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EXECUTIVE SUMMARY
RPS Aquaterra and RMCG were engaged by the Murray Darling Basin Authority to undertake and
‘Assessment of the Salinity Impacts on Changes to Irrigation in the Riverine Plains’. The Riverine
Plains is defined as the areas upstream of the Murray River at Swan Hill and upstream of the
Wakool River at Kyalite as shown on Figure E1.
The projects main objectives are to determine how best to identify, characterise and account for
irrigation changes on the Riverine Plains in the context of the BSMS and the post 2015 operational
plan. A framework will be developed to assess the salinity impacts of changes to irrigation water
use on the Riverine Plains.
This report describes the nature, scale and magnitude of irrigation changes within the Riverine
Plains. The primary source of information used is via a detailed review of relevant literature to
enable the development of this framework. This report is the first Phase of four project phases.
Salinity Policy setting
The policy setting at the Murray Darling Basin level include:


Murray Darling Basin Agreement (in particular the Cap on diversions)



National Water Initiative (COAD – 2004)



Salinity and Drainage Strategy 1988



BSMS 2001 - 2015



National Action Plan for Salinity and Water Quality 2000



Water Act 2007

There are also a number of State policy settings with the current status being as follows:


NSW – Taking on the Challenge: NSW Salinity Strategy 2000



Victoria – Northern Region Sustainable Water Strategy 2009

Context for Managing Salinity
The Salinity Registers are the primary record of jurisdictional accountability for actions that affect
river salinity and are an effective environmental accountability framework. The Salinity Registers
provide a framework to annually report on the salinity debits and credits of each government and
progress towards achieving the targets for river salinity. The magnitude of the impacts for each
jurisdiction are shown in Table E1.1 and E1.2 below.
The salinity impacts of accountable actions are calculated by the MDBA. Impacts are estimated by
modelling the effects of the proposed works over the MDBA benchmark period (1975 - 2000) using
the MSM_BIGMOD package. The average annual salinity impact will be equal to the annual
average change calculated by the model and reported on the salinity registers.

Table E 1.1: NSW register items in riverine plains
NSW Works & Measures (in riverine plains)

Debit

Credit

Permanent Trade accounting Vic to NSW

0.1

Barmah Millewa Forest Operating Rules

2.0

NSW MIL L&WMPs

4.0

NSW changes to Edward Wakool and Escapes

2.0

Permanent Trade NSW to SA

0.4

It is noted that the above items are about changed water balance and dilutions patterns rather than
works that mobilize salt.
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FigureE1: Riverine plains study area

A364B

Page iii

ASSESSING THE SALINITY IMPACTS ON CHANGES TO IRRIGATION ON
THE RIVERINE PLAINS - PHASE 1 REPORT

Table E1.2: Victoria register items in riverine plains
Victoria Works & Measures (in riverine plains)

Debit

Credit

-

7.7

Tragowel Plains Drains at 2002 levels

0.2

-

Shepparton Salinity Management Plan

1.4

-

Kerang Lakes Swan Hill salinity management plan

1.5

-

Campaspe West SMP

0.3

-

-

0.7

Barr Creek catchment strategy

Permanent Trade Vic to SA

Scale of Irrigation Induced Salt contributions
The riverine plains river system is codified into MSM-Bigmod which involves a number of interfaces
where water and salt transfers are defined. The relative impacts of the various reaches and inflows
are listed in Table E1.3 and shown in schematic form in Figures E2 and E3. It is evident from the
information above that defining the scale of some irrigation impacts requires analysis of the ‘noise’
created from parts of the broader river system.
Salt load statistics only illustrate part of the issue. Both the volume of flow and the salt
concentration need to be considered simultaneously to understand the overall impacts of salt
discharge to downstream water bodies. The focus of the study is on the drain items as these are
the transfers where potential irrigation changes may be exhibited and much of the benefit to be
gained through the project will be by interrogating the groundwater flows and unaccounted salt
loads throughout Phase 2.
Table E1.3 Relative contribution of Riverine Plains sources between May 1975 and April
2000 (BSMS Benchmark period)
Relative contributions to the
average salinity at Morgan (EC)

Relative
contributions
in
percentage of the average salinity
at Morgan (%)

Goulburn River

16.5

2.8%

Broken Creek

2.9

0.5%

Campaspe River at Rochester

7.3

1.2%

Campaspe River Rochester to Echuca

0.9

0.2%

Loddon River

23

3.9%

Barr Creek

31

5.2%

Billabong and Box Creek

8.4

1.4%

Shepparton drains

3.8

0.6%

Campaspe drains

1.5

0.3%

3

0.5%

6/7 Channel & Lake Boga Outfall

6.2

1.0%

NSW LWMP drains

4.5

0.8%

Yarrawonga to Torrumbarry

2.9

0.5%

Yarrawonga to Kyalite

20.3

3.4%

Torrumbarry to Swan Hill

22.5

3.8%

Total for Riverine Plains

154.7

26.1%

Total to Morgan

592.6

100%

Sources for the relative contributions to
Morgan salinity
Tributaries

Drains

Koondrook spillway

Groundwater
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Figure E2: Schematic of BigMod for riverine plains tributary inflows
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Figure E3: Schematic of drain inflows to Riverine Plains study area
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Nature, scale and magnitude of potential changes to irrigation on the Riverine Plains
A number of data sets allow the changes to irrigation to be quantified and analysed including:


River monitoring sites

River data at sites such as Swan Hill (Figure E3) show the flow records from 1975 to present.
Evident in this data is the decline in flow during the past decade which is a factor that will provide
insight in Phase 2 around the potential impacts of irrigation changes. Variability is demonstrated by
this example to be significant and the challenge in defining change in irrigation is being able to
determine whether natural variability is as a result of change (in relation to accountability) rather
than background influences. The data also indicates that the high flow events (say days of flow
greater than 20,000ML/d) has declined by approximately 50% in the post benchmark period time.
Similar result are observed for salinity and salt load data (see Appendix C) indicating that there is a
significant shift in the regional hydrology that needs to be examined in Phase 2.

Murray River @ Swan Hill (409204)
35,000

Benchmark period
30,000

Flow (ML/d)

25,000

20,000

15,000

Average: 8427 ML/d
10,000

5,000

0

FigureE4: River Murray @ Swan Hill



Irrigation Water Use

The delivery of bulk water to irrigation districts can potentially be used as a broad indicator of the
changes to water used in a regional landscape although the impacts of Cap adjustments (for trade
in particular) need to be considered in deciding whether there is an underlying change to irrigation
that might trigger an accountable action.
The water deliveries for each of the major irrigation districts is shown in Figures E5 to E7 and
indicates a significant decline in volume used in the past decade. The decline in Murray Irrigation
Limited water use has been cut to around of a third of what it was in the 1990s and this can be
attributed to a range of factors including reduced license volumes, water purchases by government
and zero general security allocation in a number of years recently. Whilst Federal water buybacks
probably haven’t been as severe in Victorian irrigation districts, there is a significant history of
interstate trade that has seen as similar reduction in water use.
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As with the River flow data above, analysis of this will provide significant insight into the effects of
irrigation change on salinity impacts. Further analysis of whether the variability seen includes
underlying change is explored in the Phase 2 report.
Murray System Historic Water Use
700,000

Murray Valley
Torrumbarry
Pumped districts ‐ Nyah, Tresco, Woorinen

600,000

Annual Water Delivery (ML)

500,000

400,000

300,000

200,000

100,000

0

Figure E5: Murray Valley water use

Murray Irrigation Diversions
2,500,000
Diversion Volume
Deliveries

Volume Diverted / delivered (ML)
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Figure E6: MIL Water diversions and use
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Goulburn System Historic Water Use
700,000
Rochester
Pyramid‐Boort
600,000

Central Goulburn
Shepparton

500,000

400,000

300,000

200,000

100,000

0

Figure E7: Goulburn system water use

Water Trade
As mentioned above trade allows for water to move in and out of area although this does not
necessarily represent change to irrigation from an accountability perspective. Data for trade was
still being gathered at the time of report preparation. Preliminary figures (Table E1.4 and Table
E1.5) support the position that trade is highly variable and any overall decline in irrigation water use
will need to consider the possibility that trade can be viewed as a two way impact. That is, salinity
impacts can be increased with trade of water into an area as well as being decreased with trade
out.
Table E1.4: SIR trade statistics
Volume traded (nett) – all in ML
Trade type
2000/01

2001/02

2002/03

2003/04

2004/05

Perm

1,940

1,940

580

1,340

500

Temp

7,700

5,810

12,430

9,860

8,900

Perm

12,120

12,100

90

-2,110

-2,600

Temp

N/A

N/A

5,160

-17,900

-15,600

Within SIR

Outside SIR
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Table E1.5: MIL trade statistics

Empirical assessment of changes
A range of assessments have been completed in recent time to quantify the salinity impacts of
large scale water projects including:


NVIRP Works and Measures under reconfiguration plans



Water trade in Barr Creek



Lake Mokoan and mid-Murray storage



Federal Government Water recovery and The Living Murray initiative (e.g. MIL
supplementary water purchase)



80/20 Sales Deal

In general terms it is evident that assessing and tracking salinity outcomes from changes in water
use is costly, time consuming and potentially technically infeasible. It is not surprising that existing
register items are small in magnitude (mostly less than 4EC) and so incremental changes in the
hydrologic balance are consequently small. The outcome is typically fractions of an EC and so the
effort to track changes can begin to outweigh the benefit.
What is evident from these is the need to understand the accountabilities of changes to irrigation
and to evaluate whether systems can be put in place to infer or track change. These ideas are
explored in more detail in Phases 2, 3 and 4 of this project.
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1.

INTRODUCTION

1.1

Project Objectives

RPS Aquaterra and RMCG were engaged by the Murray Darling Basin Authority to undertake and
‘Assessment of the Salinity Impacts on Changes to Irrigation in the Riverine Plains’.
The Riverine Plains is defined as the areas upstream of the Murray River at Swan Hill and
upstream of the Wakool River at Kyalite as shown on Figure 1.
The projects main objectives are to determine how best to identify, characterise and account for
irrigation changes on the Riverine Plains in the context of the BSMS and the post 2015 operational
plan. A framework will be developed to assess the salinity impacts of changes to irrigation water
use on the Riverine Plains.
1.2

Critical Issues and challenges

The current salinity accountability requirements relating to the permanent transfer of water
entitlements were written in contemplation of the outcomes of the Interstate Water Trade Pilot
Project, which ran from 1998 to 2006. The pilot was confined to the Mallee regions of NSW, South
Australia and Victoria. There, perennial horticultural crops prevail and irrigated crops are underlain
by highly saline aquifers with direct hydrological connection to the River Murray; annual irrigation
applications in the Mallee are stable and predictable. The characteristics of irrigation on the riverine
plains are fundamentally different.
In addition, while interstate entitlement trade has only been possible on the riverine plains since
2006, intrastate entitlement trade has been possible since the 1990s, and temporary (allocation)
trade was possible and widely used before the baseline date of 1988. It should be noted that the
salinity impacts associated with the arrival of water into the Mallee from other areas, including
possibly from the riverine plains, is already accounted for in the Registers.
Consequently there is an emerging need to consider how changing patterns of water use should be
assessed and whether they should be recorded in Register A, Register B or the Baseline. It is
possible, for example, that variability within the existing irrigation ‘footprint’ could be deemed part of
the Baseline and therefore not accountable.
The Authority, in collaboration with states, decided to develop an irrigation salinity assessment
framework (ISAF) tailored to the characteristics of the riverine plains.
1.3

Project Phases

The project was broken into three key phases to assist the Project Advisory Group in collaborating
at each phase to shape the scope of subsequent phases. This collaboration is essential as the
development of a framework is based on assessing risk and directing resources to where they are
most effective. The following phases formed the basis of the scope of work:
Phase I
To describe the body of knowledge changes in water use on the Riverine Plains in the context of
Schedule B of the Murray-Darling Basin Agreement to develop a detailed understanding of how
MSM-BigMod deals with the salt inputs from the Riverine Plains.
1.

Identify and describe the relevant features of the MSM-BigMod model;

2.

Collate the best available information about the scale of irrigation induced salt mobilisation
in the Riverine plains (MSM-BigMod initially;

3.

Collate the best available information about the nature, scale and magnitude of the
changes to irrigation on the RP;
Document and describe those changes in terms of their interactions with known salinity
processes; and
Compare the nature of the changes with empirical assessments of where change would be
expected to have most impact on river salinity

4.
5.
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This draft report covers phase 1 with a view to incorporating further phases as required.
Phase II
The gap analysis is intended to codify changes in water use on the Riverine Plains in terms of how
different types of changes relate to the salinity Baseline, Register A, and Register B.
1.

This task will be used to itemise each of the explained salt loads used in MSM-BigMod
upstream of Swan Hill and Kyalite (but below Lake Hume) and describe the individual
characteristics of each in terms of:
a.
Quantum
b.
Variability within seasons
c.
Variability over the BSMS benchmark period
d.
Linkages with known salinity processes
e.
Linkages with known changes in water use
Itemise the unexplained salt loads used in MSM-BigMod in the same reaches and describe
them in similar fashion;
Assess the signal-to-noise ratio concerning MSM-BigMod’s treatment of salt loads in the
Riverine Plains;
Conduct a sensitivity analysis with regard to the potential salinity effects of the Water for
the Future initiative. In particular, assess the salinity implications associated with the
following hypothetical buyback scenarios:
a.
Water use being reduced primarily on those parts of the landscape where there
are high risks that water use will cause salinity.
b.
Water use being reduced uniformly throughout the RP.
c.
Water use being reduced primarily on those parts of the landscape where there
are low risks that water use will cause salinity;

2.
3.
4.

5

Scope the benefits and costs of developing the capacity to make better estimates of the
salinity impacts of changes in water use on the Riverine Plains.

Phase III (part a)
The objective of this phase is to develop recommendations with regard to identifying geographical
priority areas/zones with a view to assessing the suitability of the tools/models that should be
employed for assessing the salinity impacts of irrigation change in each of the areas or zones.
In order to develop a logical and cost-effective framework a risk assessment needs to consider a
monitoring and reporting regime which incorporates a robust understanding of:
a.
Salinity processes;
b.
The level of salinity impact; and
c.
Water supply arrangements (pods, district-level or system-level).
Phase III (part b)
The objective of this Phase is to develop and test the draft ISAF using regional case studies.
1.4

Phase 1 report objectives

This document describes the nature, scale and magnitude of irrigation changes within the Riverine
Plains, along with a thorough review of relevant literature to enable the development of this
framework.
This is intended to be a working document that will provide significant material toward a final
project document that wraps up the four phases of work. It is likely that as further analysis is
completed some of the ideas presented may be modified.
This is in keeping with the intent of the project to reflect a developmental approach with a strong
consultative and collaborative focus.
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Figure 1: Riverine plains study area
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2.

HISTORICAL MANAGEMENT CONTEXT

2.1

Murray Darling Basin Overview

The Murray Darling Basin (MDB) is one of Australia’s most productive agricultural areas,
representing about 41% of the nation’s total gross value of agricultural production (MDBC, 1999).
Known as the food-bowl of the nation, the MDB is a major contributor to Australia’s food export
market. The Basin is home to a number of unique and environmentally significant natural features,
where over two million people also directly depend on these natural resources for their livelihood).
The geographic and climatic nature of the MDB mean it is prone to concentrating salt within the
landscape. Land and water changes over the last two centuries have exacerbated the naturally
occurring salinity within the Basin. The study area, shown in Figure 2 below covers the significant
irrigation areas which have a long history of development based on irrigation water availability.

