a) regular maintenance of all automated irrigation systems; 

b) conversion to micro-drip or micro-spray irrigation systems; 

c) water scheduling and water budgeting; and 

d) the replacement of any leaky unlined channels with piped systems. 

• Irrigation management should aim to minimise water draining below the crop root zone into tile drainage lines. 

• Surface drainage systems should be capable of draining all the farming area within 4 hours after irrigation, and preferably within 12 hours (definitely 

within 24 hours) for rainfall. 

 

Best Drainage 

Management Practices 
• Development of 'low' spots at drainage ends of tree rows should be avoided.  All furrows require even cutting into the main field drain. 

• Tile drainage lines require regular maintenance (every 2 years) to clear possible blockages and prevent the possibility of waterlogging. 

• Watertable height should be monitored regularly. Test wells should be located mid-way between tile lines or where drainage is poorest. 
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Soil Management 

 

 

 

• For irrigators wishing to grow rice, promote the dedication of the most impermeable rice approved soil to rice/pasture rotations and the rest of the farm 

for upland cropping. 

• Farmers need to minimise the use of gypsum and deep ripping on areas dedicated to rice/pasture rotations. 

• Restrict the use of rice as a leaching crop for saline land management to upland areas with soil salinity greater than 2 dS/m. 

• Puddling may be an option for approved rice areas to assist in meeting the target rice paddock water use. 

• Monitor puddled areas to ensure a reduction in paddock water use to within the target does occur and there is no long term effect on subsequent crop 

yields. 

• Ideal soils for vegetable production should enable even water application to a depth of at least 60 cm and drain freely following irrigation or rainfall in 

12-24 hours. 

 

Perennial Vegetation 

Management 
• Replace irrigated annual pasture that is not involved in a cropping rotation with perennial pasture (including lucerne) or an annual/perennial mix, 

• Incorporate perennial pasture species into annual pasture mixes where long term pastures (ie >3 years) are involved in a cropping rotation, and 

• Plant deep rooted perennial vegetation on slopes below horticultural plantings to intercept surface and sub-surface drainage.  

• Increase plantings of dryland perennial pastures especially in non-commandable areas. 

• Consider the planting of perennial pastures along on-farm supply channels to intercept channel seepage. 

• Identify on-farm recharge zones and examine the feasibility of woodlots for reducing accessions in these areas. 

• Where channels can not be effectively sealed the interception of channel seepage through planting perennial vegetation should be evaluated. 
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Improved Soil Management 

 

Management Option Management Practice 

Property Management Planning 

(PMPs) 
• The design and construction of farm channels that cross prior stream soils and tile drains, unless sealed is discouraged. 

• Prior to the installation of tile drainage systems, farmers should undertake detailed soil and groundwater investigations. 

 

Irrigation and Drainage System 

Design 
• On soils which have poor subbing ability and exhibit slaking and dispersion, such as transitional red brown earths, a system of permanent 

beds is recommended. 

• Any landforming or deep ripping (or sub-soiling) that is required should be done prior to planting of the trees or vines. 

 

Best Irrigation Management Practices • Puddling may be an option for approved rice areas to assist in meeting the target rice paddock water use. 

• Monitor puddled areas to ensure a reduction in paddock water use to within the target does occur and there is no long term effect on 

subsequent crop yields. 

• A technique developed at Tatura known as "aggresizing" has been shown to substantially improve water infiltration. This method involves 

hilling up the beds and then carry out a further cultivation when they are close to their lower plastic limit which yields a good tilth in the 

soil. 

• Long soaking may be required to achieve "blacking out" for germination when beds are new (24 hours or longer), because the soil clods 

have not settled. 

• Water infiltration in red clay loams can be improved by rotating vegetable crops with deep rooted crops such as maize. 
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Soil Management • Practice reduced tillage and the retention of stubble or surface mulches to maintain and improve soil structure. 

• Soil testing should be carried out every 2-5 years to determine soil pH, sodicity, aluminium, manganese and other nutrient levels on irrigated 

and dryland areas. 

• Minimum tillage, organic matter addition, gypsum addition (on sodic clay soils if required) and strategic cultivation at appropriate soil 

moisture content will provide optimum crop growth conditions and facilitate even water application. 

• Deep ripping should only be practised where a compacted zone is identified. 

• Prior to planting permanent horticulture, deep rip along the proposed planting lines, incorporating soil amelioration materials as required. 

• If a compacted layer can be identified following landforming, deep ripping and other ground preparation should occur prior to construction 

of beds. 
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Soil Management 
cont’d 

• The practice of cultivated fallow is not  encouraged. 

• Where initial 'subbing' is anticipated to be a major problem narrower hills (half the planned final bed-width) may be constructed initially.  These hills 

are used to grow the first crop in the problem soil.  When the soil structure has improved the hills are converted to the wider bed format (0.9 m to 1.8 

m) following harvest. 

• Gypsum, if necessary, should be applied to sodic clay soils and incorporated after bedding up and prior to sowing the initial crop. Later incorporation 

may destroy soil structure. 

• Amelioration of sodic soils by gypsum or lime should be at rates based on soil test results.  Where sodic subsoils are exposed by landforming, topsoil 

replacement should be considered. 

• Successive planting of a number of crops may be required to successfully improve soil structure.  A winter cereal crop sown before an expensive high 

input summer crop can assist in improving the soil structure of the beds. 

• Use acid tolerant species and adopt management practices which give positive cash flow, where are shown to have pHCaCl2 levels below 4.5.  This is 

a short term measure to increase cash flow to finance lime application. 

• Apply lime to all soils with a pHCaCl2 less than 4.5 to stop subsoil acidification and to raise soil pHCaCl2 above 5.5 to expand crop and pasture 

options. 

• Soils should be at the lower plastic limit when landforming is undertaken. Growing a winter crop prior to landforming can help to dry the soil out. 

  

 Additional Points for Perennial Horticulture: 

• In permanent horticultural planting a sod or cover crop should be grown in the interrows to improve soil condition, lateral water distribution and 

orchard / vineyard trafficability. 

• Any landforming or deep ripping (or sub-soiling) that is required should be done prior to planting of the trees or vines. 

• Avoid the use of deep ripping in existing permanent horticultural plantings unless the soil structure needs substantial amelioration.  The advantages of 

deep ripping need to be balanced against tree and vine damage and associated loss of production before the decision to deep rip is made. 
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.4 Appendix 4: A Detailed Monitoring Program 

TABLE 6 

Disclaimer:  Indicative surveys of representative farms 

Objective Performance 

Area 

Performance 

Indicator 

Parameters to be monitored Monitoring Programs  Target Frequency Estimated 

Cost 

   DSS (monitored by farmer) On - Farm Survey (Collation 

of DSS information) 

Regional Surveys    

Develop 

Prosperous 

Farming 

Community 

Agricultural 

Productivity 

Gross Sub - 

Regional 

Productivity 

Plant:  

Yield / ML 

Quality eg. packout, protein, 

brix. 

Animal: 

kg meat or wool / ha 

Quality eg. micron, number of 

sale animals, weight of stock. 

Surveys of agricultural 

productivity for every sub-

catchment eg. Mirrool, Yanco, 

Benerembah and Wah Wah 

 Determined 

by Industry 

Benchmark 

Once/5 yrs $20K/5yrs 

 Appropriate 

Structural 

Adjustment 

Landuse Trends Area Irrigated Cropping 

Cropping Rotations 

Area of Land Retirement / Farm 

 Land Use Surveys compared to 

Land capability assessment 

- Land Use Trends 

- Land Retirement Trends 

- Interface Adjustments 

 Once/10 yrs $15K/10yrs 

 Financial Farm Financial 

Performance 

In the last financial year, 

-  disposable income? 

-  farm operating surplus? 

-  debt : farm income? 

-  farm income? 

-  % operating cost? 

-  farm income to machinery 

ratio? 

-  Gross Return/ML, Variable 

Costs/ML, G.M./ML? 

Survey using accountants to 

assess ratios of: 

a) operating costs to income 

b) personal costs to income 

c) financial costs to income 

d) debt to income (Equity) 

Also: 

i) Farm size and tenure; 

ii) % Farm Ownership; and 

iii) % Off Farm Income and 

Investments; 

 National 

Indicator 

Benchmarks 

Once/5 yrs $25K/5yrs 

 Social i) Community Well 

- Being 

ii)  Level of 

Monitor health, recreation time, 

achievement of personal and 

family goals. 

i) Use of Government and Non-

Government Support Services - 

eg. rural counsellor, grants, 

unemployment records, 

 i) 80% of 

farmers to 

complete 

Irrigator 

Once/5 yrs $20K/5yrs 
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Competency 

iii)  Personal Well - 

Being 

participation in community 

activities  

ii) Formal knowledge (level of 

education); Skills base - 

irrigation course completed. 

AITP standard achieved; 

Attitude - member of Landcare 

Group; Intellectual Strategies - 

use of farm physical and 

financial plans. 

iii) Physical and Mental health; 

recreational time; use of hired 

labour 

Training 

Course in 

10 yrs.  

 

ii) N/A  

Achieve 

Sustainable 

Agriculture 

Soil Integrity i) % Land Salt 

Affected 

ii) Soil Chemical 

Health Status 

iii) Soil Physical 

Health Status 

iv) Area of 

Degraded Land 

Fertiliser Management  

Soil pH 

Soil Salinity 

Survey of Soil Cultural 

Practices 

(i) Sub-catchment Salinity 

Surveys; 

(ii) Soil Acidity Survey; 

(iii) Survey of waterlogged 

soils. Satellite imagery wet 

years. Selected Ground records 

two yearly 

<20% Land 

affected by 

soil salinity 

<20% Land 

affected by 

soil acidity. 

Waterloggin

g not 

significantly 

affecting 

production 

Once/3yrs 

 

Once/5yrs 

 

Satellite 

survey high 

rainfall year 

+ field 

records once 

2 yrs 

$30K/3yrs 

 

$25K/ 

5yrs 

 

 

$15K/ 

5yrs + 

$5K/yr 

 Reduce 

Chemical 

Export 

Adoption of Best 

Chemical 

Management 

Practices 

Monitor biocide use with spray 

diary. 

