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auditors’ foreWord

February 2009

Chairperson
Murray-Darling Basin Ministerial Council
Parliament House
CANBERRA ACT 2600

Dear Chairperson,

We have pleasure in submitting to you the Report of the Independent Audit Group for Salinity, 2007–08.

This, the sixth such audit of the Basin Salinity Management Strategy, 2001–2015, has been carried out in 
accordance with the provisions of Schedule B to the Water Act 2007.

This was the first audit of Phase 2 of the BSMS. In spite of the challenges of continuing drought and far 
reaching institutional change, much progress was made by jurisdictions in implementing the Strategy 
over the last year.

The achievements of the 12 months covered by this audit were very much a result of the deep commitment 
and outstanding expertise of the officers of the jurisdictions and the Commission/Authority who were 
engaged on the BSMS. We extend our thanks for their cooperation and assistance.

Yours sincerely,

JOHN SHEPHERD NOEL MERRICK
Lead Auditor Auditor

ROGER SHAW ROGER WICKES
Auditor Auditor
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eXeCutive suMMary

introduction
In August 2001, the Murray-Darling Basin Ministerial Council (MDBMC) launched the Basin Salinity 
Management Strategy (BSMS)1. In December 2008 the Murray Darling Basin Commission (MDBC) was 
succeeded by the Murray-Darling Basin Authority (MDBA). Schedule C to the Murray Darling Basin Agreement, 
which set down the legislative framework for the implementation of the BSMS, became Schedule B to the 
Murray-Darling Basin Agreement, which is Schedule 1 to the Water Act 2007 (Commonwealth) (hereafter 
referred to as Schedule B). 

Schedule B provides for the appointment of “independent auditors for the purpose of carrying out an annual 
audit”, whose task is to review progress on implementing the BSMS. The four members of the present 
Independent Audit Group for Salinity (IAG-Salinity) were appointed in October 2008.

The Terms of Reference for the IAG-Salinity and Schedule B require the IAG-Salinity to review progress on the 
BSMS both broadly and in terms of the steps laid down in the Schedule. They also require it to focus on the 
specific measurement and recording of progress with the BSMS, and the outcomes at 30th June each year. 

This report presents the consensus view that we have reached in undertaking the Audit covering the year 
2007–08. The following summarises the most important of our findings. The main text provides context and the 
findings and recommendations in detail.

All partner governments and the MDBC submitted reports on their activities, valley reports, the status of 5 year 
rolling reviews and Salinity Register entries or adjustments. 

All Contracting Government annual reports contained the necessary information to make an assessment. 
The new agreed format with specific reporting on the nine elements of the BSMS was most helpful.

The audit process adopted by the IAG-Salinity included review of these reports, together with the report 
of the Mid-Term Review (MTR) and the Salinity Registers and their supporting documentation. This was 
followed by meetings with representatives of the jurisdictions and with members of the MDBC Office. The 
recommendations and their relative priorities were developed with the involvement of representatives of the 
State Contracting Governments. 

progress in implementing schedule B – items for special mention

Current salinity management in the basin

The IAG-Salinity was impressed with the progress made in reducing saline inflows into the River Murray. During 
the previous drought, River Murray salinities were much higher than those recorded in the current drought. 
This can be attributed to both the low salinity water coming from the main storages in the upper catchments 
and the salt interception schemes protecting this water from regional salinity inflows. These schemes now are 
operating along a significant length of the River Murray. Figure 1 shows the effect on salinity management in 
the MDB on salinity at Morgan, based on actual measurements and predicted salinity if management had not 
occurred. The benefit varied from about 800 EC in February 2008 to about 300 EC in June 2008.

1  Murray-Darling Basin Ministerial Council, 2001. Basin Salinity Management Strategy 2001–2015, MDBC, Canberra.
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figure 1: the effect of salinity management in the Murray-darling Basin. daily salinity levels –  
July 2007 to June 2008.
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Flood recession salt risk

The IAG-Salinity is very concerned about the potential for a significant rise in salinity levels which are expected 
to follow the next high river or flood. During the attenuation phase of the flood, saline groundwater will be 
mobilised and will discharge into the river. There has not been a high river event for 12 years and salt has 
been accumulating in the flood plain for that time. The sediments underlying irrigation areas have also been 
accumulating salt. In addition, the Shepparton Irrigation Area has not needed to put any saline drainage water 
into the river since 1996. It is during and following flood events that these huge salt accumulations are likely to 
be mobilised.

In every previous Audit, and in the mid-term review of the BSMS, this issue was raised, but there has been little 
action in assessing the risk and developing a management plan to deal with the expected salinity peaks which 
may exceed those of the past. While it is acknowledged that resources have been directed into managing the 
current water shortages, resources are required to prepare management plans for the high salinity risk that is 
expected to occur following future high flows.

Financial and human resources for BSMS implementation

River salinity, and the area of land affected by salinity, have been held down over the last few years, due both 
to successful actions taken under the BSMS, and to the drought. The successes of the BSMS are welcome, but 
they appear to be leading to a sense of complacency. As indicated by the MTR, and by this and previous salinity 
audit reports, salt is accumulating in the landscape and will re-appear when rainfall increases.

It is for these reasons that management of salt in the catchments will continue to be a key emphasis of the 
BSMS from 2008 to 2015. Contracting state governments, the Catchment Management Authorities (CMAs), and 
the salinity research community, are important participants in achieving the goals of the BSMS. 

However the reduced funding for the CMAs and for salinity research and development, following the expiry of 
the National Heritage Trust and the National Action Plan on Salinity and Water Quality means that the salinity 
related programs are likely to be cut.

The IAG-Salinity urges all Contracting Governments, in setting priorities for resource allocation, to recognise 
the need for continuing management of salt in the MDB.
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Strategies for land based salinity management

During the first phase of the BSMS, the strategies and actions adopted to reduce the mobilisation of salt in the 
landscape often proved to be ineffective. Recent work suggests that strategies and techniques are available 
to greatly improve salt management outcomes, and to enable the salinity related actions of the CMAs to be 
much more cost effective. Important actions in 2008-09 should therefore include a review of landscape salt 
management strategies and actions for their effectiveness, and the preparation of guidelines for the selection 
of  sites and of remediation measures. 

the iag-salinity’s opinion regarding the balance of salinity credits and debits 
for each state
Schedule B, Clause 16 (1) provides as follows:

16. (1) A State Contracting Government must take whatever action may be necessary:

(a) to keep the total of any salinity credits in excess of, or equal to, the total of any salinity debits, attributed to it 
in Register A; and

(b) to keep the cumulative total of all salinity credits in excess of, or equal to, the cumulative total of all salinity 
debits, attributed to it in both Register A and Register B.

Register A currently shows New South Wales, Victoria and South Australia to be in net credit, while Register B 
shows New South Wales to be in net credit, with Victoria and South Australia slightly in debit.

In the years 2004–06, most of the entries with low confidence ratings were replaced with data of medium or high 
confidence rating. The same rate of improvement was not achieved in 2007–08. In the Registers, as provided to 
us for the 2007–08 audit, only one of the remaining low-confidence entries was upgraded (to high). The others 
remain unchanged, pending the completion of reviews. Some 20 five year rolling reviews were overdue by mid 
2008, but most of these are close to completion and are likely to be submitted to the MDBA Office during 2009. 
This should result in most of the smaller low-confidence entries being upgraded.

The IAG-Salinity continues to be concerned that the reviews needed to finalise the entries for the Mallee ‘legacy 
of history’ items in Register B remain unfinished. Current data from extensive airborne electromagnetic surveys 
are improving the understanding of flood plain processes in this region.

Opinion on Register balances: 

The IAG-Salinity has examined the Registers as provided for this audit, and has come to the opinion that NSW, 
Victoria and SA are in a net credit position. 

When Register items that are currently provisional are included in the Register totals, and if a decision is made 
to harmonise the method of calculation of Register B salinity with the method used for all other entries, as the 
IAG-Salinity recommends, some states may no longer be in credit. 

The accuracy of the Commission in maintaining the Salinity Registers

In 2007–08, the MDBC made excellent progress in upgrading its systems to ensure secure record keeping, to 
compile a full record of the processes and decisions leading to the making of the entries, and to maintain and 
improve the Registers themselves. 

Opinion on the Commission’s accuracy in maintaining the Registers:

The IAG-Salinity found no inaccuracies in the Commission’s maintenance of the Registers, as provided for 
incorporation into this report.
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updating the Commission’s salinity registers
The Audit did not identify any requirement to update individual entries in the Registers incorporated in this 
report, aside from the matters referred to above and in the main body of this report.

recommendations
The following are the recommendations of the IAG Salinity, given in three groups – very high, high and normal 
priority. Within the very high priority group (coloured purple below), the recommendations are in descending 
order.  Recommendations 8 to 13 are high priority.

The IAG-Salinity recommends:

Very high priority:

1. Flood recession salt risks: That the MDBA Office urgently facilitate development of a conceptual model 
of flood recession salt mobilisation in the floodplains and operational response management plans in 
preparation for the next high flow event.

2. Financial and human resources for BSMS implementation: That all Contracting Governments recognise 
the importance of continuing to manage salinity in the MDB, the gains that have been made, and the threats 
that still exist; and that they continue their investment following the conclusion of the NHT and NAP for 
Salinity and Water Quality.

3. Strategies for land based salinity management: That the MDBA facilitate a review of strategies and actions 
to reduce the mobilisation of salt in the landscape, and the strategies be assessed for their effectiveness 
using an evidence based approach, and that guidelines be prepared to assist catchment management 
organisations and state and ACT jurisdictions in the selection of sites and remediation methods with the 
best prospects of success.

4. Salinity targets below Morgan: That salinity targets below Morgan be provided to protect the 
significant assets and populations that may be affected by high salinity below Morgan. These targets 
should include targets set to aid real time operations, as peaks in salinity which can be accommodated 
in the current Morgan target may be unacceptably high for critical human needs or for agricultural and 
ecological requirements.

5. Water management futures for climate change and salt: That a single set of scenarios be developed 
by the MDBA, and used to model the effects of climate change consistently across a number of issues 
including salinity.

6. End-of-valley salinity-flow interpretations/Salinity hot spots: That further use be made of the 
end-of-valley target monitoring data to identify in-valley processes operating with changed flow 
conditions that, in combination with within-valley targets, can identify salinity ‘hot spots’ for 
management intervention. The BSMS MDBA Office should work with the BSMS IWG to develop 
appropriate techniques for data interpretation.

7. Finalising Register entries currently with low confidence ratings: That the work be completed to finalise 
the remaining large entries in the Salinity Registers that currently have low confidence ratings. This 
includes for Register B the “SA Mallee Legacy of History – Irrigation”, and the shared “NSW and Victoria 
Mallee Legacy of History” entries. Model development is under way and this should be completed, 
accredited and applied. The South Australian entries in Register A “Improved Irrigation Efficiency” and 
“Irrigation Scheme Rehabilitation” should be split between Registers A and B.
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High priority

8. Living with salinity: That research and development associated with the concept of “Living with salt” be 
encouraged so that enterprises that can use the large quantities of moderately saline ground and surface 
water in the Basin can be promoted.

9. Within-valley salinity targets: That all state and ACT contracting governments develop within-valley 
complementary targets for catchments with end-of-valley targets where salinity assessed as EC is greater 
than a decided level, commencing with those where EC increases with increasing flow to identify the 
processes contributing to the mobilisation of salt. 

10. Synergies in activities and funding: That criteria for assessing projects submitted to the Australian 
Government from areas within the Murray-Darling Basin should include an assessment of the alignment 
with strategies and desired outcomes of the MDBA, in order to achieve synergies and efficiencies and adopt 
the most recent scientific advances. 

11. Alignment of BSMS with catchment plans: That NSW seek closer alignment between BSMS obligations 
and regional Catchment Action Plans with a transparent role for Catchment Management Authorities in 
meeting targets particularly for catchments with end-of-valley targets through the development of within-
valley targets, and that the CMAs be supported in upgrading data management and reporting.

12. Market-based instruments (MBI): That to fulfil the promise of MBI to provide an incentive-based 
environment that may aid in irrigator and district accountability, and further improve salinity management, 
the investigation of market based approaches be continued, following up on work started in 2007–08 in 
South Australia. 

13. Flood and high flow SIS operational rules: That MDBA Office undertake a review of salt interception 
scheme operational rules during high flow events and flood events to determine the feasibility of operating 
groundwater pumps continuously during such events. 

Normal priority:

14. Assessment of uncertainty in Register entries: That BSMS modellers routinely assess the uncertainty in 
Salinity Effect Register entries by repeating the MSM-BIGMOD runs for new items for upper and lower 
estimates of error bounds. The resulting EC range for the Morgan 30-year average should be recorded as 
an additional entry in the Confidence column in the Registers.

15. Harmonisations of methods of calculating entries in the Salinity Registers: That the MDBA Office conduct 
a trial to harmonise Register A and B calculation methods and assess whether any jurisdictions might be 
disadvantaged or treated inequitably should a common currency be adopted for the Salinity Registers. 

16. Salinity Registers and targets for Queensland: That Queensland provide a timetable for completion of the 
blank entries in the Salinity Registers. If required, salinity flow relationships may need to be reassessed and 
the impacts remodelled given the recent flood flow events. The setting of within-valley targets should be 
considered particularly for catchments with saline groundwater or significant dryland salinity potential or 
future coal-seam gas water disposal.

17. Salinity implications of coal-seam gas production in Queensland: That further development of the 
Queensland Coal-Seam Gas Water Management Policy deal effectively with the impacts of disposal options 
for saline water produced in coal-seam gas operations, to minimise any impacts on MDB resources, salinity 
targets and obligations under the Water Act (2007). 

Determination of priorities

The recommendations in this report were arrived at through a review of the reports of the jurisdictions, the 
BSMS Mid-Term Review (MTR) report, annual BSMS implementation reports, and past IAG-Salinity reports, 
followed by discussion with representatives of the jurisdictions and the CMAs (where present). In each meeting, 
representatives were asked to indicate their priorities among the four or five recommendations that were 
proposed for their jurisdiction, and a consensus was reached. The priorities as seen by each of the states 
regarding the recommendations that most affect them, are summarised in Table 1.



report of the independent audit group for  salinity 2007–08xiv

Murray–Darling  Basin  Authority

table 1: priorities of recommendations as seen by the individual states

NSW Victoria Queensland SA

Priority 1 Strategies for land 
based salinity 
management 

Flood recession salt 
risks 

Financial and human 
resources

Salinity target(s) below 
Morgan

Priority 2 Financial and human 
resources

Financial and human 
resources 

Strategies for land 
based salinity 
management

Flood recession salt 
risks

Priority 3 Water management 
futures for climate 
change & salt

Water management 
futures for climate 
change & salt 

Salinity registers and 
targets for Queensland

Financial and human 
resources

Priority 4 Alignment of BSMS 
with catchment plans 

Strategies for land 
based salinity 
management 

Salinity implications 
of coal-seam gas 
production

Finalising Register 
entries

Priority 5 Market based 
instruments

The priorities given in the listing of the 17 recommendations are the views of the IAG-Salinity based on the 
views of the states, the IAG-Salinity’s own views of the current challenges of the BSMS, and the IAG-Salinity’s 
assessment of level of risk and scale of consequences if action is not taken or is delayed. All of the first five 
priority recommendations of the IAG-Salinity (above) also appeared as the first or second recommendations by 
one or more states. Rationales for the allocation of high priorities to these are:

Flood recession salt risks: This represents the most serious risk in the basin, in terms of threats to 
agriculture, human population, ecosystems and industry in the mid and lower river. It will remain so unless this 
recommendation is acted on. This risk was identified, and the same recommendation was made, in the MTR 
report, and in every one of the IAG-Salinity’s five previous annual reports.

Financial and human resources: Failure to follow the now expired NAP and NHT programs with new funding 
mechanisms that recognise salinity as a major national and basin wide challenge, could spell a significant 
reduction of CMA-implemented programs aimed at diminishing and preventing dryland salinity, and in-river 
salinity programs such as salt interception works.

Strategies for land based salinity management: Traditional approaches to control of land salinisation have not 
worked. The MTR pointed out that this is a major area of the BSMS but little real progress has been made. A 
reformed approach, through new and/or upgraded strategies, holds promise to achieve greater effectiveness.

Salinity target(s) below Morgan: This recommendation is an important step towards real time management of 
the two risks of high salinity in the lower river: flood recession risks, and the risk of salt accumulation below 
Lock 1 under continuing drought conditions.

Water management futures for climate change and salt: Modelling to evaluate risk and development scenarios 
at basin scale, including changes in water use, climate change, drought, and salt storage and transport, will 
provide essential tools for the development of a truly useful Basin Plan. 
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Recommendations of Previous IAG-Salinity Reports

Important past recommendations not included above, or not already implemented, are:

Long term increase in salinity due to growth of new irrigation in SA

Recommendation: That SA consider supplementing its Salinity Zoning Policy with measures to contain the high 
growth in saline inflows that will arrive later this century (IAG-Salinity 2006–07 report, page ix).

South Australia has assessed new groundwater modelling results on this issue. This work is at a preliminary 
stage. Early indications are that previous assessments of year 2050 and 2100 salt inflows using SIMRAT 
may be over estimated. Before considering further action, South Australia will complete its development of 
groundwater models, and submit them for the required review processes. It will use them, in conjunction with 
the MDBA and in consultation with the BSMS IWG, to obtain the most reliable estimates of the long term salinity 
increases that would result from existing and possible future irrigation development. The IAG-Salinity agrees 
with this approach.

