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FOREWORD

In response to the growing problems of land and river salinity in Victoria,
the Parliamentary Joint Select Committee on Salinity (the Salinity Committee)
was established by the Victorian Parliament in July 1982. Its purpose has been to
inquire into salinity with particular reference to the opportunities for co-operative
efforts in salinity control involving other State Governments and the Australian
Government, methods of meeting the costs of salinity control,and administrative

and other arrangements for salinity control.

Our hope is that the results of our work will provide a comprehensive basis

upon which to develop an effective program for the control of salinity in the State.

The success of the Inquiry has depended upon the contributions of many
people. Chief amongst them have been the several hundred people representing all
sectors of the rural community, Government departments, research institutions,
private industry and public inferest groups who prepared submissions of such high

quality for our consideration.
We also express our sincere gratitude to:

. farmers and people representing various interested communities who gave

their time to inform the Committee of their concerns,

. Local Government Councils and their staff who provided every assistance to

the Committee, with inspections, advice and comprehensive submissions,

. the many specialists in various fields of salinity control who assisted us,
particularly the non-government specialists on our Research Advisory
Group, the Government staff on the Departmental Salinity Liaison
Committee, and members of the team who undertook for us a strategic

study of salinity control in Northern Victoria,

. the teams of private consultants who gave excellent service in synthesising

and reporting on relevant technical data,

. and members of the organising group for our Cemmunity Conference in

(v)



Bendigo earlier this year who contributed greatly to its success.

I would like to pay a special tribute to the staff of our Committee upon
whom so much of our work has depended. The administrative burden of this Inquiry
and our concurrent one into the Allocation of Water in Northern Victoria has been
expertly borne by the Secretaries of the Committee who were, first, Mr. Ray

Purdey and, later Mr. Gary Senn,and by Mrs. Pamela Hansson, our stenographer.

In February 1983, the Committee appointed Mr. Graham Hunter as its
Director of Research. Assisted by research staff seconded from Government
agencies, he has guided the planning of our Inquiry, the use of expertise and the

collection of information with skill and imagination.

Finally, I particularly wish to thank my fellow members of the Committee
for their co-operation and support throughout the Inquiry and for the skills that
they brought to it.

Controlling the problems of salinity is a major challenge for our State. We
trust the result of our work will assist the task, and commend consideration of this

report to the Parliament and the people of Victoria.

W.F. Fogarty, M.P.

Chairman

Parliament House,

Melbourne.

25 October 1984.
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THE COMMITTEE AND ITS WORK

TERMS OF REFERENCE

When the Salinitv Committee was rstablished as a Joint Select Committee of the
Parliament of Victoria on 1 July, 1982, it was aiven the followina Terms of

Reference:

1, To inquire into and report upon the salinity of land and water with
particular reference to -

(a) the social, environmental and economic effects of -

(i) dry land salinity;
(i) salinity associated with irrigation; and
(iii)  increased salinity in rivers and streams as a result of factors

within Victorian control.

(b) opportunities for co-operative efforts in salinity control involving
other State Governments and the Australian Government;

(c) methods of meeting the costs of salinity control; and

(d) administrative and other arrangements for salinity control,
including integration with other aspects of land and water
management.

2. That, in respect of the terms of reference, the Committee shall give
priority to an inquiry into the Barr Creek catchment and the Mineral
Reserve Basin and Lake Tyrrell schemes and is required to report there

on to the Houses within six months.

3. That, subject to paragraph 2, the Committee shall give priority to such
investigations referred to it by resolution of the Legislative Council and

the Legislative Assembly.

To enable the specific Terms of Reference to be addressed adequately,
the Committee determined that the scope of its Inquiry should include a

compilation of information on the causes of salinity problems, as well as
(ix)



effects of salinity, an evaluation of the possible methods and schemes by
which salinity might be controlled, and an assessment of factors associated
with the organisation and management of salinity control, the associated
provisions for planning and regulation, the requirements for education and
research, the funding arrangements, and the opportunities for inter-

governmental co-operation.

MEMBERS AND OFFICERS OF THE. COMMITTEFE.

In July 1982, Messrs. W. F. Fogarty, F. J. Hann, G. F. Stirling and the Hon.
A. Wood from the Leqgislative Assembly and the Honourables L. A.
McArthur and J.W.S. Radford from the L egislative Council were appointed
to the Committee (see Extracts from Minutes, Appendix 1). At its first
meeting on 3 August 1982, Mr. Fogarty was elected Chairman and Mr. Hann
Deputy Chairman. In March 1983, Mr. Wood resigned from the Legislative
Assembly and his position on the Committee was filled by the Hon. J. H.
Ramsay, M.L.A., in May 1983. In March 1984, Mr. Ramsay was discharged
from attendance on the Committee to enable him to join another
Parliamentary Committee and Mr. H, R. Dickinson, M.L.A., appointed in his

stead.

The Secretary of the Committee was Mr. R. W. Purdey until August 1983,
and then Mr. G. J. Senn. In February 1983 the Committee appointed Mr. G.
M. Hunter, B.E., M. £ng. Sc., M.Sc., as its Director of Research. Research
officers seconded through the courtesy of Government departments to assist
in the Salinity Inquiry have been Mr. Q. Farmar-Bowers, B. Sc., Dip. Agr.
F.con., M.A., Mr. J. Day, B. Agr. Sc., Dip. Fd. and Mr. P. Elliot, B. Agr. Sc.

The Committee's Stenographer was Mrs. P. Hansson.

The Committee has held 104 meetings of which 16 were public hearings for
the Salinity Inquiry.

METHOD OF INQUIRY

As outlined in the Committee's Second Report to Parliament, its inquiries
comprised a program of community consultation, research and analysis, and

reporting. The Salinity Inquiry has involved the following activites:

(x)



Visits and Inspections

The Committee inspected salt-affected property and salinity control
projects in Victoria, South Australia, New South Wales and Western
Australia. A list of the areas visited is given in Appendix 2. The
Committee was guided during these visits by staff of Government depart-
ments, landowners, councillors and staff of rhunicipalities, and staff of

research institutes.
Hearings and Submissions

The Committee advertised its hearings in the metropolitan and regional
newspapers and invited evidence from interested people and organisations.
Public hearings were held in the regional centres of Kerang, Mildura, Swan
Hill, Bendigo, Hamilton, Shepparton and in Melbourne. Fvidence was
received from the witnesses listed in Appendix 3. Further written sub-

missions were received from the people listed in Appendix 4.
Consultants' Studies

To assist it in the collection and interpretation of technical information the
Committee commissioned in June 1983 two studies by a group of consultants
from ACIL. Australia Pty. L.td., Gutteridge, Haskins and Davey Pty. Ltd.,
Australian Groundwater Consultants Pty. l_td., and the Melbourne University

School of Agriculture and Forestry.

The objectives of one study, which was led by ACIl. Australia Pty. Ltd.,

were:

(a) To collate existing information on the physical causes, the extent and
severity, and the social, environmental and economic effects of land

and water salinity that is associated with activities under Victorian

control.

(b) To assess the reliability of available information as a basis for policy

decisions.
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(c)

To identify significant gaps in the understanding of the causes, extent
and effects of salinity associated with activities under Victorian
control.

The objectives of the other study, led by Gutteridge, Haskins and Davey Pty.

_td., were:

(a)

(b)

(c)

(d)

(e)

To assess the success of physical and bio-physical techniques that
have already been implemented to control land and water salinity

that is associated with activities under Victorian control.

To collate existing data on relevant characteristics of possible

control techniques.

To assess the short-term and long-term advantages and disadvantages
of implementing the possible control techniques in salt affected

regions of Victoria.

To identify the current impediments to the development of
techniques and further application of the most advantageous

techniques.

To identify significant data gaps of relevance to the above

objectives.

Both studies drew substantially on information made available from the

following State Government organisations:

Soil Conservation Authority,

Rural Water Commission,

Forests Commission,

Department of Agriculture,
Department of Minerals and Energy,
Environment Protection Authority,

Fisheries and Wildlife Division.
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Fach of these organisations was represented on a Departmental Salinity

Liaison Committee which facilitated the transfer of data to the consultants.

The reports of the studies were completed in September 1983 and sub-
sequently released by the Salinity Committee for public comment. In the
following chapters, the reports are referred to as ACIl_. Australia (1983) and
Gutteridge, Haskins and Davey (1983).

Community Surveys

The Committee has surveyed the perception of salinity problems by sending
questionnaires to the councils of the 162 non-metropolitan municipalities in
Victoria. In addition, the Australian Bureau of Statistics agreed to a request
by the Committee to include in the Agricultural Census,that was sent to all
Victorian farmers in March this year, a question on the area of salt affected

‘ farmland.