 

IPM records. 

Survey IPM consultants and 

farmers for numbers utilising 

low chemical regimes and 

chemical management 

practices. 

 

  No. farmers attending 

Chemical Users Course 

  No. farmers with 

spray diary 

  Survey Industry to 

determine no. of farmers 

participating in Low Chemical 

Marketing Programs 

80% of 

farmers to 

attend 

Chemical 

Users 

Course in 

10 yrs 

 

50% 

Survey 

Once/5yrs 

$20K/5yrs 
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farmers to 

use spray 

diaries 

within 5 yrs. 

 Groundwater 

Conditions 

i)  Trends in depth 

of average 

watertable 

 

ii) Trends in 

pressure depth  of 

deep aquifers 

 

iii) No. of farmers 

applying for 

installation of on-

farm test wells 

On-farm test well monitoring 

(pre and post irrigation). 

 Bi annual piezometer surveys 

(>600 piezos) 

 

 

Improve 

trend in 

watertable 

height 

compared to 

1993 

baseline. 

Piezometer 

Monitoring 

March & 

September 

each year. 

$120K/yr 

 Rice 

Environmental 

Monitoring 

i) No. of farms 

>16ML/ha 

ii) No. of incidences 

of seepage 

complaints 

iii) Compliance 

with rice hydraulic 

loading policy 

Rice PaddockWater Use 

Monitoring 

Survey No. of farms puddling 

soils 

Adoption of REPAG guidelines 

 

Broad 

Compliance 

Annual 

Assessment 

$160K/yr 

 Adoption of on-

farm Options to 

reduce 

groundwater 

accessions 

Development of a 

Property 

Management Plan 

 

Adoption of Best 

Irrigation System 

Management 

Practices 

Monitor WUE and water 

application efficiency, schedule 

irrigations.  

Record electricity units 

consumed on tile drainage 

pumps. 

Review of Whole Farm 

Planning. 

Soil suitability assessment (eg 

EM 31) ? 

 

Survey of subcatchment farms 

to determine adoption rates : 

Surveys to determine: 

  No. farmers attending 

PMP workshops. 

 

  No. farmers attending 

Irrigator Training Courses 

 

80% 

adoption of 

on-farm 

options in 

10 yrs 

 

90% of 

farmers 

Once/5yrs $50K/5yrs 
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 PMP 

Laser levelling 

Surge flow irrigation 

Micro-irrigation 

Irrigation scheduling  

Puddling 

Perennial Pastures 

Tree Lots 

Automated Bay outlets and 

Alarms 

Tile Drainage Reduction 

Strategies 

  No. subsidies made 

available for Whole Farm Plans 

and Irrigation works 

 

Develop, then implement 

Drainage Quota Monitoring 

System 

meeting 

crop WUE 

targets in 

10yrs 

 Reduce 

Channel 

Seepage 

No. of locations 

with high channel 

seepage 

Monitoring test wells adjacent 

to on farm channels. 

Adoption of on-farm channel 

seepage reduction methods 

(planting perennial species, 

subsurface intercept) 

 

Determination of: 

  No. farms 

participating in MI channel tree 

plantings. 

  Monitoring of 

channel seepage and repair 

works undertaken 

About 35 

Large Area 

Farm sites 

treated 

within 10 

years 

Annually $2K/5yrs 

 Groundwater 

Control 

Horticulture 

No. farms requiring 

subsurface drainage 

Test well monitoring  No. of IREC Tile Drainage 

Committee Inquires 

Negligible 

areas 

affected by 

high 

watertables 

Once/5yrs $2K/5yrs 

 Groundwater 

Control 

Large Area 

Farms 

No. farms requiring 

subsurface drainage 

and on-farm 

disposal 

Test well monitoring 

 

 

 

Monitor Bore Yield 

Survey of farmers based on 

salinity survey 

Applications for Tile / Mole 

Drainage and on-farm storage 

or recirculation system 

installation (IREC Tile 

Drainage Committee) 

 

Bore pumping applications  

N/A Once/5yrs $10K/5yrs 

Improve Water 

Quality 

Supply Water 

Quality 

Salinity and Water 

Quality Parameters 

Monitor quality of re-use and 

bore water used for supply. 

Survey no. drainage re-use 

systems in place, including 

regular monitoring results of re-

MI Water Quality Programs  EPA 

Guidelines 

Continuous $30K/yr 
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in supply use water by the farmer. 

 Drainage Water 

Quality 

i) Level of nutrients 

in sub-catchment 

drains; 

ii) Incidence of 

pesticide levels 

exceeded in 

subcatchment drains 

iii) Sediment load in 

drains 

Keep spray and IPM diary   MI water quality and 

contingency programs 

-  Nutrients 

-  Pesticides 

-  Turbidity 

 

Chemical and Nutrient Export 

Assessments 

EPA 

Guidelines 

(River, 

Willow 

Dam 

separate) 

Continuous / 

Contingency 

$165K/yr 

 Drainage Water 

Salinity 

i) Salt loads from 

horticultural farms 

ii) Salt loads from 

large area farms 

iii) Salt loads from 

other sources 

Monitor salinity of re-use and 

bore water 

Survey methods of subsurface 

drainage disposal 

Salinity Monitoring Program 

Water and Salt Balance for Tile 

Drained Farms 

Water and Salt Balances for 

Large Area Farms  

Water and Salt Balances for 

MIA 

a) <700 EC 

in Wah 

Wah Supply 

 

b) Salt Load 

at Willow 

Dam not 

increasing 

Salinity 

Monitoring 

continuous; 

 

Water / Salt 

Balances 

every 5 yrs. 

$50K/yr 

 

 

 

$50K/5yrs 

Reduce 

Drainage 

Volumes 

Runoff Large 

Area Farms 

Adoption Best 

Irrigation 

Management 

Practices 

Determine WUE and irrigation 

application efficiency. 

 

Undertake irrigation system 

evaluation 

Level of adoption of Best 

Irrigation Management 

Practices: 

Surge Flow Irrigation; 

Scheduling; 

Automated bay outlets / water 

alarms; 

Regular irrigation system 

evaluation; 

Level of compliance Crop 

WUE annual targets. 

 

No. subsidies 

80% 

adoption of 

on-farm 

options in 

10 yrs 

90% 

farmers 

meeting 

WUE 

targets in 

10yrs 

Once/5yrs $20K/5yrs 

  No. of recycling 

systems  

(with / without 

 Survey of no. of recycling 

systems 

No. of subsidies for on-farm 

recycling systems 

400 5ML 

storages 

Annual 

Report 

$1K/yr 
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storages)  

40 26ML 

storages 

  Escape flow 

volumes 

Record no. rainfall rejections 

and overtopping of on-farm 

storages. 

 Uptake automation and 

SCADA at key sites 

 

Examination of Channel 

Attendants Records 

about 5 - 10 

GL/yr 

reduction in 

wetter yrs. 

Annual 

Report 

$2K/yr 

  Volumes in drains   Drainage volume monitoring 

program 

 

Sub-catchment  monitoring of 

drainage volumes 

15% 

reduction at 

Willow 

Dam within 

10 yrs. 

Annual 

Report 

$5K/yr 

  Drainage Re-use 

from District Drains 

Records of volumes pumped or 

electricity units consumed 

 Number of  district pumps and 

volumes pumped from drains 

 

 

No. of farmers reusing water 

from drains 

about 5,500 

ML/yr in 

wetter yrs 

 

20 systems 

in 10 yrs 

Annual 

Report 

 

 

Annual 

$1K/yr 

 

 

 

$1K/yr 

 Runoff 

Horticultural 

Farms 

Adoption Best 

Irrigation 

Management 

Practices 

 

Level of compliance 

with WUE annual 

targets (DQMS) 

Determine WUE and irrigation 

application efficiency. 

 

Undertake irrigation system 

evaluation 

Survey of No. farmers using 

BIMP: 

Fully piped irrigation systems; 

Surge Flow Irrigation; 

Scheduling; 

No. farm drainage outlets; 

Regular irrigation system 

evaluation; 

 

Determine no. of subsidies for 

On Farm practices 

 

Develop, then implement 

Drainage Quota Monitoring 

System 

 

200 total 

farms with 

piped 

systems in 

10 yrs 

 

80% 

adoption of 

on-farm 

options in 

10 yrs 

Once/every 

5yrs 

$25K/5yrs 
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90% of 

farmers 

meeting 

WUE 

targets in 

10yrs 

  Tile Drainage 

Volume 

Record Tile drainage Pump 

Electrical Unit consumption 

 

Monitor effectiveness of tile 

drainage management strategies 

Survey tile drainage 

management 

Review of tile drainage 

electricity meters 

<9000 

ML/yr by 

2005 

5 years $50K/5yrs 

  Escape Flow 

Reduction 

Record no. rainfall rejections  Uptake automation and 

SCADA at key sites 

 

Examination of Channel 

Attendants Records  

About 5 - 

10 GL/yr 

reduction in 

wetter yrs 

Annual 

Report 

$2K/yr 

  Drainage volumes   Drainage volume monitoring 

program ; 

Sub-catchment  monitoring of 

drainage volumes 

15% 

reduction 

within 10 

yrs. 

Annual 

Report 

$5K/yr 

Reduce 

Downstream 

Impacts 

Lower Mirrool 

Creek Impacts 

Frequency, duration 

and extent of 

floodway releases 

  Collate statistics of floodway 

releases 

< once 

every 5 

years from 

year 10 

Continuous $1K/yr 

  Health of Lower 

Mirrool Ck. 

wetlands habitat 

  Survey Lower Mirrool Creek 

(as per Robert / Wilkes survey 

manual (1993)) 

Less 

damaged 

habitat 

Once/5yrs $30K/5yrs 

Maintain  

Natural 

Environment 

Native 

Vegetation 

No. of tree corridors 

planted 

On-farm tree planting program 

- no. plantings per year. 