Salinity Impact Zoning

Recommendation: That NSW establish a salinity impact zoning policy for Sunraysia, that Victoria consider 
extending its zoned areas upstream. SA, Vic and NSW cooperate so zoning policies are consistent. (IAG-Salinity 
2006–07 report, page xii).

NSW has commenced preparing groundwater models, which when completed would provide a sound analytical 
framework for establishing a salinity impact zoning system. The merits of such a system would then be 
evaluated. Victoria has under consideration the possible extension of its zoned areas. Representatives of the 
three states have met to compare notes on approaches to the control of the siting of new irrigation. 
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1. introduCtion

Basin salinity Management strategy
The Basin Salinity Management Strategy (BSMS) provides a framework for communities and  
Governments to work together to control salinity and protect key assets and natural resource values 
in the Murray-Darling Basin.

In 2008, the Basin States and the ACT ceded some of their water resources management and development 
powers to the Australian Government, and a new legal and administrative framework was established for 
the management of the water resources of the basin in an integrated and sustainable way. Schedule C 
to the Murray-Darling Basin Agreement, which set down the powers and obligations that provide for the 
implementation of the BSMS, became Schedule B to the Murray-Darling Basin Agreement, which is  
Schedule 1 to the Water Act 2007 (Commonwealth). In this report, the Schedule is thus referred to as 
Schedule B. On 15th December 2008, the Murray-Darling Basin Commission (MDBC) ceased to exist and 
Murray-Darling Basin Authority (MDBA) came into being. 

The objectives of BSMS are:

1. Maintain the water quality of the shared water resources of the Murray and Darling Rivers for all beneficial 
uses – agricultural, environmental, urban, industrial and recreational;

2. Control the rise in salt loads in all tributary rivers of the Murray-Darling Basin, and through that control, 
protect their water resources and aquatic ecosystems at agreed levels;

3. Control land degradation and protect important terrestrial ecosystems, productive farm land, cultural 
heritage, and built infrastructure at agreed levels Basin-wide; and

4. Maximise net benefits from salinity control across the Basin.

Schedule B supports effective salinity management by: 

•	 promoting joint works, measures and other action to reduce or limit the rate at which salinity increases 
within the Murray-Darling Basin;

•	 providing for the adoption of salinity targets;

•	 establishing Salinity Registers to record salinity impacts and to allocate salinity credits and salinity 
debits to Contracting Governments; and

•	 providing for monitoring, assessing, auditing and reporting on progress in implementing the Strategy.

Achievement of the BSMS objectives is measured not only through the Salinity Registers, but also through the 
degree of achievement of end-of-valley targets and the Basin Salinity Target at Morgan.

Progress towards meeting the agreed end-of-valley targets and the land management objectives is assessed 
through annual reports from the contracting governments and MDBA. These reports include valley reports for 
the catchments where an end-of-valley target has been adopted. An independent annual audit of the reports 
and Register entries, and of the performance of the contracting governments and MDBA, is provided by the 
Independent Audit Group for Salinity (IAG-Salinity). 

The key driver to the BSMS is a principle of “capping” increases in salinity of the Murray-Darling Basin by a 
system of salt credits and debits, managed by the participating Australian and State Governments through two 
major thrusts. One is joint investment in salt interception schemes and associated infrastructure, and the other 
is investment in target setting and monitoring systems at the end-of-valleys in concert with plans and actions to 
improve land management practices across the Basin. All of this is to be achieved through nine implementation 
elements of the BSMS:
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1. Developing capacity to implement the strategy

2. Identifying values and assets at risk

3. Setting salinity targets

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

5. Implementing salinity and catchment management plans

6. Redesigning farming systems

7. Targeting reforestation and vegetation management

8. Constructing salt interception works

9. Ensuring basin-wide accountability, monitoring, evaluating and reporting.

The BSMS commenced in 2001–02, and is scheduled for completion in 2015. A Mid-Term Review (MTR) was 
conducted in 2007. It was accepted by the MDBMC in late 2007–08. Those of its recommendations most relevant 
to this report are summarised below, in this Chapter.

The MTR coincided with the completion of the term of the first IAG-Salinity. New members were appointed, with 
one member remaining from the initial team for continuity, and the terms of reference were amended reflecting 
experience so far. 

Terms of Reference

The Terms of Reference of the IAG-Salinity of the BSMS are attached as Appendix 1. A summary of Schedule B, 
including its provisions concerning audit of the BSMS, is attached as Appendix 2.

Important parts of Terms of Reference are Principles for the Audit, the provision that the audit will be conducted 
under an Audit Plan, and specification of the output required.

Changes from audit practice in past years include the Audit Plan, which provides for a shorter report 
preparation period and requires a more concise report, and the Principle of Audit that recommendations be 
prioritised.

Under the Terms of Reference and Schedule B, the IAG-Salinity is required to:

1. audit the annual review reports of each State Contracting Government, and the Authority, on the progress 
each has made during the year in implementing the BSMS; 

2. audit salinity Registers A and B;

3. reach a view by consensus about the performance of each State Contracting Government and of the 
Authority in implementing the provisions of this Schedule in the relevant year;

4. reach a view by consensus on whether the Authority has fairly and accurately recorded the salinity impacts 
of each action entered in Register A or Register B during the relevant year.

Schedule B provides also that the audit report may set out a finding that the total salinity credits are not equal 
to, or do not exceed, the total salinity debits attributed to a State Contracting Government in Register A. 

Item 1 requires the IAG-Salinity to review progress on the BSMS both broadly and in terms of the specific 
steps laid down in Schedule B, whereas Items 2, 3 and 4 require it to focus on the specific measurement and 
recording of progress with the BSMS, and the outcomes to 30 June 2008.

Approach to the audit process

The perspective from which we approached the 2007–08 audit was shaped by our understanding of 

•	 the stage reached in implementing the BSMS, now half way through its 15 year life; 

•	 major findings in undertaking the previous audits; and

•	 the findings and recommendations of the MTR.
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1. Introduction

The steps the IAG-Salinity took in carrying out the 2007–08 audit therefore included:

•	 assessing the annual reports of the jurisdictions;

•	 reviewing Registers A and B with MDBC staff;

•	 travelling to each State, meeting with the representatives of the Contracting Governments and 
the MDBC. These were essentially all-day meetings with the contact officers and their teams of 
managers and specialists. 

•	 discussing technical and scientific issues with specialist staff from the States and the MDBC, 
seeking clarification or correction of misunderstandings; and

•	 providing the draft main text to jurisdiction contact officers for comment.

As recommended by the MTR, the jurisdictions have standardised on a format for annual reports using the nine 
implementation elements of the BSMS. The IAG-Salinity has therefore decided to report by the nine elements 
rather than by jurisdiction.

The findings and recommendations of the Mid-Term Review

The MTR identified a number of important challenges, but concluded that the Basin Salinity Management 
Strategy (2001-2015) is sufficiently robust to deal with them. 

The report made a number of recommendations that are, in effect, mid-course corrections. Selected “policy” 
and “operational recommendations”, and all of the “scientific and technical understanding” recommendations, 
are reproduced below:

Selected policy recommendations:

•	 develop methods to account for and achieve environmental outcomes from salinity mitigation actions 
through integration across Commission programs;

•	 support integration and alignment of national funding initiatives and reporting with regional catchment 
strategies that reflect BSMS objectives and integrated catchment management outcomes;

•	 increase emphasis on Catchment Actions to address the causes of salt mobilisation and more innovative 
and sustainable measures to deal with the effects, such as real time operations.

Selected operational recommendations:

•	 that by June 2008, the MDBC develop a new Works and Measures Program (provisionally estimated to be 
in the order of 40 EC) to offset anticipated increases in River salinity; 

•	 BSMS annual reporting requirements should be aligned with the MDBC Integrated Basin Reporting 
program and NAP/NHT reporting obligations; and

•	 by December 2008, the MDBC should investigate options for:

– real time river operations that manage large salt loads mobilised to the river; and

– real time in-stream targets that are integrated with the accountability framework.

Science and technical understanding recommendations:

•	 hydrological data sets that reflect the latest research on climate change and climate variability should be 
developed and applied to modelling scenarios so as to ensure the best possible tools for predicting long 
term salinity impacts;

•	 the Basin Salinity Target should be reviewed with consideration given to a recommendation on 
replacement or complementary salinity targets that link more closely to the Salinity Registers and allow 
for adaptive real time salinity outcomes; 

•	 the MDBC should develop a robust and transparent investment framework that enables environmental 
and social impacts to be assessed in the evaluation of benefits and dis-benefits of salinity management 
measures, particularly joint works and measures proposals; and
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•	 the MDBC should review the Salinity Registers with the objectives of:

– making them easier to understand; 

– including consideration of environmental and social impacts (in addition to the economic impacts); 
and 

– making them relevant to real time salinity management.

Work is under way towards implementation of these recommendations. 

The MTR did not allocate priorities among its recommendations. In preparing this audit, the IAG-Salinity’s 
inquiries and consultations identified several of the MTR recommendations that would be likely to rank high 
in priority among all of the actions being undertaken under the BSMS, and thus merit priority attention of 
leadership and allocation of resources. Such recommendations were thus given special attention in the 
audit process.

Key IAG-Salinity findings in previous audits

Previous IAG -Salinity findings not yet acted upon include the need to:

•	 develop a management plan to manage flood recession salt risks; 

•	 align the methods of calculating entries in Registers A and B, and complete the work under way to 
replace entries of low confidence; and 

•	 give greater attention to meeting the land management objectives of the BSMS.

These needs were also identified in the MTR.
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2. iMpleMentation of the BsMs

Consistent with the format of annual BSMS reports as adopted by the jurisdictions and the MDBA, this Chapter 
is organised under the nine BSMS Elements. The IAG-Salinity’s assessment of the needs for action under 
different elements sometimes leads to the same recommendation. In the interests of readability, where a 
recommendation arises a second time, it is repeated. 

The relative priorities of the recommendations are shown in the Executive Summary. In this Chapter, each 
recommendation is accompanied by its recommendation number. 

element 1: developing capacity to implement the BsMs
The Commission and partner Governments will administer a comprehensive ‘knowledge generation’ program 
to support Basin and within valley planning and implementation. The partner Governments will assist 
catchment communities to implement national, Basin and State initiatives by improving access to and use of the 
knowledge and decision tools generated by investigations and salinity research and development. This process 
will be supported by further capacity building for catchment planning, including communication and education.

Skills

The Report of the Independent Review Panel for the MTR of the BSMS identified a concern about future capacity 
issues: “The panel is concerned that strategic basic and applied research to explain the anomalies and develop 
further understanding of these processes seems to have virtually ceased across the basin”. 

This conclusion is supported by this audit group which noted a decline in capacity within contracting 
governments. In particular, skills in hydrogeological interpretation and modelling, and landscape and water 
quality processes, are less than needed to address the emerging salinity issues and obligations. The lack of 
skills available to plan for the expected post flooding salt mobilisation raised in previous IAG-Salinity reports 
and the MTR as discussed below is a case in point.

The decline in funding for salinity activities following the cessation of the National Action Plan on Salinity and 
Water Quality (NAP) and NHT funding and the transition to the Caring for our Country initiative will reduce 
funding opportunities to employ people with the necessary skills to address the salinity issue.

Knowledge and Decision Tools

Implementation of the BSMS depends strongly on the development and application of models. There is a 
wide range of modelling approaches of varying levels of sophistication that range from simple water balance 
algorithms to natural process models, with underlying analytical or numerical solution methods. Ultimately, 
the MSM-BIGMOD model is used to take jurisdictional IQQM, REALM and MODFLOW simulated salt load inputs 
and route flows and salinities on a daily time step to the Murray Mouth, with assessment of compliance with the 
Basin Salinity Target at Morgan in South Australia. 

The New South Wales and Queensland IQQM models perform salinity modelling through flow-load relationships 
by use of a lookup table to convert from flow to salinity rather than simulation of a salt-producing process. Salt 
movement across the landscape in response to land use is accomplished by catchment scale models such as 
2CSALT. Catchment MODFLOW models are capable of providing water flux inputs to the river models, usually on 
a monthly time interval, but in practice the two model types are coupled very loosely. MODFLOW models along 
the Murray River translate simulated water fluxes into salt load estimates by multiplication with a representative 
groundwater salinity for a number of river reaches. Groundwater solute transport models and fully coupled 
river-aquifer models are not in routine use, although some research is currently being applied in these areas. 
There remains a need for process-based catchment-scale modelling of salt export to the river system.
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The main modelling achievements during 2007–08 were:

•	 The EM2.1 Eastern Mallee groundwater model (also known as the Sunraysia Sub-regional Groundwater 
Flow Model) was at the calibration stage in June 2008;

•	 A simple spreadsheet mass balance model to assess ACT baseline conditions was developed; upgrading 
to an IQQM-style model should commence in the coming year;

•	 The Pike-Murtho model (for SIS concept design) was completed;

•	 The Chowilla groundwater model (for assessing salt load impact from floods and environmental 
watering) was completed, developed and submitted for peer review

•	 The Barwon Darling IQQM model was extended from Wilcannia to Menindee;

•	 NSW achieved final publication of all IQQM model reports.

There is a backlog of models awaiting accreditation, particularly MODFLOW models.

NSW has developed an advance on groundwater flow systems known as the Hydrogeological Landscapes 
framework. This essentially provides a conceptual framework that will allow prioritisation of areas for 
management on the basis of salinity risk, and the conceptual model diagrams will provide a useful basis for 
subsequent landscape or process models. The North Central CMA (Victoria) is using a Salinity Investment 
Framework (SIF3) decision tool that is focused on asset protection as the basis for investment decisions, and 
Queensland is following an expert approach for the same purpose. NSW is trialling the SCaRPA (TOOLS2) 
system for natural resource management investment strategy. South Australia is using the Irrigation Recording 
and Evaluation System to train irrigators.

Resources

The reporting of NAP and NHT programs by the Australian Government identified considerable expenditure on 
salinity programs by regional catchment organisations. The success of these programs was included to varying 
extents in the contracting government reports.

According to the transitional arrangements under Caring for our Country, water quality will continue to be 
addressed but there are currently no explicit arrangements available. In the Caring for our Country Business 
Plan 2009–10, released in December 2008, the only reference to funding for water quality is for the Gippsland 
Lakes, coastal hot spots and the Great Barrier Reef region. 

To facilitate linkages and achieve synergies in activities, project applications for future funding under the 
Australian Government programs that are situated in the MDB should expect proponents to seek comments 
from a representative of the MDBA. These comments should be included on the application form for funding 
to indicate the level of synergy with related activities and show how the project alleviates some of the issues 
in skills limitations in addressing obligations under the new Water Act (2007). The 2006–07 Report of the 
IAG-Salinity made a general recommendation that funding should support the alignment of regional, state 
and Australian Government activities to achieve BSMS objectives. Thus it would be desirable if criteria for 
assessment of suitability of project proposals for funding explicitly included an evaluation of eligibility based on 
a consideration of the comments by MDBA on the proposal.

Recommendation 

Synergies in activities and funding: That the criteria for assessing projects submitted to Australian 
Government, from areas within the Murray-Darling Basin, include an assessment of the alignment with 
strategies and desired outcomes of the MDBA, in order to achieve synergies and efficiencies, and adopt the 
most recent scientific advances. 

Recommendation – 10



report of the independent audit group for  salinity 2007–08 7

2. Implementation of the BSMS

Communication

The enhanced approach by the MDBA Office to communicate salinity issues is strongly supported. Sponsorship 
of the 2nd International Salinity Forum in Adelaide was particularly useful. There is a general lack of awareness 
and understanding of impacts of land management on salinity. The ineffectiveness of many dryland salinity 
management options means more emphasis is required on communicating effective strategies and the reasons 
for the ineffectiveness of other commonly used strategies. Awareness of what doesn’t work is equally as 
important as viable actions and strategies. 

The IAG-Salinity saw the linkages between the MDBA BSMS and TLM programs through an inter-jurisdictional 
BSMS/TLM Task Force as a positive initiative to ensure consistency of responses. The task group has identified 
the additional need for short term (real-time) salinity management as well as the existing longer term salinity 
management strategy under the BSMS.

Flood recession salt risks

Victoria and South Australia have both considered the previous recommendations of the IAG-Salinity to 
investigate the mechanisms of salt accessions during flood recessions. This has been supported by the MTR 
also. Victoria is addressing the flood recession salinity mobilisation issue through an extensive airborne 
electromagnetic survey of the Murray floodplains in the Mallee and North Central Catchment Management 
Authority areas. Initial analysis of the outcomes of the airborne electromagnetic survey suggests that the 
present hydrogeological understanding of the flood plain will need to be reviewed. There is some urgency 
in linking this work to actions to manage flood recession salt risk before the next major event. The EM2.1 
groundwater model is making use of the electromagnetic patterns to better define river reaches of similar 
influent salinity, for converting simulated water fluxes to salt loads. South Australia has prepared draft 
proposals for funding but the proposals do not give a clear conceptual framework for the projects.

It seems that the difficulty of the issue, limitations of funding and a lack of conceptual models of processes that 
might be operating, is hindering development of the investigations. Also consistency in approach is required 
across the southern parts of the Basin. In view of the short time period that may be available before the next 
flood, and the need to develop operational response management actions to possible flood scenarios and salt 
mobilisation, the best way forward is for the MDBA Office to facilitate a workshop. The workshop should make 
a synthesis of existing data and jointly develop a conceptual model of the likely processes operating and likely 
post flood scenarios from which operational response management plans can then be developed. Further 
research and development required would be identified particularly as there is now a need for the inclusion of 
real-time salinity simulation capabilities in the models.