Community Conference

The Committee sponsored a Community Conference on Salinity Control at
the Bendigo College of Advanced Fducation on 18 - 19 February 1984. The
Conference was attended by 370 people from the farming community,
government organisations, consulting and research groups, and other

interests.
Technical Seminar

A technical seminar was held on 13 April 1984, and attended by specialists
in irrigation under the chairmanship of Professor T. McMahon, Professor of
Agricultural Engineering, University of Melbourne. Its purpose was to
provide the Committee with an assessment of the available data on the
causes of rises in watertables and salinity in irrigation regions of Victoria.
The report by Professor McMahon on the seminar was released for public

comment.
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Discussion Papers

Three discussion papers were commissioned by the Committee and released

for public comment during 1984. They were:

"The Organisation and Management of Salinity Control in Victoria" by

M. Mackay and Associates,

"Financing Salinity Control in Victoria" by Michael Read and

Associates,

"Inter-Governmental Co-operation in Salinity Control" by Professor
S. D. Clark.

Strategic Study

A strategic study of Salinity Control in Northern Victoria was undertaken
for the Committee by a Study Team composed of consultants and of
specialists from five Government agencies in Victoria. The study, which
took place during July-September 1984, was led by the consulting firm
Dwyer Leslie Pty. L.td., in association with Maunsell and Partners Pty. Ltd.
The aim of the study was to assess the requirements, and options for the
future protection of agricultural productivity and the generation and
disposal of saline wastes throughout Northern Victoria. The study was
guided by a Steering Committee and Consultative Group, the members of
which are listed in Appendix 6. The report of the Study Team is referred to
in the following chapters as Dwyer l_eslie (1984).

Specialist Reviews

The submissions received by the Committee on the requirements for
research and for education and extension in salinity control have been
reviewed by independent specialists in those fields. Dr. A.J. Peck, Senior
Principal Research Scientist, C.S.I.R.O., undertook the review of research
and Dr. H.S. Hawkins and Mr. J.W. Cary, School of Agriculture and Forestry,
University of Melbourne, reviewed the submissions on education and

extension.
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Other Data Sources

The Committee has had access to the range of technical publications on
salinity that are available in Australia. It has obtained information on the
management of salinity in other countries through discussions with
specialists from overseas and by a review undertaken for it through the

International Referral System of the United Nations Fnvironment Program.

BARR CRFEK CATCHMENT, MINERAL RESERVE BASINS AND LAKF
TYRRFILL SCHEMES

In December 1982, the Committee presented a Progress Report to
Parliament on this Term of Reference. The report indicated that the
Committee was awaiting the outcome of a study by the Water Commission
before reporting finally on the Barr Creek Catchment, that further time was
necessary to assess adequately the Mineral Reserve Basins Scheme, and that
the Lake Tyrrell Scheme was no longer a viable option in the short term. In
November 1983, the Minister for Water Resources agreed to the
Committee's request that work on the Mineral Reserve Basins Scheme
should be postponed pending a broader examination of the scheme in the
context of the overall management of salinity in Northern Victoria.
However in March 1984, the Committee was informed that the Government

had decided to resume work on the scheme.

The Barr Creek Catchment Study was completed in March 1984 and the
results have been taken into account by the Committee in the preparation of

this report.

COMMITTEE. PUBLICATIONS

The Committee's publications are listed in Appendix 5. During the course of
its Inquiry, the Committee presented the report to Parliament on the "Barr
Creek Catchment, Mineral Reserve Basins and L.ake Tyrrell Schemes" and,
in October 1983, on "The Activities of the Salinity Committee". The
discussion papers and the reports of the consultants' studies, the technical
seminar and the strategic study are available to the public through the

Victorian Government Bookshop. The Committee has also widely circulated
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two issues of a Newsletter describing its activities. Copies of the
transcripts of evidence have been distributed to selected parties and are
available for reading at the State library and principal regional libraries.

CONCURRENT INQUIRY

In December 1982, the Committee received further Terms of Reference
from the Parliament requiring it to conduct an Inquiry into the "Allocation

of Water in Northern Victoria". The report on this second Inquiry is to be
presented to Parliament in October 1984.

ADVISORY GROUPS

The Committee has been fortunate in the range of specialists from which it
has been able to seek advice. Farly in 1983 the Committee formed a
Research Advisory Group of non-government specialists to assist it in both
Inquiries, and a Departmental Salinity l.iaison Committee to facilitate
interaction with government agencies. The membership of these bodies is

given in Appendix 6.
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KEY FINDINGS

THE PROBLEM

The Cause

. Salt-affected soils, saltpans, salt marshes and saline streams and
groundwater have been a feature of the environment in western and
northern Victoria since long before European settlement.

. Following European settlement, human activities have redistributed or
exposed the naturally occurring salt and resulted in a major environmental
problem with substantial economic and social repercussions.

. The reason for most salinity problems of soil and water has been a rise in
the levels of watertables, bringing salt to the surface.

. This extra groundwater has resulted from such activities as the
widespread replacement of native vegetation with shallow-rooted crops
and grasses, the introduction of irrigation, and the construction of
unsealed water channels and reservoirs.

. The formation of salt scalds by the erosion of the topsoil to expose a
saline subsoil has also occurred in north-western Victoria.

The Extent

. Salinity problems occur throughout northern and western Victoria and are
increasing in severity. About 2,400 square kilometres of farming land is
observably damaged by salt due to rising watertables or salt scalds.

. The most concentrated problems occur in Australia's largest irrigation
region, the Goulburn-Murray Irrigation District, where 1,400 square
kilometres suffer damage from salt, and 4,000 square kilometres are
potentially salt prone. Within the Shepparton Region, a major expansion
of salt affected land could occur within the next decade unless further

control measures are taken.

(xvii)



The more widespread and insidious problems are associated with the
seepage salting of non-irrigated land in scattered localities throughout
northern and western Victoria. Altogether 400 square kilometres are
observably affected and an equivalent area suffers some decline in
productivity. The worst affected regions are in:

- the Mallee

- the northern slopes of the Dividing Range
- The Western District, and

- the Barwon Region.

These areas could double within the next thirty years and, in the case of
the Mallee, could increase tenfold.

. Associated with land salinity is erosion and an increase in the salinity of
rivers, including the River Murray. Rises in the salt content of borewater
and damage to wetlands from salinity have also been reported.

The Costs

. The total cost from damage due to salinity in Victoria is about $40 million
per year. Already $10 million per year is spent on salinity control. Worst
hit are the irrigation areas. The Kerang Region suffers a loss in
agricultural productivity of 25% and the Shepparton Region 7%, resulting
in a combined loss of $30 million per year. Productivity losses of $3
million per year occur in dryland areas. Additional economic costs of
Victoria's salinity are associated with damage by saline water to industrial
and domestic applicances, roadways and irrigated crops. If no further
major control measures are implemented, the costs of salinity to Victoria
could treble within the next thirty years, with the major increases
occurring in the Shepparton Region, the Mallee and Wimmera, and the

Riverine Plains.

. About 2,500 farmers in Victoria have indicated that their property suffers
salt damage. It is a problem that often appears to the individual to be
unsolvable, inequitable and inexplicable, resulting in economic losses and

personal anxiety.
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THE SOLUTION

Salinity Control Methods

. The solution is to achieve a new balance in the inputs and outputs of the
soil-water system at a productive and sustainable level. '

. This requires the application of a range of control techniques, including
changes in land management practices in the major intake areas of the
groundwater system, groundwater pumping, treatment of salt affected

sites and satisfactory disposal of saline wastes.

. In Northern Victoria, a strategy for salinity control to protect both
agricultural productivity and environmental quality will require public
expenditure of $70-$90 million over the next ten years to support farm-
based measures and capital works. Components of the salinity control
strategy should include:

- a concentrated effort to control dryland salinity in the upland
regions,

- enhancement of surface drainage in the Kerang and Shepparion

Regions,
- groundwater pumping in the Shepparton Region.

. The production of salt wastes in Northern Victoria cannot be avoided.
Within the next ten years, the principal method of their disposal is likely
to be by discharge to the River Murray. This will require an allocation of
water to dilute the wastes to an acceptable level.

. Beyond that period, river dilution is unlikely to be satisfactory. As a

matter of urgency, a long-term sustainable means of disposal must be

developed.
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Implementation

Administrative Arrangements:

. The widespread changes in land management that will be necessary to
combat salinity will require the integration of action by the many
Government agencies involved in aspects of salinity control and the
co-ordinated action of landholders.

. A Salinity Control Board should be established to recommend and review
State policies and objectives for salinity control, develop a State-wide
strategy for salinity control, and ensure adequate co-ordination of the
activities of Government agencies. This part-time Board should be
composed of community representatives and staff of Government

agencies.

Salinity control should be co-ordinated on a day-to-day basis by a single
Government agency, formed by combining the Land Protection Service of
the Department of Conservation, Forests and Lands with the Department
of Agriculture.

. To enable the available expertise to be fully utilised, the Land Protection
Service should extend its work into constituted irrigation districts and the
Groundwater Section of the Department of Minerals and Energy should be
upgraded and transferred to the Department of Water Resources.

. Action by landholders should be co-ordinated by introducing measures
which will facilitate planning for salinity control at regional, sub-regional
and farm levels.