 Review of Landcare activities 

undertaken (Landcare 

Coordinator) 

6 significant 

sites within 

10 yrs 

5 yrs $5K/5yrs 
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  Health status of 

major wetlands 

  Review on health of major 

wetland areas 

Health and 

biodiversity 

of major 

wetlands 

maintained  

5 yrs $10K/5yrs 

  Status of remnant 

vegetation and 

fauna 

On farm management of 

remnant vegetation 

 Review relevant agencies 

(DLWC and NPWS) for 

information on remnant 

vegetation, threatened species, 

critical habitat 

No decrease 

in 

area/health 

of remnant 

vegetation 

5yrs $10K/5yrs 

  Identification / 

preservation of 

Aboriginal heritage 

sites 

  Listing of Aboriginal Heritage 

Sites from NPWS 

Preservation 

of identified 

sites. 

5yrs zero 
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.5 Appendix 5: Downstream Options Excluded from Preferred LWMP 
Strategy 

 

The development of the MIA&D LWMP included the consideration of many options. Many of these in 

the end were included in various degrees, dependent on optimisation and other considerations. There 

were also a range of options which were not included in the plan, for various reasons. Below follows a 

list of the options which have not been included : 

 

OPTION REASON FOR REJECTION 

Two or four day water ordering horticulture 

 

Risk of crop yield reduction if service is reduced. 

Channel seepage control horticultural farms. More appropriately a refurbishment issue 

. 

Community tile drainage or tubewell schemes in 
mixed large area farms. 

Cost of pipelines and evaporation areas make these 
type of options uneconomic unless higher 
value crops are involved. 

Recycling and reuse of horticultural drainage 
with or without storage. 

Social and economic factors. Water quality benefits 
not quantifiable. 

Mole drainage in horticulture or extended 
horticulture or mixed farming 

Not considered sufficiently effective. Economics are 
doubtful 

Community evaporation areas to receive 
horticultural tile drainage effluent 

Uneconomic. Huge size required, very expensive 
pipeline systems to site. 

Tile drainage horticultural farms Already being implemented, does not have to be 
promoted further. 

Integrated renewal of horticultural supply 
systems 

Needs to be considered and evaluated on a case by 
case basis.  

Automisation horticultural irrigation (once high 
tech systems are in place). 

Environmental benefits unclear 

Pipeline to the sea to dispose of saline 
groundwater. 

Uneconomic  

Desalination of saline winter flows in Mirrool 
Creek 

Uneconomic 

Injection of saline groundwater to deep 
aquifers. 

Not technically feasible and also high costs. 

NHPS - Large Storage for New Irrigation Too large a scheme. Not economic. 

 

NHPS Ring Tanks Whilst the most economic option of the various 

NHPS proposals (yet BCR<1), it was rejected on 

basis of social inequity. 

NHPS - Agroforestry for disposal of moderately 

saline drainage water 

Marginally uneconomic, and since there are other 

proposals being investigated (eg SBC), it has not 

been selected at this stage. 

Multicell Swamp Not economic after investigations 

 

Piping Stock and Domestic channels in WW 

S&D district 

Uneconomic. 

Surface drainage system for Wah Wah farms Downstream effects cannot be predicted. Farms large 

enough to manage surface drainage within their 

boundaries. 
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Spillway on BBS Frequency of use would be insufficient to justify the 

costs, esp. with MIA&D LWMP implementation. 

Upgrading Wah Wah supply to use more 

drainage flow from the MIA in peak periods. 

Matter of infrastructure renewal (dowry). 

 

Discussion is provided for the more significant options in the rejections list above.  

 

1. Community Tile or Tubewell Schemes in Large Area Farms 

 

The soil salinity trends in the large area farms of the MIA are very slow, however unsustainable in the 

final analysis. Only sub-surface drainage will be able to control groundwater levels and hence salinity 

building up.  

 

Two schemes were investigated, a tubewell (vertical) drainage scheme near Murrami, and a tile 

(horizontal) drainage scheme in North Benerembah. Technical details prepared by A. Tiwari may be 

found in van der Lely (1995). The economics of the schemes were examined by Economics Unit 

(1995). Unfortunately, the schemes involving pumps, pipelines and evaporation areas were found to be 

uneconomic. Based on the assumptions made the production levels and yield improvements would not 

offset the costs. 

 

The conclusions derived led to other conclusions, namely, that individual landholders who grow higher 

value crops, and can afford sub-surface drainage, need to develop such systems on their own farms or 

with neighbours. The main issue is the management and sustainability of evaporation areas. This is now 

being investigated by the CSIRO (Kumar, Adelaide) and E. Christen (Griffith)). 

 

References: 

1. Van der Lely (1995). MIA&D LWMP. Evaluation of Watertable Control Options, DLWC 

report , Leeton, NSW 

2. Economic Unit (DLWC) (1995)  "Economics of horizontal sub-surface drainage scheme for 

the North Benerembah sub-district of the BID". Parramatta, NSW 

3.  Economics Unit (DLWC) 1995  "Economics of vertical subsurface drainage scheme for the 

Murrami sub-district of the MIA. Parramatta, NSW 

 

2. Agroforestry including use of moderately saline water. 

 

New irrigation as an option downstream of BBS has the disadvantage that it will require more water in 

dry years when supply of drainage from the MIA is low, and less water when the supply of drainage 

flow is high. Agroforestry could have the same disadvantage, however drought stressing may have less 

consequence overall. In wet years a usage of 10 Ml/ha is considered feasible, in the dry year the trees 

will still grow when the supply is limited to 7 Ml/ha. 

 

The median winter flows of salinity 700 EC and over is in the order of 7,000 ML. This indicates about 

1000 ha of agroforestry would be needed, and a 5,000 Ml storage. The average salinity of these flows is 

about 1,200 EC. Investigations using SALT ACTION funding at Carrathool (Tiwari, 1995, 1996) found 

that irrigation of agroforestry using moderately saline water is quite feasible, with salts not building up 

in the soil to undesirable levels for at least 50 years, provided the soils selected are not of the worst 

type, these being the sodic, low permeable, saline, non self mulching clays of the alluvial plains. 

 

Investigations on the economics of this option revealed that the BCR would be in the order of 1.00 

(IRR=7%) if no storage was needed, and less if it is (Coleambally Plantation Working Group, 1997). 

Other analysis shows a BCR of about 0.85 (NSW Agriculture - woodlot option. Total cost of the option 

for the downstream project including a storage would be in the order of $3.5 milion (SKM report). The 

economics did not include any consideration of the salt management benefits attributable to the option. 

The apparent poor returns have caused a reduced interest and it was excluded from the Preferred 

LWMP Strategy for that reason, and because there are other options, such as the SBC concept, or the 

channel to the river concept, which compete with this option. 

 

The management of the SBC project carried out by CSIRO considers it to be its task to evaluate the 

various options side by side and to carry out comparative analysis. In that context the agroforestry 
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option may still well come on top, because the Channel to the River Option is expensive in terms of 

salinity credits, and the SBC option may require investments to the tune of $10 million for the same 

scale to which it can address the salinity problem. 

 

References : 

1. KinHill Report (1994) 

2. SKM report on Northern Hay Plains, 1997 

3. Arun Tiwari (DLWC, 1995, 1997) Agroforestry for the Disposal of moderately saline winter flows. 

4. Coleambally Plantation Working Group: (1997) Review of a Proposal for Irrigatd Hardwood Tree 

Plantations at Coleambally.  

 

 

3. Artificial Wetland 

 

The KinHIll Study involved a channel from Barren Box Swamp to the Murrumbidgee River. 

Examination of water quality records showed that whilst pesticide levels in BBS were generally absent 

or negligible, the nutrient levels and turbidity is high. Discharge to the river would cause a small 

impact, dependent on dilution levels by the River at various times of the year. For that reason a 200 ha 

artificial wetland was included with the then proposed 600 ML/day channel, to filter out the undesirable 

fractions. 

 

The study included the sizing of the wetland to get maximum benefits in terms of filtering effect. It 

would be necessary to operate the channel at 200 Ml/day at most times, and the higher capacity only in 

emergencies (when not all water would be filtered). The 200 ha artificial wetland could manage 200 

Ml/day. It was believed about 50-75% of nutrients of the flows up to 200 ML/day would be removed 

 

After release of the report some comments were favourable, but several, including those of EPA were 

unfavourable. The opinion was expressed that these wetlands would not be effective for a sufficiently 

long period and eventually would be unsustainable. 

 

The wetland concept is not part of the “Alternative Preferred Strategy” of the MIA&D LWMP, 

however it could still be included following negaotiations. The capital cost is about $600,000. 

 

Reference : 

KinHill Report, 1994. 

 

 

4. Deep Well Injection 

 

This option considered the injection of saline drainage flows into deep aquifers. The sites considered 

needed to be downstream of Barren Box Swamp. It was found that near BBS the aquifer systems were 

not likely to have sufficient absorbing capacity and a site near Gunbar was considered. Volumes to the 

tune of 8000 ML/year could be involved, which is equivalent to a daily injection of 15 - 20 ML/day. A 

smaller volume would be feasible after concentration through evaporation processes in a storage, which 

will be needed as part of such project.  

 

High transmissive aquifers occur further to the south, but in those areas the groundwater salinity is 

lower and the injection of much more saline water not acceptable. Where groundwater salinity is high 

and the risk of pollution less, the aquifer transmissivity is usually much lower, and high injection rates 

can not be sustained. 

 

There are risks in terms of groundwater pollution, and clogging of bores by silt and algae in the water.  

 

A scheme involving 8 injection bores, a storage and equipment was evaluated for economics ranking. 