Recommendation

Flood recession salt risks: That the MDBA Office urgently facilitate development of a conceptual model 
of flood recession salt mobilisation in the floodplains and operational response management plans in 
preparation for the next high flow event.

Recommendation – 1

Water management futures for climate change and salt

Flood scenarios are specifically excluded from models designed to quantify Salinity Register entries and 
to inform likely long-term average river salinities for investment purposes. Simulation of river dynamics, 
floodplain inundation and river-aquifer water exchange is critical for short-term salinity management. At 
present, most MODFLOW models along the Murray River assume either static river levels or average stages 
that vary annually, and floodplain inundation is ignored. This approach cannot replicate the salt peaks that occur 
after floods or high flow events. Short-term salinity management requires the use of model scenarios that 
explore climate extremes. 
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The MTR drew attention to uncertainties in predicting long term BSMS outcomes, as climate changes now 
becoming apparent are not represented in the 1975-2000 Benchmark Period. Current modelled salinity 
predictions are based on the hydrological data set from this period. The MTR suggested that future directions 
of the BSMS should include development of a “greater understanding on the sensitivity of BSMS outcomes to 
alternative climate scenarios”. It recommended that “hydrological data sets that reflect the latest research on 
climate change and climate variability should be developed and applied to modelling scenarios so as to ensure 
the best possible tools for predicting long term salinity impacts.”

Thus both short and long-term salinity management require an agreed set of model scenarios that incorporate 
climate change. 

Climate change affects both inputs and processes of the hydrological cycle. The current modelling framework, 
which is based on inputs, processes and flows of the 1975–2000 period, would need to be reassessed and 
modified if the models are to be fully reflective of the effects of climate change.

Recommendation

Water management futures for climate change and salt: That a single set of scenarios be developed by 
the MDBA, and used to model the effects of climate change consistently across a number of issues 
including salinity.

Recommendation – 5

Another capability need is for the ability to analyse the end-of-valley target data and establish the processes 
occurring in the valleys. Now that considerable data are available on end-of-valley flows and salinities that have 
been used statistically to derive entries in the Salinity Registers, there is scope for an interpretive capability of 
the processes operating which could offer a major advance in identifying salinity ‘hot-spot’ areas for proactive 
salinity management intervention, both dryland and irrigation, to minimise salt impacts. This is discussed in 
Element 3 and Appendix 3.

Dryland management options to deal with salinity and including them in farming systems are other capability 
issues for BSMS that are currently not well addressed. These are both discussed under Elements 5, 6 and 7. 

element 2: identifying values and assets at risk
The strategy states that end-of-valley targets were set to achieve two outcomes, namely (1) the maintenance 
of the quality of the river downstream and (2) provide the right signals for upstream actions to control river 
salinity and protect important natural assets and built assets in the catchments. While the principal value 
affected is water quality for consumptive uses, other equally important values include environmental values, 
farm productivity and infrastructure (roads, services and towns). The States through annual reporting agreed to 
advise on the level of protection being afforded to within valley values and assets.

The IAG-Salinity was provided with evidence that the salinity levels at Morgan were lower than those 
experienced in the previous drought. This indicates that the BSMS has had a significant influence on water 
quality in the Basin. However much of that is likely due to the water in the River coming from the storages high 
in the catchment and not being affected by high saline inflows that used to occur from regional water tables due 
to the increased number of salt interception schemes.

In the last audit it was recognised that there was a high risk of salt that has accumulated in the flood plain for 
the last 12 years, since the last high river, would be mobilised after the next high level event and would have a 
high impact on the Basin assets particularly those further downstream.



report of the independent audit group for  salinity 2007–08 9

2. Implementation of the BSMS

Victoria

The CMAs in Victoria have identified assets at risk from salinity through their management plans.

Land Resources 

Large areas of Victoria are at risk from salinisation through rising water tables, and although the water tables 
fell during the recent dry years, the potential for them to rise during the next high rainfall event is significant. 
Many of the strategies employed to lower groundwater tables have not shown a response and are being 
questioned. The water table levels below the Shepparton Irrigation Region have fallen during the drought but 
are still considered a high risk.

Water Quality

Significant quantities of salt are moving through the landscape into the river systems. Many irrigation areas 
have not allowed drainage water to enter the river for about 10 years resulting in a build up of salt. Landscapes 
are also at risk from the lack of flushing. There is a potential for a significant salt mobilisation problem when 
rains return and the land is flushed.

In spite of the great success of the BSMS in reducing river salinity, the reduction has not been sufficient to meet 
the BSMS salinity target to maintain salinity at Morgan at less than 800 EC for 95% of the time. The failure to 
meet this target (only meeting the target 89% of the time) is almost entirely due to the high salinity levels during 
the recession phases of floods. There is a high risk that following the next high river the salinity of the river 
water will increase significantly. 

To prepare for this event, we need to understand better the surface and groundwater hydrology of these events, 
and prepare operational plans. This was the subject of a recommendation in the previous IAG-Salinity report but 
little has been done. Plans for salinity monitoring should also be prepared for the next flood event.

Recommendation

Flood recession salt risks: That the MDBA Office urgently facilitate development of a conceptual model 
of flood recession salt mobilisation in the floodplains and operational response management plans in 
preparation for the next high flow event.

Recommendation – 1

Figure 2 below illustrates the time response of salinity peaks during the recession phase of floods, and the 
period of about 12 years since the last flows large enough to inundate part of the flood plain.

figure 2: Comparison of salinity and flows from 1970–2008.
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Land-based Salinity Management

The areas at greatest risk from salinity have been identified in the CMA plans. Targeted investment of tree 
planting, perennial pastures and groundwater pumping and forestry are being promoted rather than the 
general programs of the past. The impact of many of these strategies needs to be assessed as there is a 
general view that they do not work. 

Recommendation

Strategies for land based salinity management: That the MDBA facilitate a review of strategies to reduce 
the mobilisation of salt in the landscape, and the strategies be assessed for their usefulness using an 
evidence based approach; and that guidelines be prepared to assist catchment management organisations 
and state and ACT jurisdictions in the selection of sites and remediation methods with the best prospects  
of success.

Recommendation – 3

South Australia

The assets at risk include those associated with water supply for irrigation areas, many of its towns, and the 
city of Adelaide. Water for “critical human needs” is at risk of water quality deterioration (salinity) under two 
different scenarios. The first risk is that the continuing drought will further increase salinity in the Lock 1 to the 
Wellington reach of the River, as high salinity water in Lake Alexandrina mixes with water in this reach. This 
issue is addressed elsewhere in this report. 

The second risk is high salinities during the falling leg of the next high river. Absence of flood plain inundation 
in the lower river for the last 12 years, on-going inflow of regional saline groundwater into flood plain 
sediments, irrigation development, changed operating procedures and drying wetlands, are all factors causing 
accumulation of salt in flood plain sediments. Much of this salt is likely to be mobilised during the attenuation 
phase of the next flood. This is a threat to downstream water users and to the environment.

Potential for greater salt loads during or following the next major flow is high and needs to be assessed and 
planned for. Also, critical assets below Morgan need to be protected (Adelaide, towns, irrigated crops and 
ecology of wetlands, lakes and the Coorong). New targets for the river at and below Morgan are required if these 
assets are to be protected. Two types of target may be required, including targets similar to the present BSMS 
target at Morgan, assessed by modelling over a representative period of river flows, and targets to aid real time 
operations, as it is the real time salinities that have to be managed.

Recommendation

Salinity target(s) below Morgan: That salinity targets below Morgan be provided to protect the significant 
assets and populations that may be affected by high salinity below Morgan. These targets should include 
targets set to aid real time operations, as fluctuations in salinity which can be accommodated in the current 
Morgan target may be unacceptably high for critical human needs or for agricultural and  
ecological requirements.

Recommendation – 4

New South Wales

There is continuing progress in identifying assets at risk through the CMAs. Many roads, towns and buildings 
are at risk, and it has been demonstrated that high water tables have been created by the watering of gardens. 
The Murray CMA jurisdiction is using a planning process to prioritise investment in land use change aimed at 
achieving multiple environmental benefits. This approach has value in being able to clearly express, in the form 
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of maps, priority areas for natural resource management investment. Another program is being tested in the 
Lachlan CMA which helps decide on what investment should be undertaken against different types of assets. A 
risk approach is also being taken with urban infrastructure in Dubbo and Western Sydney.

The IAG-Salinity has found it difficult to assess progress in this BSMS theme in NSW without speaking with the 
CMAs. The inclusion this year of a NSW CMA representative was helpful. There are significant assets at risk in 
NSW but it is difficult to determine the overall picture. While the urgency may have reduced with the drought, it 
was reported that following an average rainfall event in northern NSW, salinity issues re-expressed themselves, 
indicating that the water tables are near the surface and it does not take much rain to bring them to the surface.

Queensland

There is continuing progress in developing an inventory of areas at risk through data collection on native 
vegetation and an overall wetland assessment. In the Condamine catchment, information on the potential 
damage to infrastructure was assessed and is being used for future planning and development.

Summary

The IAG-Salinity has noted continuing progress in understanding the values and assets at risk and also noted 
that the water quality of the MDB surface water was of much better quality than it was in past droughts. 
However there is most likely a large store of salt in the landscape and the potential for a return of highly saline 
water in the River on the back of a high flow event is high and needs to be urgently planned for. The reliance 
of communities below Morgan on the River as a water resource has been highlighted during the drought 
suggesting the need for a target or targets below Morgan.

The IAG-Salinity is concerned about the high risk of high river salinities following the next high river. 

There urgently needs to be a critical scientific assessment of the methods recommended to reduce the 
mobilisation of salt in the landscape as many of the strategies in the BSMS were reported as not working and 
the investment in them by the CMAs was falling.

element 3: salinity targets
This element requires the adoption of end-of-valley targets to protect values and assets while providing 
for targets to be revised, as new information becomes available. The partner Governments will empower 
catchment management organisations to advise on end-of-valley targets and determine within-valley targets 
and monitoring arrangements, under salinity and catchment management plans.

The MTR commented “the assessment of the future salinity scenarios at the end-of-valley target sites (the 
‘agreed levels’) has not occurred consistently across the basin and there is not always a strong program of 
actions in place to achieve them”. For the future, the MTR proposed that complementary within-valley targets 
be used as key performance indicators giving clear and transparent linkages between the salinity registers and 
allow for adaptive real-time salinity outcomes. This has been mentioned as a capability and interpretation issue 
in the discussion on element 1.

To meet objective 2 of the BSMS (see Introduction of this report) the MTR Independent Review Panel confirmed 
that end-of-valley targets were very useful and that the BSMS needs to focus on other targets as well as the 
target at Morgan and in fact to revisit end-of-valley targets and even the location of the target at Morgan.

The MTR also recommended the establishment of real-time in-stream targets that are integrated into the 
accountability framework.

The difference in the quantity of Murray water used downstream of Morgan (around 150 GL/yr) compared to the 
South Australian-Victorian border to Morgan water use of around 350 GL/yr means that for South Australia, 
a capability to manage the water salinity downstream of Morgan is of high importance and will become more 
necessary under the shift towards critical human needs and ecosystem needs for future strategies. The 
discussion by the MTR on the possible shifting of the Morgan target should be delayed and scoping and adding 
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an additional target downstream of Morgan should be undertaken initially and the implications assessed. 
In view of the current strategies on water buy-back and environmental flows, the downstream of Morgan 
situation may change in normal rainfall years and these aspects need to be included in developing targets 
downstream of Morgan.

Recommendation

Salinity target(s) below Morgan: That salinity target(s) below Morgan be developed to protect the 
significant assets and populations that may be affected by high salinity below Morgan. These targets 
should include targets set to aid real time operations, as fluctuations in salinity which can be 
accommodated in the current Morgan target may be unacceptably high for critical human needs or 
for agricultural or ecological requirements.

Recommendation – 4

The establishment of within-valley targets can drive planning and investment for ‘hot-spot’ areas on the basis of 
risk and effort proportional to the degree of impact and the uncertainty in scale of impact.

The monitoring data collected for end-of-valley targets appear to have been used mainly as statistical and 
modelling parameters for compliance purposes in the Salinity Registers with less emphasis on interpretation of 
within-valley processes. The past end-of-valley monitoring data (even with the gaps in records) provides a very 
useful source of data for interpretation of in-valley processes, since records cover a useful period of time. An 
initial scan of the Electrical Conductivity (EC) and flow graphs in the BSMS 2006–07 and 2007–08 annual reports 
show varying EC responses of the streams to flood flows, releases and recessions with some giving increased 
EC and others the more expected decrease in EC with increased flow.

The process analysis of the response of EC with changed flow combined with within-valley targets should be 
very useful in identifying sources of salts contributing to the system. Salinity ‘hot-spots’ can then be targeted for 
actions particularly in dryland areas and demonstration catchments of effective dryland salinity management 
– see discussion in Element 5. Effects of changes in land management often have very long lag times and 
therefore are difficult to assess. The interpretation of changes in EC-flow graphs can be carried out annually 
and changes used to identify trends at an earlier stage.

An example is provided in Appendix 3. It outlines an approach that uses the end-of-valley target monitoring data 
to identify salinity processes.

It is suggested that in presentation of EC and flow graphs for the nominated valley reports, flow could be 
expressed on a log scale rather than a linear scale to enable the EC response to small changes in flows to 
be observed.

Recommendation

End-of-valley salinity-flow interpretations: That further use be made of the end-of-valley target monitoring 
data to identify in-valley processes operating with changed flow conditions that, in combination with within-
valley targets, can identify salinity ‘hot-spots’ for management intervention. The BSMS MDBA Office should 
work with the BSMS IWG to develop appropriate techniques for data interpretation.

Recommendation – 6
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Recommendation

Within-valley salinity targets: That all state and ACT contracting governments develop within-valley 
complementary targets for catchments with end-of-valley targets where salinity assessed as EC is greater 
than a decided level, commencing with those where EC increases with increasing flow, to identify the 
processes contributing to the mobilisation of salt. 

Recommendation – 9

In NSW the roles of CMAs and their Regional Catchment Action Plans (CAPs) do not seem to be aligned with the 
State’s obligations under the BSMS, including end-of-valley targets.. There is considerable scope to make end-
of-valley targets more relevant to within-valley targets and resource management activities of both CMAs and 
state agencies to ensure obligations under the BSMS can be met.

Recommendation

Alignment of BSMS with catchment plans: That NSW seek closer alignment between BSMS obligations 
and regional Catchment Action Plans with a transparent role for Catchment Management Authorities in 
meeting targets particularly for catchments with end-of-valley targets through the development of  
within-valley targets.

Recommendation – 11

South Australia has installed new salinity monitoring equipment incorporating telemetry, providing flow 
and salinity data of improved accuracy and at new locations. The Run of River salinity surveys have helped 
validate the effectiveness of the salt interception works and can allow the targeting of other areas of 
significant salt ingress. 

Queensland has completed salinity audits of the Warrego-Paroo catchment and the Border Rivers and 
Moonie catchments. Now that some of the salinity audits are completed, and some flood flows have occurred 
in the last year, a timetable for completion of the blank entries for Queensland in the Salinity Registers needs 
to be developed. 

Recommendation

Salinity Registers and targets for Queensland: That Queensland provide a timetable for completion of the 
blank entries in the Salinity Registers. If required, salinity flow relationships may need to be reassessed and 
the impacts remodelled given the recent flood flow events. The setting of within-valley targets should be 
considered particularly for catchments with saline groundwater or significant dryland salinity potential or 
future coal-seam gas water disposal.

Recommendation – 16

element 4: Managing trade-offs with available within-valley options
The States will analyse and review the best mix of land management, engineering, river flow, and living with 
salt options to achieve salinity targets while meeting other catchment health targets and social and economic 
needs. The States will assist communities to understand and agree the options with affected groups, industries 
and people through best practice planning processes.

Options for salinity management range from the more immediate and certain outcomes of salt interception 
schemes to longer term and less certain benefits associated with re-forestation. Many options affect 
profitability, can reduce water resource security and have social impacts. A key task is to assist catchment 
management planners to deal with these challenges.
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South Australia

The concept of “Murray Futures” has been proposed by South Australia. This will look at new innovative “water 
wise” crop production and address the use of irrigation water use in high impact zones, reducing the reliance on 
the lower lakes by piping water from the river corridor, targeting environmental water to critical wetlands flow 
management and recovery of water to secure water for river health and quality supply for users.

Victoria

The trade-offs are not considered separately by Victoria but reported to be dealt with during the process of 
developing Regional Catchment Strategies by the CMAs, with a high degree of engagement of the CMAs in 
planning for and managing both credit and debit salinity actions.

New South Wales

While there has been little formal output on trade-offs in NSW, significant background work has been done. 
The CMA Catchment Action Plans and Investment Plans constitute trade-off mechanisms of investment, which 
set targets and priorities, and incorporate multiple benefits. A salt interception scheme is proposed for the Upper 
Darling. The impacts of plantation forestry and water quality are under investigation. The CMAs are undertaking 
individual projects to deal with irrigation efficiency and broad acre land management.

Queensland

The Queensland regional bodies are using sub-catchment planning as part of the process of developing regional 
natural resource management plans and investment strategies. This is underpinned by benefit-cost analysis.