Study Area

Figure 2: Murray Darling Basin Location overview

2.2

Historical Development of Water Resources

Since European settlement, land use within the MDB has remained in a state of constant change.
Native vegetation which assisted in leaching salt enriched water below root zones have since been
cleared allowing water to move readily below the root zone filling shallow aquifers and bringing salt
to the surface (MDBMC, 1999). The introduction of annual crops and pastures have reduced
rainfall consumption by vegetation and consequently increased the recharge to aquifers. Whilst
these salt accumulations and discharges have occurred naturally over thousands of years, the
increased regulation of rivers, weirs and dams have significantly reduced the amount of natural
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flushing (MDBMC, 1999). This decrease in the amount native vegetation and the increase in water
use for irrigation are a major contributing factor to a significant increase in salt loads. As the
groundwater level has increased, exacerbated by the use of irrigation, the amount of salt
concentrated at the surface has also increased. This accumulation of salts at surface level
increases the susceptibility of impacts to the river system through discharge and is a direct
consequence of human intervention in the natural system.
During the mid-1980’s, studies indicated large areas of irrigated and dryland land in the Basin were
displaying visible signs of salinisation, with these areas predicted to increase from 559,000
hectares to 869,000 hectares within a 20 year period (MDBC, 1999).
A major challenge facing the MDB was the exacerbation of the naturally occurring salinity caused
by land and water use changes over the last two centuries (MDBC, 1999). High salinity reduces
agricultural yields, affects the sustainability of floodplains and wetlands, and imposes additional
costs on urban residences, infrastructure and industrial water users (MDBC, 1999).
The Salinity and Drainage Strategy (SDS) developed by the MDBC in 1989 provided a framework
for joint action by the NSW, Victorian, SA and Commonwealth Governments to effectively manage
the ongoing problem of river and land salinisation (MDBC, 1999). This was achieved through the
rehabilitation of degraded lands and installation of new irrigation development. All these works
were made possible by limiting the amount of salt entering the river through the construction of salt
inception schemes along with the effectiveness of State Salinity action plans and Land and Water
Management Plans (LWMP). The SDS sought to strike an equitable balance between the
competing needs of River protection and land management, through the use of engineering
solutions (Salt Inception Schemes) and non-engineering solutions (LWMP). Most of the Murray
LWMP elements are engineering solutions (channel seepage, on-farm recycling, construction of
shallow drains, deep groundwater pumping etc).
During the development of the SDS, an attempt was made to hold accountable actions which has
contributed to the salinity problems within the MDB. A benchmark period was established from
which future management would be measured against, where 1st January 1988 was adopted and
known as the baseline date after which future actions would be accountable. Future impacts on
River Murray Salinity could be quantified by evaluating over the benchmark climate period, where
credits would be earned for actions which reduced salinity costs at Morgan and debts incurred for
actions which would increase costs (SKM, 2000). A benchmark period 1975-1985 was used to
measure impacts of future actions on River Murray Salinity. This period was defined as the River
flow and salinity over this time, assuming all actions and commitments are in place. The following
are included:


Extent of drainage network;



Groundwater pumping;



Licensed water abstractions;



Industrial, urban, and water authority disposal;



Operating rules for the supply system;



Operating rules for disposal;



Groundwater displacement caused by irrigation and effluent disposal to land;



Increases in groundwater levels cause by clearing; and



Works and measures in dryland areas which directly or indirectly impose additional salinity
cost effects to downstream water users.

The MDBA established a register to account for credits and debits for Victoria and New South
Wales which have resulted from an increase or decrease in river salinity. South Australia and the
Commonwealth decided to allocate their share of credits to the River.
The 1999 Basin Salinity Audit (now superceded) suggested that salt which had previously been
stored in the landscape was now being mobilised on a massive scale by rising groundwater due to
land use changes. By doing nothing and allowing the increased salt load to enter the river the
impending discharge would cancel out the reductions in Murray River salinity achieved over the last
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decade. Within 20 to 30 years these changes would be cancelled out and the median salinity would
exceed the Australian Drinking Water Guidelines for good quality drinking water within 50 to 100
years (BSMS, 2001).
2.3
2.3.1

Overarching Salinity Policy Setting
Prior to 1988 – River Murray Waters Agreement

The first Murray-Darling Basin Agreement was signed by the governments of the Commonwealth,
New South Wales, Victoria and South Australia in 1987. In its initial form, this agreement was the
final amendment to the River Murray Waters Agreement, which had been in place since 1915. Five
years later in 1992, a totally new Murray-Darling Basin Agreement was signed by the same
governments, replacing the River Murray Waters Agreement. Queensland signed the agreement in
1998 and the ACT formalised its participation in 1998. The agreement was ratified by legislation
enacted by the parliaments of all the signatory agreements.
The purpose of the Murray Darling Basin Agreement was to ‘promote and coordinate effective
planning and management for equitable, efficient and sustainable use of the water and other
natural resources of the Murray-Darling Basin, including by implementing arrangements agreed
between the Contracting Governments to give effect to the Basin Plan, the Water Act and State
water entitlements’ (Murray-Darling Basin Authority, 2008).
The development of irrigation infrastructure in the Murray-Darling Basin throughout the 19th century
saw significant increases in the application of water to the riverine landscape. One result from this
increased water application to land was the rise of water tables and subsequent salinisation of the
irrigated landscape. In the mid-1980s studies showed that 96,000 ha of irrigated land in the
Murray-Darling Basin were showing visible signs of salinisation and it was estimated that the
irrigation areas affected by high water tables could increase from 559,000 hectares in 1985 to
869,000 ha in 2015 (MDBCMC, 1987).
A co-ordinated approach was adopted by the Murray-Darling Basin Ministerial Council to develop
the 1988 Salinity and Drainage Strategy of which Victoria and all other basin states were
signatories.
2.3.2

The Murray Darling Salinity and Drainage Strategy 1988

The objective of the Murray-Darling Salinity and Drainage Strategy (S&D Strategy) was to optimise
the economic returns of land protection and River Murray protection from saline degradation. In
essence the Strategy aimed to reduce the cost effect of River Murray salinities at Morgan, South
Australia, over a 30 year period by about $9 million per annum on average. To achieve this, the
Strategy included a combination of changes in operating rules for Menindee Lakes and Lake
Victoria, an Initial Program of Salt interception Schemes (intercept saline groundwater from
entering the River Murray), improved drainage disposal and improved land management practices
that would reduce or increase River salinity depending on the circumstances.
Under the strategy, a Register was maintained by the MDBC to record the various schemes and
projects undertaken since adoption of the strategy and their salinity impacts. Salinity credits were
originally assigned to partner governments and this allowed for the implementation of new works
along the River Murray for which an estimated economic impact resulting from salinity changes
could be determined.
The rules for the ongoing management of these and other credits and debits were strengthened in
the BSMS and formalised with the within Schedule B of the Murray Darling Basin Agreement.
2.3.3

Basin Salinity Management Strategy 2001-2015

The BSMS is the overriding policy document for managing, monitoring and accounting for salinity
impacts in the Basin. Victoria and New South Wales, as a signatory to the Murray-Darling Basin
Agreement, are bound by the requirements of the Strategy. The obligations of the strategy will be
rolled over into the Murray-Darling Basin Authority (MDBA).
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Despite the improvements in water quality achieved under the S&D Strategy, the legacy of history
was that salt mobilisation in dryland areas and increasing salt loads from existing irrigation
practices was an acknowledged threat to S&D Strategy gains.
The nine elements of the BSMS are:


Identifying values and assets at risk;



Setting salinity targets;



Constructing salt interception works;



Implementing salinity and catchment management plans;



Ensuring basin-wide accountability: monitoring, evaluating and reporting;



Developing capacity to implement the strategy



Redesigning farming systems;



Targeting reforestation and vegetation management; and



Managing trade-offs with the available within-valley options.

2.3.4

Cap on Diversions

The Cap was introduced in 1995 to stop growth and constrain diversions to 1993/94 levels of
development and management. Schedule F to the Agreement outlines the requirements for the
operation, monitoring and reporting on Cap implementation and includes provision for:


A Water Audit Monitoring Report to be produced and published annually to ensure that the
development, management and operation of the Cap is an open and transparent process.



A process for maintaining the Diversion Cap Register to track the cumulative difference
between the actual annual diversions and the annual diversion targets,



Execution of an Independent Audit to track the performance of the Contracting Governments
in implementing the long term diversions Cap, prepared on an annual basis (in accordance
with requirements of Clause 13 of the Schedule).

The use of the Cap mechanism is critical to assessment of water use change as it provides a
stationary data set that indicates the change in water use, regardless of the climatic influence on
the period of record being examined. The scale of the reporting entity used in cap reporting, being
at a broad river valley level, is relatively coarse compared to the detailed adopted for salinity
accountability (down to irrigation or drainage area scale) however is likely to provide information
and trends in water use.
2.3.5

National Action Plan for Salinity and Water Quality 2000

The National Action Plan was endorsed by the Australian Government in November 2000,
describing a seven year national framework targeting salinity and water quality protection. This plan
was a joint action plan between the Commonwealth, State and Territory Governments backed by
an overarching Inter-Governmental Agreement. This agreement ensured the implementation of the
NAP was consistent Basin wide, addressing both Basin and interstate issues adequately.
Strategies included:


Setting regional targets for water quality and salinity;



Helping regional communities develop and implement integrated regional/catchment natural
resource management plans;



Providing regional communities with advice and information for developing and implementing
integrated management plans;



Introducing changes to secure property rights for water, improving water pricing, and
establishing effective controls on land-clearing in salinity risk areas;



Clearly defining how partnerships can work effectively to address salinity and water quality;
and



Coordination of decision-making across governments.
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2.3.6

Water Act 2007

The Water Act 2007 (the Water Act) was made by the Commonwealth Parliament to enable the
water resources in the Murray-Darling Basin to be managed in the national interest. It commenced
in March 2008. In July 2008, the Australian Government and the Basin States (New South Wales,
Victoria, Queensland, South Australia and the Australian Capital Territory) signed the
intergovernmental Agreement on Murray-Darling Basin Reform. This led to a referral of certain
constitutional powers from the Basin States to the Commonwealth, and resulted in amendment of
the Water Act in December 2008.
A key element of the Water Act is the requirement that the MDBA prepare a Basin Plan for
adoption by the Commonwealth Minister for Climate Change and Water.
In a similar vein to the original Agreement (Schedule F) Cap on diversions, the Basin Plan is
required to set enforceable limits on the quantities of surface water and groundwater that can be
taken from the Basin water resources. These limits must be set at a level that the MDBA, using the
best available scientific knowledge, determines to be environmentally sustainable. This is defined
as the level at which water in the Basin can be taken from a water resource without compromising
the key environmental assets, key ecosystem functions, the productive base or key environmental
outcomes of the water resource.
2.3.7

Murray-Darling Basin Integrated Catchment Management Policy Statement

The Murray-Darling Basin Integrated Catchment Management Policy Statement (ICM) is a
commitment by the community and governments of the Murray-Darling Basin to do all that needs to
be done to manage and use the resources of the Basin in a way that is ecologically sustainable.
The goals of the policy are to achieve:


healthy rivers;



healthy ecosystems and catchments;



innovative, competitive and ecologically sustainable industries; and



Healthy regional communities.

The ICM Policy sets the standards for all new Basin Strategies, ensuring they will:


Be recognizably part of the larger setting, showing links to other strategies and plans at
national, Basin, State and catchment levels, and links with actions addressing other issues;



Be based on a clear set of principles;



Have clearly defined priority actions and locations for attention at Basin, State and
catchment levels, for delivery through and in support of catchment strategies and action
plans;



Take account of the economic, environmental and social contexts within which the Strategy
must operate, and of the economic, environmental and social impacts of the Strategy;



Have clear, achievable and measureable targets and timeframes;



Outline the mechanisms for achieving targets;



Have mechanisms for defining options and managing trade-offs between conflicting
interests;



Define roles, responsibilities and accountabilities; and outline the sills and capacities
required to meet these responsibilities and accountabilities;



Include practical monitoring, evaluation and reporting processes; and



Include provision for reviewing and revising the Strategy to learn from successes and
failures.
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2.4
2.4.1

NSW Policy Context
Taking on the Challenge: NSW Salinity Strategy 2000

In August 2000, the NSW Government released its objectives to slow down the rate of increase in
salinity within 10 years to meet salinity targets reflecting sustainably and affordability. It recognised
that in order to slow down salinity it needed to:


protect and manage our native vegetation;



use our land so less water goes into the groundwater table;



use water more effectively and efficiently;



use engineering solutions;



make better use of land affected by salt; and



focus our efforts on priority salinity hazard landscapes.

2.4.2

NSW Water Management Act 2000

The Water Management Act 2000 was passed by the NSW Parliament in December 2000,
establishing a complete new statutory framework for managing water in NSW. For the first time,
NSW had comprehensive water legislation to guide water management activities.
The object of the Water Management Act 2000 is the sustainable and integrated management of
the state's water for the benefit of both present and future generations.
The Water Management Act 2000 was driven by the need for NSW to secure a sustainable basis
for water management for several reasons:


NSW was at the limits of its available water resources – new licences for commercial
purposes could no longer be issued across most of NSW and a limit had been placed on the
total volume of water that can be extracted across the inland of NSW under the Murray–
Darling Basin Cap.



The decline in the health of our rivers, groundwater, floodplains and estuaries was being
seen through increasing water quality problems, loss of species, wetland decline and habitat
loss.

As a result the Water Management Act 2000 recognised the need to allocate and provide water for
the environmental health of rivers and groundwater systems, while also providing license holders
with more secure access to water and greater opportunities to trade water through the separation
of water licenses from land.
The main tool the Act provides for managing the State's water resources are water sharing plans.
These are used to set out the rules for the sharing of water in a particular water source between
water users and the environment and rules for the trading of water in a particular water source.
One of the controls, put in place in the Water Act 1912 to control a range of water quality issues, is
able to be used to address salinity issues is the works approval licensing which requires that water
users, including NSW Private diverters, are required to retain surface drainage water on property
(i.e. no returns to river).
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2.5

Victorian Policy Context

2.5.1

Victorian Salinity Strategy, Salt Action – Joint Action – 1988

In May 1988, the Victorian government released the Victorian Salinity Strategy, Salt Action-Joint
Action, for tackling the growing salinity problems in the state. This strategy set out a systematic
program for developing community-led Salinity Management Plans (SMPs) for salt affected
regions. Individual SMPs were prepared for both irrigation and dryland areas within the MurrayDarling Basin.
2.5.2

Victoria’s Salinity Management Framework – Restoring our Catchments

In August 2000, the Minister for Environment and Conservation released “Victoria's Salinity
Management Framework - Restoring our Catchments” to help address Victoria's $50 million a year
salinity problem. Victoria's Salinity Management Framework provided a state-wide plan for
protecting Victoria's environment from salinity. Amongst other things this document provided
adjustments to recognise the shift to managing salinity through centralised managers being the
various CMAs.
The overall goal of the State Salinity Strategy was to manage the salinity of land and water
resources throughout Victoria in order to maintain, and where feasible, to improve the social wellbeing of communities and the environmental quality and productive capacity of the regions.
From an irrigation perspective the following are key points of the framework:


The trading of water from marginal to high value use including new irrigation development is
very important to the economic wellbeing of Victoria. The Framework recognises that the
salinity management plans should facilitate the trade of water in an environmentally
responsible manner. This includes facilitating new development to areas which would have a
minimal adverse salinity impact on the River Murray;



The Framework provides strong support to a new program of salt interception schemes to
earn Victoria additional salinity credits;



Priority to achieve sustainable irrigation through best management practice. This includes
matching irrigation to land capability, the adoption of water use efficient irrigation
technologies, and where appropriate the implementation of best practice drainage
infrastructure;



Salinity management should be integrated to achieve multiple catchment benefits and to
complement other programs. This includes activities like protecting and enhancing
environmental features; and



Salinity management requires a partnership approach. It is the role of the CMAs to
coordinate community and local effort. The CMAs also facilitate partnership in addressing
salinity between Government agencies and the community.