. An effective advisory and educational program for landholders and the
community should be developed and this should include the establishment
of inter-agency field teams for salinity control.

Research, investigation and monitoring should be intensified, a State
Salinity Research Strategy prepared, and the Irrigation Research Institute
at Tatura established as a major centre for research into salinity «f both

irrigated and non-irrigated regions.

(xx)



Meeting the Costs:

. Further incentives for landholders to adopt salinity control measures
should be provided by introducing a Salinity Loans Scheme and Salinity
Grants Scheme for irrigated and non-irrigated regions.

. The State Government should have the capacity to buy back land in
sensitive areas.

Inter-Governmental Co-operation:

. The Victorian program will be assisted by, and should contribute to,
further inter-governmental co-operation between States in the
Murray-Darling Basin and other States with common‘: problems. The
Victorian Government should:

- seek an expansion of the role of the River Murray Commission to
enable it to contribute more comprehensively to the management
of the Murray-Darling Basin,

- encourage the Federal Government to establish a Murray Basin
Forum composed of representatives from  Government and

non-Government organisations,

- promote the development of a joint State strategy for the disposal

of saline wastes, and

- promote opportunities for joint research and educational programs

between Victoria and other States.
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CONCLUSIONS

TYPES OF SALINITY PROBLEMS (Chapter Two)

1.

3.

Many parts of Victoria are suffering frorn increasing concentrations of
salts in soil and water bodies. This is affecting the economic usefulness
and environmental amenity of these resources and threatens to degrade

the resources further unless additional remedial action is taken.

The principal social, environmental and economic effects identified by the
Committee have been associated with dryland salting, salting and high
watertables in irrigation areas, rivers and stream salinity, effects on lakes

and wetlands and groundwater salinity.

CAUSES (Chapter Two)

Before European settlement, salt affected soils, salt pans, salinas, salt
marshes, saline streams and saline groundwater were a feature of the
environment in the western half of Victoria. The present salinity
problems have resulted largely from human activities which, in the brief
period since European settlement, have modified the natural distribution

of the salt.

Rise in Watertables

4.

The major reason for many salinity problems of soil and water has been
the rise in the levels of watertables in parts of northern and western
Victoria. This has been caused by practices which have increased the rate
of recharge of water to the groundwater thereby upsetting the
hydrological equilibrium which previously existed. Such practices on the
recharge zones of aquifers have included the replacement of forests with
agricultural activities which intercept less rainfall, the construction of
unsealed water storages and channels which allow water to leak to the

groundwater bodies, and the introduction of irrigation.

The increased water flowing through the surface layers dissolves salt
which has been stored there during past geological ages and transports it
to the groundwater system. As the watertables rise, the saline water may

discharge at a greater rate to streams or be brought sufficiently close to
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9.

10.

the surface of the land to evaporate, leaving concentrated salts in the

soil.

In dryland areas this had led to the development of saline seeps and
contributed to the salinity of streams, water storages and lakes. While
much of the dryland salinity is a consequence of past practices,
particularly forest clearing, significant contributions to rises in

watertables may also result from such ongoing activities as:

- removal of trees

- extensive fallowing and use of shallow-rooted plant species in
agriculture,

- leakage from the Wimmera-Mallee stock and domestic channel

system.

In irrigated areas, accessions to the watertables from rainfall are
supplemented by accessions of irrigation water and seepage from the
earthen channels which distribute the water. Irrigation water, by
reducing the capacity of the upper layers of soil to absorb further water,
can predispose the land to accessions from rainwater. Ponding of water

on paddocks and in storage basins can further add to the accessions.

The watertables in some of the irrigation regions of northern Victoria are
also influenced by pressure levels in the underlying deeper regional
aquifers, the deep leads. These levels have risen as a result of accessions
not only from the irrigation areas but from the dryland areas to the south.
As a result, the Kerang irrigation region is now a zone of regional
groundwater discharge and water from the shallow aquifers can no longer
escape to the deeper groundwater system. In the Shepparton Region, the

deep leads can still accept recharge from above, but at a decreasing rate.

There is a lack of field measurements of the relative contributions to the
watertable in the irrigation regions from each of these sources: rainfall,
irrigation practices, regional groundwater flow and seepage from channels

and ponds.

The available data with which to assess the efficiency with which farmers
apply the irrigation water is inadequate. The limited measurements
suggest that the excess of water which reaches the watertable beyond
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that required to leach salts from the root zone, is low in the Shepparton

Regqion but could be significant in the Kerang area.

Exposure of Saline Subsoil

11.

Salt scalds are caused when erosion of topsoil exposes a saline subsoil.
This has occurred in parts of the Mallee. In this case, the erosion of the
topsoil has followed clearing of vegetation, over-grazing and

inappropriate cropping practices.

Decreased Diluting Capacity of Water Bodies

12.

Activities which reduce the capacity of water bodies to dilute their salt
content have resulted in an increase in the concentration of salt in the
water. Particular examples that have been drawn to the attention of the

Committee are:

- the diversion of water for irrigation and other uses from rivers,
including the River Murray.

- the installation of flood control works which have inhibited the

natural flushing of lakes in the Kerang Region.

Discharge of Saline Wastes

13.

Wastewater which contains significant quantities of salt is released from
drainage systems in irrigation areas of Northern Victoria to the River

Mirray or diverted to evaporative disposal sites. Thus the solution to one
aspect of the salinity problem may contribute to another. The disposal of
saline wastes from urban and industrial areas also adds salt to the

environment.

Cumulative Impacts

14,

The Committee has considered the cumulative impact of the foregoing

causes on the River Murray system and the Barwon Regian.
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River Murray

15.

The increase in the salinity of the River Murray with distance downstream
is a result of both natural and induced inflows of salt. Of the total
average inflow from Victoria of 700,000 tonnes of salt each year, over
half is induced, largely as a result of irrigation development in Kerang,
Shepparton and Sunraysia regions. Of the induced inflow, about one third
comes from the Barr Creek in the Kerang Region. The contribution from
salinity associated with rising watertables in the non-irrigated areas of
Northern Victoria is uncertain but could be about 10% of the induced
inflows. Whilst all of the Victorian sub-catchments of the Murray
contribute substantial quantities of salt, the concentrations of the inflows
generally increase to the west and the contribution from the discharge of
groundwater becomes more significant. About one third of the total
inflow of salt from Victoria is diverted back to Victoria in supplies of

irrigation water.

The relative influence of all these contributions on the water quality in
South Australia depends upon the point and concentration of discharge and
the intervening diversion of water from the River. This is currently being

assessed by the River Murray Commission.

Barwon River

6.

Stream salinity is widespread throughout the Barwon Region in southern
Victoria. In the Barwon River, increasing concentrations of salt are the
result, not only of natural input, but of induced salinity from earlier
clearing of forests, saline drainage associated with flood relief schemes
on lakes in the Colac district, and discharge from sewage treatment and

groundwater pumping.

PRESENT EXTENT (Chapter Three)

Soil Salinity

17.

Dryland salinity is observable over a combined area of 100,000 hectares in
Victoria. Saline scalds affect 60,000 hectares of land in the Mallee.
Saline seeps observably affect about 40,000 hectares. A further area of

about 40,000 hectares suffers some decline in productivity from seepage
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18.

salting or is now at some risk from rising watertables. Of the observable
seepage salting about 30% occurs on cropping land in the north west of
the State, 55% on grazing land in the Highlands, Western Plain and the
Dundas Plateau and adjacent areas of the south west, and 15% on cropping
and grazing land in catchments on the northern slopes of the Dividing

Range in central and eastern Victoria.

In the irrigation regions of Kerang and Shepparton about 140,000 hectares
suffer damage from salt. Almost 400,000 hectares of land are salt prone,
having saline watertables within 1.8 metres of the surface. This
represents about 70% of the Kerang Region and 20% of the Shepparton
Region. A drainage system now protects the Sunraysia Region from high
watertables. The Committee is not aware of salinity problems arising

from high watertables in the smaller irrigation schemes in Victoria.

Water Salinity

19.

20.

Groundwater salinities vary greatly throughout the State, but generally
increase from the east to the west. While localised increases may be
attributed to practices such as waste disposal or irrigation, the overall

extent of groundwater salinity that is due to man's activities is not known.

Streams in the east of the State are generally fresh, but those in the west

contain higher concentrations of salt.

In the River Murray, salinity levels rise progressively downstream, with
major increases at the confluence with the Loddon River and in the Red
Cliffs - Merbein Reach.

TRENDS (Chapter 4)

21.

Information provided to the Committee from many pecple indicates that
the salinity problem in Victoria is increasing. This is associated with a
long term trend in the rise in watertables in the western half of Victoria
and some north eastern areas as documented by Government authorities
and observed by many landhalders who presented evidence to the
Committee. On the other hand, the area of salt scalds, which are not

linked to rises in watertables, now appears to be static.
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22.

23.