Hydrolgeology Unit (DLWC) carried out groundwater modeling and the impact at the proposed site 

would be acceptable. Total costs over 30 years was estimated to be $30m (PV $15.4m at 7% discount 

rate) and benefits $12.45m (PV 4.3m, at 7% discount rate). This was considered too poor and the 

option was rejected. 
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Reference : 

Economics Section, DLWC, 1993. “Economic Ranking of Options” 

 

 

5. Multi - Cell Swamp 

 

6. Piping of Stock and Domestic Supply System 

 

New irrigation downstream of Barren Box Swamp involves the use of drainage flows from the MIA not 

already used, however it is also necessary to find water allocation for the new irrigators to increase the 

viability of their operation during times of low supply (of drainage). These allocations may be 

purchased from others, or water may be freed up though savings of losses from the MIA system. The 

savings which may be made may be the Multi Cell Swamp concept, by piping the S&D supply system, 

which is loosing a lot of water through seepage and evaporation, and system savings upstream in the 

MIA proper. The latter potential is considered limited, but the other two options listed have potential. 

 

The size of BBS is about 3,300 ha. The evaporation is about 0.78 times the evaporation assessed at 

CSIRO, Griffith, or about 1,400 mm, less rainfall, which in a dry year would be about 300 mm. This 

means the annual evaporation of BBS in a dry year may be about 36,000 ML. If BBS was cut in two or 

three parts and the evaporation of half or two thirds of the area saved in the dry years, potentially 

20,000 Ml could be used for other (irrigation) purposes. 

 

Costs are high. The SKM study identified a capital costs of $8.05 million and annual operating costs of 

$71,200 (pumping, etc). This exceeded the value of the water generated and since there were few other 

benefits the option was rejected. 

 

The piping of the S&D system underwent the same fate, the costs of replacing many kilometres of earth 

channels with 50 ML/day pipelines in an environment with very slack grades is just too high. 

 

Reference : 

SKM. (1997)  “Northern Hay Plains Scheme” 
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7. Pipeline to the Sea. 

 

The “pipeline to the sea” concept was investigated by the MDBC (through consultant P. Hallows). 

Subsurface effluent from the MIA, Wakool, Kerang, Sunraysia and Riverland would combine and be 

discharged to the sea somewhere in S.A. Because large volumes of effluent per hectare were assumed 

(1.4 ML/ha) the required pipeline size ended up being about 3 metres diameter and the scheme was 

completely uneconomic. Even at a lower rate of discharge, say 0.7 ML/ha, this was still the case. The 

Riverland areas in S.A had the most potential for eventual adoption of this option. 

 

 For the MIA the economics of subsurface drainage schemes was considered and found to be not 

economic at 0.2 ML/ha overall if the current land use (rice / pastures / wheat) is continued. These 

subsurface drainage schemes involve tubewells pipelines and evaporation areas. Piping to the sea would 

only save the cost of evaporation areas and associated costs, but the pipelines would be many times 

longer. Therefore, even at the lower discharge rates the concept is unlikely to ever become worthwhile. 

 

A pipeline to the sea could be constructed for only those enterprises that can afford a higher cost for the 

disposal of a tonne of salt. This could include the extended horticultural areas of the MIA. In that 

scenario the volumes would be far less and the pipeline size far smaller. However, since the resource 

“land” is not in limited supply for expanding horticulture and areas with high watertables can be 

avoided, or irrigation techniques improved to minimise the potential volume of effluent, it is reasonable 

to wonder why the pipeline concept is necessary at all (for the MIA). 

 

Other ideas have been mooted, for instance the piping to a more local destination, say to salt pans on 

the other side of the Lachlan River, or salt pans in depressed areas North of Griffith. These latter 

possibilities still exist and may be considered as part of the “community evaporation” area concept, 

whereby on-farm evaporation areas are being complemented by disposal to such areas at times of need, 

for instance wet years, or on a more regular basis if the achievement of sustainability of the on-farm 

evaporation concept demands it. 

 

Reference : 

Economics Unit, DLWC, (1993) “Economic Ranking of Options” 

 

 

8. Serial Biological Concentration 

 

The SBC concept has been promoted by the CSIRO and endorsed for a research project by the MIA 

Regional Development Committee. Funding has been made available for 1997/98. The idea is to use the 

winter flows in the MIA, which have a salinity of about 1,200 EC, store these for use by irrigation of 

higher value crops (grapes) allowing a leaching fraction of 33%, tile drain the site and capture the 

leachate, which will be stored. This leachate is likely to be 3 times more concentrated than the original, 

or about 3,600 EC. This effluent would be used on a second site for a more salt tolerant crop (to be 

identified) and again a 33% leaching fraction applied and the site tile drained. The process would be 

repeated on a third site where salt bush would be grown. After this the effluent from the tile drainage 

could be used for aqua-culture growing fish. The concentrated effluent from the fish ponds would be 

used in a brine pond to generate electricity. The final product, crystallised salt, would be carted to its 

final destination, which may be the sea. 

 

The research project has to answer questions such as : 

• what crops can be grown successfully and commercially ? 

• what soils are needed considering high leaching fractions are needed ? 

• How would the concept interact with regional groundwater systems ? 

• tolerance of crops to wetter conditions because there are a lot of leaching times. 

• effect on quality of eg grapes if more saline water is used. 

• profitability of crops and aqua culture. 

• logistics, including several storages, and use of and generation of electricity. 

• potential for growing fish in environment of variable salinity. 

• how to design tile drainage systems for the high leaching rates required.  

• Site selection criteria,eg an impermeable layer is needed in deep groundwater areas  
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• feasibility overall. 

• etc. 

 

The feasibility aspect includes economics assessment, site selection, costs of external channels and 

storages, and the economics of the SBC project at the site of operation. The feasibility assessment also 

includes the important matter of sizing, what volume is available each year, will this solve the perceived 

problem in an area such as the MIA, how will variability between years be handled. 

 

The likely development cost of SBC in the MIA of disposing of just the winter flows (at 7,000 

ML/year) would be in the order of $ 8-10 million capital. The income of the project may also be high, 

dependent on the success of being able to grow crops such as grapes. As a project however the 

economics should be considered by comparing the cost of this project with a similar sized project 

without the salt disposal aspect. The costs not involved in the “Base Case” would be the costs of 

storages, the costs of tile drainage, the costs of low return enterprises such as salt bush, any loss made 

on aspects such as electricity generation or fish culture and last but not least, carting the salt to its final 

destination. The benefits of the SBC over and above the Base Case are to do with salt disposal. This is 

currently estimated to have a value of about $30/tonne. Therefore, if only 5,000 tonnes are removed 

(Table 2, Section 3 Main report), the annual benefit is about $150,000, perhaps not enough to offset the 

extra costs. There may also be some disbenefits if the yield of the SBC enterprise was less than the 

achievable yield in the Base Case. If the moderately saline water for SBC was made available free of 

charge, that is a benefit, on the other hand if there is a shortfall of water in dry winters, then the SBC 

will have to make up by purchasing water entitlements, defeating the advantage for that part of the 

water usage. 

  

Salinity Management in the MIA will eventually require a comprehensive solution to be adopted. This 

is described in the main report, section 3. At present the jury is still out. There are three options, each 

perceived to have a negative economic impact, the agroforestry option, the SBC option, and the channel 

to the river option.  

 

Reference 

CSIRO, Griffith,  Brochures, Internal memos. 
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9. Spillway on Barren Box Swamp 

 

During 1978, 1981 and 1989 the Barren Box Swamp levees were breached by high swamp levels and 

flooding damage occurred to adjacent properties. The 1989 event was considered to be an “infrequent” 

event in the order of 1:100 years. 

 

To avoid the breaching of levees and to have more control regarding the location where the swamp 

would be breached a spillway has been proposed for Barren Box Swamp. Its location would correspond 

to the location where recent breaches have occurred, i.e. downstream of the Outfall Channel. 

 

Preliminary analysis by Economics Unit suggest a cost of $ 4.0 million, including the purchase of a 

$1.0 million easement downstream of the outfall. The avoided cost would be 90% of the major flood 

costs which was estimated to be $300K/year, based on an event cost of about $5m each time. In 

addition there is a saving of $0.2m every 15 years for the repair of the BBS embankment. On that basis 

the project would be just economic. 

 

Reference : 

Economics Unit (1993)  “Economic Ranking of Options” 

 

10. Upgrading Wah Wah Supply 

 

Rather than implementing new irrigation as an option it may be possible to upgrade the Wah Wah 

supply system to a higher capacity and allow landholders in the WWID to use more water. The current 

system has too little capacity in some locations if the 0.75% of allocation supply per day rule is adopted 

across the board. 

 

The WWID LWMP has recognised a need to not over-irrigate, and adopted a rule that allocations per 

farm should not be increased to above 4 Ml/ha for the area developed on the farm. Over-irrigation leads 

to high accessions and more rapid building up of high groundwater levels. Exceedance of the allocation 

rule is possible only after examiniation of the irrigation methods and practices of the farm in question 

by the appropriate authority (MI). 

 

The cost of upgrading the channel capacity in WWID to the desired capacity is not known but believed 

to be in the order of $10m. The LWMP committee decided the matter was one of dowry negotiations 

rather than the LWMP, and that would include the aspect of repairs to reduce the impacts of channel 

seepage. 

 

It is uncertain how the extra use of excess drainage arriving at Willow Dam from the MIA would come 

about, and how much benefit would be involved. Some farmers claimed that the uncertainty in the 

supply rate caused them to have to stick to pasture type crops, and prevented them to go into higher 

value crops such as maize. These claims have not been investigated in detail. 

 

Murrumbidgee Irrigation is unlikely to receive any financial support for upgrading the system to a 

capacity higher than the capacity which existed before corporatisation. 

 

This option has not been further explored as part of LWMP investigations. 