CMAs were required to prepare second generation salinity management plans.
2.6

Salinity Manual

The Manual for Victoria’s Salinity Accountability in the Murray-Darling Basin was developed in 2010
to replace the Victorian Manual of Salt Disposal in the Murray Darling Basin (1993). The purpose
of the manual, through the documentation of Victoria’s salinity management principles and
procedures, is to ensure:


Victoria continues to meet is legislative responsibilities with respect to salinity management;



The ongoing efficient, coordinated and controlled use of Victoria’s limited salinity credits;



The ongoing rigorous and transparent assessment of salinity debit generating actions and
the assignment of accountabilities;



The optimum (economic, social and environmental) investment decisions in salinity
management are made in the interests of Victoria; and



Victoria’s salinity managers understand and continue to lead the processes required to
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efficiently manage our salinity accountability and reporting obligations in the Murray-Darling
Basin. (RPS Aquaterra, 2010)
2.7

Victorian Government Long Term Water Plan –Our Water Our Future 2004

In 2004 the Victorian Government released its long term water plan, known as Our Water Our
Future. It set out 110 actions for sustainable water management aimed at every sector of the
community, aiming to secure water supplies and sustain grown over the following 50 years.
The 110 actions aim to:


Repair rivers and groundwater systems – the natural source of all our fresh water – by giving
them legal water rights and conducting restoration works;



Price water to encourage people to use it more wisely;



Permanently save water in our towns and cities, through common sense water saving and
recycling measures;



Secure water for farms through pioneering water allocation and trading systems; and



Manage water allocation to find the right balance between economic, environmental and
social values.

One of the key actions in Our Water Our Future was to develop Regional Sustainable Water
Strategies. Each sustainable water strategy sets out a long-term regional plan to secure water for
local growth, while maintaining the valance of the area’s water system and ensuring the future of its
rivers and other natural water sources, such as groundwater.
2.8

Our Water Our Future – The Next Stage of the Government’s Water Plan 2007

In 2007, the Victorian Government released an additional set of water projects to continue to
secure Victoria’s water resources into the future. The document (The Next Stage of the
Government’s Water Plan) contains five main actions, aimed at increasing water security:


A new desalination plant for Melbourne;



Modernising Victoria’s Food Bowl irrigation system to capture lost water for farms, the
environment and Melbourne;



Expansion of Victoria’s Water Grid;



Upgrade of Melbourne’s Eastern Treatment Plant to provide over 100 GL of recycled water
in 2010 and assessing a range of alternative uses of this water; and



Supplying new and existing water conservation programs for homes and industry.

The Modernisation activities (activity 2) gave rise to the Northern Victorian Irrigation Renewal
Project (NVIRP). The changes in water distribution and availability as a result of irrigation
modernisation activities will have impacts on salinity in the River Murray, which will need to be
accounted for.
2.8.1

Northern Region Sustainable Water Strategy

Victoria’s policy direction, stated in the NRSWS, is arranged so that projects need to be accounted
for according to the processes that generate changes in the spatial and temporal distribution of
water.
Large scale water projects typically generate changes to biophysical processes at varying spatial
and temporal scales. These models are MDBA approved and generally accepted as being the tools
for assessing impacts of Victorian regulated rivers and streams. Overlaps between natural water
carriers and irrigation system distributions also need to be considered for assessment of large
scale.
Salinity impact assessments are required to account for changes for the three general processes
described below:
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which represents potential water use) from catchments or irrigation districts. Salinity impacts
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will be estimated based on change in annual use limit (AUL) which is a condition of the water
use license.


Transfer: Accounts for the impacts of changes to the temporal and spatial patterns of water
use which result in modified operational practices and hence an altered in-river hydrologic
regime. Salinity impact will be accounted for based on volume of water transferred and will
be regulated under the Victoria License Entitlement Framework.



Use: Accounts for any change in water use, compared to historic levels, on a site or sites.
Salinity impacts will be estimated based on application through land, as in increase in AUL,
additional water registration or site use license.

The practicality of this policy is that it is sometimes it is difficult to quantify all aspects of a particular
accountable action. It also results in the generation of information which is more detailed than is
required to include on the salinity register. However, what it does achieve is a detailed
understanding of where the changes are occurring and what salt mobilisation processes are in
effect. This allows for a more rigorous assignment of accountability and depending upon the
proponent a clearer way of ensuring appropriate cost sharing.
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3.

REGIONAL CONTEXT FOR MANAGING SALINITY IMPACTS

The historic development of management policies and agreements within the MDB provides a
robust setting for management of water quality and in particular salinity. One of the critical factors
that contribute to successful implementation of any policy or agreement is to ensure that
accountability is assessed and tracked. The Salinity Registers are the primary record of
jurisdictional accountability for actions that affect river salinity and are a working example of an
effective environmental accountability framework.
The Salinity Registers track the modelled effect of Accountable Actions on the river salinity at the
Basin Salinity Target site and the salinity benefits and costs along the river. The Salinity Registers
provide a framework to report annually on the salinity debits and credits of each government and
progress towards achieving the targets for river salinity. They enable a consistent basis through
which Basin-wide trade-offs and Accountable Actions are managed transparently.
The Salinity Registers have been significantly strengthened in recent years with improved
coordination of reporting arrangements and more robust entries for most Accountable Actions and
this provides a sound basis on which to build an Irrigation Salinity Assessment Framework. The
following sections describe the features of existing knowledge as a basis for understanding the
strengths and weaknesses which are assessed in Phase II.
3.1

General approach for impact assessments

The salt impacts of proposed works programs or individual accountable actions must be calculated
by the MDBA. Impacts are estimated by modelling the effects of the proposed works over the
MDBA benchmark period (1975 - 2000) using the MSM_BIGMOD package. The average annual
salinity impact will be equal to the annual average calculated by the model and is recorded on .the
registers, as is the average salinity cost, which represents a cost weighted salinity impact, and is
the real currency for the registers.
The general steps involved in this process include:


Local models used to simulate within- catchment processes produce daily flow and salt load
(tonnes per day) estimates at the local catchment outlet (to the River Murray) for the “base
case” (which ignores the accountable action) and for “implementation of an accountable
action” scenarios over the bench mark period (1975-2000). In the “base case” model run,
the accountable action in question will be considered at 1988 levels of development and
others will be at 2000 levels of development;



Daily flow regimes (salt load and flow time series) generated by the local model at the local
catchment outlet for both “base case” and “implementation of an accountable action”
scenarios over the benchmark period are converted to salinity effect in EC at Morgan by
using MSN-BIGMOD modelling;



The difference in modeled average salinity effect over the benchmark period between the
“base case” and “implementation of an accountable action” scenarios is considered as the
salinity effect due to the implementation of an accountable action;



For each accountable action, model runs are required with and without actions to estimate
the salinity effect for four years: 2000, 2015, 2050 and 2100. The model run results for each
of the four years are used to produce the salinity effect over 30 year average and entered in
the register A. In calculating the 30 year average from the current year (that is 2010 to 2040)
the outputs of the 2000, 2015 and 2050 scenarios are weighted in such a way that it
represents the average;



The average salinity impact over 30 years is entered in Register A because many
accountable actions have time-based salinity impacts. Entries will then be revised at five
yearly intervals taking into account the time based (2000 to 2100 impact curve) and any
reviews; and



Register B entries are computed by interpolating the current year impact from a straight line
drawn between 2000 and 2050 (ticking -clock).
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The reliability of local model predictions are reported as standard error estimates in some cases
but not entered with the salinity credits or debts in salinity registers. However, an associated level
of accuracy of the assumed impact relationships for each accountable action is entered in the
registers in the form of scores (that is a score between 1 and 5).
Level of confidence in the model output is also assessed by the MDBA modellers based on:
a. the reliability of original data set,
b. the level of manipulation required to model the data in MSM-BIGMOD, and
c. time since the entry was reviewed.
3.2

Relevant features of the MSM-BigMod model

The simulation model Bigmod (MDBC, 2002) is used to calculate water and salt inflows to the River
Murray. Bigmod is a daily time step model. It simulates the River Murray system by dividing the
river into a number of river reaches. In each river reach, the major processes modelled are the
routing of flow and salinity, losses, inflows, extractions, the operation of storages and weirs based
on specified rules and the diversion of water into branches (MDBA, 2012)
Bigmod is able to calculate the salt load that enters a river reach between salinity monitoring sites
and is operated to achieve a modeled salt balance. The process that Bigmod uses to estimate the
salt inflow to a reach is as follows:


The measured salinity at the upstream site of the reach is routed downstream, taking into
account evaporation and known salt inflows such as tributaries and monitored drains.



The unaccounted salt inflow to the reach between the upstream and downstream sites
accounts for the difference between measured and routed salinity at the downstream site. It
is calculated as:
Unaccounted salt inflow = (Downstream measured salinity – Downstream routed salinity)*
Reach length/Increase in salinity for a salt inflow of 1t/d/km.

Salinities measured at the upstream and downstream sites of a reach are required as model input
for the calculation of salt loads. It should be noted that the modelled salt inflows presented in this
report are unaccounted salt inflows (MDBA, 2012).
3.2.1

Ready Reckoner

Whilst individual actions can be routed through MSM-MIGMOD to determine an impact, it is often
more efficient for a preliminary evaluation of options. Where the impacts of options are being
assessed to establish the potential impact of an action in a particular River Reach a Ready
Reckoner is available to make this evaluation.
The benefit of the ready reckoner is that it provides a reference for the impact associated with
adding 100t/d at a point in the River (i.e. salt and no water). As shown in Table 3.1 and Figure 3 a
discharge of 100t/d in the riverine plains is equivalent to around 7EC impact.

Table 3.1: Impact of salt loads along River
Node

Distance
from
Murray mouth
(km)

Salt
input

load

(t/d)

EC Impact @
Morgan

Cost

Cost

($1000/yr)

($/t)

Corowa

2,208

100

4.85

$1,127

$31

Tocumwal

1,886

100

6.94

$1,508

$41

Torrumbarry

1,678

100

7.31

$1,545

$42

Swan Hill

1,409

100

12.34

$2,614

$72
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Figure 3: Salinity impacts at Morgan for adding constant 100t/d at various locations

It is also useful to have an understanding of how cost effective it is to invest in assessment
methods based on the actual physical costs. The major salinity cost functions for the River Murray
have been developed as follows:


Gutteridge Haskins and Davey (1999) Salinity Impact Study applied to early BSMS
assessments,



Allen Consulting Group (2004) – Review undertaken when equivalent ECs were being used

The cost function provides an indication as to what the economic impact is to downstream water
users as a result of salinity changes. All register items attribute costs to jurisdictions based on the
attributable cost weighted salinity credits and debits ready reckoner as shown in Figure 4 below.

Figure 4: Economic impact of salt entering various locations along River
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3.3

Salinity Register

Salinity registers are maintained by the MDBA in accordance with Schedule B to the MurrayDarling Basin Agreement (Schedule 1 to the Water Act 2007). Actions that increase the salinity in
the River incur a salinity debit and an action that reduces the salinity attracts a credit on the
relevant Resister. Victoria’s obligation is to maintain the Registers in a positive balance; that is
Victoria’s credits must exceed its debits.
Debits and credits are recorded in a centralised MDBA register which includes:


Register A: lists accountable actions, their salinity effect at Morgan, their economic cost
outcomes and the salinity debits and salinity credits attributed to those accountable actions.
Register A entries must indicate the level of certainty associated with the estimate of the
salinity impact at years 2015, 2050 and 2100 and are based upon the projected effect of an
action, averaged over 30 years and updated every 5 years.



Register B: records the ‘delayed irrigation salinity’ effects at Morgan as well as the cost
outcomes for each tributary valley of additional delayed salinity impact debits. It also records
credits for actions taken after the baseline date that will offset impacts of processes already
under way. The salinity debits in Register B represent the predicted increases in salinity at
Morgan attributed to each tributary valley.

Register A entries for the Riverine Plains are shown below in Table 3.2. The register B items are
not considered as they generally do not overlap with irrigation area impacts and are outside the
scope of this report. Further discussion on Register B relevance is included in Section 7.4.

Table 3.2: Current Register A Status for Riverine Plains (current condition salinity effect @
2011 audit)
Register Item

Debit

Credit

Joint W&M S&D Strategy
New Operating Rules for Barr Creek pumps

4.9

River Operations Changes 1988 -2000

1.6

River Operations Changes 2000 -2002

1.4

Joint W&M BSMS
River Operations Changes after 2002

0.2

Pyramid Creek SIS

5.1

NSW Works & Measures
Permanent Trade accounting Vic to NSW

0.1

Barmah Millewa Forest Operating Rules

2.0

NSW MIL L&WMPs

4.0

NSW changes to Edward Wakool and Escapes

2.0

Permanent Trade NSW to SA

0.4

Victoria Works & Measures
Barr Creek catchment strategy

7.7

Tragowel Plains Drains at 2002 levels

0.2

Shepparton Salinity Management Plan

1.4

Kerang Lakes Swan Hill salinity management plan

1.5

Campaspe West SMP

0.3

Permanent Trade Vic to SA

0.7

Church’s Cut decommissioning

0.3

Nett
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It is evident that when the information above is combined with the ready reckoner that the salt load
associated with most register items are around 50t/d or less. This is far less than some of the
tributary inflows and so there is a chance that discovering salinity processes over background
noise may be challenging. It is however worth noting that dilution effects are relevant to many of
the register items and the best way of accurately accounting for these, particularly when assessing
irrigation water use changes, is through undertaking actual model runs rather than using ready
reckoner approach.
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4.

SCALE OF IRRIGATION INDUCED SALT MOBILISATION ON REIVERINE
PLAINS

4.1

Known River conditions

The scale of irrigation induced salt mobilization is broadly understood through the impact
assessment of known changes which are listed on Register A as described in the previous section.
However, Register A only tells part of the picture in terms of the landscape and the irrigation
activities that influence salt mobilisation. Much of the salt recognized in the system is part of the
baseline and so differentiating between these is necessary. The scale of the issue is encapsulated
in the system model, BigMod, which takes account of actual data over the benchmark period.
The structure of BigMod is an important reference in explaining the areas where the potential
impacts of irrigation activity and management could be observed. The structure of the model is
described in detail in MDBC 2002.
The specific features relevant to the Riverine Plains in terms of key river reach and inflow salt loads
(average for benchmark period) are as follows:


The system can be broken into three key in-River reaches:
- Torrumbarry to Swan Hill 282 tonnes per day (average over benchmark)
- Yarrawonga to Kyalite
187 tonnes per day
- Yarrawonga to Torrumbarry
48 tonnes per day



Tributary inflows / outflows are shown in Figure 5 and summarized as:
- Goulburn River
465 t/d
- Campaspe River
253 t/d
- Loddon River @ Kerang
207 t/d
- Billabong Creek
111 t/d
- Broken Creek
51 t/d
- Box Creek
25 t/d
- Major offtakes – Mulwala Canal, Yarrawonga Channel, Edward River, National Channel,
Little Murray River



Known River inflows or returns such as irrigation drains and pumps are summarised (highest
to lowest) and shown in Figure 6:
- Bar Creek
763 t/d
- 6/7 outfall
78 t/d
- SIR Drains
74 t/d
- Lake Boga outfall
31.6 t/d
- Gunbower Creek
29 t/d
- Niemur Drain
22 t/d
- Lalaty drain
18.7 t/d
- Lake Charm outfall
0.25t/d
- Other NSW drains/outfalls
7 t/d

It is evident from the information above that defining the scale of some irrigation impacts will
require analysis of the ‘noise’ created in the data from inflows from the broader river system. An
example of this is the Yarrawonga to Kyalite reach of the River in which it is inferred that just under
200t/d of salt is added to the River. This is in addition to the ‘known’ inflows and is in fact one of
the larger inputs to the system. The magnitude is roughly equivalent to the Loddon River tributary
inflow (207 t/d). What this data may indicate is that the major source of salt is generated from
floodplain areas and may not necessarily be directly driven by irrigation activities. Further analysis
will be completed on this issue in Phase II of the project.
Analysis of salt load statistics only illustrate part of the issue. Both volume of flow and the salt
concentration need to be considered simultaneously to understand the overall impacts of salt on
downstream water bodies. Examples have emerged through salinity impact assessments in both
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Victoria and NSW where dilution effects can result in counter-intuitive overall impacts. This is
discussed further in the following sections but does highlight the need to consider flow and salt
concentration together.
The current protocol for assessing salinity impact is to route the changes to flow and salinity inputs
through to Morgan using BigMod. When the above salt loads are routed through BigMod, the
magnitude of impacts from the Riverine Plains over the benchmark period can be identified as
shown in Table 4.1 below. These figures were generated in a Morgan exceedance study
undertaken by the MDBA.
It is clear that some of the larger salt sources are tributary inflows as well as groundwater direct to
River. This provides an initial insight as to where the effort might be directed to address future
salinity impacts resulting from changes to water management. It is likely that whatever changes
are made to irrigation on the Riverine Plains, the overall average Morgan salinity will be dominated
by tributary inflows and local groundwater sources. As the system is currently modeled, these
sources are included in the baseline.
The Drain items are the areas where the irrigation changes will have occurred although the total
impact (19/154.7 or 12%) is where the greatest overall change will occur.