Summary

The IAG-Salinity noted that the intent of the BSMS was to determine the Basin wide trade-offs and investments. 
The formation of CMAs has assisted in this process. Many of the within-valley trade-offs are being assessed and 
implementation is continuing. However some of the proposals in the BSMS were no longer being progressed such 
as the idea of “Living with salt” which began to look at a range of options for obtaining production from saline soils 
and from saline water. The period of drought has most likely taken the focus away from this opportunity.

Recommendation

Living with salinity: That research and development associated with the concept of “Living with salt” be 
encouraged so that enterprises that can use the large quantities of moderately saline ground and surface 
water in the Basin can be promoted.

Recommendation – 8

element 5: implementing salinity and catchment management plans
This Strategy acknowledges gains made by existing plans, but requires that actions in existing and new plans, 
or the plans themselves, will need to be assessed and reported against the end-of- valley and Basin targets and 
recorded on Salinity Registers. The partner Governments will continue and enhance support for land and water 
management plans (LWMPs) in irrigation regions. The partner Governments will enhance support for development 
and implementation of ICM Policy-compliant salinity and catchment management plans in dryland regions.

Land and Water Management Plans (LWMPs) provide a basis for recording salinity outcomes on a salinity register 
from dryland and irrigation areas. The concept of accounting for offsetting the impacts for future development is 
described as an incentive for LWMP implementation and review. The strategy recognises that in the first 7 years, 
salt interception schemes will buy time for the benefit of actions to cap salt mobilisation and export from the 
landscape to take effect.
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Irrigation and dryland are two aspects of salinity and catchment management plans that have received varying 
attention over the past several years. Since the issues of, and approaches to each area are different they are 
discussed separately in this element.

irrigation 

South Australia

The Strategic Plan for SA, the Natural Resource Management plan for the MDB and the Water Allocation Plan 
for the Murray all include salinity as a major strategic issue. The recent legislative reforms pave the way for 
further steps in the separation of water rights from land, and this will lead to the revision of water allocation 
plans and establishment of a new water register. Water ownership and water use will be separate activities 
requiring a change to the salinity Registers where water use will need to replace trade.

SA on behalf of the MDB partners is investigating market based instruments (MBI) for salinity management. 
A study funded by the National Water Initiative is to provide a gap analysis and critique of MBI for salinity 
management, to investigate the feasibility of an MBI approach to salinity management through a cap and 
trade system. MBI has promise to provide an incentive-based environment that may aid in irrigator and district 
accountability, and is likely to further improve salinity management.

Recommendation

Market-based instruments (MBI): That to fulfil the promise of MBI to provide an incentive-based 
environment that may aid in irrigator and district accountability, and further improve salinity management, 
the investigation of market based approaches be continued, following up on work started in 2007–08 in 
South Australia. 

Recommendation – 12

Victoria

Victoria has five CMAs within the Basin and all have undertaken salinity management activities as part of their 
Regional Catchment Strategies, LWMPs and Salinity Management Plans. The North East CMA revised its NE 
Salinity Action Plan on an asset based approach. The Goulburn Broken CMA has reviewed its accountable 
actions on the River Murray given the implementation that has already been achieved. The Central North CMA 
indicated significant progress with its plans. The Wimmera CMA indicated it will review its plan in the next 18 
months given the implementation that has occurred. The Mallee CMA has three district salinity plans and is 
also looking to adjust its registers. The IAG-Salinity was impressed with the model operating in Victoria which 
strongly reflected the intent of the Strategy.

In line with other States it was clear that significant progress was being made but it relied on external funding 
sources from both Commonwealth and State Governments. The current uncertainty in funding will have an 
impact on the progress that can be made.

New South Wales

NSW has an integrated plan which included actions previously in the NSW Salinity Strategy. There are eight 
CMAs which are in the Basin and have aligned strategies to support their communities and aligned investment 
activity to current conditions. The Water Management Act (2000) and 40 Water Sharing Plans have been 
gazetted. It now allows market based water trade separating ownership from use and separates water access 
from land ownership, with water use rights remaining with the land. This has an impact on the salinity registers.

LWMPs have been prepared for each irrigation area and produce annual compliance reports. The salinity 
Register entry for the Murray Irrigation Limited LWMP is under review and should be completed by 
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December 2008.

NSW is developing an approach to target areas of high salinity risk. It is evident that not all areas pose a risk 
and applying a risk assessment to the various catchments should result in targeted action. The work of the 
last two years has shown that land salinisation is taking a number of distinct geo-chemical manifestations, 
depending on the characteristics of the sediments and groundwater paths. Also there has been a lack of 
understanding of the fact that in some circumstances land salinisation cannot be reversed and the soils 
restored to productivity without draining the soil profile. The IAG-Salinity was impressed with this approach 
and supports its continuation.

Queensland

There are three regional natural resource management bodies with investment strategies working with the 
local communities to reduce salinity. Bore capping of the Great Artesian Basin is continuing but the salinity 
improvements tend to be very local. Queensland has indicated it will not participate in any joint salinity and 
drainage works before 2010 and modelling indicates there is little likelihood of significant rises in stream salt 
loads so there is no requirement to purchase salinity disposal entitlements.

Dryland

The MTR indicated that the prediction of 10 EC impact at Morgan from legacy land management in upland 
and Mallee regions was high and has now been reduced based on the results of modelling. Also there is a 
general view that land management plans and actions in the Basin have not been as effective as river salinity 
initiatives and have been lagging over past years. This, together with the MTR view that dryland salinity 
management needs greater targeting where the risk is greatest, leads to the need for more focussed dryland 
salinity management of high salinity risk areas, particularly if there is also high uncertainty about potential 
salinity impacts. 

The Victorian Government has commenced a more targeted approach to salinity risk areas. Victoria is also 
revising its Dryland Salinity program to include other approaches to salinity management including engineering 
methods because of the difficulty seeing tangible benefits from the last 10 years and $11m of focussed activity 
in vegetative measures for dryland salinity management. Even in a period of decreasing rainfall, when salt 
disposal to the Murray has not been required in several irrigation areas, dryland salinity management outcomes 
have been less than successful. Perennial pastures have had relatively poor uptake and the profitability has 
been less than expected. The IAG-Salinity recognises the complexities and difficulties of linking catchment 
works with river salinity impacts. Nevertheless, these difficulties do need to be overcome for the long term 
future of the river. 

The thrust of the new Victorian dryland salinity program is good but details are not yet available.  
The IAG-Salinity would like to see an outline of the plan and strategy at the next audit. 

The development of the new hydrogeological landscapes approach to planning and management of salinity by 
New South Wales is to be commended. While there is some fine tuning to be done, the approach should allow 
more soundly based landscape management. Assessment of salt load from a landscape needs to be more 
transparently estimated and likely downstream impacts assessed. Also the use of figures of EC 800 and 1500 
µS/cm for criteria divisions in salinity should be reviewed, based on ecological or agricultural values as outlined 
in the National Water Quality Management Strategy for national consistency. The management options for 
dryland salinity in this approach still seem to be heavily promoting vegetation measures in recharge areas and 
vegetation interception adjacent to saline areas. This is most unlikely to be successful in the medium to long 
term as shown in Victoria. 

While there are many very good reasons to revegetate catchments, salinity control as a main reason is most 
likely to lead to unsuccessful outcomes and unfulfilled expectations. Grazing pressure, hysteresis in the 
development of salinity outbreaks and the degree of reduction in groundwater level and salt load required to 
re-establish vegetation on saline areas, rainfall, farm production opportunities and economic issues, will be 
dominant and more significant than the impact of any vegetation initiatives alone. 
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The ideal aim is to store the salt currently expressed on the soil surface in salted areas back in the unsaturated 
zone above the water table and below the active rooting depth of plants. Lowering the water table in salted 
areas to minimise evaporative concentration will increase resilience in providing greater available water storage 
in the unsaturated zone in wetter periods. Complementary approaches including active interception by pumping 
of shallow groundwater and its reuse (where quality is acceptable) or water removal from adjacent to salted 
areas and its use to irrigate the salted area, or evaporation either in ponds or by more efficient evaporative 
techniques may be the best effective options. 

Some of the technologies and approaches to land revegetation and reclamation of degraded land by regional 
catchment groups are based on ideas whose truth has come from constant repetition rather than an evidence 
base. While there are very good reasons to do some of these activities, salinity is not one of them, and thus 
some assessment of the potential for the proposed strategies and activities to achieve the desired outcomes is 
in order. In some cases, the outcome will be so long term that it cannot be assessed. 

Based on a risk management approach, dryland salinity management needs to be targeted to areas having 
the greatest salinity impact on river water quality. In the short term, ignoring the small and inconsequential 
areas, as well as the large and difficult ones and focussing on the mid size areas to demonstrate combined 
management options that reduce impacts in association with an evaluation of within-valley and end-of-valley 
targets would seem the most viable approach given that dryland salinity management has been tried for 
decades and is still largely considered unsuccessful. 

Recommendation

Strategies for land based salinity management: That the MDBA facilitate a review of strategies to reduce 
the mobilisation of salt in the landscape, and the strategies be assessed for their usefulness using an 
evidence based approach; and that guidelines be prepared to assist CMAs and state jurisdictions in the 
selection of sites and remediation methods with the best prospects of success.

Recommendation – 3

 2CSalt modelling of upper catchments is underway in Victoria and New South Wales and has been evaluated in 
Queensland. While some issues of science, spatial parameterisation and ongoing development remain with the 
model, the evaluation of flow and salt transport with climate change scenarios in Victoria is a positive step. The 
use of standard climate scenarios for consistency across the basin is suggested.

The more western catchments of the MDB in Queensland are largely undeveloped except for grazing. Future 
changes in salinity are likely to be minimal. However, the future development of Coal Seam Gas and the need 
to pump considerable quantities of water associated with the gas production (in the order of 25 GL/year) will 
have possible impacts on river salinity and groundwater. Salinity levels in the deposits range from 1 000 to  
5 000 mg/L and are not suitable for irrigation because of the high sodium adsorption ratios. A policy paper on 
disposal and management options for coal-seam gas water proposes restricting the use of evaporation ponds 
and groundwater reinjection if water quality is greater than receiving groundwater. Thus pressure for alternative 
uses of the water may increase salt loadings to catchments. A policy is expected to be released by early 2009.

The potential for coal expansion in the Queensland section of the basin, an estimated 4 billion tonnes within a 
depth of 80 m may also be a potential source of saline waters.

Recommendation

Salinity implications of coal-seam gas production in Queensland: That further development of the 
Queensland Coal-Seam Gas Water Management Policy deal effectively with the impacts of disposal options 
for saline water produced in coal-seam gas operations, to minimise any impacts on MDB resources, salinity 
targets and obligations under the Water Act 2007. 

Recommendation – 17
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Summary

There has been obvious progress in managing salinity in each State through the use of the LWMPs. These have 
been managed by many of the CMAs which have shown a strong commitment to this process. This process 
is the most mature in Victoria. However the current uncertainty in funding for these activities following the 
completion of the NAP and NHT is causing the CMAs to review their activities and reduce the work being done. 
“Caring for our Country” appears to be formulated so that salinity mitigation and management is a side benefit 
of projects with other main environmental objectives. This is an obvious concern for the progress of the LWMPs. 
The IAG-Salinity is concerned that unless salinity mediation is acknowledge in the new programs this could 
spell the end of CMA-implemented programs aimed at diminishing and preventing dryland salinity, and in-river 
salinity programs such as salt interception works.

Recommendation

Financial and human resources for BSMS implementation: That all Contracting Governments recognise 
the importance of continuing to manage salinity in the MDB, the gains that have been made and the threats 
that still exist and continue their investment following the conclusion of the NHT and NAP for Salinity and 
Water Quality.

Recommendation – 2

element 6: redesigning farming systems
The partner Governments will coordinate and enhance research and development into new farming and 
forestry systems that deliver improved control of groundwater recharge in the high rainfall grazing, winter 
rainfall cropping, and summer rainfall cropping zones.

Over and above current programs the Commission will enhance research and development into new industries 
based on salinised resources, such as broad acre saltland agronomy, saline aquaculture, and salt harvesting

The MTR raised questions about this element and identified that upper catchment actions and their link to in-
stream salinity outcomes ‘remains to be fully addressed’. The suggested changes to farming systems broadly 
across the landscape are probably better targeted to high risk ‘hot-spot’ areas in the short term and are more 
likely to provide demonstrable financial and NRM benefits. As the MTR notes, externalities of rainfall and 
commodity price variability are more likely to have a greater influence. Also developed farming systems are 
usually soil and climate specific, and can be replicated only with considerable effort. Thus redesign of farming 
systems should in the near future be driven directly by the approaches suggested under Element 5 above, that 
is, on improved management of dryland salinity in high risk areas.

Many education programs on farming systems have been running for decades in various forms and have 
probably reached the optimum or post optimum in terms of product life cycle. They rely on opportunistic 
acceptance and adoption by landholders as conditions dictate. A more proactive approach providing incentives 
and commitments to adoption of preferred systems is now required. Market based instruments are needed, 
along with strategies to deal with the ‘tragedy of the commons’ where salinity impacts most on downstream 
users of natural resources while private landholders are unable to bear the total cost of salinity. Responsibilities 
and accountabilities of all catchment landholders moderated by incentives and obligations may be required.

Current activities in redesigning farming systems should thus continue but with a short term emphasis on 
linking actions to within-valley targets, identifying salinity hot-spots, targeting best-bet options for success 
initially, and revising current strategies for farming systems.

In Queensland the return of some marginal cropping lands back to pasture is assisting the reduction of land 
degradation and may have small effects on deep drainage below the root zone and thus on groundwater 
levels. Most of the dryland salinity sites are in the agriculturally intensive Condamine-Balonne catchment. 
New arrangements for leasehold lands in Queensland as an agreement between the Government, AgForce 
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Queensland and the Australian Rainforest Conservation Authority have introduced a mix of reward-based and 
regulatory approaches to improve the profitability, productivity and sustainability of rural leasehold land. The 
length of lease term is conditional on meeting certain agreed sustainability requirements.

Recommendation

Living with salinity: That research and development associated with the concept of “Living with salt” be 
encouraged so that enterprises that can use the large quantities of moderate salinity ground and surface 
water in the Basin can be promoted.

Recommendation – 8

element 7: targeting reforestation and vegetation management
The partner Governments recognise the necessity for landscape change specifically targeted at salinity control. 
In order to facilitate such targeted change, where changed farming systems are not adequate consideration 
may be given to financing native vegetation management, rehabilitation and land stewardship, and the 
commercialisation of short rotation tree crops, particularly for the wheat belt.

The strategy set up options for reforestation and vegetation management in three categories i.e. Forestry 
outside its traditional zone, native vegetation management and short rotation tree crops. These are to be 
targeted areas and at a scale that maximises salinity benefits and minimises other adverse impacts.

South Australia

The River Murray Forest project is funded by SA to deliver multiple benefits providing offsets for carbon 
sequestration and increasing biodiversity outcomes. While it is outside traditional forestry zones, it is difficult 
to align it to the outcomes of the Salinity Strategy.

Victoria

The five CMAs undertook revegetation programs linked to both biodiversity and salinity outcomes in identified 
targeted areas. This included fencing of native vegetation. Over 5 500 ha of native vegetation was protected.

New South Wales

In NSW $436 million has been committed to protecting and restoring native vegetation through improved water 
quality, reduced salinity, improved biodiversity and reduced greenhouse gas emissions. In the past 6 months 
there was an increase in the public reserve system of nearly 14 000 ha and an increase of newly acquired private 
conservation of 27 000 ha. In the past year nearly 200 000 ha of native vegetation was restored or revegetated.

Queensland

Broad scale clearance was ceased in December 2006. The 215 000 ha cleared during 2005/-06 has not been 
assessed as yet for salinity impact. Movement towards protecting areas of remnant vegetation is occurring 
and 360 km of riparian areas were protected by fencing.

Summary

Progress is occurring in vegetation management in the Basin driven by a range of issues such as biodiversity 
enhancement and carbon sequestration. There has been significant investment in research and development to 
fund species development appropriate to the reforestation objective but there is little evidence so far of uptake. 
The program as envisaged under the salinity strategy has not had a high uptake. Other factors such as carbon 
sequestration and biodiversity enhancement may be stronger drivers and the salinity strategy may have to rely 
on those multiple benefits. Further analysis of the landscape as being undertaken in NSW may help target 
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those investments which may also provide salinity benefits. It is expected that large areas of the landscape 
will need to be planted before significant salinity benefits are recorded. However the impact of such a level of 
planting on water yield also needs to be assessed.

element 8: Constructing salt interception works 
The Commission will construct and operate new joint (partner Government funded) salt interception works to 
protect Basin-wide assets and values, including the shared water resources of the Murray and Darling Rivers. 
This will provide protection beyond the benefits from simply meeting end-of-valley targets, based upon agreed 
cost sharing and benefit allocation principles. The benefits will continue to include salt disposal entitlements to 
offset the impacts of future actions that aggravate salinity. 

Salt interception schemes (SIS) constructed and operated along the length of the Murray River in three 
states are recognised as major contributors to the success of the first phase of the BSMS. The Report of 
the Independent Review Panel for the MTR identified a concern about the prospects for ongoing success: 
“Notwithstanding these successes, the Basin Salinity target will not be achieved through the current Joint 
Works and Measures Program, ...and implementation and operation of salt interception infrastructure is now 
revealing some long term issues for new and existing works.” “Hydrogeological investigations and economic 
analysis also suggest that the most economically viable [disposal] schemes have been constructed or are under 
detailed investigation.” 