 

.6 Appendix 6: Environmental Surplus Flows in the Wah Wah District 

The volumetric water allocation scheme for the Murrumbidgee Valley was introduced in 1983, and 

based on historical usage during 1979/80, 1980/81 and 1981/82. Figure 1 below shows the actual usage 

of Wah Wah landholders about that time and the increase in usage since that time. It is obvious that 

usage overall was substantially less than the allocation granted, however it is known that a few (3 to 5) 

Wah Wah farms even at that time had a usage well above the allocations allotted to them at the time   
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R A I N F A L L
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FIG: 7  ANNUAL RAINFALL  AND ANNUAL IRRIGATION

W ATER USE

 
 

In summary, about 1980, when the volumetric allocation scheme was determined based on actual use, 

the WWID irrigation use was in the order of 80,000 Ml/year and frequently less. During the late 1980’s 

a water use of 80,000 Ml became the norm, but in some years it exceeded 100,000 Ml. In 1991/92 it 

exceeded 130,000 Ml for the first time, and this high usage has continued in recent drier years. 

 

The hydrologic model (BBSWAMP) used to evaluate strategies used the aggregated crop area as it 

existed in Wah Wah about 1990 and calculated the volume of water needed each year based on that 

area. The crop area was a total and did not consider variations between farms and how the allocation 

scheme could have affected this. The model did not consider how entitlements or off-allocation (now 

called "Environmental Surplus") together would meet the demand, but it did calculate how the drainage 

from the MIA would meet the demand and how much extra river diversions are needed each year to 

meet the shortfall. Various options such as new irrigation to the 9U’sA area were evaluated, and each 

time the volume of extra river diversions over and above the Base Case was assessed, as well as the 

shortfall.  

 

A key assumption in the BBSWAMP model therefore was that extra river diversions would be made to 

meet the demand of the area of crops. Since the extra river diversions could also include the extra 

diversions to the extra irrigators, or other options, a specific factor calculated was the shortfall in 

WWID and the overall supply security for WWID landholders. This shortfall was near zero for the 

Base Case (No Plan), and the security 99.9%. For various options evaluated the shortfall increased to 

some 8 Gl/year for the preferred NHPS option (large storage + new irrigation) and the security dropped 

to some 94%. This is still well above the normal security enjoyed by MIA landholders upstream of 

Barren Box Swamp. 

 

The assumption of extra river diversions is not valid in practice however, since Murrumbidgee 

Irrigation will only make the extra river diversions for the on-allocation part of the shortfall in Wah 

Wah irrigation demand, and not the Environmental Surplus component. It must therefore be concluded 

that Wah Wah landholders will get a lower security supply than that assessed by the BBSWAMP 

model. A better estimate is not possible at this stage because it is not known how large the relative 

proportions of use of on-allocation and environmental surplus are at the times that a shortage develops. 

This is because there are different farms each having different needs. 

 

A few more facts may be noted. Based on the areas adopted for the hydrologic model the average 

demand (including available environmental surplus) calculated by BBSWAMP in Wah Wah is the 

order of 120Gl/year, of which about 20 Gl/year are river diversions (Figure 2). This corresponds 

closely with the total volume of allocation in the WWID which is also about 120 Gl. 
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A lesser availability of environmental surplus availability therefore is likely to disadvantage the small 

group of landholders who have enjoyed the use of declared environmental surplusses the most. This 

issue is sensitive and coincides with the introduction of the River Flow Objectives part of the Water 

Reform Package, which will have the effect of reduced off-allocation being available to all irrigators in 

the Murrumbidgee Valley, not only the WWID.  

 

Despite the above, it is highly probable that Wah Wah landholders will receive access to environmental 

surplus flows at a frequency far greater than the availability of off-allocation to other irrigators along 

the Murrumbidgee River and the MIA. Rainfall factors will continue to cause excess drainage to reach 

the Barren Box Swamp storage, and the policy of target levels will dictate that these volumes be used as 

quickly as possible. 

 

Finally, the viability of irrigation use in the WWID is critical for a sustainable drainage management in 

the MIA. This means that in wetter years it is desirable to generate extra water demand (which does not 

usually occur), and in drier years a lesser demand not exceeding the level of allocation in the district 

would be desirable. The Wah Wah LWMP also identified a need to improve the efficiency of water use, 

and slow down groundwater rise due to excessive accessions from some crops (rice and pastures). 

These efficiencies could lessen water demand unless more crops are grown. The needs of individual 

landholders, which is driven by the weather as much as anything else, is often in conflict with what has 

been stated as desirable. Irrigation is not really a good solution to the excess drainage problem unless 

water can be stored for extended periods, and that was found to be not feasible (section 2.3 main 

report). 
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.7 Appendix 7: Operating Rules for Barren Box Swamp 

The manner in which Barren Box Swamp is to be operated is of crucial importance for the success or failing 

of any LWMP strategy which aims at lowering the frequency and volume of floodway releases to a 

minimum. These rules apply over and above the effect generated by capital investment for other options 

reducing drainage from the MIA, new channels, new irrigation, floodway upgrading, pumps on the BBS.  

 

Three sets of rules exist, environmental surplus declaration rules, top-up rules and flood management rules. 

They are the subject of analysis in this Appendix. 

 

Values for the rules are presented in this Appendix. Current rules are being approved by the Regional 

Director, DLWC on an annual basis, they are not yet final. Fine tuning will be necessary once the contents 

of the MIA&D LWMP is known. 

 

When defining environmental surplus and top-up rules the objective and the constraints within which to 

operate are to be brought to balance : 

1. The volume of floodway volume and frequency of release is to be minimised. This may be achieved by 

lowering both the off-allocation rule and/or the top up rule.  

2. The supply to Wah Wah should be reasonably secure. This may be achieved by increasing the top-up 

rule to the required volume in BBS. 

 

Interestingly, a lowering of the environmental surplus target rule does not increase Wah Wah on-allocation 

security, it represents a benefit over and above the base entitlement. 

 

The following question should be answered during the optimisation of rules excercise: 

“How little volume in Barren Box swamp, at various times of the year and for wet and dry years, 

constitutes a sufficient buffer between the demand in Wah Wah and the ability of the MIA supply system to 

supply the volume required.” 

 

One method to make a rapid assessment of this is as follows:  The minimum volume required based on 

current design criteria is 0.75% of 120,000 ML, which is about 900 ML/day. If the MIA system through 

Mirrool Creek can supply 500 Ml/day easily, perhaps with some augmentation from the Main or Sturt 

Canal, then Barren Box Swamp needs to deliver a minimum of 400 Ml/day. Without a pump on the swamp 

this may be at a BBS level of 1.50 metres (about 24,000 ML), with a pump this would be at about 1.0 

metres (abt. 10,000 ML). On this basis the top-up rules of Barren Box Swamp as shown at section 1 below 

are probably too high for some months of the year. 

 

Note : It is important that the system is operated efficiently and that "losses" from the system are 

minimised. Losses are components such as seepage, evaporation, overtopping, returns to river, and flood 

releases. Off-Allocation for the Murrumbidgee Region is determined by Environmental Flow policies. 

"Environmental Surplus" volumes are that volumes in BBS which are likely to end up in Lower Mirrool 

Creek unless used for irrigation. From DLWC's perspecticve environmental surplusses therefore are 

potentially part of the loss equation, which should be minimised. These losses would increase if 

environmental surplus declarations soon thereafter are followed by top-up, and vice versa. The risk f this 

increases if targets for ESD and top-up at Table 1 are too close together.  

 

It is obvious that the volume of drainage from the MIA is a critical input into the behaviour of Barren Box 

Swamp levels. The upstream LWMP will affect these volumes by a significant amount. Despite this the 

BBS will rise above or drop below certain levels which will require a decision in terms of four aspects : 

• at what level of BBS should drainage reuse pumps in the MIA be operated. 

• at what level of BBS should environmental surplus flows available for use by irrigators downstream of 

BBS, or pumpers upstream of Barren Box Swamp be declared 

• at what level of BBS should a flood release flow be commenced. 
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• at what level of BBS should it be topped up to secure Wah Wah supplies. 

 

Another possibility presently being seriously considered is that the available environmental surplus volumes 

are made available to one one group of landholders in Wah Wah before other groups get the opportunity. 

This report assumes that there is no difference as far as this availability is concerned. Legal advice to MI 

suggests there are no impediments to having different rules, but chances are that adoption would eventually 

be seen as inequitable, it certainly affects the viability of the new irrigation option. 

 

Different rules have existed at different times. Before 1989 a swamp level above 60-70,000 ML would 

cause concern and an opportunity for a flood release would be considered, but it would probably be delayed 

until an optimum time during say autumn. More recently the rules would probably call for action at an 

earlier time. 

 

The so-called top-up rule was first used by the NHPS (SKM) study in which it was recognised that if large 

volumes of water were diverted to new irrigators, that then the BBS levels could on occasion become so 

low that the supply to Wah Wah would be threatened. This feature has rarely been an issue prior to the 

studies. When on (infrequent) occasion the BBS became a little low channel attendants would tend to 

operate the system in a little more relaxed mode, escapes increased and the supply to Wah Wah was 

adjusted. It is interesting to note that in Table 1 the current values for top-up are higher than those used in 

the SKM study.  

 

The discussion of operating rules affect many aspects and is provided under several sub-headings:  The 

discussion is supported up by runs made using the BBSWAMP model by the Catchment Processes and 

Modeling Branch of DLWC at Parramatta (previously Hydrology Unit). 