Table 4.1 Relative contribution of Riverine Plains sources between May 1975 and April 2000
(BSMS Benchmark period)
Relative
contributions to the
average salinity at
Morgan (EC)

Relative
contributions
in
percentage of the average
salinity at Morgan (%)

Goulburn River

16.5

2.8%

Broken Creek

2.9

0.5%

Campaspe River at Rochester

7.3

1.2%

Campaspe River Rochester to Echuca

0.9

0.2%

Loddon River

23

3.9%

Barr Creek

31

5.2%

Billabong and Box Creek

8.4

1.4%

Shepparton drains

3.8

0.6%

Campaspe drains

1.5

0.3%

3

0.5%

6/7 Channel & Lake Boga Outfall

6.2

1.0%

NSW LWMP drains

4.5

0.8%

Yarrawonga to Torrumbarry

2.9

0.5%

Yarrawonga to Kyalite

20.3

3.4%

Torrumbarry to Swan Hill

22.5

3.8%

Total for Riverine Plains

154.7

26.1%

Total to Morgan

592.6

100%

Sources for the relative contributions to
Morgan salinity
Tributaries

Drains

Koondrook spillway

Groundwater (1)

(1)

Inferred from reach‐by‐reach salt balance closure

Summary statistics for Victorian Tributaries are included in Appendix C.
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Figure 5: Schematic of BigMod for riverine plains tributary inflows
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Notes:
Salt Load – Average over Benchmark Period
Flow – Average over Benchmark Period

Figure 6: Schematic of drain inflows to Riverine Plains study area
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The following observations were made in developing a focus for Phase II work:


Barr Creek has long been recognized as a significant point source of salt and there has been
a significant amount of work been undertaken to manage salt impacts from this tributary
(including water trade – SKM 2000).



The Loddon River is part of the Kerang Lakes REALM and there is a significant amount of
work being done throughout the system to examine irrigation modernisation opportunities in
this area. The current register A entry for the Kerang Lakes system primarily covers the Lake
Charm flushing infrastructure. However, dilution flows are known to be significant issue and
require detailed understanding before being built into any framework. Similarly, NSW drains
generating an EC credit due to dilution issues also needs to be reconciled before moving
forward with a framework.



Impacts attributed to groundwater are likely to be a large focus of Phase 2 in terms of
unaccounted salt loads.
Additional analysis of surface water processes, including
contributions of floods, drought and water transfers (e.g. SA minimum flows delivery through
Mulwala canal) to baseline salinities, may assist in refining the magnitude of these
unaccounted salt load sources.
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5.

CURRENT UNDERSTANDING OF SALINITY PROCESSES

5.1

Salinity Management Approaches

Salinity management approaches have evolved from locally-based salinity management plans in
the early 1990’s, to strategies that now consider whole-of-catchment approaches to manage and
account for salinity. Significant changes that have had an impact on salinity management in the
riverine plains include such things as:


A shift in focus for Land and Water Management Plans from a development phase to a
management phase;



Salt interception works programs have been successful in delivering in-river water quality
improvements as well as providing salinity credits for all jurisdictions consistent with the
BSMS, to continue the implementation of land and water management plans;



Significant changes to the legislative context and the governance arrangements in the
Murray-Darling Basin, these include:
- National water reform, including unbundling of water access entitlements;
- The Living Murray Initiative (TLM);
- Mid-term review of the BSMS (2001-2015)
- Government investment in water markets and the establishment of the Commonwealth
Environmental Water Holder (CEWH).
- The enacting of the Commonwealth Water Act 2007 and associated Basin Planning
initiatives
- NSW WSPs which collectively maintain long term diversions around 200GL/yr below
1993/94 Cap levels.
- Victoria’s policy response to the ongoing drought in the Murray-Darling Basin and the
pursuit of long term water security in the form of the NRSWS (2009).

5.2

Salinity Management Plans

Government endorsed salinity management plans/land and water management plans were the
vehicle in which Government invested in salinity management activities in Victoria. They also allow
the benchmarking that is necessary for maintaining salinity accountability including the monitoring,
assessment and reporting associated with implementation. In NSW the process of utilising credits
for implementation of L&WMPs was not devolved to local management agencies.
The salinity management plans (listed in Table 5.1) were the primary vehicle by the original S&D
Strategy credits were utilised.
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Table 5.1:Historic Salinity and Land and Water Management Plans
Catchment Areas

Original Salinity Management Plan

Vict. Murray corridor

Torrumbarry East of Loddon

NSW

Beriquin

Kerang-Swan Hill

Cadel
Denimein
Wakool
Goulburn-Broken

Goulburn Dryland
Shepparton Irrigation Region

North Central

Campaspe Dryland
Campaspe West
Tragowel Plains
Boort-West of Loddon
Avoca Dryland
Avon-Richardson

Most of the SMPs that were developed aimed to achieve a salt balance for their regions and in
some cases this involves the managed removal of salt out of their region. From a regional
perspective the most economic means of disposing salt is into the River Murray with ultimate
export via the Murray mouth. Agreement between the signatories to the S&D Strategy provided for
the controlled disposal of salt to the River Murray through accountable actions where SIS and other
credits are able to provide offsets. Under the S&D Strategy salt disposal was capped with each of
the signatory states required to implement land and water management activities within the limits of
the salt disposal entitlements allowed for each.
In Victoria, through time the SMPs evolved into elements of CMA Regional Catchment Strategies
(RCS) and the RCS has become the avenue for the CMAs to negotiate with local community
groups and individual landholders to implement salinity management.
In NSW salinity management has largely remained with NSW Office of Water, however, there is a
clear responsibility, under its licensing conditions, of Murray Irrigation Limited in particular to
undertake a range of activities in relation to salinity monitoring and reporting.
The understanding of salinity processes and overall impacts of works and measures implemented
under the SMPs is based on the historic assessments that each jurisdiction has undertaken to
determine whether specific works and measures constitute accountable actions. The literature on
each of the jurisdictions and the historic treatment of accountable actions is summarised in the
following sections and included in more detail in Appendix A (NSW) and Appendix B (Victoria).
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5.3
5.3.1

Overview of New South Wales Salinity impacts
Geographic overview

The Riverine Plains covers an extensive area within Southern NSW, across the central area of the
Murray valley upstream from Nyah in the west to Corowa in the east taking in the four main
irrigation area of the Murray Irrigation Region – Berriquin, Cadell, Denimein and Wakool (Figure 1).
5.3.2

Land and water use

Irrigated agriculture and horticulture are the major industries in the area. Rice production is a major
commodity with nearly all of Australia's rice is grown in this region alone. Historically, horticulture
was irrigated using furrow irrigation with excess water managed with tile drainage or other on-farm
infrastructure (REM, 2008). Landholders are now increasingly adopting spray and micro irrigation
systems, along with irrigation scheduling to improve both productivity and the quality of the product
whilst reducing water use and drainage.
Flood irrigation has been the predominant form of irrigation across cropping and grazing areas of
the region, where in recent years an increasing number of landholders have adapted more efficient
means of irrigation including low pressure overhead irrigation systems, primarily center pivots and
lateral move irrigators (REM, 2008).
The major irrigated agricultural industries include:


Dairy, primarily within the Berriquin district



Irrigated winter and summer cropping, along with beef cattle and sheep grazing within each
irrigated area



Rice growing within each irrigated areas

5.3.3

Land & Water Management Plans

Land and Water Management Plans for all four Irrigation districts were developed in 1990 and were
completed in 1995. The LWMPs are large scale action plans designed to help overcome
degradation of natural resources and provide for the long term economic sustainability of rural
industries within each sub catchment. A major emphasis of the L&WMP was on controlling shallow
water tables. Hence the adoption of shallow surface drainage, channel seepage control works,
hydraulic loading limits to reduce groundwater accessions.
The plans were drafted by community working groups, providing a tool to enable rural communities
to manage the land and water resources in a way to allow for continued agricultural production
whilst improving the environment and downstream river health.
In NSW, the existing four LWMP’s are assessed together as one action, which appear on Register
A. A number of on farm initiatives are identified to improve water efficiency’s for on ground works
and include:


Shallow ground water pumping



Whole Farm Planning – Survey & Design



Farm drainage and reuse



Adoption of irrigation scheduling in horticultural areas.

The key tributary and drainage outflows from the area (inputs to BigMod) include:


Billabong Creek @ Darlot – Tributary inflow



Box Creek @ Conargo Road – Drainage from Beriquin and Denimein Irrigation areas



Lalaty Drain – Upper Beriquin drainage to Tuppal



North Deni Drain Hay Road – Beriquin drainage to Edward River



Deniboota Escape – Deniboota irrigation system throughflow to Wakool River



DC1000 Drain
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Niemur Drain – Wakool Tullakool area drainage to Niemur River

As shown in Figure 12 these drains were contributing around 50t/d to the river system in the
benchmark period. Drains were extended as part of the LWMP meaning that many of the natural
drainage lines were better connected thus reducing accessions to the watertable. The register item
for the L&WMPs attracts a salinity credit as it provides a nett reduction in salt accessions. Overall
the ‘with plan’ produced additional salt loads compared to the ‘no plan’ scenario, mainly because
additional runoff drained from the areas. However, the flow increased significantly, and as it was of
lower average salinity than the other flow components, the net effect was a reduction of 4.01 EC
units at Morgan.
5.3.4

Institutional Arrangements

The NSW Office of Water is the delegated authority responsible for water administration, licensing
and allocations, along with salinity assessments. NSW State Water has responsibility for river
operation and water distribution for towns, industry and irrigation.
The larger water distributions and drainage systems were privatised during the mid-1990’s and now
operate as private corporations, in particular Murray Irrigation Ltd. Reporting of license conditions
for private entities includes a requirement to monitor flow and salt export and to report annually.
The major irrigation activity where land and water management planning is in place is concentrated
in the Murray Irrigation Ltd.
5.3.4.1

Murray Irrigation

Murray Irrigation is the largest private irrigation company in Australia which was formed following
the privatisation by the NSW Government of the Murray Irrigation area and districts. Murray
Irrigation is licensed to operate by the NSW Government, and has 1,106,736 general security
entitlements to the NSW Murray Regulated River resource. This represents almost 67 percent of all
NSW Murray River general security entitlements.
Water trading at Murray Irrigation can involve either annual (temporary) trade of allocation, annual
delivery entitlements, and carryover capacity; as well as permanent trade (change of ownership) of
water entitlements and delivery entitlements.
As shown in Table 5.2 below the MIL business is heavily influenced by rice production and any
changes to water use will have been influenced by the rice growing practices. Rice growing is
targeted for water holding soils and the draining of rice fields for final harvesting is discharged to
drainage systems. This is recognised in the Land and Water Management Plans where
construction of surface drainage since 1988 has actually provided additional flows of relatively
fresh water to the downstream waterways (i.e. the drainage can be fresh compared to the salinity
of water in those waterways). The result is that the salinity impact of the work is actually a credit of
4EC. An additional 0.5EC credit results from the reduction in watertable accessions through
reduced waterlogging, channel seepage works, whole farm planning and other measures.
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Table 5.2 MIL Annual Allocation
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5.4

Overview of Victorian salinity impacts

5.4.1

Geographic overview

The extent of Victorian irrigation in the Riverine Plains (see Figure 7) covers an area from
Wodonga in the east through to Swan Hill in the west and extends south along a number of
tributaries to the Great Dividing Range. These tributaries comprise the Avoca, Loddon, Campaspe,
Goulburn and Broken rivers, all of which flow north into the River Murray (REM, 2008).

Figure 7: Overview of Victorian irrigation extent in riverine plains

The area is a major irrigation district, covering in excess of 10,000 km² and dominated by licensed
diverters and gravity fed irrigation districts under the management of Goulburn-Murray Water
Authority.
5.4.2

Land and water use

The major irrigation areas comprise the:


Gravity fed districts of Torrumbarry and Pyramid-Boort;



Gravity fed districts of Rochester, Central Goulburn, Murray Valley and Shepparton; and



Groundwater management and water supply protection areas of the Campaspe Deep Lead,
Shepparton, Katunga, Barnawartha, Nagambie, Southern Campaspe Plains, Mid-Goulburn
and Mid-Loddon.

These major irrigation areas have been categorized within two major regions; the Loddon-Murray
Irrigation to the west and the Shepparton Irrigation region to the east.
The Loddon-Murray Irrigation region
The Loddon-Murray Irrigation region stretches across the flood plains of the Loddon, Campaspe
and Murray rivers and encompasses the irrigation regions surrounding Kerang. The major land
uses in this area include:
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Annual and perennial pasture production for dairy;



Horticulture, primarily for grapes, olives, stone and pome fruits; and



Mixed cropping and grazing operations.

This 650,000 ha area contains a diverse range of farming enterprises. Over half of the area is
irrigated, consisting of mixed cropping and grazing, dairying, and horticulture. Irrigation water is
applied more intensively in the dairy farming areas surrounding Cohuna and Leitchville. Mixed
grazing and cropping enterprises are spread throughout the region in a mosaic pattern and
generally receive less intensive irrigation
Average annual water use in the basin totals 1,336,770 ML, of which approximately 95% is used
for irrigation. The remaining 5% is used for urban, industrial and rural use. Much of the use is
dependent on surface water imports. Imports to the basin come from three main sources: the
Murray River, The Waranga Western Main Channel and the Coliban water supply system. The first
two are for irrigation within the Goulburn-Murray Irrigation District which includes most of the
northern plains in the Basin. The third is for urban, industrial and rural supplies in the south-east
corner of the region (GMW, 2012).
Groundwater levels are variable but generally higher in the north, towards the lower end of the
catchment. In a typical year at least 35% of the floodplain can have groundwater levels within 2 m
of the surface. Due to the heavy impermeable nature of the soils, predominantly medium to heavy
clays, groundwater movement is slow and tends to be in a north and northwesterly direction.
Rainfall is generally low and variable in the Loddon River Basin and the physical characteristics of
the area make it prone to flooding, particularly on the flat terrain of the northern plains. Average
annual rainfall increases with elevation, being greater in the southern highlands.
The Shepparton Irrigation Region (SIR)
The Shepparton Irrigation Region (SIR) occurs along the alluvial floodplains of the Murray,
Goulburn and Broken rivers, and also includes the Rochester Irrigation Area which lies on the
northern Campaspe plains (REM, 2008). The area supports land uses including:


Dairying



Grazing



Annual cropping



Extensive horticulture including stone and pome fruits

The SIR is intensively irrigated with approximately 317,000 of its 500,000 hectares (ha) being
irrigated. Water use is significant and is extracted via a range of sources as shown in Table 5.3
below. The SIR is the irrigation region which contributes most to the Victorian economy. The SIR
irrigators have responded rapidly to the changes demanded of irrigated agriculture. This has
included widespread adoption of improved irrigation technologies and best management practices
such as Whole Farm Planning, automatic irrigation and reuse systems.
The Shepparton Irrigation Region Land and Water Salinity Management Plan is recognized
nationwide for the successful implementation of best management practices in catchment
management.
Table 5.3 2010/2011 Water Use and Allocations (GL)
River System

Surface
Water Use

Total Water
Allocated

Groundwater
Use

Groundwater
Allocation

Vic Goulburn/Broken/Loddon

544

1,067

34

122

Vic Campaspe

18

281

4

18

49,701

235,591

25,119

204,859

Vic SIR
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5.4.3

Institutional Arrangements for salinity

The Department of Sustainability and Environment (DSE) is the delegated agency of the Victorian
Government responsible for implementing salinity policy and accounting for Victoria’s obligations
under the BSMS. Through the Catchment and Land Protection Act 1994, DSE has delegated
regional management responsibility to the Catchment Management Authorities (CMAs) located
within the Murray-Darling Basin. It is the responsibility of the CMAs to ensure that the salinity debits
in their region do not exceed their salinity credit allocation.
The status of activities is described in detail in Appendix B and summarised as follows:
Shepparton Plan impacts
The SIR Plan allows for the construction of irrigation drainage and watertable control. The overall
impact of the plan is 3.4EC (debit) which is ultimately measured (and input to BigMod) using drain
flows and salinities at the sites shown in Table 5.4. Implementation is monitored relative to the
original metrics; being length of drain constructed and number of groundwater pumps installed. The
additional flows and salt loads resulting from implementation are discussed in Appendix B.
Table 5.4 Key monitoring sites
Baseline
Monitoring site