24,

Seepage salting in dryland areas appears to be increasing in area at about
2% each year. The rate of increase is greatest in wet years. The Soil
Conservation Authority expects the salt affected areas to double on
average by the year 2000 if present trends continue. In the Mallee, a

tenfold increase in the affected area could occur.

In the northern irrigation areas, the past rate of rise in watertables has
been about 0.35 metres per year. In the Kerang Region the input of water
to the watertables now appears to be balanced by evaporation and
drainage losses, but the danger remains that in very wet years this

balance could be upset and peripheral dryland areas could be affected.

In the Shepparton Region, the pressure levels in the Deep Lead aquifers
are rising thereby reducing the capacity of water in the shallower aquifers
to drain away. Without further control measures, a major expansion of

salt-affected land could occur within the next decade.

The Committee has not received comprehensive data on salinity trends in
water bodies. Specific cases which have been brought to its attention

include:

- increasing concentrations of salt in lakes near Kerang,

- rises in the salt concentration of Rocklands Reservoir which
contributes to the Wimmera-~Mallee Stock and Domestic Supply
System.

For the River Murray, trends in the salinity of water are difficult to
assess due to the variable nature of the flow and salt loads. However the
concentration of salt in the water entering South Australia may have

increased in recent years at the rate of about 4 mg/L year.

ECONOMIC EFFECTS (Chapter 5)

25.

The economic effects of salinity result from damages caused by induced
salinity and the costs of remedial measures. The effects of salinity on
agricultural production, and on man-made equipment and structures have
economic consequences. The total cost of salinity to Victoria is about $50

million per year, of which $10 million is the current level of expenditure
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on salinity control. [If no further control measures are introduced, the

damage due to salinity is likely to treble within the next thirty years.

Damage Caosts

26.

21.

28.

29.

The annual loss in value of agricultural production in Victoria has been
estimated as $0.1 million due to salt scalds, $2.9 - $3.7 million due to
seepage salting in dryland areas, and $32 million due to high watertables
and salinity in irrigation areas. This corresponds to a loss in productivity
of 7% in the Shepparton Region and about 25% in the Kerang Region.
Without further control measures, the cost in dryland areas could double

and in the Shepparton Region could increase five fold within thirty years.

The cost of damage to household equipment in Victoria caused by supplies
from the Wimmera-Mallee distribution systems is $1.2 ‘million per year
and for supplies to other towns and cities in Northern and Western

Victoria is about $2 million per year.

Costs due to the weakening of road foundations by high watertables and
the effect of salinity on road materials may be significant. The additional
maintenance cost in the Bendigo, Ballarat and Horsham divisions of the

Road Construction Authority is $1.1 million.

Estimates of costs to South Australia due to high levels of salt in the
River Murray  are $2.5 million per year in the Riverland Irrigation Region
and $6 million per year for domestic and industrial water users. The
proportion of this cost which might be associated with inputs of salt from

Victoria has not yet been determined.

Abatement Costs

30.

Salinity control measures which have already been implemented in
Victoria include collective interception and disposal schemes for saline
groundwater and drainage water in Northern Victoria and on-farm
measures by landholders in both irrigated and non-irrigated regions.
Expenditure on both public and private schemes, financed through
government departments and on associated research and investigation in

Victoria, has been about $9 million per year in recent years. Unidentified
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expenses, pai;ticularly by individual farmers, may add significantly to this

sums.

HEALTH AND ENVIRONMENTAL EFFECTS (Chapter Six)

31.

32.

33.

Generally the effects on health of salinity in drinking water in Victoria
appear to be minor. The allowable concentrations of the various
chemicals that contribute to salinity in water are well established and
used by authorities to ensure that the water supply is of a satisfactory
quality. However, the Committee notes the increasing body of data which
suggests that elevated levels of sadium in the diet may contribute to
hypertension and mortality frbm vascular diseése. Sodium is not currently
listed in water quality objectives. The National Health and Medical
Research Council has recently recommended a ma;ximum level for
drinking water. This level is cux;rently exceeded in the water supplies to a

number of towns in western Victoria.

Rising watertables and salinity levels have affected terrestrial and
aquatic vegetation and hence wildlife habitat, particularly in northern
Victoria. Specifié examples which have been brought to the attention of

the Committee include:

- widespread death of trees in the marshes of the Avoca River as a

result of saline watertables,

- damage to trees in about twenty percent of the area of black box

forests in the Cohuna Forest District,

- damage to river red gum frontages along the Loddon River, Bullock
Creek and Barr Creek.

The contribution of high watertables to tree decline in non-irrigated areas

of rural Victoria may also be significant.

Wildlife habitat has been affected also by salinity control measures.
Artificial drainage in irrigation areas has been constructed through small
natural wetlands which, once drained, lose their value to wildiife. More

significant is the effect of disposing of saline effluent tn rstura)

(xxx)



depressions which then act as evaporation basins and can no longer

support freshwater dependent species.

SQOCIAL EFFECTS (Chapter Six)

34.

35.

36.

The Committee has been exposed to a depth of feeling and concern by
many landholders whose property or region is affected by salinity., It has
become apparent that the effects on individuals and their community are
substantially greater than might be suggested from the overall impact of

salinity on the national economy.

The affected landowner suffers, not only because of the immediate loss in
farm production but also because he is afflicted with a problem that is
inequitably distributed throughout the region, may have no guaranteed
solution that is within his power to implement, and is growing. In extreme
cases the reduced profit and high cost of any remedial works that might
be undertaken leads to despondency, stress and possibly social breakdown

as farmers are forced to live with declining returns.

These effects have been more evident in parts of irrigation regions than in
dryland regions of Victoria. The social effects of salinity are often
difficult to isolate from other problems affecting rural communities.
There is evidence that a combination of factors, including salinity, have
resulted in reduced opportunities for employment in some areas leading to
the departure of youth, reduction in service facilities and diminished

regional development.

SALINITY CONTROL TECHNIQUES (Chapter Seven)

37.

38.

Salinity control is currently directed at ameliorating the consequences of
salinity rather than at the causes. As a result, the problems continue to

grow.

The principal causes of salinity problems, that are associated with rising
watertables, can only be addressed by treating the preferential recharge

zone of the groundwater system or removing water from the aquifers.
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39.

40.

41.

42,

Treatment of a recharge zone requires selecting the most appropriate
combination of techniques for the particular location. It also requires

co-ordinating implementation throughout the recharge zone.

Of particular importance is the control over any changes in the use of
land in the recharge zone which may result in greater accessions to the

sensitive groundwater systems. Such practices may include:

- clearing of deep rooted vegetation

- excessive fallowing

- excessive application of irrigation water

- construction of unsealed water storages or channels

- inadequate drainage of floodwaters.

The response of areas, that are already salt affected, to the treatment of
the recharge zones will depend on the extent of treatment and on the
nature and extent of the affected groundwater system. For localised
systems, the benefits of treatment may be observed within several years.
For regional systems, the response time may be several decades, even
centuries. Thus, even with intensive implementation of techniques for
controlling recharge of groundwater, many of the salinity problems will

continue to yrow befare they begin to abate.

The effectiveness and economic viability of many of the techniques is still
uncertain. Preference must therefore be given to those techniques for
which there are associated benefits besides salinity control. [n dryland

agriculture these may include:

- tree planting, particularly in areas of low agricultural productivity,

- replacement of some shallow-rooted plants with deeper-rooted
species.

In irrigated regions they may include:

- various methods of water conservation,

- re-layout of land to facilitate surface drainage and water

application.
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43, Other techniques which should be available for future control of salinity,

as appropriate, include:

- sealing of water storages and conduits,
- groundwater pumping and tile drainage,
- surface drainage by constructed or natural drainage lines,

- re-allocation of irrigation water away from sensitive recharge

Zones.

44, The principal impediments to the greater application of the techniques of

recharge control on farms include:

- lack of awareness and concern about salting,

- lack of understanding of the mechanisms of soil salting and related
control measures,

- financial constraints,

- apparent inequities associated with the separation in distance and

time between the cause and effect.

45, The control of salinity would therefore be facilitated by providing for the

following in sensitive recharge areas:

- extended research and education programs,

- capacity to constrain the clearing of vegetation,
- encouragement of preferred farming practices,
- encouragement of tree planting,

- encouragement of relayout of irrigated land,

- transfer of entitlements for irrigation water.

4e. The potential of salinity problems to increase in the future justifies a
major expansion in the program of recharge control and a transition from
the current research phase to a broad-scale implementation phase.
However, because of the substantial uncertainties associated with many
of the techniques, intensively monitored trial schemes must often precede

the development of full scale programs.

47. Even in the event of widespread recharge control, there will remain the
need to dispose of saline wastes. These will result from the interception
of saline groundwater or surface drainage. The three possible forms of
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disposal are by evaporation on land, discharge to rivers during periods of

regulated flow, or transport to the sea.

REGIONAL STRATEGIES (Chapter Eight)

Northern Victoria

48.

49.

50.

51.

52.