• The environmental surplus / top-up rules 

• Hydrological runs to evaluate the operating rules 

• Base case scenarios 

• Effect of MIA&D LWMP downstream 

• Without BBS pump options 

• With BBS pump options 

• Flood operating rules 

 

Objective : To determine the effect of BBS operating rules in combination with LWMP options (BBS pump, 

new irrigation) on Floodway release frequency and volumes, Wah Wah water supply availability, "extra" 

river diversions and other consequences. 
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1. THE RULES  

 

The first step included a review of the rules used up to date and decide on a set to be used for hydrological 

modeling using BBBSWAMP. Following discussions with MI Senior Staff (Mr CP Hoare, J Bock, and E 

McDonald) and the Chairman of the MI Board (Mr R Thompson) the rules for environmental surplus 

availability have been changed. The new values are shown as ES-2 in Table 1:   An environmental surplus 

from BBS may be declared when the volume in BBS exceeds the following values 

 

Table 1 : Rules for declarations of Environmental Surplusses (off-allocation) 

Month ES -0 (old) ES -1 (1998) ES-2  

January 40,000 30,000 32,000 

February 40,000 30,000 32,000 

March 40,000 30,000 30,000 

April 30,000 21,000 24,000 

May 25,000 15,000 19,500 

June 20,000 10,000 20,000 

July 30,000 17,000 28,000 

August 40,000 31,500 35,000 

September 50,000 39,000 39,000 

October 45,000 39,000 38,000 

November 40,000 30,000 33,000 

December 40,000 30,000 32,000 

 

Note : ES-0 is previous OA-0, which is the old rule used for the KinHill and SKM studies. ES-1 is previous 

OA-1 and is being used during 1997/98 after approval by the Regional Director for one season only. ES-2 

replaces OA-2 as an alternative and currently considered by MI to be the most optimal rule. 

 

With regard to Top Up rules, four sets of rules are shown at Table 2. 

 

Table 2 Top Up alternative rules 

Month TU-0 (skm) TU-1 (new) TU-2 TU-3  

January 20,000 25,000 15,000 15,000 

February 20,000 24,000 15,000 12,000 

March 20,000 21,000 15,000 na 

April  na 15,000 na na 

May na 9,000 na na 

June na na na na 

July na na na na 

August na 22,000 na na 

September 20,000 30,000 15,000 na 

October 20,000 30,000 15,000 15,000 

November 20,000 25,500 15,000 15,000 

December 25,000 25,500 20,000 15,000 

 

Note :There were no top up rules prior to the SKM study. TU-0 was devised for SKM (NHPS report, 

volume B), but is no longer considered relevant. TU-1 has been developed by MI Senior Staff for the 

purpose of further modeling discussed in this memo. TU-2 has been replaced by TU-3 as a suitable set of 

top up rules if the BBS pump option was to be implemented. It is obvious that without the pump in place 

TU-3 would be very similar to having no Top Up rule at all, because when BBS falls to these low levels 

there would be very little outflow.  

 

Tables 1 and 2 show that there are 3 Environmental Surplus rules (ES-0, ES-1 and ES-2) and two Top Up 

rules (TU-1 and TU-3). This gives six combinations. 
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2. HYDROLOGIC RUNS.  

 

The Taskforce identified several aspects requiring attention, if possible during the current modeling effort. 

The matter should also be be evaluated from a State perspective. Operational rules should be optimised in 

the context of : 

• the effect of new irrigation on Wah Wah supply security (especially environmental surplus declarations 

(ESD)), and flood reduction benefits. 

• the effect of the proposed BBS pump on Wah Wah supply security (ESD) and flood reduction benefits. 

• the effect of the MDBC Cap (or the Water Reform Package) on the integrated LWMP. 

 

The MIA&D LWMP Integration of Component Plans (Technical Aspects) report (Feb 1998 discusses 

shortcomings of the BBSWAMP model. Not every aspect may be able to be evaluated. For, instance, the 

model does not distinquish between on-allocation and ESD usage in Wah Wah, it just assumes there is a 

fixed area of crops out there, requiring water based on climatic circumstances. This precludes the 

assessment of the volume of water that may be used in addition, which is the substantive part of any ESD 

announcement, noting that most ESD usage probably replace on-allocation entitlements or historical usage 

already allowed for in the model through the area of crops factor. 

 

The number of runs that may be produced is limited by the staff and computing resources available. Six 

combinations have been identified for the rules. The new irrigation option (15 farms, assumed 500 ML 

allocation each + ESD use) is a with/without case. For the BBS pump the choice may be a 0, 200 or a 400 

ML/day size). This gives 6 x 2 x 3 = 36 combinations, including the Base Case scenarios.  

 

Hydrology Unit provided the information requested on 2/3/98 and 19/3/98. The results were provided in 

tabular form. This information is not easy to interpret. The text below aims at explaining the main features 

by various headings. 

 

3. BASE CASE SCENARIOS.  

 

Base Case scenarios have been based on the situation without an upstream LWMP. In the next section the 

effect of the upstream LWMP will be discussed. The Base case scenarios allow a first analysis of the effect 

of various Environmental Surplus Declaration (ESD) rules and top up rules. Table 3 shows the results. 
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Table 3. Base Case scenarios 

Case Base B1 B2 B3 B4 B5 B6 

Basic Option (*1) 1 1 1 1 1 1 1 

Off Allocation Rule old ES-0 ES-1 ES-2 ES-0 ES-1 ES-2 

Top Up Rule old TU-1 TU-1 TU-1 TU-3 TU-3 TU-3 

Irrigation Area no no no no no no no 

BBS Pump no no no no no no no 

        

Days with BBS above OA level 151 154 243 214 132 211 182 

Floodway Volume GL/yr 26.0 26.6 26.6 26.6 23.9 23.9 23.9 

Total No of Floodway releases 24 24 24 24 21 21 21 

Mean Annual River Diversions 1094 1095 1095 1095 1088.7 1088.7 1088.7 

Mean annual extra river div 20.05 21.05 21.05 21.05 14.1 14.1 14.1 

Effective WW shortage. 0.21 0.12 0.12 0.12 1.07 1.07 1.07 

WW Reliability 99.4 99.5 99.5 99.5 98.5 98.5 98.5 

Annual Willow Dam Flow 164.4 165.4 165.4 165.4 158.5 158.5 158.5 

WW South Supply 62.1 62.3 62.3 62.3 61 61 61 

WW North Supply 56.9 56.5 56.5 56.5 58.4 58.4 58.4 

New Irrigation supply 0 0 0 0 0 0 0 

Pumped into Outfall 0 0 0 0 0 0 0 

Pumped into WWMain 0 0 0 0 0 0 0 

(*1)  1 means the MIA upstream plan is not included. 

 

Interpretation of these results provides important preliminary conclusions in respect to the top-up rules and 

the environmental surplus rules: 

 

For varying ESD rules ES-0, ES-1 and ES-2. 

 

There is no difference for any factor within columns 2-4 (TU-1) or columns 5-7 (TU-3) except in the 

number of days that the swamp has a volume above the nominated value for ESD. These number of days 

may be more, or less, for different ESD levels, however that should not be interpreted as a greater 

availability of water through an ESD. The area of crops within the BBSWAMP model has not changed, so 

basically nothing is being achieved here. The model does not have the capacity to identify a changed 

opportunity to grow more crops and thereby use up the ESD.  

 

 

All scenarios presented in Table 3 are for the situation without a MIA&D LWMP in place. Thie effect of 

the MIA Plan is discussed later in this memo. 

 

Between different Top Up rules TU-1 and TU-3. 

 

Remembering that TU-1 is for significant top up when required and TU-3 is for a situation where there 

hardly is any top up at all (it applies to the BBS pump option, but Table 3 does not include the pump 

option), it can be derived that top up TU-1 involves about 7 GL/year more river diversions, about 2.6 

GL/year more floodway releases, about 7 GL/year more inflows into Willow Dam and 3 more events in 

flood releases per 69 years. These results suggest that generally, any top-up policy should aim at using this 

option as little as possible. 

 

The effect of new irrigation or the BBS pump is not part of this analysis. The Base Case analysis suggests 

that rather than top up, it may be preferred to implement the Matthews Road channel, which would allow 

direct diversions to Wah Wah when needed (on-allocation component). Whilst not analysed here, the effect 

would be that the flood release volumes and frequency would not deteriorate as a result of top-up, whilst 

Wah Wah would still get its entitlement. The other side of the coin is that not all the 7 GL/year difference 

would be saved, because a proportion of it would be used to provide the WWID supply, which would be 

worse off if there was no top-up at all. However, note that the shortage is only small and the reliability at 

98.5% still very high, suggesting that a no top-up rule would not create many events with a real problem. 
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The Matthews road option would cost about $800K, which at 7% cost represents about $56K/year (plus 

O&M). Such a cost may be justified if the water saving is in the order of 1.5GL/year or more ($40/ML 

economic value). This seems to be the case based on floodway volume reductions alone. 

 

4. EFFECT MIA&D LWMP 

 

The MIA&D LWMP has an effect on floodway volumes and frequency and these are further modified by 

the top up rules and ESD. It is useful to briefly examine this. Table 4 shows the results from the current 

modeling rounds. 

 

Table 4. Effect of MIA&D LWMP on BBS behaviour and Downstream. 

Case Base B3 B6 5 11 

Basic Option 1 1 1 2b 4b 

Off Allocation Rule Old ES-2 ES-2 ES-2 ES-2 

Top Up Rule Old TU-1 TU-3 TU-1 TU-1 

Irrigation Area no no no no yes 

BBS Pump no no no no no 

       

Days with BBS above OA level 151 214 182 146 102 

Floodway Volume GL/yr 26.0 26.6 24.0 22.2 20.6 

Total No of Floodway releases 24 24 21 21 21 

Mean Annual River Diversions 1094 1095 1089 1074 1081 

Mean annual extra river 

diversions 

20.0 21.1 14.1 37.4 44.3 

Effective WW shortage. 0.21 0.12 0.12 2.4 5.0 

WW Reliability 99.4 99.5 98.5 96.7 94.3 

Annual Willow Dam Flow 164.4 165.4 158.5 156.1 163.0 

WW South Supply 62.1 62.3 61.0 59.3 68.4 

WW North Supply 56.9 56.5 58.4 55.4 54.9 

New Irrigation supply 0 0 0 0 10.0 

Pumped into Outfall 0 0 0 0 0 

Pumped into WWMain 0 0 0 0 0 

 

The first three result columns are without the MIA&D LWMP (Base option 1), the fourth column is for the 

MIA&D LWMP but no downstream irrigation. The latter effect is shown in the last column. 