Flow
(ML/d)

Salinity
(EC)

Salt Load
(t/d)

Irrigation Area

Lockington_407712

27

1,314

9

Rochester

Bamawn_406750

39

1,316

14

Rochester

Wharparilla_406263

2

409

1

Rochester

Warrigal_405297

70

863

16

Central Goulburn

Strathmerton1_409711

19

802

6

Murray Valley

Strathmerton2_409711

19

802

6

Murray Valley

DCMO_406704

69

1,661

26

Central Goulburn

Campaspe_ext

8

839

2

Rochester

Strathallen

2

108

1

Rochester

Total 9 drains

300

929

83

Muckatah_404210

175

1,104

46

Murray Valley

RodArd_405720

72

393

21

Central Goulburn

Tool_405720

72

393

21

Central Goulburn

Coomboona

17

168

3

Central Goulburn

Kialla

11

85

1

Shepparton

Shepparton

26

270

3

Shepparton

Total 5 drains

128

326

28

Total

604

740

157
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Barr Creek Catchment Strategy
The Barr Creek, being the single largest point source of salt, was addressed through the catchment
strategy which delivered a 7.7EC (credit). The key activities included activities such as laser
grading, retirement of irrigation on class C and D type soils to reduce the fresh water component of
drainage.
These works and measures were originally undertaken in response to the failed initiative to
increase the disposal capacity of the Barr Creek – Lake Tutchewop diversion scheme (Mineral
Reserves Basins).
Kerang Swan Hill - Lake Charm Flushing Impacts
The Lake Charm flushing scheme is the only works implemented under the plan. The impacts of
water trade are assessed through the Kerang Lakes REALM and it is known that throughflow is
vital to maintain flushing and maximising dilution of return water
Campapse West
The plan was implemented to allow subsurface drainage (tiles drains and groundwater pumps) to
be constructed for watertable and salinity control.
The overall impact of 0.3 EC (debit) is small although the recent shut-down of the Campaspe West
and Campaspe East Irrigation districts is likely to influence the nett impacts of irrigation activities in
on this plan.
Tragowel Plains
The minimal impact of Tragowel plains (Pyramid Boort Irrigation area) is unlikely to warrant any
significant analysis through this project despite the current trend for irrigation retirement.
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6.

NATURE, SCALE AND MAGNITUDE OF CHANGES TO IRRIGATION ON
THE RIVERINE PLAINS

6.1

Climatic Influences

Inflows in the Murray–Darling Basin are naturally extremely variable, with history recording a
number of severe short-term and long-term droughts, such as the ‘Federation’ drought, the ‘Second
World War’ drought and the recent ‘millennium drought’. Inflows in twelve years of the millennium
drought were 40% below the long-term average.
Climate change studies (e.g. SEACI, 2010) predict that the climate of the Murray–Darling Basin is
likely to become drier in the future, due to the rising concentrations of greenhouse gases. The
studies indicate that the Basin climate is likely to become even more variable, as well as drier. So
in addition to more extreme droughts, there may also be more extreme flood events. The additional
water for the environment provided by the Basin Plan will provide buffering for ecosystems from
any reductions in water availability due to climate change. It should be noted that given the vast
geographic extent of the basin, climate change projections will not be uniform, with the northern
Basin possibly being wetter and subject to more extreme weather events.
State water resource plans are designed to deal with the historic climatic variability and under the
Basin Plan will be required to describe how water will be managed should climatic extremes occur.
The Basin Plan contains arrangements for meeting critical human water needs along the lower
Murray River.
Murray System in extremely dry scenarios, and also requires relevant water resource plans to do
so. The sustainable diversion limits under the Basin Plan provide more water for the environment
up front — and this will provide a buffer for the environment against reductions in water availability.
6.1.1

Rainfall and Hydrology

The annual rainfall in the basin is shown in Figure 8. It is clear that there is significant variability
and that this has influenced water security.

Figure 8: Annual rainfall Murray Darling Basin
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6.1.2

Extreme events

The purpose of assessing accountable actions over a benchmark period is to smooth the affects of
extreme events including drought and floods. The following analysis of hydrologic conditions will
be useful for the Phase 2 analysis of the salt mobilisation process:


Flooding events:
- Historic floods (benchmark period) are generally accepted as having occurred in 1981,
1992, 1993 and 1996. Figure 9 below shows that peak flows at Swan Hill of 20,000ML/d
were regular during the benchmark period and much less frequent during the dry decade
from 2000 to 2011. Whilst the Victorian side of the River provides minimal opportunity for
flow to leave the main River channel, there is the potential for flows (and salt) to leave the
River channel through the Koondrook Pericoota forest. These flows will have contributed
to floodplain processes which may influence the observed data at the Kyalite site.
Further analysis of this will be completed in Phase 2.
- Recent floods (beyond benchmark): The 2010/11 floods caused widespread inundation of
the area upstream of Swan Hill. The curious aspect of this flood was the fact that salt
loads from tributaries and drains in the catchments were dry and so analysis of the flood
recession may yield additional information about changes to salt mobilization.
It is noted that approximately 17% of days had flows above 20,000 ML/d in the
benchmark period whilst only 8.5% of days were over 20,000ML/d in the following
decade.



Drought conditions:
- The obvious drought was the 2006 – 2011 although a number of shorter droughts
(benchmark period) are well documented including in 1982/83.
- The average flow at Swan Hill of 8,987ML/d during the benchmark period reduced to
8,427 ML/d in the more recent period of record. This represents a reduction of around
6% in average flow. Analysis of the system inputs from drains and tributaries in this post
benchmark period may provide some insight around unaccounted salt loads (Phase 2).

Murray River @ Swan Hill (409204)
35,000

Benchmark period
30,000

Flow (ML/d)

25,000

20,000

15,000

Average: 8427 ML/d
10,000

5,000

0

Figure 9: River Murray @ Swan Hill
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6.2

Irrigation water applications

The salinity processes that are of most interest to this study are related to irrigation and the
mobilisation of salt through the hydrologic footprint. The potential for variability can be seen in the
total annual irrigation deliveries which are diverted from the river systems via the main offtakes.
The water use in irrigation districts which divert from the Murray and Goulburn systems are shown
below in Figure 10 to Figure 12:
Murray System Historic Water Use
700,000

Murray Valley
Torrumbarry
Pumped districts ‐ Nyah, Tresco, Woorinen

600,000

Annual Water Delivery (ML)

500,000

400,000

300,000

200,000

100,000

0

Figure 10: Murray Valley water use

Murray Irrigation Diversions
2,500,000
Diversion Volume
Deliveries

Volume Diverted / delivered (ML)

2,000,000

1,500,000

1,000,000

500,000

2012/13

2011/12

2010/11

2009/10

2008/09

2007/08

2006/07

2005/06

2004/05

2003/04

2002/03

2001/02

2000/01

1999/00

1998/99

1997/98

1996/97

1995/96

1994/95

1993/94

1992/93

1991/92

1990/91

1989/90

1988/89

1987/88

1986/87

1985/86

1984/85

1983/84

1982/83

1981/82

1980/81

1979/80

1978/79

1977/78

1976/77

1975/76

0

Figure 11: MIL Water diversions and use
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Goulburn System Historic Water Use
700,000
Rochester
Pyramid‐Boort
600,000

Central Goulburn
Shepparton

500,000

400,000

300,000

200,000

100,000

0

Figure 12: Goulburn system water use

The declining irrigation use is evident since around 1999/2000 which is mostly attributed to drought
and associated low water availability but could also include influences from factors such as
permanent water trade out of the districts and water savings activities. Whilst this period is outside
of the benchmark period for salinity impact assessment, developing an understanding of how the
salt mobilisation is affected by drier conditions provides a useful insight into how the impacts of
works and measures that reduce the scale of irrigation can be represented. Some work has
already been undertaken using data and this is drawn on to discuss the general understanding of
empirical relationships that are available for assessing salinity impacts. In years of high extraction
it is difficult to isolate the factors that influence salt mobilisation from the general dilution effects that
occur during these periods.
6.3

Water trade data

The nature of water trade was changed significantly post 1997, largely as a result of new measures
introduced within the southern connected MDB to separate water and land ownership entitlements
– otherwise known as unbundling in Victoria. Separation of land and water occurred earlier in
NSW.
These measures created water entitlements, the ownership of a share of water within a water
system and water use licenses, which denote an annual water use limit to which water allocations
can be attached to land in Victoria.
Water Use Licenses have a number of options in regard to the attachment of entitlements to them
including:


Water entitlements previously linked to land



New purchased entitlements; or



Seasonal allocations of entitlements which have been temporarily transferred



New purchased entitlements; or



Seasonal allocations which have been temporarily transferred
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Emerging ‘large scale water projects’, however, require managers to contemplate a much more
dynamic water industry where those who hold water entitlements have a far greater degree of
flexibility to decide how best to use their seasonal allocations. This flexibility has resulted in
changes to the temporal and spatial application of water to land, thus altering the footprint of
irrigation.
The Shepparton Irrigation Region water trade statistics post 2000 shown in Table 6.1 (post 2005 to
come) indicate that permanent trade provides for a fluctuating outcome and so salinity impacts may
be varied to keep pace with this variability. Murray Irrigation statistics in Table 6.2 show significant
volume of trade although this is not necessarily external to MIL.

Table 6.1: SIR trade statistics
Volume traded (nett) – all in ML
Trade type
2000/01

2001/02

2002/03

2003/04

Perm

1,940

Temp

7,700

Perm
Temp

2004/05

1,940

580

1,340

500

5,810

12,430

9,860

8,900

12,120

12,100

90

-2,110

-2,600

N/A

N/A

5,160

-17,900

-15,600

Within SIR

Outside SIR

Table 6.2: MIL trade statistics
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7.

EMPIRICAL ASSESSMENT OF WHERE CHANGES WOULD BE
EXPECTED TO HAVE THE MOST IMPACT ON RIVER SALINITY

Changes to irrigation have been significant over the past decade as the national water reform
agenda has been rolled-out. Many large scale (multi-jurisdictional and agency) initiatives can be
identified as having altered the temporal and spatial application of water within existing irrigated
and/or environmental asset footprints. In the case of unbundling and the movement to broad scale
water trade these changes have occurred at a faster rate than salinity policy development and so
the need to develop a framework for assessing impacts of these changes is necessary.
7.1

Salt Mobilisation Processes

The following processes are known to mobilise salt within Riverine Plains Irrigation areas including:


importation of salt in irrigation water (rainfall and inflows).



channel leakage contributing to groundwater accessions.



surface wash-off to drains.



root zone drainage leading to groundwater recharge.



drain outfall (particularly Edward River escape which is monitored).



groundwater discharge (via shallow and deep aquifers), and



interaction between shallow and deep aquifers.

These parameters occur across Riverine Plains Irrigation areas, although the influence varies
across each region. The importation of salt in irrigation water and the leakage of water from supply
channels are considered the earliest mobilisation process.
It is important to understand that the riverine plains irrigation districts are significantly affected by
shallow watertables and so once water is applied, surface wash off across irrigated land or root
zone drainage provide movement for salt. Preceeding irrigation, the discharge of excess surface
water or affected groundwater can have a negative or positive impact within streams and rivers to
which they drain.
7.2

Understanding of water change impacts

A number of Register entries and proposed works and measures have been reviewed in the past
decade that have considered the influence of reduced irrigation application. Examples of where
salinity impacts of large scale water projects, developed under existing salinity policy, have been
analysed include:


NVIRP Works and Measures under reconfiguration plans



Water trade in Barr Creek



Lake Mokoan and mid-Murray storage



Federal Government Land and Water Purchases



80/20 Sales Deal



NSW Water Sharing Plans



MIL supplementary water purchase
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The following examples demonstrate the methods adopted and the range of impacts that can be
expected under a change irrigation footprint into the future.
7.2.1

NVIRP modernisation works

The Northern Victoria Irrigation Renewal Project was designed to save water through
improvements to irrigation system efficiency. It involves the automation and upgrading of channels,
construction of pipelines, upgrading the accuracy of metered outlets to farms and lining and
remodelling of channels. These works, in combination with system operational changes, is
improving service levels to irrigators and continues to save billions of litres of water. Significant
system efficiency improvements will be made possible by transforming a ‘manually’ operated
system to a fully automated delivery system measuring water flows quickly and accurately.
To date the project has delivered about 15.5 billion liters of long term average water savings
annually. These savings have come from:


Channel automation to reduce outfalls;



Channel remediation to reduce leakage and seepage;



Improved meter accuracy; and



Reduced unauthorised use from more accurate operation and measurement.



Construction of gravity pipelines;



Automation of channels;



Replacement of outlet meters to improve accuracy; and



Reconfiguration and rationalisation of existing infrastructure

Stage 1 of the project was examined at a preliminary level through the Northern Region SWS
policy. Key issues in salinity processes due to changed water use were identified and shown
below in Table 7.1

Table 7.1: Salinity assessment
Work and Measure

Debit

Channel outfall reduction

1.75

Withholding supply

1.13

Kerang Lakes

0.37

Credit

Barr Creek reduced channel seepage

2.85

Environmental Flow

1.63

TOTAL

3.25

4.48

Stage two of the modernisation project included significant rationalization targets which will include
major sub-system retirements.
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7.2.2

Water Trade effects in Barr Creek

A study was completed by SKM in 2003 to look at the potential effects of changes to irrigation in
Barr Creek catchment as a result of water trade. The study was based on development of a
process based model of the catchment which incorporated a range of physical processes including
water application rates, shallow watertable discharge to drains and salt wash off processes.
This type of study provides an indication of the scale of potential changes in salinity effects that
could be accounted for if irrigation is significantly modified (see Table 7.2). The range of up to
10EC Credit for trade out and 11EC debit for trade in is significant in terms of the impacts
documented in the schematics in Figure 5 and Figure 6.
It should be remembered that the Barr Creek catchment is an extreme example of impacts given
the high historic land salinisation but the example also highlights the scale of potential impacts that
will need to be considered in the proposed riverine plains framework.