Currently in operation are nine interception schemes and one drainage diversion scheme (Barr Creek, 
Victoria). These schemes account for 59% of the credit balance (30-year average salinity effect) on the 2008 
Salinity Register A. Only 19% of the credits accrued by the schemes (about 22 EC) are attributable to the 
BSMS; the remainder is attributed to the earlier Salinity & Drainage Strategy and is embodied in the BSMS 
baseline conditions.

All but two of the schemes achieved target salt load diversions at least 95% of the time during 2007/-08. The 
weakest schemes are Mildura-Merbein (69%) and Mallee Cliffs (85%). A review of the Mildura-Merbein Salt 
Interception Scheme is under way, which is likely to lead to the refurbishment of the Scheme. Work is to be 
done on optimising pumping rates at Mallee Cliffs.

Five additional interception schemes are being constructed: Pyramid Creek (Stages 2 and 3), Waikerie 2L, 
Upper Darling, Loxton (highland), and Murtho. Together, these schemes are expected to give a benefit of about 
45 EC at Morgan.

Four more schemes were under investigation in 2007–08: Pike River, Bookpurnong (extension), Redcliffs, 
and Mildura-Merbein (rehabilitation and augmentation). These schemes are expected to give a combined 
benefit of about 37 EC at Morgan (30-year average). Each of these schemes has been assessed using a 
benefit cost analysis.

A highlight of 2007–08 was the successful construction of the Loxton Cliff Toe Drain in South Australia along 
a 200 metre reach, an innovation that could have wider uptake where it is impractical to install conventional 
bores. Shoreline enhancement works have added recreational benefits to the primary purpose of the drain.

South Australia completed the Riverland Salt Disposal Management Plan during the year. This is based on a 
two-basin disposal strategy (Stockyard Plain and Noora). Under the Regional Drainage Strategy it is planned 
that the refurbishment of the Mildura-Merbein scheme (Victoria) will use the Morquong Basin (in New South 
Wales) for disposal.

The operation of several schemes is being tweaked to optimise performance, and a few of the older schemes 
are showing aging effects from corrosion. The long term replacement costs of these schemes will need to be 
budgeted for in the future.
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At least some of the schemes have operational rules that call for pump shutdown during high river flows or 
flood events. In principle, pumping of groundwater should continue during such events, where possible, in order 
to keep groundwater levels low and to maintain a hydraulic gradient away from the river, or at most a mild 
hydraulic gradient towards the river after the river stage subsides. Turning off the pumps will have the effect of 
maximising the hydraulic gradient towards the river after such an event, exacerbating salt inflow to the river.

Recommendation

Flood and high flow SIS operational rules: That MDBA Office undertake a review of salt interception 
scheme operational rules during high flow events and flood events to determine the feasibility of operating 
groundwater pumps continuously during such events.

Recommendation – 13

element 9: Basin-wide accountability 
The partner Governments will demonstrate accountability by reporting to the Commission and Council through 
State end-of-valley Report Cards and Commission Salinity Registers that record the salinity effects of actions, 
including salt interception schemes and salinity and catchment management plans.

The Council will receive audits every five years for each valley and Commission Register entry, assessing 
impacts on river salinity and progress towards targets, with the provision to require further action as necessary. 

Valley reports

Contracting Governments must prepare an annual report for each valley for which an end-of-valley target has 
been adopted as outlined in Schedule B clauses 29 and 30. A protocol has been established for the information 
to be presented in these reports. The reports are to set out how the contracting Governments are implementing 
actions to meet the targets and impacts on the targets.

The valley reports for 2007–08 were variable in achieving these objectives. The ACT is in the process of 
establishing an end-of-valley target and has established continuous monitoring to allow appropriate annual 
reporting. South Australia does not have a formal end-of-valley target although the Basin salinity target at 
Morgan is within its jurisdiction. South Australia has adopted Morgan as a state target and has completed the 
required information for Morgan although previous IAG-Salinity reviews considered end-of-valley targets as not 
entirely suitable for South Australia. 

Valley reporting for NSW indicated some alignment issues between CAP targets, CMA and BSMS targets as 
identified in recommendation 10 and discussed in element 3. The 2007–08 NSW report included aspirational 
targets for CMAs and because the reporting period was 2006-7 (see “Annual Reports of the Contracting 
Governments” in this section below) it was difficult to assess progress in actions to meet the targets. Most of the 
listed strategies and actions focus on vegetation management primarily to restore landscapes. As discussed in 
elements 5, 6 and 7, a review and evaluation of the effectiveness of these strategies is required. NSW expressed 
concern about its ability to meet monitoring obligations under BSMS which needs to be clarified in future IAG-
Salinity audits. Future valley reports should follow the established MDBA protocol for reporting including the 
table of future salinity projections.

Victoria provided the summary reporting as required but had gaps in the available data as the report 
authors were unable to obtain the required data from the applicable authorities. Some data was available 
and catchments except the Campaspe at Campaspe weir met the targets. Missing salinity data was an 
issue for other jurisdictions as well and was also an issue for Queensland for the more ephemeral rivers. A 
reassessment of suitable techniques and equipment may be required to overcome some of these limitations.

Queensland provided detailed valley reporting with analysis of changes in salinity and flow relationships over 
time. Completion of the entries in the Salinity Registers (recommendation 15) as discussed in element 3 will 
mean the required projections of salinity into the future can be included.
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Thus in summary, there are data recording and analysis issues to be resolved and a need for the established 
protocols for reporting valley reports to be followed in future years for some jurisdictions.

Annual Reports of the Contracting Governments

All Contracting Government annual reports contained the necessary information to make an assessment and the 
new agreed format with specific reporting on the nine elements of the BSMS was most helpful. The Australian 
Government report would benefit from a format using these nine elements. Some comments on the reporting 
by the Australian Government are given under Element 1. The annual report for Victoria was excellent, and the 
reports from South Australia and Queensland were of a high quality. The NSW report needed some editing for 
internal consistency and the inclusion of material presented during the consultation day. The report submission 
timeframe for NSW CMAs is the end of November while the BSMS reporting timeline is September. This delayed 
reporting by CMAs is partly caused by the laborious, manual methods used to manage and summarise data. NSW 
thus, at present, cannot produce a complete BSMS report by the end of October as required by the audit process. 
Some rationalisation is required, otherwise NSW annual reports will continue to contain information 12 months 
out of date. 

Progress in improving registers A and B

The MDBC, in conjunction with the states, prepared a revised version of Registers A and B in November 2008, in 
time for this Report (see Appendix 4).

Schedule B provides that two Salinity Registers, Registers A and B, must be established as the primary record 
of the accountability for river salinity of each of the jurisdictions, and of the basin overall. Register A records 
the salinity credits/debits of the jurisdictions since the baseline date. This date is 1 January 1988 for New South 
Wales, Victoria and South Australia, and 1 January 2000 for Queensland. Register B records any salinity impacts 
arising from actions prior to the baseline date, and the predicted future effects of actions aimed at delayed salinity 
impacts.

In 2007–08, three new items were added to Register A:

•	 Item 14: Loxton SIS (-8.3 EC, 30 year average at Morgan);

•	 Item 37: Church’s Cut (-0.1 EC, 30 year average at Morgan) – separated from item 11 Pyramid Creek Stage 1;

•	 Item 38: Mallee Drainage bore decommissioning (-0.3 EC, 30 year average at Morgan).

Item 14 is to be corrected from -8.3 EC to -7.9 EC in the 2009 register, rectifying an error in the earlier calculation. 

In all, apart from the three new entries, 19 entries had non-zero changes on Register A due mainly to 30-year 
rolling average updates.

In 2007–08, no new items were added to Register B. Thirteen entries had non-zero changes on Register B due 
mainly to pro rata changes according to the 50-year ticking clock algorithm.

Rolling 5 year reviews

It is noted that of 47 items in Register A, 7 were overdue by the end of 2007–08 for their 5 year rolling review. For 
four of these, the reports are complete, or almost so, and are likely to be submitted to the MDBA Office in 2009, 
one (Campaspe West) has been commenced and is due for finalisation in 2009, and one (Psyche Bend) has been 
delayed due to resourcing constraints. The 7th, NSW Murray Irrigation Limited LWMPs, has undergone peer 
review, and improvements suggested by the review are being implemented.

Of the 20 items in Register B, 13 were overdue by the end of 2007–08. Of these, the reports for the 9 NSW 
catchment Legacy of History items have been completed and are being printed for submission to the MDBA Office. 
For the two items comprising the Shared NSW and Victoria Mallee Legacy of History, EM1 model development 
is under way, and the EM2.1 model has been peer reviewed. The report for the item SA Mallee Legacy of History 
Irrigation is under peer review. Queensland was close to completing the draft report on the Condamine-Balonne.
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The year was therefore one of significant progress on 5 year rolling reviews, particularly towards finalising many 
of the smaller items that have been overdue. 

Value of the Registers as a guide to the net debit/credit status of the states

Schedule B (part IV section 16(1)) requires the State Contracting Governments to:

“take whatever steps may be necessary … to keep the cumulative total of all salinity credits in excess of, 
or equal to, the cumulative total of all salinity debits, attributed to it in both Registers A and B.”

In the 2004–05 to 2006–07 reports, the IAG-Salinity observed that the method prescribed in the Protocols 
for calculating Register B salinity debits is the “50-year ticking clock” method. For all other entries, in both 
Registers, the method used is the 30-year average impact. This means that because the Registers contain 
Accountable Actions whose salinity impacts vary over time, the Registers cannot be added together to gain a 
clear indication of net debit or credit. Similarly, Register B items cannot be added internally to give such an 
indication reliably. Yet Schedule B requires these additions to be made and conclusions drawn on the net debit 
or credit positions of the states. The BSMS Operational Protocols justify the 50-year ticking clock approach 
because it “encourages actions that focus on long term improvement in salinity levels”, and a “30 year average 
can give a misleadingly high debit result which may distort investment towards short term outcomes”. In effect, 
the separate algorithms incorporate a bias in favour of credits over debits.

The MTR recommended that consideration should be given to “improving the consistency between the 
Salinity Register A and B components, in particular the use of 30-year rolling averages versus a ticking clock 
methodology”. Furthermore, the Independent Review Panel for the MTR recommended: “The MDBC should 
review the Salinity Registers with the objectives of: 

– making them easier to understand;

– including consideration of environmental and social impacts (in addition to the economic impacts); 
and

– making them relevant to real time salinity management.”

The IAG-Salinity supports a course of action to simplify the Registers, and accordingly recommends that 
consideration should be given to debit entries in Register B being changed to the same method of calculation as 
adopted for Register A, and that the suitability of the 30-year rolling average be re-examined.

Recommendation

Harmonisation of methods of calculating entries in the Salinity Registers: That MDBA Office conduct a 
trial to harmonise Register A and B calculation methods and assess whether any jurisdictions might be 
disadvantaged or treated inequitably should a common currency be adopted. 

Recommendation – 15

There is a latent difficulty in making the Registers relevant to “real time salinity management”. The Registers 
are designed for management of long-term impacts and for guiding long-term investment strategies. They do 
not address the issues of short-term flow/salt dynamics or flood-induced salt spikes. The groundwater models 
that inform the registers deliberately downplay system dynamics by ignoring flooding and by representing river 
flow dynamics at a coarse time scale or not at all. 

An assessment of real time salinity risk should be done separately from Register accounting. The models in use 
in the Basin have the capability of simulating short-term effects, although they will require recalibration against 
measured temporal system responses. There is an existing MODFLOW model in the vicinity of the Buronga and 
Mildura-Merbein salt interception schemes that uses a monthly time step to show salt spikes following flood 
events. This model gives a much higher average salt load when dynamic river stages are simulated in place of 
steady river stages.
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Status of entries

Mallee ‘legacy of history’ – Register B

In spite of the positive achievements to date, there remain some items whose confidence ratings are still at 
“low” and “very low” levels. Of these, the longest awaited and potentially largest are the following Register 
B items:

•	 Shared New South Wales and Victoria Mallee ‘legacy of history’, dryland and irrigation (two items,  
5.6 EC and 20.3 EC); and

•	 South Australian Mallee ‘legacy of history’ – irrigation (14.5 EC). 

The IAG-Salinity has recommended in successive reports that this work, being important for the Registers, 
needs to be expedited. In the case of the item “South Australian Mallee legacy of history – irrigation”, three 
MODFLOW groundwater models for different reaches were completed. The fourth and last of the models now 
under development needs to be completed, accredited, and applied. In the case of the items “Shared New 
South Wales and Victoria Mallee ‘legacy of history’, dryland and irrigation”, studies have narrowed the range of 
uncertainty, but further work is needed. 

In the IAG-Salinity 2006–07 report it was recommended: “that a concerted effort be made to bring these reviews 
to a satisfactory conclusion”. Some work still remains to be done, and reports infer that progress will continue 
to be limited due to inadequate available resources. The work is expected to be completed in 2009. 

The IAG-Salinity recommends that the work required to provide a high confidence entry for the Register B item 
“SA Mallee ‘legacy of history’ – irrigation” be completed in 2008–09. See recommendation 7.

Bookpurnong Joint Salt Interception Scheme 

The Joint Works and Measures Item 12 in Register A, entitled “Bookpurnong Joint Salt Interception Scheme”, 
has a “low” confidence rating. The reason for the rating is that the groundwater model suggested a worsening 
of performance with time because the model maintained current pumping rates into the future rather than 
increasing them to keep pace with irrigation development. This underestimates the benefit of the joint scheme. 
As an interim measure, the MDBC has assumed in its modelling that the salt load would be maintained at the 
minimum level until 2100. This is a sensible approach. 

The MDBC and the South Australia modellers met in Canberra in December 2007 and agreed that South 
Australia would attempt to build the process into their models. This matter can be addressed simply by placing 
constant heads at pumping locations in the model rather than specified rates. As a by-product, the model will 
compute the pumping requirements into the future to maintain groundwater levels at their targets.

South Australia Improved Irrigation Efficiency – currently Register A. 

South Australia has an Accountable Action, Item 43 in Register A, entitled “South Australia Improved Irrigation 
Efficiency” which has a “very low” confidence rating. Improved irrigation efficiency has had the effect of 
lowering root zone drainage in irrigation areas developed before 1988, thus lowering saline accessions to the 
river from these developments. 

South Australia put forward this entry for Register A, where all of it now appears (-68.7 EC). However, some of 
the improved irrigation in SA which occurred before the baseline date of 1988 had salinity impacts after the year 
2000. This portion of the impact should be placed on Register B. A methodology for division of the current entry 
has been prepared and agreed.

The IAG-Salinity accordingly recommends that the post-2000 impacts of South Australia’s Accountable Action 
“Improved Irrigation Efficiency” should be moved from Register A to Register B during 2008–09.
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Recommendation

Finalising Register entries currently with low confidence ratings: That the work be completed to finalise 
the remaining large entries in the Salinity Registers that currently have low confidence ratings. This 
includes for Register B the “SA Mallee Legacy of History – Irrigation”, and the shared “NSW and Victoria 
Mallee Legacy of History” entries. Model development is under way and this should be completed, 
accredited and applied. The South Australian entries in Register A “Improved Irrigation Efficiency” and 
“Irrigation Scheme Rehabilitation” should be split between Registers A and B. 

Recommendation – 7

Uncertainty Analysis

The Salinity Registers include a qualitative Confidence Rating in terms of “very low”, “low”, “medium” and 
“high”. The frequency of ratings is summarised in Table 2.

table 2: percentage of entries with different confidence ratings.

Confidence rating Register A [% of entries] Register B [% of entries]

High 60 0

Medium 23 83

Low 12 11

Very Low 5 6

While this approach is useful as an interim device, there is need for a more quantifiable assessment of 
uncertainty.

There are many possible sources of uncertainty that can affect the accuracy of the Salinity Effect and Salinity 
Credit entries on the Registers. As Salinity Credit is derived from Salinity Effect through a cost function, the 
accuracy of the entry depends on how well a cost function captures the economic impact of salinity. The MTR 
report noted the desirability of also incorporating environmental and social values in the costing. A case in point 
is the social benefit that is being derived from the Cliff Toe Drain facility at Loxton. The cost functions were last 
reviewed in 2004.

Despite the difficulties in costing, most of the potential for error resides in the Salinity Effect. There are three 
components here: (1) Estimation of water fluxes; (2) Estimation of salt loads; and (3) Estimation of salinity at 
Morgan (over time). 

The first item (estimation of water fluxes) is derived from one or more linked models – either landscape  
rainfall-runoff models, groundwater process models, or river models. All models are approximations of 
reality, and no model can claim to be 100% accurate due to the complexity of natural systems. Models based 
on calibration against an historical set of measurements are deserving of a higher level of confidence. 
Groundwater models traditionally use independent baseflow estimation as a control on predicted groundwater 
discharges to streams. This feature is not available for a highly regulated watercourse such as the Murray 
River. Instead recourse is made to run-of-river salt load increments which are derivatives of the water fluxes 
usually at quiescent times. River models traditionally infer groundwater exchanges through a loss function that 
also combines other sources of error in arriving at a water balance. Landscape models applied in the upper 
catchments are beset, as a rule, by a paucity of field data.