 

Comparing the correct columns it is found that : 

• The top up rule by itself has an effect of 2.6 GL on flood volumes (columns 2 and 3) 

• The MIA&D LWMP reduces flood volumes by 4.4 GL/year and 3 events (cols 2 and 4).  

 

The other effects are that  

• total river diversions are reduced by 21 GL/year (however note that it is assumed by the model that 

drainage savings result in less usage within the MIA (only partially correct, but there is no way of 

modeling decisions by landholders regarding their individual savings in that regard).  

• the "extra diversions" to Wah Wah are increasing from 21.1 to 37.4 GL/year, substantially negating the 

effect of the huge drainage savings (totalling >45 GL/year for the upstream plan). 

 

The new irrigation reduces flood volumes further but at the (apparent) expense of extra river diversions, an 

aspect discussed below Tables 5 and 6 of this Appendix. 

 

5. NO PUMP OPTIONS -  

 

Several No Pump options were analysed including the matter of with /without New Irrigation, as well as the 

effect of ESD (environmental surplus declarations) and top-up rules. This is being discussed on basis of 

Tables 5 and 6. 

 

Effect ESD 
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Effect New irrigation 

 

The effect of these two features may be examined from runs 2, 4, and 6 (without irrigation) and 8, 10 and 12 

(with irrigation) provided by Hydrology Unit. These six runs are all for the same top up rule (TU-1), so this 

factor does not affect the comparison between the scenarios for different ESD and with/without irrigation. 

 

Table 5 : Effect of Allocation rules and the New Irrigation option. 

Case 1 3 5 7 9 11 

Basic Option 2b 2b 2b 4b 4b 4b 

Off Allocation Rule ES-0 ES-1 ES-2 ES-0 ES-1 ES-2 

Top Up Rule TU-1 TU-1 TU-1 TU-1 TU-1 TU-1 

Irrigation Area no no no yes yes yes 

BBS Pump no no no no no no 

       

Days with BBS above OA level 98 183 146 63 144 102 

Floodway Volume GL/yr 22.2 22.2 22.2 20.7 20.6 20.6 

Total No of Floodway releases 21 21 21 21 21 21 

Mean Annual River Diversions 1074 1074 1074 1081 1081 1081 

Mean annual extra river diversions 37.4 37.4 37.4 43.8 44.4 44.3 

Effective WW shortage. 2.4 2.4 2.4 4.6 5.1 5.0 

WW Reliability 96.7 96.7 96.7 94.5 94.2 94.3 

Annual Willow Dam Flow 156.1 156.1 156.1 162.6 163.1 163.0 

WW South Supply 59.2 59.2 59.2 67.8 68.6 68.4 

WW North Supply 55.4 55.4 55.4 54.9 54.9 54.9 

New Irrigation supply 0 0 0 9.1 10.2 10.0 

Pumped into Outfall 0 0 0 0 0 0 

Pumped into WWMain 0 0 0 0 0 0 

 

The outcome of this table may be summarised under several headings 

 

The model is not capable of reflecting ESD rules in terms of usage.  

 

This was already noted at Table 3. The areas of crops is fixed in the model therefore it does not show how 

ESD rules may affect water usage. All the numbers are the same, except for the number of days that the 

swamp is a bove a certain level. 

 

The New Irrigation Option reduces Flood Volumes by about 1.6 GL/year, but this is at the (apparent) 

expense of about 7 GL/year extra river diversions. 

 

The Wah Wah shortage also increase from about 2.4 to about 5.0 Gl/year, reducing reliability as defined for 

the BBSWAMP model to about 94%. 

 

The new irrigation is assumed to involve an allocation entitlement of about 7.5GL (15 x 500ML). Would 

this cause the extra river diversions, rather than WWID demand?  This question requires answering.  

 

The first observation is that new irrigation usage is about 10 GL/year on average, this suggests the ESD 

component of new irrigation is not very large. It appears that much of the extra river diversions are to 

supply the allocation component of new irrigation. 

 

The "New Irrigation" allocations may be purchased in WWID, in the upstream MIA, or from the River. Any 

such purchase would reduce demand for water somewhere else, something which is not reflected in the 

model results. The new irrigation effect therefore is likely to be less serious than what is suggested by the 7 

GL/year volume.  

 

The Hydrology Unit (V. Stojnic) has carried out additional runs in search of an answer and the irrigation 

option was modeled including the on-allocation component and without (ESD only).  
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Table 5a. Effect of on-allocation / environmental surplus only on WWID and LMC 

Case 11 11 

Basic Option 4b 4b 

Off Allocation Rule ES-2 ES-2 

Top Up Rule TU-1 TU-1 

Irrigation Area yes yes 

BBS Pump no no 

On-allocation 7,500 0 

Off Allocation (*1) 15,000 15,000 

   

Days with BBS above OA level 102 114 

Floodway Volume GL/yr 20.6 20.9 

Total No of Floodway releases 21 21 

Mean Annual River Diversions 1081 1077 

Mean annual extra river diversions 44.25 40.21 

Effective WW shortage. 5.04 2.76 

WW Reliability 94.3 96.3 

Annual Willow Dam Flow 163.0 159.0 

WW South Supply 68.4 63.7 

WW North Supply 54.9 54.9 

New Irrigation supply 10.0 3.8 

Pumped into Outfall 0 0 

Pumped into WWMain 0 0 

   (*1)  This is an arbitrary value to make sure that the maximum is not a limitation. The actual volume delivered (on + off 

allocation) is shown at the bottom of the table. 

 

It is found that the water supply to new irrigation would on average only be 3.8 GL/year if based on ESD 

only, but that it would be 10.0 GL/year if there is on-allocation. The mean river diversions are about 4 

GL/year less if there is ESD only for the Western Wah Wah irrigators. If this is corrected for the reduction 

in water demand elsewhere because allocations are transferred from upstream or the river to the area 

downstream of BBS, then the ESD only option actually shows more river diversions. This supports the 

general hypothesis that transferring allocations to the downstream area will result in a higher proportion of 

drainage flows being used in the wetter years. The apparent increase of river diversions in dry years is just 

an offset of a reduced demand elsewhere, but this aspect is not part of the model results.  

 

It is concluded that the new irrigation options has no impact from an MDBC Cap point of view provided the 

transfer of water entitlements to the new irrigation landholders is genuine, reducing demand somewhere 

else. 

 

It is noted that whilst the flood volume is being reduced by the new irrigation option, in Table 5 this does 

not also show up as a reduction in the number of events per 69 years. 

 

Of course in a broad sense new irrigation in the Western Wah Wah is the same as any other "new" irrigation 

within WWID (over and above what can be irrigated using on-allocation) carried out using the available 

ESD flows. 
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Effect Top Up Rule  

Effect New Irrigation 

 

The effect of the top-up rule for the Base Case has already been considered (Table 3). When the irrigation 

option is added as well, the results are about the same, as may be derived from Table 6. In this Table, TU-3 

represents a case in which top up is minimal (there is no pump), and TU-1 is the currently preferred rule. As 

far as the ESD rules are concerned, these are kept the same at the currently preferred level (ES-2) 

 

Table 6  Effect Top Up rule when there is also New Irrigation. 

Case 5 6 11 12 

Basic Option 2b 2b 4b 4b 

Off Allocation Rule ES-2 ES-2 ES-2 ES-2 

Top Up Rule TU-1 TU-3 TU-1 TU-3 

Irrigation Area no no yes yes 

BBS Pump no no no no 

     

Days with BBS above OA level 146 108 102 62 

Floodway Volume GL/yr 22.2 19.85 20.6 18.8 

Total No of Floodway releases 21 20 21 21 

Mean Annual River Diversions 1074 1064 1081 1067 

Mean annual extra river diversions 37.4 26.5 44.3 30.2 

Effective WW shortage. 2.4 5.2 5.0 8.9 

WW Reliability 96.7 94.1 94.3 91.0 

Annual Willow Dam Flow 156.1 145.3 163.0 149.0 

WW South Supply 59.3 55.9 68.4 63.3 

WW North Supply 55.4 55.8 54.9 55.3 

New Irrigation supply 0 0 10.0 9.5 

Pumped into Outfall 0 0 0 0 

Pumped into WWMain 0 0 0 0 

 

The following conclusions appear to apply. 

 

New Irrigation reduces Average Swamp Levels 

 

With irrigation the number of days that the swamp is above the set ESD and top up levels reduces, and that 

means that the average levels are less. This in turn creates more air space and the flood release volumes are 

less. The reduction shown is about 1.6 GL/year for TU-1 (columns 1 and 3). 

 

New Irrigation reduces Flood Volumes but not Frequency. 

 

The reduction in volume is about 1.6 GL/year for the case with top up (TU-1) compared with a 1.0 GL 

reduction when top up is not implemented (until really necessary (TU-3)). This suggests that the savings 

with new irrigation is greater with top-up than without. This is due to the fact that without top-up there is 

already a large reduction which cannot easily be improved further (discussion of Table 3). 

 

Effect of New Irrigation on River Diversions  

 

This aspect was already discussed in the previous section 
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6. PUMP OPTIONS 

 

To analyse the effect of the BBS pump, the Base case (without a pump) needs to be compared with the case 

with a 200 ML/day pump, or a 400 ML/day pump. The results for these scenarios are presented at Table 7. 

As far as the ESD rules are concerned, Table 7 shows these for the current preferred standard (ES-2) only. 

The effect of other ESD options could not be analysed, as discussed below Table 3. The top up rule 

applicable for the with pump option (TU-3) was applied throughout. Both the condition with new irrigation, 

and without new irrigation, are shown in Table 7. 

 

Efffect Pump Size 

Effect New Irrigation 

 

Table 7 : Effect of different pump size on BBS bahaviour. 