Table 7.2: Salinity assessment
Scenario

Change EC at Morgan

Change in EC per 1000ML traded

Reduction of 20% total irrigation
(reduced annual pasture only)

-10.8

-0.24

Reduction of 20% total irrigation
(reduced perennial pasture only)

-5.8

-0.13

Increase 18% irrigation
converted to annual pasture)

11.1

0.25

4.1

0.09

Land use distribution

(dryland

Increase 20% irrigation (dryland
converted to perennial pasture)
TOTAL

7.2.3

Lake Mokoan and mid-Murray Storage

Lake Mokoan, a balancing water storage connected to the Broken River, is being decommissioned
to reduce system (evaporative and seepage) losses. These savings will be used, amongst other
things, for contribution toward water for the Snowy River recovery. Broken system irrigators will be
supplied direct from Lake Nillahcootie with a small storage at Mokoan to maintain (local) security of
supply. A mid-Murray storage option, including combinations of storages at Lake Boga, Lake
Kangaroo and Lake Charm, will be used to capture recovered water and hence realise the savings
that can be returned to the Snowy River.
The potential impacts were assessed in ‘Lake Boga/Kerang Lakes Options for Mid-Murray Storage,
SKM 2005. The impacts assessed include an altered pattern of irrigation water delivery (where
increased water was created through decommissioning) and an altered hydrologic regime for midriver storage and release rules. The three key salinity impact factors
Evaporation / seepage estimates were determined using Winton Swamp REALM model (SKM,
2005). Estimates indicated that around 44GL of water savings were possible. Such savings result
in increased flows from the Goulburn River into the River Murray. The salinity impact of the altered
regime was assessed as a 1.4EC reduction @ Morgan. The reduction in average EC at Morgan is
the result of providing additional dilution flows to the River Murray.
A Mid-Murray storage is required to capture additional water generated from the decommissioning
works. The modified system operational rules were modelled using existing water system models
(REALM and BIGMOD). The range of salinity impacts were assessed for various operational rules
and combinations of storage options. Modelled salinity impacts ranged from +1.5EC to + 3.7EC at
Morgan.
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7.2.4

Federal Government Water purchases and The Living Murray Projects

The Living Murray Environmental Works and Measures Program is a 2003-2011 program designed
to deliver works and measures to improve the health of the River Murray system by:


Making the best use of water currently available;



Optimising the benefits of any water recovered in the future;



Considering other priority interventions that are worthy in their own right; and



Targeting investment towards the best environmental outcomes

Established in 2002 in response to evidence showing the declining health of the Murray River
system, TLM It is a partnership of the NSW, Victorian, South Australian, ACT and Australian
governments, coordinated by the Murray–Darling Basin Authority.
The Living Murray is one of Australia's most significant river restoration programs. It aims to
achieve a healthy working Murray River system for the benefit of all Australians. A range of
activities are being contemplated to achieve these objectives, where it is likely to be accountable
impacts under the BSMS. This includes returning water to the river's environment.
The key salinity issues around these type of initiative are complex as discussed below:
Recovery: Purchase of existing water access entitlements by Australian Government (DEWHA),
on the water market, recovering water that is currently being used (presumably for irrigation
activities). Volumes involved in these transactions have not been clearly defined, although it is
known that $3.1bn is available over 10 years. During 2007/08 the government recovered in the
order of 24GL for $34M. The volume of water purchased from Victorian sources was reported to
be 8,917ML (Hyder, 2008).
The generation of salinity debits or credits would depend on the location of recovery. It was also
stated in Hyder 2008 that “…The (recovered) entitlements will hold their original characteristics and
the Commonwealth Environment Water Holder (CEWH) will pay all annual fees and other charges”
However, this may not be entirely correct from a salinity perspective as G-MW bulk water charges
(part of which covers Victoria’s ongoing liability) will be levied across a smaller number of
entitlements as the water entitlements recovered will no longer be with Victoria (resulting in
reduced revenue or higher charges). At $2-3/ML, lost revenue could be over $30,000 per year.
Further purchases are planned.
Transfer: Water recovered from Victorian water sources to date, currently totalling 9GL, is now
held by the CEWH. The total pool of water is to be allocated to responsible authorities for
environmental watering activities according to environmental watering plans. Typically the MDBA
will administer this water (through TLMI responsibilities) and through the CMA’s (who undertake
watering). Timing of releases will need to be compared to existing river operations to assess
impacts. It is not clear whether any salinity credits that would be generated through the recovery
phase are assigned to the agencies that will use the water.
Use: MDBA (through TLMI) and the CMA’s will use water from the CEWH for in-river,
wetland/floodplain watering etc. Criteria for selection of sites are available from DEWHA. It is
likely that in-river uses will generate salinity credits (through dilution flows) but watering of wetlands
and other sites may generate salinity debits (mobilisation of surface salt) depending upon where
the sites are located.
The ability of Victoria to find available credits for such environmental watering, if a net credit is
required, could be problematic. It is not clear whether the appropriate mix of credits/debits would
be provided to Victoria with the delegated responsibilities and potentially generating salt loads to
the Murray.
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7.2.5

80/20 Sales Deal

The Victorian ‘80/20 sales water deal’ is an arrangement designed to return 20% of existing low
reliability or ‘sales’ water to the environmental water manager (typically CMAs) as an entitlement
for prescribed (and sometimes discretionary) use. This pool of water is generally water that has
been assigned to meet Victoria’s commitments to The Living Murray Initiative.
The initiative, implemented at the time of unbundling of water rights (1 July 2007) saw sales water
entitlements transformed into a Low Reliability Water Share (LRWS) with 20% of the total pool
recovered for the environment.
The potential salinity impact relates to water recovery that would have been used on many sites
(irrigation properties), to selective water use at a select number sites and in-river.
A total of 120,000ML of water (on average) recovered from sales water pool by DSE. It is
somewhat unclear at this stage as to whether this would create a net salinity credit or debit given
the historic patterns of use, projected frequency of the allocation of ‘sales water’ going forward and
role that purchases of temporary entitlements plays in supplementing previous sales water use.
The recovered water would maintain its characteristics as low reliability Victorian water meaning
that it would not be allocated until high reliability commitments for the following irrigation season
are satisfied.
Recovered water is stored in reservoirs until called upon. The transfer of water to site/s could
modify hydrologic regime in natural carriers depending upon location. DSE holds the water
entitlements but has committed the water to Murray Darling Basin Authority (MDBA) for assignment
to the Living Murray Initiative (TLM) in accordance with a yet to be developed icon site watering
schedule. Such an activity is likely to provide additional dilution flow when released/called upon.
The difficulty will come when assessing the net impacts of a transmissions event under the
implementation of an icon site watering plan.
Precedents have already been set with existing MDBA Salt Register A entries for changes to river
operations although to date very little assessment has been completed on the salinity impacts of
this initiative.
7.3

Current Levels of Accountability

Consideration of the various current levels of accountabilities is important to understand for
development of any future framework.
Within Victoria, salinity accountability is assessed and reported against individual actions
implemented under agreed SMP’s, LWMP’s and RCS’s and include such items as surface
drainage, groundwater pumps and surface water management actions (REM, 2008). These are
then rolled up to regional level where appropriate and reported under CMA programs. IT is
intended that any proposed works and measures will be built into existing register entries where
possible. This is simple where accountable salt loads are concerned but not as straightforward
where unaccounted salt loads are concerned.


Accountable Actions – Salt loads and dilution effects

Register A currently lists the accountable actions for which Victoria and NSW have responsibility.
A summary for each of the areas and the impacts is included in Appendix A. There is a wealth of
information that will be used moving forward in the proposed Riverine Plains Framework. A large
focus will be on the ability to track water use and account for the changes in impacts as a result of
changing water use.


Unaccounted Salt Loads

Unaccounted salt loads were shown in Table 3.4 to be significant relative to some tributary inflows
and so there is potential for these to be influenced by changing irrigation water use. There is a
significant amount of information that could be assessed in Phase 2 relating to groundwater
inflows. For example the post-2000 period may provide some insights as to how reduced irrigation
affects the discharge to the River.
These factors will need to be built into the framework whilst considering the position of each
jurisdiction on the type of assessments and methods used.
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7.3.1

Victoria’s position on large scale water projects

The difficulties in applying existing policy to assessing salinity impacts of large scale Initiatives led
to the development of the policy position for the Northern Region Sustainable Water Strategy which
included:


Salinity impacts of irrigation management and use will be best managed through the water
use license.



Salinity impacts of environmental water use will be applied through conditions relating to an
entitlement (Water Act 1989, Section 48J)



In water savings projects, salinity impacts will be evaluated in terms of total credits and
debits (not net impact) and be separated into components of recovery, transfer and use



A user pays principle will be applied to any water savings projects undertaken in Victoria



The responsibility for offsetting any net costs of projects will be shared according to a
process agreed as part of the project investment strategy



As far as practical, salinity impacts of water infrastructure projects should be evaluated and
accounted for at a regional level, and be built into existing salinity register entries

7.3.2

NSW position on large scale water projects

Significant volumes of NSW water licenses have already been purchased by the Commonwealth to
contribute to meeting the sustainable diversion limits (SDLs) under the Basin Plan. The percentage
limit on additional purchases per decade has been imposed by way of an order under the NSW
Water Management Act taking effect from 15 January 2013. The limit will allow communities time to
adjust to a reduction in water availability. In addition, it will still enable the SDLs in the Basin Plan to
be achieved within the next decade with a commitment by the Commonwealth to fund some
additional infrastructure or environmental works and measures projects within NSW.
The Commonwealth's On-Farm Irrigation Efficiency Projects have seen an increased investment in
on-farm projects and water savings on irrigated landholdings. The water entitlements transferred to
the Commonwealth contribute towards the Murray-Darling Basin Plan target for the NSW Murray,
at the same time as improved irrigation systems making a positive contribution to our community's
ability to cope with less irrigation water in the future. Murray Irrigation's role as a delivery partner is
to co-ordinate individual farm projects. Such projects entail funding by the Commonwealth for onfarm works for more efficient irrigation, in return for water entitlements being transferred to the
Commonwealth Environmental Water Holder.
These projects include:
Blighty Remote Control Pilot project Infrastructure upgrades commenced in June 2012 and has:


70 new outlet meters being installed with 46 installed to date



Achieved targeted reductions in outlets and regulators (43% and 38%)



Reduction in division channel length (20%)

The Private Irrigation Infrastructure Operators Program (PIIOP) is a Commonwealth Government
program that provides funding in return for water for the environment. The Strategic Plan will result
in:


Reductions in channel length of 295km (10 percent) over five years by retirement and
reconfiguration



Implementation of outlet and meters to reduce total irrigation meters by 30 percent



Implementation of remote control and some automation



More flexible irrigation service for customers to meet their needs

Water recovery for the environment can also be achieved through the purchase of existing water
licenses. NSW was the first state to purchase water licenses for the environment through the NSW
RiverBank environmental fund, now managed by the Office of Environment and Heritage.
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7.4

End of Valley Targets

The MDBA has adopted end of valley targets which will cap rising salinity from all catchments,
protecting assets and values. End-of-valley targets were incorporated into the BSMS as indicators
of in-stream salinity outcomes arising from Accountable Actions across the Basin.
They provide a basis for measuring the extent to which Accountable Actions contribute to achieving
the Basin Salinity Target (MDBC, 2007). These ‘end-of valley’ targets were set reduce the River
Murray Salinity impact at Morgan from 16.5 EC to 6.5EC by 2015.
Victoria’s sites include:


Goulburn River @ Murchison



Campaspe River @ Pumps



Loddon River @ Laanecoorie



Vic Riverine plains – Murray River @ Swan Hill

NSW has one relevant site which is the River Murray @ Red Cliffs. The predicted changes as they
were originally set are shown in Table 7.3 below. It is noted that these have been revised down
based on more recent information in the NSW and Victorian upper catchments as well as in the
Mallee.
Table 7.3: Salinity Impacts Measured at Morgan by 2015
Salinity Impact to the Shared Rivers Measured at Morgan by 2015
Without intervention
salinity audit prediction
Loddon

Outcomes on in valley
actions to meet target
conditions

Shortfall after accounting
for within-valley actions

+0.7

-0.5

0.2

0

0

0

Goulburn Broken

+0.8

-0.5

0.3

Vic Totals

1.5

-1

0.5

Campaspe

Whilst these targets do not impact directly on riverine plains irrigation, they are an important part of
the overall riverine plains water balance and it will need to be made clear in future stages of the
project how the overlaps will be treated and separated out as required so that any inferences in
BigMod and the system operation can be understood.
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8.

PHASE 2 PROJECT DIRECTIONS

A Phase One workshop was undertaken on Monday 4 March 2013. The presentation from this
workshop is provided as Appendix C. The scope of work for Phase 2 was originally to:
1.

This task will be used to itemise each of the explained flows and salt loads used in MSMBigMod upstream of Swan Hill and Kyalite (but below Lake Hume) and describe the
individual characteristics of each in terms of:
f.
Quantum
g.
Variability within seasons
h.
Variability over the BSMS benchmark period
i.
Linkages with known salinity processes
j.
Linkages with known changes in water use
Itemise the unexplained salt loads used in MSM-BigMod in the same reaches and describe
them in similar fashion;
Assess the signal-to-noise ratio concerning MSM-BigMod’s treatment of salt loads in the
Riverine Plains;
Conduct a sensitivity analysis with regard to the potential salinity effects of the Water for
the Future initiative. In particular, assess the salinity implications associated with the
following hypothetical buyback scenarios:
a.
Water use being reduced primarily on those parts of the landscape where there
are high risks that water use will cause salinity.
b.
Water use being reduced uniformly throughout the RP.
c.
Water use being reduced primarily on those parts of the landscape where there
are low risks that water use will cause salinity;
Scope the benefits and costs of developing the capacity to make better estimates of the
salinity impacts of changes in water use on the Riverine Plains

2.
3.
4.

5.

The key areas identified in the PAG workshop for a stronger focus included:


The priority sites / reaches to investigate in detail include the upstream and downstream
extents of the riverine plains as well as interrogation of the groundwater ‘unaccounted’ salt
loads.



Collation and analysis of additional information on water trade data and bulk water
diversions/use in some irrigation districts remains to be completed also.
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NSW Accountable actions
The NSW L&WMP Register A entry is 4.0EC which is described in detail in “NSW Murray Irrigation
Limited Land and Water Management Plans Salinity Assessment”.
The system discharge (input to BigMod) is measured at Kyalite. The inputs to the system include:


Billabong Creek @ Darlot (410134)



Box Creek @ Conargo Road (409058)

Other monitoring sites used for model calibration and validation


Niemur Drain (409046)



DC 1000 Drain (409073)



Deniboota Escape (409067)



North Deni Drain (409060)



Lalaty Drain (409053)

Other:


Wakool @ Stony Crossing



Niemur @ Nacurrie Rd



Niemur @ Barham Rd



Niemur @ NB Canal



Wakool at GeeGee Bridge (



Wakool @ Barham Rd



Edward @ Liewah



Edward @ Moulamein



Edward @ Steven Weir



Colligen Creek regulator



Yallakool Regulator



Wakool regulator



Edward River @ Deniliquin (



Tuppal Creek (409056)



Edward River @ Toonalook



Gulpa offtake



Edward offtake (489008)

Table 9.1 Summary of NSW LWMP’s modeled data using Salinity Register 2006
2000 GW level,
1988 drains no
plan

Drains

2000
level,
drains,
plan

Average flow (ML/day)

GW
2000
with

2000
GW
level,
1988
drains no plan

2000
level,
drains,
plan

Average Salinity (EC)

GW
2000
with

2000
GW
level,
1988
drains no plan

2000
level,
drains,
plan

GW
2000
with

Average Salt Load (t/d)

Berriquin

238

445

985

869

99

122

Wakool

176

184

741

368

18

6

Cadell

84

82

2816

2593

22

19

Denimein

44

38

1348

753

37

26

543

749

5890

4583

176

173

Total
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Each LWMP has a number of components which required implementation over time. All
components aim to reduce recharge to the water table, thereby reducing land salinisation. The
primary purpose of improvements to the drainage system was to reduce the incidence of water
logging during periods of heavy rainfall, which would have a reduction in recharge to groundwater.
Table 1 describes the implementation of these works across three key dates; 1988 as the S &DS
Baseline date, 1995 as the starting point for the plans and 2000 as the scheduled time for full plan
implementation.
Table 9.2: Summary of Changes in Plan Elements for Salinity Assessments
District

Drainage and management conditions

Plan Element

1988

1995

2000

25

36

75

44

44

44

25

25

25

52

52

69

Berriquin
% land connected
drainage system

to

Denimein
% land connected
drainage system

to

Cadell
% land connected
drainage system

to

Wakool
% land connected
drainage system

to

Apart from the flux of salt out of the system, there is no movement of salt with the water balance
components. The salt inflows are from rainfall and irrigation. Based on average rainfall and
assuming a rainfall salinity of ~5mg/l produces an annual salt load in the order of 17,000 t/y.
Similarly calculations for irrigation with approximately 40 mg/l salinity results produce an additional
salt load of almost 54,000 t/y. The total salt load inputs for both rainfall and irrigation inflow is
approximately 71,000 t/y

Table 9.3: Salt Loads entering or leaving the LWMP area
Irrigation district

L&WMP
Total

Component

Berriquin

Denimein

Cadell

Wakool

1,368

233

949

800

3,350

Rainfall Salt Load
@ 5mg/l (‘000 t/y)

6.8

1.2

4.7

4.0

16.8

Irrigation (GL/y)

787

92

165

311

1,355

Irrigation Salt Load
@ 40mg/l (‘000 t/y)

31.5

3.7

6.6

12.4

54.2

Total salt inputs
(‘000 T/y)