The potential contribution to salinity problems in the region from dryland
salting in the Uplands of Northern Victoria is significant. A concerted
effort to control dryland salinity in the areas is therefore warranted at an
estimated additional expenditure over the next ten years of at least $5

million.

The protection of agricultural productivity in irrigation areas will involve
an accelerated program of on-farm measures. This will include the
encouragement of land layout, micro-irrigation of high value horticultural
crops and, in the Shepparton region, private groundwater pumping and
reuse. An expenditure by the public sector of an additional $40 million

over the next ten years is justified.

The protection of agricultural productivity in irrigation regions also
justifies further enhancement of surface drainage by, at least, improving
natural drainage lines in both the Kerang and Shepparton regions at a cost
of $10 million over the next ten years. The extension of the main

drainage system in the Shepparton region may also be warranted.

Despite the foregoing measures, the control of watertable levels will
require groundwater pumping. The concept of pumping in both Kerang
and Shepparton regions is endorsed but the Shepparton Scheme warrants
priority. The Strategic Study undertaken for the Committee has
vindicated the Shepparton Hybrid Scheme in principle and emphasised its

urgency.

The Strategic Study has demonstrated the lack of a long-term scheme for
proper disposal of saline wastes. These will result from the protection of
agriculture and the environment. The Committee accepts the principle of
a non-degradation policy for the River Mirray. It also agrees that river
dilution may provide the best short-term strateqgy for release of Victoria's

saline wastes. However, this can only be acceptable if a satisfactory
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53.

54.

55.

56.

57.

58.

59.

alternative disposal scheme is available for the longer term. The

immediate development of such a scheme is therefore imperative.

In the context of the Strategic Study, the Mineral Reserve Basins scheme
could provide a useful offset for discharges to the River Murray.
(Because this Scheme is currently the subject of litigation, the Committee

has refrained from making further comment).

Factors which should be taken into account in establishing a long-term
disposal strategy include the potential for salt harvesting. The potential
requirements for disposal by neighbouring States and the need for an
approach which is adaptable to changing conditions must also be
considered. The Committee notes that both disposal by a pipeline or by
evaporation will require the capacity to pond the wastes. A procedure by

which the community can select appropriate sites is therefore required.

The current .condition of the Kerang Lakes region is unsatisfactory.
Inadequate consideration in the past of the region as an inter-related
system has led to its degradation. There is a need to re-evaluate the
management of the Lakes region in the light of a broad strategy for

salinity control and water management in Northern Victoria.

The Barr Creek Catchment Study has provided a useful basis on which to
develop management plans for the area that are consistent with a broad
regional strategy. The development of the management plans should

preferably be led by the affected community itself.

The Mangiloc - Colignan scheme, which will create saline wastes, requires

re-evaluation in the context of the regional strategy.

Inadequate information on the Karadoc Swamp scheme is available to

permit assessment.

Resulting from the foregoing observations is a clear need for a more
sophisticated and comprehensive approach to the management of salinity
in Northern Victoria. In the past, neither the knowledge of the
interactions nor the perceived magnitude of the problems has encouraged

a basin-wide approach. Such reasons cannot be used as excuses in the

future.
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Other Regions

60. The two principal aspects of North West Victoria that require further
clarification are the desirability of converting parts of the
Wimmera-Mallee Stock and Domestic Channel System to a pipeline in
locations with permeable soils, and the development of agronomic

measures applicable on a broad scale.

61. In South West Victoria, the causes and effects of salinity are localised and
their management therefore depends upon co-operation between small

groups of landholders.

62. In the Barwon Region, the watertables are influenced by regional aquifers
and hydrological control over a large area may be required, coupled with

co-ordinated management of the land and water resources. )

GUIDING PRINCIPLES FOR IMPLEMENTATION (Chapter Nine)

63. Any arrangement for salinity control should:

- constitute an appropriate level of response,

- be durable,

- be adaptable,

- have the capacity to integrate salinity control with other aspects
of land and water management,

- have the capacity to view all aspects of salinity as components of a
single inter-dependent problem,

- use expertise and resources effectively,

- have the ability to involve all segments of the community,

- have the capacity for inter-governmental co-operation,

- be able to co-ordinate landholders effectively,

- provide appropriate incentives,

- involve the private and public sector in a balanced way.

ORGANISATION AND MANAGEMENT (Chapter Ten)

64. A major drawback to salinity control has been the fragmentation of
responsibility for it between government agencies. The responsibility is

currently divided between the Ministers of Agriculture, Water Resources,
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65.

66.

67.

68.

69.

70.

Minerals and Energy, Conservation Forests and Lands, and Planning and

Environment, and over twelve organisational units under these Ministers.

As a result, the capacity for an integrated salinity control program in the
State is limited. There is currently a lack of State-wide objectives and
policies, of a State plan for salinity control, of an integrated salinity
control budget, of overall evaluation and review of performance, and of a

co-ordinated research strategy.

The functional agencies operate effectively within their areas of
responsibility, but the lack of involvement by the Department of
Agriculture in dryland salinity, by the Land Protection Service in
irrigation regions, and by the Groundwater Branch of the Department of
Minerals and Energy in a functional capacity as part of a routine salinity

control program, constrains the use of the expertise unnecessarily.

The current arrangements for inter-departmental co-operation provide
effective exchange of information but lack a mechanism for the formal

co-ordination of action.

The only routine schemes for the co-ordination of action by landholders in
salinity control are the Group Conservation Projects of the Land
Protection Service. There is a need for similar schemes in irrigation

regions.

Community consultation in salinity control has been adequate to date but
there will be an increasing need for community-based initiatives. Local
government and local community groups have the potential to play an

important role in the management of salinity.

An organisational framework which would allow these points to be
addressed requires responsibility to be assigned for the preparation at the
State level of objectives, policies and plans for salinity control, the
capacity to ensure that the resulting strategy is implemented by the
appropriate agencies, and the preparation of regional and sub-regional
plans within which the action of agencies, landholders and other parts of

the community can be co-ordinated.
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PLANNING AND REGULATION (Chapter Eleven)

71.

72.

73.

74.

75.

Strategic planning for salinity control must take place at the State,
regional and local level, and incorporate objectives, implementation

schedules and associated research and education strategies.

Regional planning for salinity control should occur at the level of broad
catchments or irrigation regions, and should be closely integrated with

more comprehensive planning processes.

Sub-regional planning at the level of small sub-catchments is a necessary
requirement for the effective co-ordination of salinity control measures

on each farm.

Farm planning has the potential to ensure that salinity control measures
on a farm are integrated with other aspects of farm management and to

assist in implementation of the sub-regional strategies.

Regulations should only be applied where voluntary co-operation is
unlikely or will not be effective. The most effective and enduring
changes in land management by private landholders will result from
voluntary action in response to the provision of information and to

encouragement by other landholders.

However, further regulatory methods may be necessary to control certain
practices, such as the clearing of vegetation, to facilitate the transfer of
water entitlement, and to encourage changes in some practices at the

required rate.

EDUCATION, EXTENSION AND COMMUNITY AWARENESS (Chapter Twelve)

76.

A community-wide scepticism about the capacity to manage salinity is
largely based on an inadequate understanding of the salinity problem and
its possible solutions. This must be addressed by providing not only
adequate advisory services to farmers but also an effective community
education campaign based on well-developed programs for salinity

control.
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71.

78.

79.

80.

81.

82.

83.

Because salinity control depends upon voluntary action by many
landholders, the availability of adequate information and advice to them
is essential.

Currently, advisory services are provided by the Department of
Agriculture, Rural Water Commission, Department of Minerals and
Energy, LLand Protection Service and Forest Extension Service of the
Department of Conservation Forests and Lands, and the Ministry for
Planning and Environment. The Land Protection Service has particular
responsibility for extension services in the dryland agricultural areas and
the Department of Agriculture and Rural Water Commission has
particular responsibility in the irrigation areas. The education
institutions, local government, community groups, media organisations,
and commercial organisations also play an important role in the provision

of information to the community.

Already much has been achieved with the growing awareness by
landholders but in some areas there is still a lack of recognition of the

problem and lack of awareness of solutions.

Group action by landholders must be encouraged. At present the Group
Conservation Projects of the Land Protection Service in dryland
agricultural areas appear to be satisfactory but there is no corresponding

arrangement in irrigated areas.

There is a need for greater co-ordination by agencies so that advice is
linked to integrated plans of action and is not conflicting. There are
possible advantages in amalgamating the extension services of the
Department of Agriculture and the Rural Water Commission in irrigation

areas.

There is also a need for the expertise of each agency in the development
of salinity control schemes at the farm level to be available to farmers in

an integrated form.

Most of the foreseeable requirements for extension work by agencies can

be met by existing resources unless some augmentation is justified.
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84.

85.

86.

The future success of advisory services will be dependent on a rnajor
research effort which must be closely linked to the extension work of the

agencies.

Environmental education in schools and other educational institutions
could further assist the understanding by the community of the salinity
problem. The contribution by government agencies to the school
programs could be further assisted by greater co-ordination between the

agencies.