Case Base 5 12 21 22 23 24 

Basic Option 1 2b 4b 2b 4b 2b 4b 

Off Allocation Rule Old ES-2 ES-2 ES-2 ES-2 ES-2 ES-2 

Top Up Rule Old TU-1 TU-3 TU-3 TU-3 TU-3 TU-3 

Irrigation Area no no yes no yes no yes 

BBS Pump no no no 200 200 400 400 

             

Days with BBS above OA level 151 146 62 81 54 78 51 

Floodway Volume GL/yr 26.0 22.2 18.8 18.8 17.4 18.7 17.4 

Total No of Floodway releases 24 21 21 19 19 19 19 

Mean Annual River Diversions 1094 1074 1067 1060 1064 1060 1064 

Mean annual extra river div 20.0 37.4 30.2 23.5 27.3 23.3 27.2 

Effective WW shortage. 0.7 2.4 9.0 5.8 9.3 5.8 9.2 

WW Reliability 99.4 96.7 91.0 93.7 91.1 93.7 91.0 

Annual Willow Dam Flow 164.4 156.1 149.0 142.3 146.0 142.1 145.9 

WW South Supply 62.1 59.3 63.2 55.4 62.5 55.3 62.4 

WW North Supply 56.9 55.4 55.3 56.2 55.4 56.3 55.4 

New Irrigation supply 0 0 9.5 0 8.9 0 8.8 

Pumped into Outfall 0 0 0 3.9 7.6 4.0 8.0 

Pumped into WWMain 0 0 0 6.6 6.6 7.1 7.1 

 

The first column is for the situation without a MIA upstream LWMP in place, column 2 shows the 

improvements of the MIA upstream LWMP and column 3 adds the effect of new irrigation. Columns 2 and 

3 are the baseline for comparing the 200 or 400 ML/day pumps with. The comparison with column 2 

includes the combined effect of the pump and the changed top-up rule applicable for the with pump 

situation.  

 

A 200 ML/day pump without new irrigation improves flood volumes by a further 3.4 GL/year from 22.2 to 

18.8 GL/year, reduces river diversions and extra diversions for Wah Wah each by 14 GL/year, and the 

Willow Dam flows are reduced by a similar volume. The WWID reliability becomes slightly worse but is 

still at 93.7%. These improvements appear very significant relative to the cost of the option (<$500K), and 

the improvements achieved by the upstream MIA&D LWMP for far higher costs (Ref : MIA plan 

document, and columns 1 and 2). 

 

If a 400 ML/day pump was used instead of a 200 ML/day pump, the further improvement appears only very 

slight (result columns 4 and 6). Whilst further optimisation is possible, at the moment a 200 ML/day pump 

appears the preferred size. 

 

The effect of new irrigation (base case 4b) combined with the pump option is similar to the effects already 

discussed at Table 5. 
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7. FLOOD RELEASE RULES. 

 

The current capacity of the floodway levee system is less than 400 ML/day. Despite this the flood release 

rules are based on a minimum rate of release at this rate, which would only be increased in emergency 

circumstances. 

 

The Flood Options Preliminary report by Greg Roads describes the current flood release policy (March 

1995), and shown at Table 8 (next page): 

 

Some flexibility to these rules is being applied dependent on the time of the year and the perceived threat of 

further large volumes of drainage occurring, however these are being balanced by the need to apply a duty 

of care. A worse event may happen if the smaller rate event is postponed too long, and that may increase 

damages to landholders. 

 

Table 8 :  Current Flood Release Policy used by MI 

BBS Level 

(‘000) 

Release Rate 

(ML/day) 

Continue Until 

< 65,000 no release commenced n/a 

=65,000 400 level back to 40,000 

65,000 - 75,000 400 level back to 40,000 

>= 75,000 550 level back to 75,000, then drop rate to 

400 Ml/day 

>=85,000 1200 level back to 85,000 then as above. 

>=90,000 2000 level back to 90,000, then as above 

>100,000 breach rates repairs can be carried out 

 

Currently an upgrading of the Floodway Levee system to a capacity of 1200 Ml/day is being adopted by the 

LWMP. This will increase flexibility of the management of BBS, the BBS may be lowered more quickly 

without a larger volume overall for the event being involved. A quicker flush may increase potential 

benefits to downstream landholders on certain occasions, it would reduce the risk of breaching the 

Floodway Levees through Corrynnia from 16 times to 4 times every 69 years. On the other hand, some 

landholders may experience the flooding of more lands at times when this is least desired, eg through 

summer. It is necessary to contemplate a new flood release policy. The following set of rules could provide 

a fair compromise : 

 

Table 9 : Possible Flood Release Rules for situation with upgraded 1200 ML/day Floodway (to be 

confirmed) 

BBS Level Release Rate 

(ML/day) 

Comment 

>40,000 Nil Off Allocation use encouraged. 

>45,000 Nil Start MPO releases when feasible 

< 60,000 no release 

commenced 

n/a 

=60-65,000 400 
(*1) 

opportunistic low volume flood release when it suits 

landholders. Level to be dropped to below 60,000 

ML 

>65,000 400 
(*1) 

Flood release 400ML/day near mandatory, however 

decision to release may be deferred based on 

community input. 

> 70,000 400-600 
(*1) 

Mandatory release. Level to be dropped back to 

40,000 if in autumn/winter, and to 50,000 at other 

times. 

>= 75,000 600-800 Increase release rate. Drop swamp to 40,000 if in 
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(*1) autumn/winter. 

>=80,000 1200 Drop level to 70,000 then throttle back to 400 

ML/day, dependent on landholder input. Drop swamp 

to 40,000 ML. 

>=90,000 2000 Drop level back to 80,000 ML, then as above 

>100,000 breach rates Continue until repairs can be carried out 

  (*1)  Rate of release may be larger than figure shown based on agreement with landholders 
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.8 Appendix 8: Background to the Economic Evaluation 

Table 64 Appendix Table A1 Economic Assessment of MIA&D Integrated LWMP (Consolidated 

List of Upstream and Downstream Activities) 

Option Code 

Group: Best Management Practices  

Improved Soil Structure Management E01 

Impl Irrigation Efficiency System on Ext. Horti E02 

On Farm Seepage Control on Ext. Horti E10 

Fertiliser Application Management on Ext. Horti E11 

Chemical Application Management on Ext. Horti E12 

Improved Soil Structure Management H01 

Impl Irrigation Efficiency System on Horti H03 

Horti Furrow to Reduce Runoff H04 

Controlling Tile Drainage Flow Rates H08 

Biological Control of Pests on Horti H11 

Fertiliser Application Management on Horti H12 

Chemical Application Management on Horti H13 

Protection of Remnant Vegetation M02 

Keeping Cover Crops on Salinised Land M05 

Impl Irrigation Efficiency System on Mixed Farms M07 

Clay Lining of Farm Channels on Mixed Farms M14 

Fertiliser Application Management on Mixed Farms M16 

Chemical Application Management on Mixed Farms M17 

Rice Bay Runoff Control M18 

Aerial Pesticide Application M32 

Improved Soil Structure Management  V01 

Impl Irrigation Efficiency System on Vege Farms V02 

On Farm Seepage Control on Vege Farms V10 

Fertiliser Application Management on Vege Farms V11 

Chemical Application Management on Vege Farms V12 

Group: Farm Activities  

High Tech Horticultural Irrigation Systems H09 

Conversion to Perennial Pastures  M03 

Irrigated Woodlots and Harvesting M04 

On Farm Seepage Control using Permanent Pastures M06 

Rice Soil Amelioration M08 

Drainage Recycling w 12 mm Runoff Storage  M20 
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Rice Area Reclassification  M27 

Mole Drainage & On-Farm Recirculation V04 

Drainage Recycling w 12 mm Runoff Storage  V15 

Laser Landforming WW01 

On-Farm Recycling WW02 

Rice Target Water Use WW03 

Conversion of Annual Pasture to Perennial Pasture WW04 

Planting Trees Along Channel Banks WW05 

New Irrigators - 15 Farms NH02 

Group: Regional Activities  

Subsurface Drainage & Disposal by Shandied Reuse E05 

Subsurface Drainage & Disposal to Trees / Saltbush E06 

Subsurface Drainage & Disposal to Evaporation Basins E07 

Clay Lining of Channels E14 

Better Forecasting of Water Demand  H16 

System Automation to Reduce Escape Loss H19 

Farm Pumping from District Drains M01 

Interception Drainage of Channel Seepage M09 

Better Forecasting of Water Demand  M23 

District Pumping from District Drains M24 

System Automation to Reduce Escape Loss M25 

Plant Corridors of Trees on Crown Land M26 

Clay Lining of Channels M31 

Interception Drainage of Channel Seepage V03 

Subsurface Drainage & Disposal by Shandied Reuse V05 

Subsurface Drainage & Disposal to Trees / Saltbush V06 

Subsurface Drainage & Disposal to Evaporation Basins V07 

Channel Seepage Control by Planting Trees - Regional Z25 

Drainage Recycling with 5 ML Storage Z04 

Plant Trees in Recharge Areas  Z24 

Wetlands Protection Guidelines - Dev’t & Impl’n Z20 

Urban Storm Runoff Implementation Plans Z05 

Irrigation/Drainage Survey & Design Z01/Z02 

Barren Box Swamp Pumps - 300 ML NH05 

Multiple Point Outfalls to Mirrool Creek NH06 

Channel to River NH09 

200 ML/day Channel without Storage NH10 

Upgrade Floodway to Boomerang Pipes to 1,200 ML/day FW01 
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Upgrade Road Crossings Downstream of Boomerang Pipes FW02 

Group: Implementation Activities  

Performance Monitoring of the Plan Z10 

Research & Development Z06 

Extension Officers Z03 

Water Use Monitoring Z11 

Plan Administration -- 

CODES: 

E = Extended Horticultural Farming Areas 

H = Gazetted Horticultural Farming Areas 

M = Mixed Farming Areas 

V = Vegetable Farming Areas 

Z = Added to the Upstream Plan since January 1996. Most Z options are region wide. 

WW = Wah Wah Plan Areas 

NH = Northern Hay Plains Scheme Areas 

FW = Flood Control Works Areas 
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