38.3

4.8

11.3

16.4

71.0

Scenario 1

25.5

(15.7)

5.7

10.5

57.4

Scenario 2

(40.9)

(16.0)

(12.7)

11.2

(80.8)

Scenario 3

(38.4)

(16.0)

(12.7)

11.2

(78.3)

Scenario 4

35.5

(14.0)

9.6

8.1

67.2

Salt Inflow
Rainfall (GL/y)

Salt Outflow
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Irrigation district

L&WMP
Total

Component

Berriquin

Denimein

Cadell

Wakool

Scenario 6

(48.9)
28.1

(14.0)
(15.7)

9.6
5.7

10.1
10.5

(82.6)
60.0

Scenario 7

36.4

(16.3)

(13.4)

7.9

(74.0)

Scenario 8

(44.7)

(14.1)

9.3

7.0

(75.1)

Scenario 5

Note: Outflow figures in brackets indicate a net salt outflow for the area

The salinity assessments for the BSMS are based on the differences in flows and salt loads
between two different scenarios. The eight scenarios simulated were designed to calculate the
salinity changes for Register A entries only.
Scenario 1 is the BSMS Baseline, and estimates the salinity impact based on the physical and
management conditions that existed in 1988
Scenario 2 is the LWMP Baseline, and estimates by comparison with Scenario 1, the salinity
impact resulting from actions prior to official acceptance of the plan
Scenario 3 is used to estimate by comparison with Scenario 2 the salinity impact of the drains
developed in the period 1988-1995
Scenario 4 is used to estimate by comparison with Scenario 3 the salinity impact of components of
the plan apart from drains
Scenario 5 is used to estimate by comparison with Scenario 3 the salinity impact of components of
all plan components
Scenario 6 is used to estimate by comparison with Scenario 1 the salinity impact of the drains
developed in the period 1988-1995
Scenario 7 is used to estimate by comparison with Scenario 1 the sensitivity of the SWL if no
drains had been added
Scenario 8 is used to estimate by comparison with Scenario 5, the sensitivity of the SWL for full
plan implementation

Table 9.4: Summary of Physical Conditions of Salinity Assessment Scenarios
Scenario

Physical condition
Description

1

BSMS baseline

1988

1988

1988

2

LWMP baseline

1995

1995

1995

3

1995 without plan

1995

1988

1988

4

1995 without plan drains

1995

1988

2000

5

1995 with plan

1995

2000

2000

6

Impact of 1995 drains with
1988 SWL

1988

1995

1988

7

Impact of 1988 drains with
2000 SWL

2000

1988

1988
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Scenario

Physical condition

Number

Description

Starting GWL

8

2000 with plan

Drainage
Development

2000

Drainage practice

2000

2000

Table 9.5: Salinity Impacts of model scenarios
Scenario No.

1

2

3

4

5

6

7

8

1988

1995

1995

1995

1995

1988

2000

2000

Plan (y/n)

N

N

N

Y

Y

N

N

Y

Drainage

1988

1995

1988

1988

2000

1995

1988

2000

Water Table

District

Change in average EC at Morgan compared with Scenario 1

Berriquin

0.0

0.79

2.17

3.01

-0.01

-1.32

1.94

-0.53

Denimien

0.0

0.47

0.47

0.14

0.14

0.00

0.67

0.12

Cadell

0.0

2.48

2.48

1.53

1.53

0.00

2.79

1.45

Wakool

0.0

0.66

0.66

0.79

0.47

0.00

-0.27

-0.19

Combined

0.0

4.35

5.59

5.37

2.19

-1.20

4.92

0.91

District

Change in salinity cost effect compared with Scenario 1

Berriquin

0.0

-3.04

-5.02

-6.06

-2.46

2.07

-4.47

-1.28

Denimien

0.0

-0.82

-0.82

-0.33

-0.33

0.00

-1.21

-0.26

Cadell

0.0

-4.59

-4.59

-2.99

-2.99

0.00

-5.18

-2.88

Wakool

0.0

-1.19

-1.19

-1.09

-0.84

0.00

0.37

0.39

COMBINED

0.0

-9.61

-11.45

-11.07

-6.34

1.43

-10.02

-3.76

ASSESSING THE SALINITY IMPACTS ON CHANGES TO IRRIGATION ON
THE RIVERINE PLAINS - PHASE 1 REPORT

Berriquin Plan
Berriquin is a highly productive irrigation district, occupying approximately 320,000 ha and
providing production value derived from rice, milk and wool (Berriquin, 2001). With extensive areas
of flat ground and little effective natural drainage, surface drainage was installed where by 2001
approximately 40% of the district was drained. (Berriquin, 2001)
Five options were identified to deal with the increasing salinity problem:


On Farm Practices



Sealing supply



Surface drainage



Subsurface drainage (groundwater pumping)



Institutional arrangements

No plan scenario:


Rising water tables projected to be 200,000 ha or 63% by 2020 if no action was taken



Before onset of high water tables, salt could be leached and taken to groundwater.



Rise of the water table is a result of increased in applied surface water, allowing excess to
percolate into the groundwater system



Salination is estimated to cost $1.9m p/a after 30 years, with farmer adjustment, and up to
$7.4m without farmer adjustment



Overall economics are predicted to accrue to $70.9 million over the next 30 years at a cost of
$57.4 million. Benefit to cost ration of 1:3, indicates the project to be viable economically.



Net present value of $16.5m. not inclusive of $ values for improved environment.

Groundwater quality varies in the district from 0.8 dS/m to 46 dS/m


Much of Berriquin has been cleared of deep rooted vegetation



Irrigation water is supplied through an earthen channel system, main supply being Mulwala
canal.



Estimates seepage loss from identified seepage sites amount to 80,000 Ml/year



1/3 of district has access to surface drainage.



13 public tubewells (groundwater pumps) have been installed and pump around 3,000 ML/
year and protect about 4,000ha of land from high water tables.

The Plan


The Murray Valley has 7 EC credits under the MDBC’s Salinity and Drainage Strategy to
cover salt export from LWMP (Berriquin 2001)



On Farm Practices
Of the average 152,000Ml/year accessions to the watertable from within Berriquin, about
72,000 Ml/year net come from the farm. This 72,000 Ml/year is the result of an estimated
90,000 Ml/year entering the groundwater system and about 18,000 Ml/year being lost by
capillary rise and evaporation
There are a number of practical and economic on farm options which would support the aim of this
LWMP


Improve irrigation management and farm productivity



Reduce the volume of water entering the water table on farm



Manage saline areas and areas with high water tables



Protect and enhance the districts native vegetation



Maintain soil structure and chemical fertility
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Minimise downstream impacts
On farm practices consist of six major components


Farm planning



Improved water management



Better matching of soil type with land use



Improved management to minimize accessions from winter rainfall



Identification and protection of native vegetation



Minimisation of further degradation of high water table areas



Alternating farming systems

An entitlement to water supply was previously based on the number of “water rights” attached to
each holding. Following privatisation of the Irrigation Scheme in March 1995, this was superceded
to on entitlement. Berriquin Irrigation District has an entitlement of 676,296 ML, with the average
entitlement per holding 448ML, receiving a percentage of entitlement and an annual allocation
calculated according to water resources available (Berriquin, 2001).
Cadell Plan
The Cadell Land and Water Management Plan covers an area of 299,000 ha. It is bounded by the
Murray River, Edward River, Wakool River and Gulpa creek. The Cadell LWMP includes the
Denniboota Irrigation district (143,000ha) private irrigation schemes and dryland farming
enterprises (156,000ha). Farming practices include cereal crops (rice, wheat, oats and barley),
dryland and irrigated grazing, and horticulture. Environmental sustainability is under threat from
rising groundwater, soil salinisation, water logging and soil structure degradation. (Cadell 2001).
No Plan Scenario


In February 1994 approximately 11,900 ha of Cadell had water tables within two metres of
the surface.



It was predicted that if management practices were not implemented affected land would
increase to 77,000 ha by 2025



Over 50% of the district has groundwater salinity levels of more than 20 dS/m.



Green gully is the lowest point in Cadel and parts are permanently flooded with saline water,
(>50 dS/m)



Estimated in 1994 that under current management practices 4,500 of Cadell would have soil
salinity levels of greater than 6 dS/m by 2025

The Plan – The plan has four major components


On farm practices



High watertable management



Channel seepage control



Upgrading existing and natural drainage

A green gully option has been considered but will require more research before implementation,
(Cadell, 2001)
Activities to protect Biodiversity


Maintain a strong focus on the minimisation of watertable rise to avoid the ingress of saline
water into the rootzone of established native vegetation



Strengthen focus on native vegetation management within the education program



Collaborate with the Western Riverina Vegetation Management Committee and support the
implementation of the Vegetation Management plan
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Continue to provide the farm works incentive scheme for the enhancement and protection of
the districts native vegetation and significant wetlands



Continue to work with individual landowners to assist them to recognise the role wetlands
plan in the ecosystem and avoid their use and water storage



Support the monitoring of vegetation status over time, and maintain a database of
endangered and threatened species

On Farm practices


Changes to on-farm practices represent the most effective element of the plan.



They have the greatest potential to reduce accession to the watertable



Rely on farmers’ awareness and desire to implement the changes



Community acceptance is reflected in the proposal to install recycling systems in lieu of
surface draining.



Increase plant growth is vital to sustainability

High watertable Management


Actions to manage high watertable areas will allow the community to adapt to the changing
environmental conditions



Water which flowed into the groundwater regime will have to be retrieved to achieve
groundwater balance.



Mechanical pumping of highly saline groundwater and evaporation in sediment basins was
sub-economic



Investigations into mechanical pumping, green pumps and management of saline land will
be undertaken in order to determine the optimal management techniques for Cadell.



High plant growth will result in improved productivity and plant water use, lower groundwater
accessions and reduced surface salinisation.

Channel Seepage Control


Interception pumping is not seen as a control method for channel seepage



It would be likely that the water returned to the supply system would contain additional salt
and hence increase salt levels in the supply water



Economic assessment of channel seepage control, without interception pumping indicates
that 13 of 182 identified sites could be treated economically



A tree planting program is proposed for the remaining 169 seepage sites

Water deliveries and water use
In 1998/99 the volume of water delivered through the wheels to Denniboota landholders was
155,857ML. (Cadell, 2001)
There are four distinct types of private irrigation schemes found within East Cadell
Licenses


Held under point II of the water act 1912



A total water allocation of 25,800 Ml is used on a licensed area of 7,200 ha



Largest private license in the Cadell area is taken from the Murray River and has an
allocation of 875 ML



Peak water use for licensees occurs during March

Trusts


Established under part III of the water act 1912



There are two trusts in Cadell, Barham and West Cadell
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Total allocation of 9,135ML

Authorities


Also held under Part II of the water act 1912



Held by more than one landowner who share a common water supply



31 separate authorities in Cadell having a total allocation of 74,616 ML



Average water use p/a since 1979 has been 42,946Ml

Riparian Occupiers


Property owners with access to river frontages on their properties



They are permitted to install pumps and pump water for stock and domestic use



The water use of this group of licenses is low



Estimated Maximum water use is 5Ml p/a for each

Murray Irrigation Ltd holds the bulk water entitlement license on behalf of its irrigator stakeholders
in Deniboota. The held amount is 201,471 ML.

Wakool plan
The Wakool Land and Water Management Plan area is located in the western fringe of the Riverine
Plains. It is bounded by the Edward River to the north and the Wakool River to the south. The area
encompasses properties services by river pumping along the Wakool, Edwards and Neimur Rivers.
The plan covers around 250,000ha, of which 211,000 ha is attributed to the Wakool LWMP
High watertables and salinisation has been present in parts of the Wakool shire since the 1950’s.
In the 1970’s thousands of hectares had become unproductive due to salinity. A groundwater
pumping scheme was built between 1979 and 1988 to rehabilitate salinised land. Groundwater in
Wakool is generally highly saline with most readings exceeding 20 dS/m. (Wakool 2001)
No Plan Scenario


Wakool is predicted to have 42,200 ha of watertables within 2 metres of the surface by 2025
without a plan being implemented; this is an increase of more than 10 fold.



Under the no plan scenario, by 2025 18,000 ha (6%) of wakool is predicted to be highly
salinised



Without plan implementation, salt would be brought to the surface through capillary action



Rain events following salination of the surface could have potential to enter the rivers
systems



If current infrastructure, (Wakool tullarook Sub Surface Drainage Scheme) were abandoned,
South Australia would experience an increase in salinity between 3- EC by the year 2020,
(Wakool, 2001)

On Farm Practices
The following options were developed and evaluated for their influence on long term sustainability


Irrigation management



Farm planning



District water supply



Disposal of groundwater on farm



Matching land use with soils and water



Management of saline land



Drainage leaving the farm



Role of deep rooted perennials
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Cultural practices



Irrigation intensity



On farm channels and drains



Role of trees



Land retirement



Alternative land management

The option identified as having the most significant impact on the region was changes to farm
practices. On farm practices and works have the greatest potential to reduce accessions to the
water table and are estimated to save around 30,000 ML of groundwater accessions.
Sub-Surface Drainage
The following proposals were recommended


Installing 44 pumps



Installing several on farm evaporative ponds and groundwater pumps



Investigate and develop protocol for the exporting of high saline water from the proposed
and existing evaporative ponds during periods of high river flow



Landowners with both deep and shallow bores are encouraged to utilise groundwater
resources where salinity is less than 3 dS/m



Further investigate the potential use of Deep bores in the Wakool district

Channel Seepage Control
Sealing the economically viable sites and planting trees at the remaining sites is identified as the
preferred method of control for seepage. An estimated 10,000 ML/ year and up to 20,000 ML/ year
can potentially be prevented from entering the watertable. (Wakool, 2001)
Surface Drainage


Proposed drainage to be installed in undrained parts of Wakool



Surface drainage may be achieved using existing infrastructure, constructed channels, and
augmented natural drainage lines



100km of drains have been constructed, with a proposed 35km to be constructed (Wakool,
2001)



West of Neimur River, larger on farm storage may be constructed

Environmental Impacts
The quality of water leaving the district can be regarded as generally meeting the guidelines for
aquatic ecosystems, although there are some instances recorded where less than acceptable
water quality has been measured (Wakool, 2001). Recycling systems and on farm storage
increase the landholder’s ability to strategically store runoff.

Denimein Plan
The Denimein Irrigation Area has an area of 59,000 ha which is bound by the Edward River to the
south, the Billabong Creek system to the north and is roughly bisected by Box Creek. Water is
delivered to the area via the Mulwala Canal which offtakes from the Murray River at Yarrawonga.
Operating on a gravity feed basis, the Channel is capable of carrying 10,000 Ml/day over the
234km of supply channels. It is estimated that annual losses through channel seepage is up to
7,200ML.
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No Plan Scenario


The high water table area is expected to cover 11,900 ha or 20% of the District by 2025



Advent of high water tables and salinity will pose threats to biodiversity

The Plan
Following options were pursued:


Changes to on farm practices



Farm forestry



District wide adoption of recycling systems, incorporating on farm storages



Shallow groundwater pumping



Depp groundwater pumping



Channel seepage control



Surface drainage

MDBA Register Entry
The register entries for NSW districts are shown below.

Table 9.6: Register A – Salinity impact for each scenario

Register

Date
of
Register

Scenario
year

Salinity
Effect (EC)

Salinity
cost effect
($M /yr)

95%-ile
Morgan
Salinity
Effect (EC)

Increase in
M-LD
Diversion
(GL)

Increase in
Barrage
Flow
(GL/yr)

2006

15/12/2006

2000

0.5

-0.131

0

0

0

2007

21/12/2007

2000

0.5

-0.128

0

0

0

Table 9.7: Salinity effect and salinity cost effect for Salinity Register A
Salinity effect

Salinity Credits

(EC at Morgan 30 Year
Average)

(30 Year Average Benefits
$m/year)

Register 2005

0.7

-0.170

Register 2006

0.5

-0.131

Data manipulation to give
0.5
EC
impact.
New
calibration of MSM-Bigmod

Register 2007

0.5

-0.128

Data correction

Register 2008

0.5

-0.128

Register 2009

0.5

-0.128

Comments

S & DS
Register 2004
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APPENDIX B:
VICTORIA SUMMARY

Overview of salinity management
Loddon Campaspe Irrigation Region
The Loddon Campaspe Irrigation Region contains some of the most complex and competing
resource management issues in Victoria (NCCMA, 2007). Covering approximately 713 846 ha of
diverse land types, the region is recognised worldwide for its environmental features, most notably
the Kerang Lakes, of which 23 are listed under the RAMSAR convention. The region’s main
farming types are dairying, cropping, livestock and horticulture, along with the continued increase in
lifestyle farming.
The major floodways within the region flow in a northerly direction down the Loddon, Campaspe
and Avoca Rivers (NCCMA, 2007). During the 1990s over 80% of the Loddon Campaspe Irrigation
Region had groundwater levels within two meters of the surface. The LWMP for the region was
updated in 2011 and endorsed this regional investment prospectus to accommodate for items such
as water reform and climate change (DSE, 2012).