There is a lack of understanding and awareness of salinity as a major
problem by the general community, particularly in metropolitan areas.
This will inhib't action by government and landholders and warrants an

intensive community education program at the state and regional level.

RESEARCH AND INVESTIGATION (Chapter Thirteen)

87.

88.

89.

Lack of relevant information is a major impediment to the control of
salinity. An effective research and investigation program is therefore one

of the highest priorities for the immediate future.

Further research into many aspects of the management of salinity is

warranted. The most important deficiencies in understanding are:

possible changes in the severity and extent of salinity problems,

- environmental and social impacts of salinity,

- location of preferential recharge areas for the groundwater bodies

associated with salinity problems,

- the effectiveness and economic viability of alternative cropping
and soil management systems and of reforestation to counteract

salinity,

- suitable means of disposing of saline wastes.

Five State Government agencies now undertake research and investination

into aspects of salinity directly involving about twenty five professianal
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90.

91.

92.

93.

94,

95,

staff. There is little research into salinity by organisations outside the
State agencies.

The effectiveness of the State's research effort is impeded by a lack of
strong co-ordination between the agencies in setting priorities and

objectives for salinity research, rationalising research facilities, and

seeking funds.

The scope of the research reflects the professional base of the agencies,
and does not include adequate social, economic, and environmental

investigations.

Rapid access to research results by other organisations, extension

officers, landholders and the community in general is essential.

There is a need to facilitate innovations in salinity control not only by
Government agencies but also amongst landholders and the commercial

sector. Field trials should be encouraged and adequately monitored.

The monitoring of changes in the extent and severity of salinity problems
is currently inadequate to enable a reliable evaluation of the success of

the State's salinity control measures.

An increase in research funding above the present level is warranted over

the next 5-10 years to allow the research program to be intensified.

FUNDING (Chapter Fourteen)

96.

97.

Because many of the current salinity problems are the result of past
actions taken in ignorance of their consequences and with the support of
the community, an equitable arrangement for salinity controll will involve

funding by governments.

To date, farm-based works which may contribute to the control of salinity
have been financed largely from farm income and normal sources of
credit. Frequently, the motivation for undertaking such works has not

been the control of salinity but rather the immediate benefits for farm

production.

(XLi)



98.

99.

100.

101.

102.

103.

Existing financial incentives for farm-based measures include taxation
concessions, concessional loans under the Water Management Loans
scheme, the farm improvement provisions of the Rural Adjustment
Scheme, the Land Form Loans scheme of the Commonwealth
Development Bank, and grants for erosion control works and tree growing.

Some augmentation of these is justified.

A broader interpretation of the Income Tax Assessment Act is warranted
to ensure that investments in specified salinity control techniques are

eligible for inclusion as tax deductible items.

Taxes on specific items are not, at this stage, an appropriate means of
discouraging farmers from undertaking activities which may contribute to
salinity problems. Nor can a rise in the price of irrigation water be

justified solely for the purpose of salinity control.

In some circumstances, purchase by the Government of private land that

is in a sensitive recharge area will be warranted.

Public expenditure on salinity control measures, including capital works,
farm-based incentives, a 'buy back' program, extension and education,
research and investigation, and planning and administration can justifiably
be increased. However, much can be achieved by more effective use of
current resources and the necessary increase is not expected to be

excessive.

Funding of salinity control measures by direct allocation from the Federal
Government will remain an important source of finance for salinity
control and should be sought through a more co-ordinated approach from
the State,

INTER GOVERNMENTAL CO-OPERATION (Chapter Fifteen)

104,

Co-operation between the Victorian Government and the Governments of
other States and the Commonwealth is important for salinity control
because Victoria shares the Murray Basin with other States, the
management of similar types of problems in each State can benszfit from
the sharing of information and expertise, and there is a need to identify
and address naticnal priorities.
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105.

106.

107.

108.

109.

110.

111.

Already there is substantial routine co-operation through the River
Murray Waters Agreement, through Ministerial Councils and their

supporting committees and through joint research projects.

Funding of salinity control projects through the Federal Government or
River Murray Commission represents an aspect of co-operation. Direct
funding between States in compensation for damage by salinity may be
advantageous in the future when knowledge of the mechanisms of salinity

are better known.

Management of the Murray-Darling Basin could be improved by:

extending the role of the River Murray Commission,

- forming a Murray Basin Forum ' of representatives from
Government and non-Government organisations to disseminate

information and pfepare policy proposals,

- developing Salinity Control Strategies by all States in the Murray

Basin,

- establishing a comprehensive collection of data on land and water

resources of the Basin.

Co-operative research and investigation into a joint strategy for the

disposal of saline waste is warranted.

Further joint research projects between Victorian agencies and those of
other States would be advantageous and could involve the exchange of
research staff, sharing of research facilities and contracting by one State

to an institute in another State.

The development _of national priorities for salinity research should be

linked to a salinity control strategy for the Murray Basin.

There are also opportunities for education and training expertise in

salinity control to be exchanged between States.
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RECOMMENDATIONS

SALINITY CONTROL TECHNIQUES

R1.

Rz.

R}.

R4.

RS.

Salinity control programs should place greater emphasis on addressing the

causes of salinity problems by controlling recharge of groundwater
systems.

Relevant government agencies should develop the capacity for routine
determination of preferential recharge zones as part of land capability

surveys.

Codes of preferred farming practices appropriate to sensitive recharge
zones in dryland and irrigated regions should be developed as guidelines

for land users and managers.
As part of the current Inquiry into the Timber Industry, the opportunity
for encouraging commercial plantations in sensitive recharge areas should

be investigated.

The capacity to transfer water entitlements from sensitive recharge

zones in irrigation areas should be introduced.

REGIONAL STRATEGIES

Northern Victoria

" R6.

R7.

R8.

The results of the Committee's Strategic Study should be used by the
Government as a basis upon which to develop a long-term strategy for

salinity control in Northern Victoria.

Within the next ten years expenditure of an additional $8 million per year

should be provided.from the public sector for salinity control in Northern

Victoria.

Priority should be given immediately to the investigation and

implementation of the Shepparton Hybrid Scheme, and the Barr Creek

Catchment Strategy.
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R9.

R10.

R1l1.

R12.

The development of a long-term strategy for disposal of saline wastes
should commence immediately and the results should be part of the
overall strategy for waste disposal to be discussed by the River Murray

Commission.

Subject to agreement within the River Murray Commission, the principal
of river dilution as an important part of Victoria's strategy for disposal of

saline wastes in the short term future should be adopted.

Community based development of management plans for the Barr Creek
Catchment and the Kerang Lakes Region should be encouraged

immediately.

Further consideration should be given by the Water Commission to
opportunities for flushing Lake Charm to the River Murray during periods
of surplus river flows, thereby avoiding the need to backflush to Cullens
Lake.

Other Regions

R13.

R14.

Sealing or piping of the Wimmera-Mallee Stock and Domestic Supply
System in regions of permeable soils should be given urgent consideration

by the Rural Water Commission.

Development of land management techniques to combat salinity in the
Mallee Region should be given high priority by the Land Protection

Service and the Department of Agriculture.

ORGANISATION AND MANAGEMENT

RlS’

R16.

A Victorian Salinity Control Board should be established for an initial
period of five years to recommend and review State policies and
objectives for salinity control and to ensure that the policies and
objectives are achieved through co-ordination of the activities of

functional agencies and through community-based action.

The Salinity Control Board should consist of part-time members
representing government agencies and sections of the community oo

should be the responsibility of a single Minister.
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R17.

R18.

R19.

R20.

R21.

A government agency should be designated as the ‘'principal agency'
responsible for assisting in the day-to-day co-ordination of salinity
control activities and for providing technical and administrative

assistance to the Salinity Control Board.

The Land Protection Services should be transferred to the Department of
Agriculture and the resulting Department of Agriculture and Land
Protection designated as the 'principal agency' for salinity control, and its

Minister as the responsible Minister.

If that transfer does not take place, the 'principal agency' should be the
Department of Agriculture and the responsible Minister the Minister for

Agriculture.

Section 3 of the Land Utilisation (Amendment) Act 1981 should be
changed to permit the operation of the Land Protection Service in
constituted irrigation districts, and officers of the Land Protection
Service should then be available to provide advice and assistance in

establishing group conservation projects in irrigated regions.

The Groundwater Branch should be provided with additional resources to
enable it to fulfil its vital role in salinity control, and it should be
transferred from the Department of Minerals and Energy to the
Department of Water Resources to facilitate the involvement of the

Branch in the management of groundwater problems, including salinity.

PLANNING AND REGULATION

R22.

R23.

R24.

The Salinity Control Board should be responsible for ensuring that
appropriate planning for salinity control takes place at the State, regional

and local levels.

A State Salinity Control Strategy should be prepared by the Salinity

Control Board and form a component of more broadly based State

Strategies.

The preparatnon of regional, sub-regional and farm plans for salinity
control should be facilitated by assistance from government agencies

co-ordinated through the Salinity Control Board.
) (XLvii)



EDUCATION, EXTENSION AND COMMUNITY AWARENESS

R25.