Water fluxes are conditioned by the Benchmark Period during calibration. Future water flux estimates for  
100-year predictions are possible only for those model types that simulate natural processes.
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Although there are modelling codes that simulate production and mobilisation of salt (the second item above), 
they are not in routine use in the Basin. Standard practice is to use what is effectively a lookup table, that is a 
flow/salinity relationship (for river models) or a representative groundwater salinity (for groundwater models). 
In either case, water flux is converted to salt load by a multiplier which is flow-dependent (for river models) or 
constant for a given reach (for groundwater models). 

The accuracy of the third item (above) depends on the capability of the MSM-BIGMOD model. This item also 
aggregates the errors of the associated models that provide water flux and salt flux estimates at nodes along 
the river system.

The reliability of estimated salt loads from influx of groundwater depends on the procedure for determining 
a representative groundwater salinity value, now and into the future. Field salinity values vary significantly in 
space and time. As a limited number of reaches must be considered for representative salinity values, salt load 
estimates could be in error as a result of changes in salinity along a designated reach. When time variations are 
considered, the potential for actual site loads to differ from simulated ones is amplified, even if the simulated 
water fluxes are accurate. 

A thorough statistical analysis on field groundwater salinities close to the point of discharge is required so that 
error bounds (e.g. standard deviations) can be placed on the adopted representative values. A mean should be 
used for long-term assessment as this will conserve mass. Although not relevant to the Registers, a median 
is more appropriate for short-term assessments as this relates to the likelihood of occurrence. The standard 
deviations should be used to assess the likely uncertainty in estimated salt loads.

The statistical assessment outlined above is to be done on the EM2.1 groundwater model early in the 2008-09 
year. When the model is submitted for accreditation and for use in updating Register entries, the MDBA should 
run MSM-BIGMOD for both upper and lower extremes of salt load estimates to gauge the precision of the EC 
entries on the Register. This will serve as a useful indicator on the precision of other Register entries.

A partial statistical analysis on groundwater salinities has been done by South Australia in association with the 
Pike-Murtho SIS groundwater model. However, only mean and median statistics were derived. This showed that 
the model-adopted representative groundwater salinities (for five salinity zones) were within 10% of rigorous 
mean values. 

Often the sample sizes are too small for valid estimates of variance. Nevertheless, calculation of standard 
deviations will give at least a first estimate of variability. The IAG-Salinity has done this for the Pike-Murtho data 
set to gain an appreciation of the size of the problem. Standard deviations were found to be from 14% to 29% of 
the mean values. However, there was an additional uncertainty of up to 20% by use of all available groundwater 
measurements rather than focussing only on those close to the river.

The Pike-Murtho groundwater model does make an assessment of uncertainty in salt load due to the 
transmissive and storage properties of the aquifer system. For reasonable excursions in possible aquifer values 
(by 15%), uncertainty in salt load was found to vary by about 2% to 4% (due to variable water flux estimates). 
This indicates that there is likely to be more potential for error in the step that converts water flux to salt flux, 
than in the water flux based on a well-calibrated model.

New South Wales and MDBC modellers undertook a very informative study during the year in which error 
estimates for the Murray Irrigation Limited LWMP areas were propagated through MSM-BIGMOD. A sensitivity 
analysis was undertaken for two variables: (1) groundwater salinity; and (2) aquifer specific yield. The accuracy 
appears to be within 1 EC for this entry [Item 20]. The findings are summarised in Table 3.

table 3: sensitivity analysis of Murray irrigation ltd. lWMp model.

Change in Average  
Morgan EC

Groundwater Salinity 
Halved

Groundwater Salinity 
Doubled

Specific Yield Halved

Absolute [EC units] 0.2 0.5 1.2

Relative [%] 5 12 31

Direction benefit disbenefit benefit
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Victoria advised the IAG-Salinity that their jurisdiction, in concert with the MDBC Office, had undertaken a 
register reconciliation for the period 2001–02 to 2006–07. While some errors and inconsistencies were found, 
no glaring errors were revealed. In the past, Item 27 on Register A (Shepparton Salinity Management Plan) has 
had a shift from 1.6 EC to 2.3 EC due to model code changes, while recent CMA estimates are approaching 3.2 
EC, which is almost 40% higher than the current Register entry. The undertaking by MDBA to design and build 
a comprehensive Registers database with audit trails for all transactions will improve communication with the 
jurisdictions and relieve uncertainty as to how Register entries are derived.

A redeeming feature of the Register entries is that they are informed generally by the differences between 
two related model scenarios. This differential estimate will be of a higher accuracy than either of the absolute 
scenario estimates.

Recommendation

Assessment of uncertainty in Register entries: That BSMS modellers routinely assess the uncertainty in 
Salinity Effect Register entries by repeating the MSM-BIGMOD runs for new items for upper and lower 
estimates of error bounds. The resulting EC range for the Morgan 30-year average should be recorded as 
an additional entry in the Confidence column in the Registers.

Recommendation –14
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appendiX 1: independent audit group for 
salinity – terMs of referenCe

preamble
The Basin Salinity Management Strategy (BSMS) provides a framework for communities and Governments to 
work together to control salinity and protect key natural resource values in the Murray-Darling Basin. 

The BSMS Implementation Working Group (BSMS-IWG) oversees the monitoring, evaluation and reporting 
components, essential to ensure accountability of the partner governments and the Commission under 
Strategy implementation. 

Auditing is an integral part of the BSMS in that it ensures a fair and accurate annual assessment of the partner 
governments’ and Commission’s performances against Schedule C to the Murray-Darling Basin Agreement. 
The Schedule specifies that an Independent Audit Group must be appointed by the Commission for the 
purpose of carrying out an annual audit. The responsibilities and process for the Audit are set out in Clauses 
29 to 34 – Part VII – Reporting, Audit and Review, and the scope of the audit is specified at Clause 34 (3) to (6). 
Management of the audit each year will be directed through the preparation of an Annual Audit Plan which will 
also identify priorities for that year.

principles for the audit
For the purpose of the annual audits, the following principles are to apply:

1. Independence – the IAG-Salinity will reach a view by consensus. The findings and recommendations of the 
IAG-Salinity will be entirely those of the IAG-Salinity.

2. Support – administrative support will be provided by the Commission.

3. Provision of information – the IAG-Salinity shall base the audit on the information provided by the partner 
governments and the commission.

4. Quality assurance – the quality assurance in relation of the information provided is the responsibility of the 
information provider.

5. Timeliness – the timely provision of information by the partner governments and the commission is required 
if the audit is to progress satisfactorily.

6. Justification – the findings shall include a supporting rationale.

7. Prioritisation – the recommendations shall include a priority classification. 

8. Continuous improvement – the IAG-Salinity shall encourage improvement through independent assessment 
of compliance against Schedule C obligations whilst acknowledging that priority activities should be targeted 
towards areas of highest salinity risk;

9. Accountability – the IAG-Salinity will work as a team with a Lead Auditor responsible for the conduct of the 
audit and completion of the auditors’ report. The Lead Auditor will provide the primary contact between the 
IAG-Salinity, the partner governments and Commission.

annual audit plan
By 1 August each year, the Commission shall prepare, in consultation with the IAG-Salinity and the BSMS IWG, 
an Annual Audit Plan which involves the following steps:

1. The Commission requests and collates, within advised timeframes, appropriate information as specified 
in the Annual Audit Plan from the partner governments and the Commission, and provides the collated 
information to the IAG-Salinity;
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2. The IAG-Salinity consults with partner Governments and the Commission, with the role of chair to be 
undertaken by the Lead Auditor, or as determined by the Lead Auditor;

3. The IAG-Salinity prepares and circulates, within advised timeframes, its draft Audit Report to the partner 
governments and the Commission for clarification and correction of facts ; 

4. The IAG-Salinity prepares and submits its final Audit Report to partner governments and the Commission, 
within advised timeframes;

5. The partner governments and the Commission provide formal responses to the IAG-Salinity 
recommendations, which are collated by the Commission as part of reporting to Ministerial Council, and 
also provided to the IAG-Salinity, within advised timeframes; and

6. The Lead Auditor attends the relevant meeting of the BSMS IWG at the time of its consideration of the final 
Audit Report and the formal responses.

outputs of the audit report

The IAG-Salinity shall:

1. Provide an Annual Audit Report in accordance with the requirements of Schedule C, Clause 34; and

2. If required, provide a separate, brief report on any key issues arising from the audit beyond the explicit audit 
requirements of Schedule C.

independent audit group membership
The IAG-Salinity is to be a skills-based group with appropriate qualifications and experience in natural 
resource management and auditing processes. The Group is to consist of up to 3 members, each of which must 
demonstrate independence from the work that is being audited. It is envisaged that the IAG-Salinity will consist 
of one Lead Auditor and up to two other members. Conditions of appointment are set out in Clause 34 (1) and (2) 
of Schedule C.

Selection Criteria

The following criteria are to be applied in appointing members to the IAG-Salinity so that collectively the team 
meets the criteria to the maximum extent practicable:

Essential Criteria – preference is to be given to candidates with experience in the following areas:

1. the hydrological and hydro-geological behaviour of the Basin’s catchments and their connectivity within 
the Basin;

2. the application of analytical models to natural resource management;

3. the legislative frameworks that govern water and salinity management in the Basin;

4. the processes within the Basin involved in the development, implementation, monitoring, evaluation and 
reporting of salinity policy and management.

Desirable Criteria are: 

1. an understanding of auditing natural resource management processes, policies and programmes;

2. an active professional network and rapport with institutional structures of relevance to salinity management 
in the Basin 

3. familiarity with the technical assessment of salinity processes and impacts;

4. an understanding of quality assurance processes for natural resource management information, policies 
and programs; and

5. experience in providing quality written reports and meeting deadlines.
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Time Commitment

The IAG-Salinity is expected to spend 3-4 weeks (generally during October and November) to undertake the 
annual audit under the following indicative timeframes: 

1. up to one week for familiarisation with the available documentation;

2. up to two weeks for consultation with State Contracting and Australian Governments, and the Commission; 
and

3. up to one week to prepare and refine the IAG-Salinity report;

4. the Lead Auditor may be required to commit to providing an additional 5 days service to fulfil other 
accountability responsibilities. 
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For purposes of this report, Schedule B of the Murray Darling Basin Agreement which is Schedule 1 to the 
Water Act 2007 (Commonwealth) has been included.

The purpose of Schedule B is to implement certain aspects of the BSMS; it consists of 12 Parts.

structure of schedule B

Preliminary Purpose, definitions and application to Queensland

Accountability for salinity 
impacts 

Accountability of impacts, determining Baseline Conditions, meeting  
end-of-valley targets

Salinity targets Basin Salinity Target, end-of-valley targets, review and amendment of  
end-of-valley targets

Joint works and measures Joint program, Attribution of credits or debits, Authorisation, Participation by 
Queensland, and Australian Capital Territory, Coordination.

The Registers Establishment, Obligations, Operating, Determining whether a proposal has 
a significant effect, Assessing salinity impacts, Estimating credits and debits, 
Attribution of credits and debits, Timing of entry onto the register, Trading and 
transfers between registers, Review and amendment of entries.

Monitoring Obligations, End-of-valley targets, Program to monitor Accountable Actions.

Reporting audit and review State Contracting Governments, Valley reports, Commonwealth, Authority, 
Rolling five year reviews, Audit, Review of Schedule

Models Models developed by Authority, Models developed by State Contracting 
Governments, Assessment and approval of certain models, Review of models.

Protocols Authority’s power to make protocols, Examples.

Default Relationship with Part XI of the Agreement, Default by a State Contracting 
Government, Exception reports, Proposal for remedial action, Action by State 
Contracting Government.

Finance State actions, Joint works or measures.

Transitional provisions Former salinity and drainage works

Part VII of Schedule B requires that each Partner Government prepare an annual report based on the following 
essential elements:

1. Accountable Actions, proposals and joint works and measures

2. valley reports for each valley were an end-of-valley target has been adopted

3. rolling five year reviews of valleys and actions undertaken in the last year

4. other activities to support BSMS implementation.
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Part VII also provides for Auditing. Subclauses 34 (3) to(6) provide the basic terms of the annual auditing of the 
BSMS, as follows:

34 audit
…

…

(3) The independent auditors must together carry out an annual audit of: 

(a) the report of each review conducted in the preceding financial year by each State Contracting 
Government and by the Authority under sub-clause 33(1) and 33(3), respectively; and 

(b) Register A and Register B. 

(4) The independent auditors must, in each audit, reach a view by consensus about: 

(a) the performance of each State Contracting Government and of the Authority in implementing the 
provisions of this Schedule in the relevant year; and 

(b) whether the Authority has fairly and accurately recorded the salinity impacts of each action entered in 
Register A or Register B during the relevant year. 

(5) The independent auditors must prepare a report setting out: 

(a) the findings of each audit; and 

(b) any recommendations made by the independent auditors arising from that audit. 

(6) Without limiting sub-clause 34(5), a report: 

(a) must set out the view reached on each of the matters referred to in sub-clause 34(4); and 

(b) may recommend to the Authority that the salinity impacts entered in Register A or Register B for an 
Accountable Action be varied; and 

(c) may set out a finding that the total salinity credits are not equal to, or do not exceed, the total salinity 
debits attributed to a State Contracting Government in Register A, contrary to paragraph 16(1)(a). 

protocols
Part IX of the Schedule provides powers for the Commission to make Protocols “desirable or convenient to give 
effect to this Schedule”. The Authority has accordingly prepared and promulgated a set of Protocols. These 
provide procedures and guidelines to assist the participating jurisdictions in implementing the BSMS.
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appendiX 3: analysis of end-of-valley 
target Monitoring data
By Roger Shaw, Auditor, IAG-Salinity

This Appendix outlines, by way of example, an approach towards using end-of-valley target monitoring data to 
identify salinity processes. Monitoring involves the collection, analysis, reporting and use of information of the 
BSMS as given in section 5.2 of Appendix 3.4 Assessing future salinity and salt loads, and end-of-valley targets 
of the Operational protocols for the BSMS. Thus improving the analysis and interpretation of monitoring data is 
an important aspect of the BSMS.

The monitoring data collected for end-of-valley targets appears to have been used mainly as statistical and 
modelling parameters for compliance purposes in the Salinity Registers with less emphasis on interpretation 
of within-valley processes. The past end-of-valley monitoring data (even with the gaps in records) provides a 
very useful source of data for interpretation of in-valley processes, since records cover a useful period of time. 
An initial scan of the Electrical Conductivity (EC) and flow graphs in the BSMS 2006–07 and 2007–08 Annual 
Implementation Reports show varying EC responses of the streams to flood flows, releases and flow recessions 
with some giving increased EC with increasing flow and others the more expected decrease in EC with 
increased flow.

An option to analyse the data and be able to make meaningful estimates of trends as well as identifying 
catchments where salt loads make significant contributions to end-of-valley target salinity is given below.

Concept
The salt concentration of a flowing stream is a mixture of the contributions of the salt concentration of baseflow 
and rainfall modified by land runoff and enhanced groundwater discharge. This can range between the limiting 
values of salt concentration of baseflow in very low flow periods and the salt concentration of rainfall as 
illustrated in Figure 3.

figure 3: Conceptual model of the salt concentration of a stream between the limiting values of salt 
concentration of baseflow and rainfall at different flow rates. scale values are illustrative only.
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The shape of the relationship between the limiting values can be described by a symmetric or more commonly 
asymmetric transition function which asymptotes to the limiting values as described by Landsberg (1977), van 
Genuchten (1983) and Jandel Scientific (1994). Stream monitoring data can be readily plotted in this format 
to evaluate outliers and changes and can be analysed annually with a relatively simple non-linear function 
to determine parameters that can be used to assess changes over time and to determine the changes in 
baseflows and thus impacts of management practices on salt export. 

The general form of the asymmetric function with an intercept is as follows. It equates to the commonly used 
logistic dose response function. The asymmetric shape is of greater utility across differing flow regimes. 

where  x = flow rate
 y = salt concentration as EC
 a =  height of the transition on the y-axis, that is (baseflow concentration - rainfall concentration), 

or yrange = ymax - ymin where ymax is the EC of the baseflow at sufficient time after a flow event to 
result in an approximately constant EC value. 

 b =   the transition centre concentration (ymin + ½ yrange) where ymin ≈ ECrain ≈ 30 µS/cm at very 
high flows. For many cases, the EC at the highest recorded flow rate historically will be an 
appropriate end point 

 c =  the transition width on the x-axis from no flow to highest flow rate, and
 d  controls the shape of any asymmetry

The relationship has considerable noise in the mid section due to hysteresis in flows. The expected time 
response to flow events is shown in Figure 4. The first flush flow of a season may have a higher salt 
concentration than baseflow at low flows (depending on baseflow rates) and have a higher salt concentration 
than recession flows for any given flow rate as shown by the full blue line in Figure 4. An envelope of flow-
concentration between advancing and receding flows will be present for normal situations with intermediate 
flow events within this boundary. There may be inconsistencies in the use of this model with some regulated 
river systems. In many situations there is no first flush of initial higher salt concentration than base flow and the 
dotted blue line of Figure 4 occurs.

For situations where there may be post flood salt mobilisation, the red curve on the recession flow may operate 
depending on the relative flow rates of base, flood or regulated flows.

Outliers to the flow envelope can be readily identified as can time trends using this functional form. 