Table 9.8: Register debits summary
Salinity Debits (EC)

MDBA Register A
(Accountable Actions)

Up to 2008/09

Incurred in 2010/11

Total in 2010/11

Tragowel Plains Drains at
2002 Level

0.20

0.0

0.20

Loddon Community Surface
Drainage

0.01

0.0

0.01

Kerang
SMP

1.40

0.0

1.40

Campaspe West SMP

0.50

–0.15

0.35

Woorinen Irrigation District
Excision

1.30

–0.56

0.74

Total

3.41

0.0

2.70

Lakes/Swan

Hill

Goulburn Broken
The Goulburn Broken region covers about 2.4 million hectares (or about 11% of Victoria), has a
population of over 200,000 people and supports major agricultural, food processing, forestry and
tourism industries. The region covers 2% of the Murray-Darling Basin and generates
11% of the Basin’s water resources. (DSE, 2012)
The Goulburn Broken CMA, in conjunction with NVIRP, G-MW, DSE, DPI and Northern Victorian
Irrigators Association was successful in securing funding for the On Farm Irrigation Efficiency
Program. This program commenced under the banner The Farm Water Program. The Australian
Government approved 78 projects totalling $21.1 million in November and NVIRP provided $16.4
million in September for an additional 75 projects. (DSE, 2012)
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Individual Works and Measures (plans)
Campaspe West
The Campaspe River is now a regulated river to supply water for irrigation and urban demands. In
1882, the Campaspe Weir was constructed 12 km south of Rochester. This structure has a
capacity of 2,700 ML and delivers irrigation water through the east and west channels.
The Campaspe West Irrigation Area covers 5,700ha in northern Victoria near Echuca. The
Campaspe West SMP was drafted in 1989 in response to rising water tables and salt damage to
land within the irrigation area. The Plan was finalised in 1993 following revisions addressing
concerns of local landholders. A Salt Disposal Entitlement of 0.50EC was allocated to offset the
impacts of the Plan (RPS Aquaterra, 2011). Accountable Actions under the BSMS within the
Campaspe West SMP area includes:


nine groundwater pumps (in addition to three installed prior to 1988); and



five subsurface tile drains (in addition to one installed prior to 1988).

The water from the pumps and drains discharges to the Murray River via either the Lockington
drain system or Campaspe River. The main hydrological processes operating within the Campaspe
West SMP relate to sub-surface drainage and groundwater pumping, including a degree of
groundwater interaction (RPS Aquaterra, 2011).
This register entry, in Table 9.9 below, reflects initiatives in parts of the Campaspe and Rochester
irrigation areas, including new drainage, tile drains and groundwater pumping to manage
waterlogging and salinity problems (MDBC, 2009).

Table 9.9: Register A – Salinity Impact for each scenario

Register

Date
of
Register

Scenario
year

Salinity
Effect (EC)

Salinity
cost effect
($M /yr)

0.7

-0.170

95%-ile
Morgan
Salinity
Effect (EC)

Increase in
M-LD
Diversion
(GL)

Increase in
Barrage
Flow
(GL/yr)

S&DS
2004
2005
2006

15/12/2006

2000

0.5

-0.131

0

0

0

2007

21/12/2007

2000

0.5

-0.128

0

0

0

2008

2000

0.5

2009

2000

0.5

Barr Creek L&W MP
Barr Creek is recognised as the single largest point source of salt inflow to the River Murray from
Victoria (Sinclair Knight Merz, 2000). A number of actions have been undertaken in the past to
reduce this impact, including:


Barr Creek Drainage Diversion Scheme (1968)



Barr Creek Project (1987)



Trial of Revised Rules for the Barr Creek DDS (1991 Rules)



Revised Barr Creek Project (Catchment Plan) (1993)

The Barr Creek Draining Diversion Scheme was constructed in 1968 in order to divert saline water
into the nearby Lake Tutchewop complex of disposal basins. This Drainage Diversion Scheme is
influenced by two upstream catchments, the Tragowel Plains and the Barr Creek. The Barr Creek
CMP implemented since the 1988 baseline, was instigated to reduce the volume of water in the
Creek and increase the salinity of the water in order to make the diversion more efficient (SKM,

2000). The deterioration in efficiency of the drainage diversion scheme was due to the increase in
irrigation season flows.
Barr Creek Catchment Plan describes a number of initiates taken upstream of the Barr Creek
Drainage Diversion Scheme to reduce salinity by reducing the fresh water run-off component.
These initiatives include:


Whole farm planning



Re-use systems



Drainage Diversions



Laser Grading



Tree planting; and



Reduction of channel leaks and outfalls

Table 9.10: Barr Creek Catchment Strategy and Base Case
Flow (ML/d)

Salt Load (t/d)

Salinity (EC)

1988 bases case

157

540

8,383

1988 + BCCS

128

473

8,825

Difference

-29

-67

440

Table 9.11: Salinity effect and salinity cost effect for Register A
Salinity effect

Salinity Credits

(EC at Morgan 30 Year
Average)

(30 Year Average
Benefits $m/year)

S & DS

-3.3

0.323

Register 2004

-3.6

0.444

Comments

Used S&DS data extended
using
regression
and
factored to meet value
provided in Vic 2003/04
Annual Report

Register 2005

-5.97

1.470

Register 2006

-7.8

1.965

New calibration of MSMBigmod

Register 2007

-7.7

1.963

Data correction

Register 2008

-7.7

1.963

Register 2009

-7.7

1.963

2006 SKM data received
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Table 9.12: Summary of performance of Barr Creek drainage diversion scheme (SKM, 2000)
Flow
(ML/day)

Salt Load
(t/day)

35

95

107

357

–Diverted

35

95

-To River

131

378

33

136

76

267

–Diverted

33

136

-To River

60

174

Criteria

EC

Comment

1988 Baseline conditions
Reordered data – Diverted
-To River

N/A

1975-1985 benchmark
N/A

Salinity impact at Morgan over the
1975 to 1985 benchmark period
Current condition
Recorded data – Diverted
-To River (95-00)

N/A

1975-1985 benchmark

Salinity impact at Morgan over the
1975 to 1985 benchmark period

N/A

-5.95

The Register
Current Listing

-5.95

SKM 2000 Assessment

-6.0

Difference

-0.02

Table 9.13: Summary of performance of Barr Creek Catchment Plan (SKM, 2000)
Flow
(ML/day)

Salt Load
(t/day)

EC

Reordered data

168

549

N/A

1975-1985 benchmark

167

479

N/A

Salinity impact at Morgan over the 1975 to
1985 benchmark period

-

-

Recorded data

76

267

N/A

1975-1985 benchmark

60

164

N/A

Criteria

Comment

1988 Baseline Conditions

Current Conditions

Salinity impact at Morgan over the 1975 to
1985 benchmark period

-10.18

Dartmouth Adjusted

The Register
Current Listing
SKM 2000 Assessment
Difference

-3.32
74

315

-3.3
-0.02

The Barr Creek Drainage Diversion Scheme has once again been effective in reducing base salt
loads in the River Murray by diverting drainage flows and intercepted saline groundwater from the
Barr Creek catchment to the Tutchewop Disposal Basins. In the 2010/11 year the scheme has
operated according to the agreed rules and diverted 2,287 ML of drainage water containing
approximately 6,884 tonnes of salt to the disposal basins. The majority of the diverted flows
occurred in the months up to November 2010, after which the wet conditions required the pumps to
be turned off as per the operating rules.
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Shepparton Irrigation Region
SIR LWSMP developed six programs to address the ongoing salinity issues of the region, which
were:


Farm Program



Surface Drainage Program



Sub-Surface Drainage Program



Environmental Program



Monitoring Program



Support Program

Rising water tables and associated salinity were the focus of the Shepparton LWSMP which was
developed in the late 1980’s and endorsed by the Victorian Water Minister in 1990. Assessments
of water table levels in the SIR have been assessed in August each year since 1982. Water table
levels have shown seasonal variation over the period, including a rapidly rising trend up to 1995
which showed that 47% of the SIR had a water table within two meters of the surface.
By 1995 the predicted water table levels for the year 2000 in the 1990 Plan had been surpassed
and modelling had predicted that without active management, 65% of the SIR would have a high
water table by 2020. The Shepparton Irrigation Region Catchment Implementation Strategy
(SIRCIS) was developed to prevent this from being realised. (DSE, 2012)
The prolonged drought and subsequent reduced availability of irrigation water severely affected the
catchments combined total production. The success of the NVIRP is critical to the future of the SIR
where the irrigated footprint is expected to reduce over the next few years while water saved will
return to both irrigators and the environment.
Regulators at key locations in major irrigation channels and at key outlets have been automated as
apart of modernisation works. The program of modernisation works includes


Asset rationalisation



Replacement of open channels with pressurized and gravity pipelines



Upgrade of regulators with automated gates



Upgrade of Dethridge meter outlets with accurate meters.

This program of modernisation works will achieve up to 50GL of water savings, increasing the
expected efficiency of the Irrigation region to improve to 85% (DSE Vic, 2007)
The CG1-4 modernisation works focused on achieving water savings through a reduction in
delivery losses caused by seepage, leakage, meter inaccuracies and outfalls
There were no new or upgraded private groundwater pumps, public groundwater pumps, primary
or community drains across the SIR and no new tile drains or low capacity groundwater pumps
constructed in horticultural areas in 2010/11. (DSE, 2012)

Table 9.14 Accountable Actions of Shepparton Salinity Management Plan
Accountable Action components

Salinity debits (EC)

of the Shepparton Salinity
Management Plan
Surface
Systems

Water

Management

Public Groundwater Pumps

Up to 2008/09

Incurred in 2010/11

Total to 2010/11

–0.53

0.00

–0.53

1.69

0.00

1.69

Horticultural
Drainage

Sub-surface

Total

0.16

0.00

0.16

1.32

0.0

1.32

As taken from DSE 2012 - Progressive Total of salinity debits in the SIR to June 2010.

Table 9.15 Summary of Shepparton Irrigation Region modeled data for 1988 scenario and
2004 with drains & pumps
1988

2004 + drains + pumps

Difference

Flow
(ML/d)

Salinity
(EC)

Salt
Load
(t/d)

Flow
(ML/da
y)

Salinity
(EC)

Salt
Load
(t/d)

Flow
(ML/day)

Salt
Load
(t/d)

Lockington_407712

27

1314

9

34

1334

13

7

4

Bamawn_406750

39

1316

14

40

1333

16

1

2

Wharparilla_406263

2

409

1

5

387

2

3

1

Warrigal_405297

70

863

16

82

1037

29

12

13

Strathmerton1_409711

19

802

6

20

861

7

1

1

Strathmerton2_409711

19

802

6

20

861

7

1

1

DCMO_406704

69

1661

26

109

1858

58

40

32

Campaspe_ext

8

839

2

5

2295

2

-3

0

Strathallen

2

108

1

2

108

1

0

0

Total 9 drains

300

929

83

366

1149

141

66

58

Muckatah_404210

175

1104

46

184

1215

57

9

11

RodArd_405720

72

393

21

96

1003

30

24

9

Tool_405720

72

393

21

96

1003

30

24

9

Coomboona

17

168

3

17

179

3

0

0

Kialla

11

85

1

11

85

1

0

0

Shepparton

26

270

3

26

270

3

0

0

Total 5 drains

128

326

28

155

525

38

27

10

Total

604

740

157

705

886

235

101

78

(MDBA, 2009)
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Table 9.16 Register A – Salinity impact for each scenario
95%-ile
Morgan
Salinity
Effect
(EC)

Increase
in M-LD
Diversion
(GL)

Increase
in
Barrage
Flow
(GL/yr)

Register

Date of
Register

Scenario
Year

Salinity
Effect (EC)

Salinity
Cost
Effect
($m/yr)

2006

15/12/2006

2000

1.6

-0.397

1

2

27

2007

21/12/2007

2000

2.3

-0.581

1

2

27

Table 9.17 Salinity effect and salinity cost effect for Salinity Register A
Salinity effect

Salinity Credits

(EC at Morgan 30
Year Average)

(30 Year Average
Benefits $m/year)

Register 2005

4.9

-1.170

Register 2006

1.6

-0.397

Register 2007

2.3

-0.581

Register 2008

2.3

-0.581

Register 2009

2.3

-0.581

S & DS
Register 2004

Comments

APPENDIX C:
DATA REVIEW SUMMARY
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Basin Flow Rates
Table 9.18: Victoria Average Annual Flow (ML) 1988-2011
Campaspe
River
@
Rochester

Campaspe
River
@
Echuca

Loddon River
@ Kerang

Goulburn River
@
McCoy
Bridge

Murray River
@ Swan Hill

Gunbower
Creek@
Koondrook

1988

606.629

-

662.17

3929.985

10307.337

0

1989

959.251

-

796.826

8502.725

15866.64

0

1990

164.399

-

376.465

5403.586

11703.071

0

1991

150.645

-

396.328

4022.049

8496.119

225.067

1992

1080.614

0

721.912

7391.675

12231.856

0

1993

1210.618

0

830.87

11055.502

16661.105

0

1994

62.39

78.817

237.423

952.422

6129.556

159.488

1995

274.959

0

630.125

3948.697

10248.537

211.896

1996

1090.309

0

777.154

7276.536

12920.315

0

1997

57.017

60.797

325.343

0

4617.926

193.321

1998

54.298

0

246.791

0

4873.874

159.616

1999

43.801

55.81

276.428

1129.605

5099.772

171.814

2000

131.437

0

0

3015.355

9770.288

0

2001

47.151

41.25

178.827

648.2

3813.136

0

2002

27.314

16.838

122.988

482.135

4637.857

0

2003

28.067

0

200.127

1301.141

5707.298

0

2004

22.191

0

148.739

834.888

5765.413

104.918

2005

26.685

0

123.971

1342.434

6415.165

96.128

2006

13.358

13.442

93.394

733.205

4884.607

51.204

2007

26.58

21.265

38.149

456.134

3926.654

13.258

2008

9.698

8.126

27.697

471.161

3643.043

20.287

2009

9.721

6.547

0

394.507

4462.633

5.007

2010

479.966

0

357.337

6198.289

10594.469

0

2011

881.906

0

608.829

5487.316

16315.778

0

Time series data and mass balance assessments

Murray River @ Swan Hill (409202)
2,500

Benchmark period

Salinity (EC µS/cm)

2,000

1,500

1,000

Average: 227.8 µS/cm
500

0

Murray River @ Swan Hill (409204)
14,000

Benchmark period
12,000

Salt Load (t/d)

10,000

8,000

6,000

4,000

2,000

0

Average: 1309 t/d
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Murray River @ Swan Hill (409204)
2,500,000

Benchmark period

Cumulative salt load

2,000,000

Salt Load (t/d)

1,500,000

1,000,000

500,000

0

Wakool River @ Kyalite (409034)
1,400

1,200

Salinity (EC µS/cm)

1,000

800

Missing data
600

Average: 244.3 µS/cm
400

Missing data
200

0

Wakool River @ Kyalite (409034)
6,000

5,000

Salt Load (t/d)

4,000

3,000

Missing data
2,000

Average: 490 t/d
1,000

0

Wakool River @ Kyalite (409034)
800,000

700,000

600,000

Salt Load (t/d)

500,000

400,000

300,000

Missing data

200,000

Missing data
100,000

0
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