R26.

R27.

R28.

R29.

R30.

R31.

There should be further development of the group conservation programs
in dryland areas and the introduction of corresponding approaches in

irrigation areas, based on the preparation of sub-regional plans.

The 'principal agency' for salinity control should co-ordinate advisory

services in both irrigated and non-irrigated regions.

The farm advisory services of the Irrigation Services Division of the Rural
Water Commission should be amalgamated with those of the Department

of Agriculture.

A multi-disciplinary salinity control field team should be formed for the
dryland reqgions and another for irrigation regions. The field teams will
provide an integrated source of advice for farmers on the management of
salinity problems and will assist extension officers operating within

separate agencies.

Education authorities should recognise the place and importance of

salinity control in environmental education programs at all levels.

Government agencies should co-ordinate their contributions to schools of

education material on salinity problems and their control.

A well publicised community education program should be established at
the state and regional level and co-ordinated through the Salinity Control
Board.

RESEARCH AND INVESTIGATION

R32.

R33.

Salinity research by State Government organisations should be
co-ordinated through a Salinity Research Co-ordination and Advisory
Committee which should report to the Salinity Control Board. This
Committee should include representatives from State Government

agencies and other relevant research organisations.

A State Salinity Research Strategy should be prepared by the Salinity
Control Board as a component of the State Salinity Control Strategy.
(XLviii)



R34.

R35.

R36.

R317.

The Tatura Irrigation Research Institute of the Department of Agriculture
should be established as a major centre for research into salinity of both
irrigated and non-irrigated regions. It should continue to be managed by
the Department of Agriculture, and staffed not only by officers of that
Department but also by officers seconded from the Department of
Conservation Forests and Land, Rural Water Commission and Department
of Minerals and Energy, and augmented by socio-economic expertise. A
visiting scientist program should be established and international leaders
in salinity research encouraged to work at the laboratory for a suitable

period.

Research into salinity by organisations outside the State Government,

should be stimulated by engaging in corporative research projects.

Monitoring of salinity should be co-ordinated through the Salinity Control
Board, and include systematic measurement of the salinity of
groundwater, rivers and wetlands and of groundwater levels. The question
on the Agriculture Census requesting farmers to provide an estimate of

the extent of salinity should be retained.

A compatible data base for all information on the groundwater system
collected by Government Agencies should be established by the

Groundwater Branch.

FUNDING

R38.

R39.

An extended Salinity Loans Scheme should be established for farmers in
irrigated and non-irrigated regions. It should operate for an initial period
of five years, and be implemented by the Rural Finance Commission using
criteria formulated in association with the Salinity Control Board. The
availability of loans at concessional rates should take into account the
likely contribution that the measures will make towards mitigating
salinity problems, the participation of the farmer in a group project, the
extent of farm planning that has been undertaken, and the ability of the

farmer to pay for the measures by other means.

A Salinity Grants Scheme should be established for an initial period of
five years to offset the cost of farm plans in designated areas, to promote

group. conservation projects, to encourage innovation in salinity control,
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R40.

R41.

and to encourage field trials and demonstration projects. The criteria for
the provision of the grants should be established by the Salinity Control
Board and funds should be administered by the 'principal agency’'.

Provision should be made by the Government for a ‘buy back' scheme to
enable further purchase of private land located on sensitive groundwater

recharge areas.

Government funding for salinity control in Victoria should be co-ordinated
through the Salinity Control Board. The procedure should include the
preparation of an integrated budget by the Board, a co-ordinated
approach through the Board and the Department of Management and
Budget to the Federal Government for funding as appropriate, and the
allocation of funds through the Board to each functional agency to finance

its salinity program.

INTER GOVERNMENTAL CO-OPERATION

R42.

R43.

The Victorian Government should explore with the Governments of
neighbouring States and the Commonwealth the means whereby the
deficiencies of the River Murray Waters Agreement as a mechanism for
co-operative management of the Murray-Darling Basin could be

overcome.

The Victorian Government should seek an expansion of the role of the

River Murray Commission such that:

. land management agencies can contribute more effectively to its
deliberations,

. Queensland is represented at its meetings,

. it has the capacity to require member States to provide

information on relevant characteristics of their land and water

resources,

. member States are required to notify it of any actions which may

affect the water quality of the River Murray,



R44.

R45.

R46.

R47.

R48.

R49.

. representatives of the community in the Murray-Darling Basin can

participate in the meetings of the Commission.

The Victorian Government should encourage the Federal Government to
establish and support a Murray Basin Forum to be composed of

representataives from Government and non-Government organisations.

The Victorian Government should seek the responses of the New South
Wales, South Australian and Federal Governments and the River Murray
Commission, to the Committee's Strategic Study on Salinity Control in
Northern Victoria as a basis for the further development of a salinity
control strategy for Northern Victoria. It should also urge the River
Murray Commission and the neighbouring étates to develop and
co-ordinate similar types of strategies for the management of land and

water salinity.

The River Murray Commission should be requested to establish and

maintain a comprehensive collection of data on the characteristics of the

land and water resources of the Murray Basin.

A joint strategy for the disposal of saline wastes in a sustainable manner
should be established by the River Murray Commission as a matter of

priority.

The development of a Victorian Strategy for salinity research,
should take into account and promote the opportunities for joint research
between Victoria and other States.

Consideration should be given to the opportunities for the use of common
educational material on salinity by States and the establishment of
common training programs for staff and landholders involved in salinity

control.



TERMINOLOGY

GOVERNMENT AGENCIES

During the period over which this Inquiry took place, substantial restructuring of

State Government departments occurred.

The Department of Conservation, Forests and l_ands was formed. Within that
Department the functions of the Soil Conservation Authority are now part of the
Land Protection Service, and the functions of the Forests Commission of Victoria

are the responsibility of the State Forests and l_ands Service.

On 1 July, 1984 the State Rivers and Water Supply Commission ceased to exist. Its

functions are currently the responsibility of the Rural Water Commission.

In this report, where a submission to the Committee is quoted, the name of the
organisation at the time of making the submission is used. In discussing future

arrangements for salinity control, the new name of the organisation is adopted.

RFCHARGE ARFAS

The report makes frequent reference to 'recharge areas'. These are areas of land
through which a disproportionate amount of water enters the underground water
bodies. The capacity of a recharge area to take in the water is influenced by
various factors including the permeability of the soils, the structure of the surface
and sub-surface layers, the type of vegetation and manner in which the land is
managed. Recharge areas play an important role in the development of many

salinity problems.

ABBREVIATIONS

ML megalitre
mg/L milligrams per litre

ha hectare (100 ha = 1 square kilometre).
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PART I

THE SALINITY PROBLEM

Part I (Chapters 1 - 6) contains the Committee's assessment

of the causes and the effects of salinity problems in Victoria
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1.1.

1.2

CHAPTER ONE
THE NATURE OF SALINITY

INTRODUCTION

In this chapter the characteristics of salinity are briefly outlined, and the
movement and accumulation of salt in the environment explained. This
provides a technical background to the subsequent chapters in which the
interaction between land and water use and the movement of salt are

discussed.

WHAT IS SALINITY?

Salinity is commonly referred to as the presence of harmful quantities of
salts within soils and water bodies. The relative proportion of the
components of these salts differs from place to place but they generally

contain the following major ionic species:

Sodium
Potassium
Calcium
Magnesium
Chloride
Carbonate
Bicarbonate
Nitrate
Sulphate

1.2.1 Water Salinity

A measure of salinity is the concentration of these major ions in
water. Throughout this report, the concentration is expressed as
milligrams of total dissolved salts per litre of solution (mg/L).
Another common measure of salt concentration is the electrical
conductivity of the solution at 25°C. This may be measured in micro

Siemens per centimetre (uS/cm). The approximate relationship



1.3

between electrical conductivity (EC) and total dissolved salts (TDS)
is:

(Electrical conductivity) x 0.6 = (Total Dissolved Salts)

The following salinity classifications have been suggested by the

National Water Resources Council and are used in this report:

Class of Water Salinity

TODS (mg/L) EC (uS/cm)
Fresh Less than 300 Less than 500
Marginal 300-600 500-1000
Brackish 600-1800 1000-3000
Saline Greater than 1800 Greater than 3006

1.2.2 Soil Salinity

Soil salinity is usually measured by the concentration of salts in the
solution extracted from a soil sample which is saturated with water.
In Australia, soil salinity is often expressed as a weight of soluble
salts in a unit weight of dry soil or as a percentage. Surface soils are
said to be saline when the sodium chloride content exceeds 0.1% for

loams and 0.2% for clays.

HAZARDS OF SALT

The acceptability of certain salinity levels depends on the proposed use of
water or soils. These levels have been tabulated in Chapters 2 and 6 of
ACIL Australia (1983).

1.3.1 Human Health

High concentrations of salt affect the acceptability of water and
certain levels can cause illness. The possible contribution of long

term consumption of lower concentrations is noted later in this

Report.