Curve fitting software is able to readily fit the function to the data and determine the coefficients. The values 
for EC of baseflow and the limiting EC at very high flow need to be fixed. Outliers with justification should be 
excluded before curve fitting.

figure 4: possible flow paths for different flow events using the conceptual eC flow relationship.
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appendiX 4: salinity registers (as at 7 noveMBer 2008)

CoMMission register a
(accountable actions) type date  

effective

provi-
sional 

salinity 
Credit 

($m/yr)

Current 
impact on 

Morgan 
95%ile  
salinity 

(eC)

impact 
on flow 
at Mouth 

(gl/y)

salinity effect (eC at Morgan) salinity Credits (30 year average Benefits $m/year)
Common-

wealth 
Contribu-
tion (eC)

 5 year rolling review Confidence

Modelled 
Current 

Conditions
2000 2015 2050 2100 30 year 

average nsW vic sa Qld aCt total latest 
review status rating Comment

Joint WorKs & Measures
former salinity & drainage Works 

1 Woolpunda SIS SDS Jan 1991 -87 0 -47.4 -47.4 -47.4 -47.4 -47.4 -47.4 0.729 0.729 3.890 1 11.8 2007 2012 High Based on Salt loads in river
2 Improved Buronga and Mildura/Merbein IS SDS Jan 1991 -6 0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 0.140 0.140 0.748 2 0.8 2005 2010 Medium Based on Salt loads in river
3 New Operating Rules for Barr Creek Pumps SDS Jul 1991 -8 0 -4.9 -4.9 -4.9 -4.9 -4.9 -4.9 0.225 0.225 1.198 3 1.2 2005 2010 High Rules need to be revisited 2007
4 Waikerie Interception Scheme SDS Dec 1992 -19 0 -12.8 -12.8 -12.8 -12.8 -12.8 -12.8 0.198 0.198 1.057 4 3.2 2007 2012 High Based on Salt loads in river
5 Changed MDBC River Operations 1988 to 2000 SDS Apr 1993 -1 4 -1.6 -1.6 -1.6 -1.6 -1.6 -1.6 0.150 0.150 0.797 5 0.4 2005 2010 High
6 Mallee Cliffs Salt Interception Scheme SDS Jul 1994 -21 0 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 0.603 0.603 3.216 6 3.3 2005 2010 Medium Little pre-scheme data
7 Changed Operation of Menindee and Lower Darling SDS Nov 1997 3 8 0.9 0.9 0.9 0.9 0.9 0.9 -0.146 -0.146 -0.776 7 -0.2 2005 2010 Medium
8 Waikerie SIS Phase 2A SDS Feb 2002 -14 0 -8.2 -8.1 -8.3 -10.8 -9.0 -8.9 0.122 0.122 0.649 8 2.2 2007 2012 High
9 Changed MDBC River Operations 2000 to 2002 SDS Feb 2002 0 -1 -1.4 -1.2 -1.6 -1.9 -2.4 -1.6 -0.098 -0.098 -0.521 9 0.4 2006 2011 High

sub total - former salinity & drainage Works -152 11 -91.8 -91.5 -92.1 -94.9 -93.6 -92.8 1.923 1.923 0.000 0.000 0.000 10.257 23.2
Basin salinity Management strategy

10 Changed MDBC River Operations after 2002 BSMS Dec 2003 2 7 -0.2 -0.2 -0.2 -0.2 -0.3 -0.2 0.021 0.021 0.021 0.125 10 0.1 2005 2010 High
11 Pyramid Ck Stage 1 BSMS Mar 2006 -2 0 -1.1 -1.1 -1.2 -1.1 -1.1 -1.1 0.063 0.063 0.063 0.384 11 0.3 2005 2010 High Remodelled 2006
12 Bookpurnong Joint Salt Interception Scheme BSMS Mar 2006 -20 0 -11.9 -11.9 -11.9 -11.4 -11.5 -11.8 0.208 0.208 0.208 1.268 12 2.9 2006 2011 Low Salt load continue to rise with scheme in
13 Improved Buronga Scheme BSMS Mar 2006 -1 0 -0.6 -0.5 -0.6 -0.6 -0.5 -0.6 0.023 0.023 0.023 0.138 13 0.1 2006 2011 High Remodelled 2006
14 Loxton SIS BSMS Jun 2008 -12 0 -7.6 -6.8 -8.3 -8.7 -9.5 -8.3 0.148 0.148 0.148 0.905 14 2.1 High Constant salt loads to floodplain

sub total Joint Works under BsMs -34 7 -21.4 -20.6 -22.1 -22.0 -22.9 -22.0 0.462 0.462 0.462 0.000 0.000 2.820 5.5
Joint Works sub total -186 18 -113.2 -112.1 -114.2 -116.9 -116.5 -114.8 2.386 2.386 0.462 0.000 0.000 13.078 28.7

state WorKs & Measures
shared new south Wales and victorian Measures

15 Permanent Trade Accounting Adjustment - NSW to Victoria 50N50V Jun 2006 0 0 -0.0 -0.0 -0.1 -0.1 -0.1 -0.1 0.011 0.011 0.023 15 0.0 2006 2011 High Trade figures updated annually (2006)
16 Barmah-Millewa Forest Operating Rules 50N50V Mar 2002 -2 33 -2.2 -1.8 -2.5 -3.1 -3.8 -2.7 0.207 0.207 0.414 16 0.0 2006 2011 High

shared Measures sub total -2 33 -2.2 -1.8 -2.6 -3.2 -3.9 -2.7 0.218 0.218 0.000 0.000 0.000 0.436 0.0
new south Wales

17 Boggabilla Weir NSW Dec 1991 1 0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.024 0.024 17 0.0 2007 2012 Medium
18 Pindari Dam Enlargement NSW Jul 1994 0 -17 0.7 0.7 0.7 0.7 0.7 0.7 -0.121 -0.121 18 0.0 2007 2012 Medium
19 Tandou pumps from Lower Darling NSW Sep 1994 2 -3 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.034 0.034 19 0.0 2005 2010 Medium
20 NSW MIL LWMP’s NSW Feb 1996 0.684 -4 57 -4.0 -4.0 -4.0 -4.0 -4.0 -4.0 20 0.0 2000 2005 In Progress Low Model review initiated
21 NSW Changes to Edward-Wakool and Escapes NSW Jan 1990 -1 4 -2.0 -2.0 -2.1 -2.1 -2.1 -2.1 0.371 0.371 21 0.0 2005 2010 High
22 Permanent Trade Accounting Adjustment - NSW to SA NSW Jun 2006 -2 1 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 0.119 0.119 22 0.0 2005 2010 High Trade figures updated annualy (2006)
23 NSW Sunraysia Irrigation Development 1997-2006 NSW Jul 2003 1 0 0.5 0.0 0.9 4.5 6.1 1.8 -0.482 -0.482 23 0.0 2007 2012 High 2006 analysis
24 NSW S&DS Commitment Adjustment NSW Nov 2002 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.910 0.910 24 0.0

new south Wales Works and Measures -4 43 -5.6 -6.0 -5.2 -1.6 -0.1 -4.3 0.856 0.856 0.0
victoria

25 Barr Creek Catchment Strategy Vic Mar 1991 -12 0 -7.7 -7.7 -7.7 -7.7 -7.7 -7.7 1.963 1.963 25 0.0 2006 2011 High Reviewed 2006
26 Tragowel Plains Drains at 2002 level Vic Mar 1991 1 1 0.2 0.2 0.2 0.2 0.2 0.2 -0.022 -0.022 26 0.0 2006 2011 High Reviewed 2006

27 Shepparton Salinity Management Plan Vic Mar 1991 1 27 2.3 2.3 2.3 2.3 2.3 2.3 -0.581 -0.581 27 0.0 2006 2011 Low Only Updated to 2004 - No Drying up of 
drains

28 Nangiloc-Coligan S.M.P. Vic Nov 1991 3 2 1.1 1.1 1.1 1.1 1.1 1.1 -0.293 -0.293 28 0.0 2002 2007 In Progress Medium Updated estimates provided 2006
29 Nyah to SA Border SMP - Irrigation Development Vic Jul 2003 12 0 6.8 6.8 6.8 6.7 6.8 6.8 -1.794 -1.794 29 0.0 2002 2007 In Progress High Data updated 2007
30 Kerang Lakes/Swan Hill Salinity Management Plan Vic Jan 2000 1 4 1.4 1.1 1.6 0.9 1.2 1.4 -0.388 -0.388 30 0.0 2003 2008 In Progress High Remodelled 2006
31 Campaspe West Salinity Management Plan Vic Aug 1993 0 0 0.5 0.5 0.5 0.5 0.5 0.5 -0.128 -0.128 31 0.0 2002 2007 In Progress Low No work. Salt added to cause 0.5 EC
32 Psyche Bend 50V50C Feb 1996 -4 0 -2.1 -2.1 -2.1 -2.1 -2.1 -2.1 0.237 0.474 32 1.0 2000 2005 Medium
33 Permanent Trade Accounting Adjustment - Victoria to SA Vic Jun 2006 1 2 -0.7 -0.7 -0.7 -0.9 -1.1 -0.8 0.162 0.162 33 0.0 2005 2010  - High Trade figures updated annualy (2006)
34 Woorinen Irrigation District Excision Vic Sep 2003 -2 0 1.4 1.6 1.2 1.4 1.6 1.3 -0.408 -0.408 34 0.0 2006 2011  - High Remodelled 2006
35 Sunraysia Drains Drying up Vic Jun 2004 -4 -4 -2.1 -2.2 -2.1 -1.9 -1.8 -2.1 0.691 0.691 35 0.0 2003 2008  - Medium
36 Lamberts Swamp Vic Jun 2004 -7 0 -3.0 -3.0 -2.9 -2.9 -3.0 -2.9 0.579 0.579 36 0.0 2004 2009  - High

37 Church’s Cut decommissioning Vic Mar 2006 0 0 -0.2 -0.2 -0.1 -0.1 -0.2 -0.1 0.063 0.063 37 0.0 High 14.3% of Pyramid Ck Stage 1 with 
Church’s Cut

38 Mallee Drainage bore decommissioning Vic Jun 2008 -1 0 -0.2 -0.1 -0.3 -0.3 -0.3 -0.3 0.081 0.081 38 0.0 High Constant salt loads to floodplain
39 Victorian S&DS Commitment Adjustment Vic Nov 2002 0 0 0.0 0.0 0.0 0.0 0.0 0.0 1.600 1.600 39 0.0

victoria Works and Measures -10 31 -2.3 -2.3 -2.3 -2.9 -2.5 -2.5 1.762 1.999 1.0
south australia 

40 SA Irrigation Development 1988 to 2008 SA Jul 2003 4 0 1.8 0.0 3.4 36.4 76.5 11.9 -1.936 -1.936 40 0.0 2003 2008 High Used SIMRAT figures
41 SA Component of Bookpurnong Scheme SANAP Jul 2003 -3 0 -1.3 2.5 -4.5 -11.8 -12.5 -6.1 0.649 0.649 41 3.1 2006 2011 High Remodelled 2006
42 SA Component of Loxton Scheme SA TBA
43 SA Improved Irrigation Efficiency SA Jan 2000 -79 0 -43.2 -25.3 -58.9 -102.1 -117.4 -68.7 7.856 7.856 43 0.0 2004 2009 Very low Split between Registers A & B to be reviewed
44 SA Irrigation Scheme Rehabilitation SA Jan 2000 -2 0 -1.2 0.3 -2.6 -5.7 -6.7 -3.3 0.346 0.346 44 0.0 2005 2010 Very low Split between Registers A & B to be reviewed
45 Qualco Sunlands GWCS SA Sep 2004 -4 0 -3.0 -1.8 -4.0 -6.5 -7.5 -4.5 0.307 0.307 45 0.0 2005 2010 In Progress Medium Constant salt loads to floodplain
46 Irrigation Development behind Bookpurnong SIS SA Jul 2003 3 0 1.3 -2.5 4.5 11.8 12.5 6.1 -0.649 -0.649 46 0.0 2006 2011 Low Salt loads continue to rise with scheme in
47 Irrigation Development behind Loxton SIS SA TBA

south australia subtotal -81 0 -45.6 -26.7 -62.0 -77.9 -55.0 -64.6 6.573 6.573 3.1
Queensland

48 Land Clearing Post 2000 Qld Jul 2005 TBA 48 2007 Low Impact - Long lag times
49 Irrigation Development Post 2001 Qld Jul 2005 TBA 49 2007 Modelling required

Queensland subtotal 0 0
Balance - register a -284 125 -168.9 -148.9 -186.3 -202.4 -178.0 -188.8 3.459 4.366 7.035 0.000 0.000 22.942 32.8

factors for allocating transferred credits to register B 0.243 0.194 0.563 0.000 0.000
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CoMMission register a
(accountable actions) type date  

effective

provi-
sional 

salinity 
Credit 

($m/yr)

Current 
impact on 

Morgan 
95%ile  
salinity 

(eC)

impact 
on flow 
at Mouth 

(gl/y)

salinity effect (eC at Morgan) salinity Credits (30 year average Benefits $m/year)
Common-

wealth 
Contribu-
tion (eC)

 5 year rolling review Confidence

Modelled 
Current 

Conditions
2000 2015 2050 2100 30 year 

average nsW vic sa Qld aCt total latest 
review status rating Comment

Joint WorKs & Measures
former salinity & drainage Works 

1 Woolpunda SIS SDS Jan 1991 -87 0 -47.4 -47.4 -47.4 -47.4 -47.4 -47.4 0.729 0.729 3.890 1 11.8 2007 2012 High Based on Salt loads in river
2 Improved Buronga and Mildura/Merbein IS SDS Jan 1991 -6 0 -3.0 -3.0 -3.0 -3.0 -3.0 -3.0 0.140 0.140 0.748 2 0.8 2005 2010 Medium Based on Salt loads in river
3 New Operating Rules for Barr Creek Pumps SDS Jul 1991 -8 0 -4.9 -4.9 -4.9 -4.9 -4.9 -4.9 0.225 0.225 1.198 3 1.2 2005 2010 High Rules need to be revisited 2007
4 Waikerie Interception Scheme SDS Dec 1992 -19 0 -12.8 -12.8 -12.8 -12.8 -12.8 -12.8 0.198 0.198 1.057 4 3.2 2007 2012 High Based on Salt loads in river
5 Changed MDBC River Operations 1988 to 2000 SDS Apr 1993 -1 4 -1.6 -1.6 -1.6 -1.6 -1.6 -1.6 0.150 0.150 0.797 5 0.4 2005 2010 High
6 Mallee Cliffs Salt Interception Scheme SDS Jul 1994 -21 0 -13.3 -13.3 -13.3 -13.3 -13.3 -13.3 0.603 0.603 3.216 6 3.3 2005 2010 Medium Little pre-scheme data
7 Changed Operation of Menindee and Lower Darling SDS Nov 1997 3 8 0.9 0.9 0.9 0.9 0.9 0.9 -0.146 -0.146 -0.776 7 -0.2 2005 2010 Medium
8 Waikerie SIS Phase 2A SDS Feb 2002 -14 0 -8.2 -8.1 -8.3 -10.8 -9.0 -8.9 0.122 0.122 0.649 8 2.2 2007 2012 High
9 Changed MDBC River Operations 2000 to 2002 SDS Feb 2002 0 -1 -1.4 -1.2 -1.6 -1.9 -2.4 -1.6 -0.098 -0.098 -0.521 9 0.4 2006 2011 High

sub total - former salinity & drainage Works -152 11 -91.8 -91.5 -92.1 -94.9 -93.6 -92.8 1.923 1.923 0.000 0.000 0.000 10.257 23.2
Basin salinity Management strategy

10 Changed MDBC River Operations after 2002 BSMS Dec 2003 2 7 -0.2 -0.2 -0.2 -0.2 -0.3 -0.2 0.021 0.021 0.021 0.125 10 0.1 2005 2010 High
11 Pyramid Ck Stage 1 BSMS Mar 2006 -2 0 -1.1 -1.1 -1.2 -1.1 -1.1 -1.1 0.063 0.063 0.063 0.384 11 0.3 2005 2010 High Remodelled 2006
12 Bookpurnong Joint Salt Interception Scheme BSMS Mar 2006 -20 0 -11.9 -11.9 -11.9 -11.4 -11.5 -11.8 0.208 0.208 0.208 1.268 12 2.9 2006 2011 Low Salt load continue to rise with scheme in
13 Improved Buronga Scheme BSMS Mar 2006 -1 0 -0.6 -0.5 -0.6 -0.6 -0.5 -0.6 0.023 0.023 0.023 0.138 13 0.1 2006 2011 High Remodelled 2006
14 Loxton SIS BSMS Jun 2008 -12 0 -7.6 -6.8 -8.3 -8.7 -9.5 -8.3 0.148 0.148 0.148 0.905 14 2.1 High Constant salt loads to floodplain

sub total Joint Works under BsMs -34 7 -21.4 -20.6 -22.1 -22.0 -22.9 -22.0 0.462 0.462 0.462 0.000 0.000 2.820 5.5
Joint Works sub total -186 18 -113.2 -112.1 -114.2 -116.9 -116.5 -114.8 2.386 2.386 0.462 0.000 0.000 13.078 28.7

state WorKs & Measures
shared new south Wales and victorian Measures

15 Permanent Trade Accounting Adjustment - NSW to Victoria 50N50V Jun 2006 0 0 -0.0 -0.0 -0.1 -0.1 -0.1 -0.1 0.011 0.011 0.023 15 0.0 2006 2011 High Trade figures updated annually (2006)
16 Barmah-Millewa Forest Operating Rules 50N50V Mar 2002 -2 33 -2.2 -1.8 -2.5 -3.1 -3.8 -2.7 0.207 0.207 0.414 16 0.0 2006 2011 High

shared Measures sub total -2 33 -2.2 -1.8 -2.6 -3.2 -3.9 -2.7 0.218 0.218 0.000 0.000 0.000 0.436 0.0
new south Wales

17 Boggabilla Weir NSW Dec 1991 1 0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.024 0.024 17 0.0 2007 2012 Medium
18 Pindari Dam Enlargement NSW Jul 1994 0 -17 0.7 0.7 0.7 0.7 0.7 0.7 -0.121 -0.121 18 0.0 2007 2012 Medium
19 Tandou pumps from Lower Darling NSW Sep 1994 2 -3 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.034 0.034 19 0.0 2005 2010 Medium
20 NSW MIL LWMP’s NSW Feb 1996 0.684 -4 57 -4.0 -4.0 -4.0 -4.0 -4.0 -4.0 20 0.0 2000 2005 In Progress Low Model review initiated
21 NSW Changes to Edward-Wakool and Escapes NSW Jan 1990 -1 4 -2.0 -2.0 -2.1 -2.1 -2.1 -2.1 0.371 0.371 21 0.0 2005 2010 High
22 Permanent Trade Accounting Adjustment - NSW to SA NSW Jun 2006 -2 1 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 0.119 0.119 22 0.0 2005 2010 High Trade figures updated annualy (2006)
23 NSW Sunraysia Irrigation Development 1997-2006 NSW Jul 2003 1 0 0.5 0.0 0.9 4.5 6.1 1.8 -0.482 -0.482 23 0.0 2007 2012 High 2006 analysis
24 NSW S&DS Commitment Adjustment NSW Nov 2002 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.910 0.910 24 0.0

new south Wales Works and Measures -4 43 -5.6 -6.0 -5.2 -1.6 -0.1 -4.3 0.856 0.856 0.0
victoria

25 Barr Creek Catchment Strategy Vic Mar 1991 -12 0 -7.7 -7.7 -7.7 -7.7 -7.7 -7.7 1.963 1.963 25 0.0 2006 2011 High Reviewed 2006
26 Tragowel Plains Drains at 2002 level Vic Mar 1991 1 1 0.2 0.2 0.2 0.2 0.2 0.2 -0.022 -0.022 26 0.0 2006 2011 High Reviewed 2006

27 Shepparton Salinity Management Plan Vic Mar 1991 1 27 2.3 2.3 2.3 2.3 2.3 2.3 -0.581 -0.581 27 0.0 2006 2011 Low Only Updated to 2004 - No Drying up of 
drains

28 Nangiloc-Coligan S.M.P. Vic Nov 1991 3 2 1.1 1.1 1.1 1.1 1.1 1.1 -0.293 -0.293 28 0.0 2002 2007 In Progress Medium Updated estimates provided 2006
29 Nyah to SA Border SMP - Irrigation Development Vic Jul 2003 12 0 6.8 6.8 6.8 6.7 6.8 6.8 -1.794 -1.794 29 0.0 2002 2007 In Progress High Data updated 2007
30 Kerang Lakes/Swan Hill Salinity Management Plan Vic Jan 2000 1 4 1.4 1.1 1.6 0.9 1.2 1.4 -0.388 -0.388 30 0.0 2003 2008 In Progress High Remodelled 2006
31 Campaspe West Salinity Management Plan Vic Aug 1993 0 0 0.5 0.5 0.5 0.5 0.5 0.5 -0.128 -0.128 31 0.0 2002 2007 In Progress Low No work. Salt added to cause 0.5 EC
32 Psyche Bend 50V50C Feb 1996 -4 0 -2.1 -2.1 -2.1 -2.1 -2.1 -2.1 0.237 0.474 32 1.0 2000 2005 Medium
33 Permanent Trade Accounting Adjustment - Victoria to SA Vic Jun 2006 1 2 -0.7 -0.7 -0.7 -0.9 -1.1 -0.8 0.162 0.162 33 0.0 2005 2010  - High Trade figures updated annualy (2006)
34 Woorinen Irrigation District Excision Vic Sep 2003 -2 0 1.4 1.6 1.2 1.4 1.6 1.3 -0.408 -0.408 34 0.0 2006 2011  - High Remodelled 2006
35 Sunraysia Drains Drying up Vic Jun 2004 -4 -4 -2.1 -2.2 -2.1 -1.9 -1.8 -2.1 0.691 0.691 35 0.0 2003 2008  - Medium
36 Lamberts Swamp Vic Jun 2004 -7 0 -3.0 -3.0 -2.9 -2.9 -3.0 -2.9 0.579 0.579 36 0.0 2004 2009  - High

37 Church’s Cut decommissioning Vic Mar 2006 0 0 -0.2 -0.2 -0.1 -0.1 -0.2 -0.1 0.063 0.063 37 0.0 High 14.3% of Pyramid Ck Stage 1 with 
Church’s Cut

38 Mallee Drainage bore decommissioning Vic Jun 2008 -1 0 -0.2 -0.1 -0.3 -0.3 -0.3 -0.3 0.081 0.081 38 0.0 High Constant salt loads to floodplain
39 Victorian S&DS Commitment Adjustment Vic Nov 2002 0 0 0.0 0.0 0.0 0.0 0.0 0.0 1.600 1.600 39 0.0

victoria Works and Measures -10 31 -2.3 -2.3 -2.3 -2.9 -2.5 -2.5 1.762 1.999 1.0
south australia 

40 SA Irrigation Development 1988 to 2008 SA Jul 2003 4 0 1.8 0.0 3.4 36.4 76.5 11.9 -1.936 -1.936 40 0.0 2003 2008 High Used SIMRAT figures
41 SA Component of Bookpurnong Scheme SANAP Jul 2003 -3 0 -1.3 2.5 -4.5 -11.8 -12.5 -6.1 0.649 0.649 41 3.1 2006 2011 High Remodelled 2006
42 SA Component of Loxton Scheme SA TBA
43 SA Improved Irrigation Efficiency SA Jan 2000 -79 0 -43.2 -25.3 -58.9 -102.1 -117.4 -68.7 7.856 7.856 43 0.0 2004 2009 Very low Split between Registers A & B to be reviewed
44 SA Irrigation Scheme Rehabilitation SA Jan 2000 -2 0 -1.2 0.3 -2.6 -5.7 -6.7 -3.3 0.346 0.346 44 0.0 2005 2010 Very low Split between Registers A & B to be reviewed
45 Qualco Sunlands GWCS SA Sep 2004 -4 0 -3.0 -1.8 -4.0 -6.5 -7.5 -4.5 0.307 0.307 45 0.0 2005 2010 In Progress Medium Constant salt loads to floodplain
46 Irrigation Development behind Bookpurnong SIS SA Jul 2003 3 0 1.3 -2.5 4.5 11.8 12.5 6.1 -0.649 -0.649 46 0.0 2006 2011 Low Salt loads continue to rise with scheme in
47 Irrigation Development behind Loxton SIS SA TBA

south australia subtotal -81 0 -45.6 -26.7 -62.0 -77.9 -55.0 -64.6 6.573 6.573 3.1
Queensland

48 Land Clearing Post 2000 Qld Jul 2005 TBA 48 2007 Low Impact - Long lag times
49 Irrigation Development Post 2001 Qld Jul 2005 TBA 49 2007 Modelling required

Queensland subtotal 0 0
Balance - register a -284 125 -168.9 -148.9 -186.3 -202.4 -178.0 -188.8 3.459 4.366 7.035 0.000 0.000 22.942 32.8

factors for allocating transferred credits to register B 0.243 0.194 0.563 0.000 0.000
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Murray–Darling  Basin  Authority

CoMMission register B  
(delayed salinity impacts) type

year of 
predic-

tions

provi-
sional 

salinity 
Credit 
($m/

yr)

salinity effect (eC at Morgan) salinity Cost effect ($m)  5 year rolling review Confidence

Current 
impact 

on 
Morgan 
95%ile 
salinity 

(eC)

impact 
on flow 
at Mouth 

(gl/y)

Modelled 
Current 
Condi-
tions

2000 2015 2050 2100 pro-rata 
effect nsW vic sa Qld aCt total latest 

review status rating Comment

transfers from register a 0.349 0.278 0.807 0.000 0.000 1.434

shared new south Wales and victoria

50 Mallee Legacy of History - Dryland 50N50V Jan 2000 -1.447 9 0 4.8 0.0 8.9 33.2 68.1 5.6 50 1999 2004 In progress Low To be revised pending current review

51 Mallee Legacy of History - Irrigation 50N50V Jan 2000 -5.492 38 0 26.4 0.0 49.5 119.6 133.6 20.3 51 1999 2004 In progress Low To be revised pending current review

new south Wales

52 Darling Catchment Legacy of History - Macquarie NSW Jan 2000 0 0 0.1 0.0 0.1 0.3 0.4 0.0 -0.013 -0.013 52 1999 2004 In Progress Medium

53 Darling Catchment Legacy of History - Macintyre NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 53 1999 2004 In Progress Medium

54 Darling Catchment Legacy of History - Gil Gil Ck NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 54 1999 2004 In Progress Medium

55 Darling Catchment Legacy of History - Gwydir NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 -0.001 -0.001 55 1999 2004 In Progress Medium

56 Darling Catchment Legacy of History - Namoi NSW Jan 2000 0 0 0.1 0.0 0.2 0.4 0.5 0.1 -0.018 -0.018 56 1999 2004 In Progress Medium

57 Darling Catchment Legacy of History - Castlereagh NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.1 0.0 -0.002 -0.002 57 1999 2004 In Progress Medium

58 Darling Catchment Legacy of History - Bogan NSW Jan 2000 0 0 0.0 0.0 0.1 0.2 0.3 0.0 -0.009 -0.009 58 1999 2004 In Progress Medium

59 Lachlan Legacy of History NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 59 1999 2004 In Progress Medium Little connection to Murrumbidgee

60 Murrumbidgee Catchment Legacy of History NSW Jan 2000 0 0 0.0 0.0 0.1 0.2 0.2 0.0 -0.007 -0.007 60 1999 2004 In Progress Medium

victoria

61 Campaspe Catchment Legacy of History Vic Jan 2000 0 0 0.1 0.0 0.1 0.2 0.3 0.0 -0.007 -0.007 61 2003 2008 Medium

62 Goulburn Catchment Legacy of History Vic Jan 2000 3 0 0.3 0.0 0.6 12.3 12.3 2.1 -0.522 -0.522 62 2003 2008 Medium

63 Loddon Catchment Legacy of History Vic Jan 2000 1 0 0.2 0.0 0.3 4.9 10.0 0.8 -0.241 -0.241 63 2003 2008 Medium Remodelled 2006

64 Kiewa Catchment Legacy of History Vic Jan 2000 0 0 0.1 0.0 0.1 0.0 0.0 0.0 0.001 0.001 64 2003 2008 Medium

65 Ovens Catchment Legacy of History Vic Jan 2000 0 0 0.0 0.0 0.0 0.6 1.3 0.1 -0.026 -0.026 65 2003 2008 Medium

south australia

66 SA Mallee Legacy of History - Dryland SA Jan 2000 6 0 2.0 0.0 3.8 18.5 51.2 3.1 -0.413 -0.413 66 2005 2010 Medium

67 SA Mallee Legacy of History - Irrigation SA Jan 2000 30 0 24.8 -0.4 46.8 87.1 113.0 14.5 -1.733 -1.733 67 1998 2003 In Progress Very Low Only part of SA pre 88 irrigation 
modelled

Queensland

68 Queensland Legacy of History Qld Jan 2000 TBA 68 In Progress Low Impact - Long lag times

69 Queensland Irrigation Development pre 1 Jan 2000 Qld Jan 2000 TBA 69 Modelling required

Balance - register B -6.938 87 0 58.8 -0.4 110.6 277.4 391.4 46.8 0.298 -0.517 -1.339 0.000 0.000 -1.558

Balance - registers a & B -197 125 -110.1 -149.3 -75.7 75.0 213.4 -141.9 3.758 3.849 5.696 0.000 0.000 21.384

Basin salinity target (Morgan) - Modelled Current status 872 4,970 555 515 589 740 878 523

registers explanatory notes

TBA - To be assessed

Salinity Effect - Increase in average salinity at Morgan in EC

Salinity Credits - Unit of account of Salinity and Drainage Strategy = Reduction in Salinity Costs ($m/year March 2005 values)

Register B - Contributions to Morgan salinity in 2005 interpolated from the increase up to 2050
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Appendix 4

CoMMission register B  
(delayed salinity impacts) type

year of 
predic-

tions

provi-
sional 

salinity 
Credit 
($m/

yr)

salinity effect (eC at Morgan) salinity Cost effect ($m)  5 year rolling review Confidence

Current 
impact 

on 
Morgan 
95%ile 
salinity 

(eC)

impact 
on flow 
at Mouth 

(gl/y)

Modelled 
Current 
Condi-
tions

2000 2015 2050 2100 pro-rata 
effect nsW vic sa Qld aCt total latest 

review status rating Comment

transfers from register a 0.349 0.278 0.807 0.000 0.000 1.434

shared new south Wales and victoria

50 Mallee Legacy of History - Dryland 50N50V Jan 2000 -1.447 9 0 4.8 0.0 8.9 33.2 68.1 5.6 50 1999 2004 In progress Low To be revised pending current review

51 Mallee Legacy of History - Irrigation 50N50V Jan 2000 -5.492 38 0 26.4 0.0 49.5 119.6 133.6 20.3 51 1999 2004 In progress Low To be revised pending current review

new south Wales

52 Darling Catchment Legacy of History - Macquarie NSW Jan 2000 0 0 0.1 0.0 0.1 0.3 0.4 0.0 -0.013 -0.013 52 1999 2004 In Progress Medium

53 Darling Catchment Legacy of History - Macintyre NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 53 1999 2004 In Progress Medium

54 Darling Catchment Legacy of History - Gil Gil Ck NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 54 1999 2004 In Progress Medium

55 Darling Catchment Legacy of History - Gwydir NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 -0.001 -0.001 55 1999 2004 In Progress Medium

56 Darling Catchment Legacy of History - Namoi NSW Jan 2000 0 0 0.1 0.0 0.2 0.4 0.5 0.1 -0.018 -0.018 56 1999 2004 In Progress Medium

57 Darling Catchment Legacy of History - Castlereagh NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.1 0.0 -0.002 -0.002 57 1999 2004 In Progress Medium

58 Darling Catchment Legacy of History - Bogan NSW Jan 2000 0 0 0.0 0.0 0.1 0.2 0.3 0.0 -0.009 -0.009 58 1999 2004 In Progress Medium

59 Lachlan Legacy of History NSW Jan 2000 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.000 0.000 59 1999 2004 In Progress Medium Little connection to Murrumbidgee

60 Murrumbidgee Catchment Legacy of History NSW Jan 2000 0 0 0.0 0.0 0.1 0.2 0.2 0.0 -0.007 -0.007 60 1999 2004 In Progress Medium

victoria

61 Campaspe Catchment Legacy of History Vic Jan 2000 0 0 0.1 0.0 0.1 0.2 0.3 0.0 -0.007 -0.007 61 2003 2008 Medium

62 Goulburn Catchment Legacy of History Vic Jan 2000 3 0 0.3 0.0 0.6 12.3 12.3 2.1 -0.522 -0.522 62 2003 2008 Medium

63 Loddon Catchment Legacy of History Vic Jan 2000 1 0 0.2 0.0 0.3 4.9 10.0 0.8 -0.241 -0.241 63 2003 2008 Medium Remodelled 2006

64 Kiewa Catchment Legacy of History Vic Jan 2000 0 0 0.1 0.0 0.1 0.0 0.0 0.0 0.001 0.001 64 2003 2008 Medium

65 Ovens Catchment Legacy of History Vic Jan 2000 0 0 0.0 0.0 0.0 0.6 1.3 0.1 -0.026 -0.026 65 2003 2008 Medium

south australia

66 SA Mallee Legacy of History - Dryland SA Jan 2000 6 0 2.0 0.0 3.8 18.5 51.2 3.1 -0.413 -0.413 66 2005 2010 Medium

67 SA Mallee Legacy of History - Irrigation SA Jan 2000 30 0 24.8 -0.4 46.8 87.1 113.0 14.5 -1.733 -1.733 67 1998 2003 In Progress Very Low Only part of SA pre 88 irrigation 
modelled

Queensland

68 Queensland Legacy of History Qld Jan 2000 TBA 68 In Progress Low Impact - Long lag times

69 Queensland Irrigation Development pre 1 Jan 2000 Qld Jan 2000 TBA 69 Modelling required

Balance - register B -6.938 87 0 58.8 -0.4 110.6 277.4 391.4 46.8 0.298 -0.517 -1.339 0.000 0.000 -1.558

Balance - registers a & B -197 125 -110.1 -149.3 -75.7 75.0 213.4 -141.9 3.758 3.849 5.696 0.000 0.000 21.384

Basin salinity target (Morgan) - Modelled Current status 872 4,970 555 515 589 740 878 523

registers explanatory notes

TBA - To be assessed

Salinity Effect - Increase in average salinity at Morgan in EC

Salinity Credits - Unit of account of Salinity and Drainage Strategy = Reduction in Salinity Costs ($m/year March 2005 values)

Register B - Contributions to Morgan salinity in 2005 interpolated from the increase up to 2050
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