1.3.2

1.3.3

1.3.4

1.3.5

Animals

Livestock may suffer from excessive salt concentrations in their
drinking water as well as from the toxic effects of specific salts.
Unsuitable drinking water may interfere with reproduction and
certain animal products, such as milk, may become contaminated

with specific toxic chemicals.

Plants

Plant growth and production can be reduced by salinity in three
ways. First, excessive concentration of salt in the soil's water can
reduce the uptake of water by the plant. Affected plants are unable
to utilise all the water that is available in the soil and, unless
frequently watered, wilt and die. A second effect is the toxicity of
specific types of salts that are absorbed by plants. For example,
fruit trees are susceptible to sodium and chloride ions. Salt can also
affect plants by action on the soil itself. Salt accumulation in the
soil can lead to dispersion of the soil aggregates upon watering. Such
soils become sealed and may limit the infiltration of water.
Consequently, low water penetration or slow drainage through the

soil may reduce plant growth.

Ecosystems

By directly affecting the functioning of some biota in an ecosystem,
such as a river, lake or wetland, an increase in the concentration of
salts can result in modifications to the ecosystem as a whole.

Domestic and Industrial Equipment

Salt dissolved in the water supply can contribute to problems of

hardness, the corrosion of appliances and scale formation.



1.4

L.5

1.3.6 Road Materials

There is some evidence to suggest that common salt (sodium chloride)
in high concentrations can reduce the strength of lime stablised road

materials.

SOURCES OF SALT

The major sources of soluble salts in inland Victoria are weathered rock,
wind borne oceanic salts (cyclic salts) and salt that has remained in the
landscape after the recession of marine waters during past geological

periods.

Broadly speaking, there are two zones in which significant amounts of salt

are known to be found in Victorian soils and rocks, namely:

(a) The unsaturated strata which lie above the watertable, and

(b) The saturated strata containing salty groundwater.

THE NATURAL MOVEMENT OF SALT IN THE ENVIRONMENT

1.5.1 Water and Hydrochemical Cycles

The naturally occurring soluble salts are transported and
redistributed through the landscape in water. The movement of salt
is therefore intimately associated with the water cycle which is
illustrated in Figure 2, and its counterpart, the hydrochemical cycle,
shown in Figure 3. When rain falls on the land a small proportion,
about 0.8% when averaged over Victoria, percolates through the
surface layers and recharges the underground water. The rest either
evaporates, is transpired by plants, or flows along the surface into
streams. The water which has infiltrated into the surface may leach
soluble salts from the unsaturated zone. This water, carrying the
salts, then moves into the saturated layer and through the aquifers so
that it ultimately discharges to the land surface at a lower position in

the landscape, or into streams, lakes and other wetlands.
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1.5.2 Groundwater Flow

Both localised and regional movements of groundwater are
responsible for the transport of salt. The regional pattern of
groundwatef flow in Victoria is shown in Figure 4. In its submission
to the Committee, the Department of Minerals and Energy described
the groundwater flow in northern Victoria. In a manner similar to
that used for surface drainage systems, the groundwater system can
be subdivided into basins or "catchments". In northern Victoria the
groundwatei‘ system consists of the Highlands Province and the
Murray Basin. The Highlands Province in the Great Dividing Range
comprises a series of connected groundwater basins. The Murray
Basin is one groundwater basin. It is roughly circular in shape and
"spans parts 6f Victoria, New South Wales and South Australia. The
groundwater can flow from parts of the Highland Province to the
Murray 3asin. Major sites of groundwater recharge are near the
southern and eastern margins of the basin and discharge occurs

towards the basin's centre in north-western Victoria.

The Murray Basin itself is composed of the Mallee region, where most
of the strata were deposited under a sea, and the Riverine Plains to
the east. In the Mallee region, the principal shallow aquifer is a
continuous sand sheet (the Parilla Sand) where the discharge sites of
v'the natural watertable form widespread salt lakes and gypsum flats.
In places, this regional watertable is overlain with a clay deposit
which can cause localised perched watertables. The aquifer systems
of the Rivver“ine Plain are more complicated. A shallow regional
aQuifer system, the Shepparton Formation occurs in the top 1.5
metres and overlies the principal aquifer, the Calivil Formation. The
lower Calivil Formation comprises permeable deep leads, the location

of which is shown in Figure 5.
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1.5.3 Stream Flow

In streams, the groundwater component forms the base flow. The
effect of this groundwater discharge on the quality of water in the
stream depends upon the proportion of total stream flow that is
attributable to groundwater, and the proportion due to direct run-off
of rainwater from the surface and the associated salt load of each
component. The salt can be further transported in the streams to
other locations. The pattern of river basins in Victoria is shown in

Figure 6.

THE ACCUMULATION OF SALT

The concentration of salt within the soil or groundwater can increase as a

result of several processes:

(a) leaching of soluble salts by water passing through the above strataj or
(b) evaporation of water by the sun's energy; or
(c) extraction of water in the soil by the roots of vegetation.

These mechanisms can contribute to the salinisation of inland water bodies
and of soils. In the case of soils, evaporation of the discharging groundwater
at the surface can cause accumulation of salt not only on the surface but

also to a depth of several metres.

NATURAL SALINITY

The natural distribution of inland salt is broadly reflected in the salinity of
groundwater as shown in Figure 7. The highest concentrations of salt
located in the north-west of the State are associated with low rainfall and
marine sediments that occur in the Mallee. Less saline groundwater in the
east reflects the higher rainfall which more rapidly replenishes the
groundwater in that region with freshwater. Between these two regions, the
groundwater contains salts at varying concentrations depending on the

parent material and the weathering processes associated with the geological

and climatic history.

12
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less than I000 mg/L Total Soluble Salts
000 - 7000 mg/L Total Soluble Salts
7000 - 14000 mg/L Total Soluble Salts

greater than 14000 mg/L Total Soluble Salts

Source:Adapted from Department of Minergls and Energy
“Groundwater Resources of Victoria”



Natural expressions of salinised land (primary salinity) in Victoria include
salt flats where the watertable of the salty groundwater is sufficiently close
to the surface to affect the vegetation, and salt pans which represent the
more or less permanent outcrop of the watertable. The combined area of
these forms of natural salinity within Victoria has been estimated to be

about 100,000 hectares. (Standing Committee on Soil Conservation, 1982).
Another form of natural salinity is the coastal salt marsh where the saline

watertable, directly affected by the sea, is clase to or at the surface. The

area of these along the Victorian coastline has not been estimated.

15
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CHAPTER TWO
TYPES OF SALINITY PROBLEMS AND THEIR CAUSES

INTRODUCTION

Salinity problems that are caused, directly or indirectly, by human activities
are referred to as induced or secondary salinity. They are thereby
distinguished from natural or primary salinity, which was described in the

previous chapter.

In parts of Victoria, human activities have resulted in elevated levels of salt
in the groundwater system, rivers and streams, lakes, wetlands and
reservoirs, and in the soil of irrigated and non-irrigated agricultural regions.
As a result, the functions of these resources have been impaired. The
principal causes of these salinity problems are activities which contribute to
the mobilisation, accumulation or exposure of salt which is already in the
landscape. Of particular importance are those activities which cause either
watertables to rise, the diluting capacity of water bodies to be reduced,
saline subsoil to be exposed or saline wastes to be discharged. These factors

are illustrated in Figures 8 and 9.

In this chapter, the foregoing types of induced salinity problems are

described and the available data on their causes summarised.

GROUNDWATER

Figure 9 indicates the important role of groundwater in most salinity
problems. A rise in the salinity of groundwater can directly impair the
usefulness of the water for agricultural and other purposes. As described in
the following sections of this chapter, it can also contribute to the salinity

of surface water bodies and of soil to which the groundwater discharges.

Human activities can cause the salinity of groundwater to increase by (a)
affecting the rate of recharge and associated movement of soluble salts
from the unsaturated strata, (b) causing saline groundwater in one aquifer to
mix with groundwater of a lower salinity in a neighbouring aquifer, or (c)

introducing saline wastes into the groundwater system.

- 16 -



_LL..

to groundwater (by direct interception and re-evaporation on

foliage and by transpiration) to volurmes that can be removed

by regional groundwater flow.

Oryland grazing, removal of native
vegetation permits increased flow
of rainwater to groundwater.
( Groundwater accession)

Perched
cqulifer

Shallow
oquer

—River — Natural saline lake

Dryland cropping &
Grazing.

Deep

aquifer
L

Source :

e "o .
d PR IAR]
. )

?}‘.3’ . yJ\,‘ .
. ’A‘.,” .",
I s AN

Saline scald caused by
wind erosion of topsoil

LRI Impermeable s

after removal of native
vegetation, exposing saline
subsoil.

.

.
>

-
- .

. . .,
. . o,

Increased accessions here .

Regional deforestation may-—
increase accessions to deep
aquifers and increase
hydraulic pressure and
upward groundwater move-
ment in shallow aquifers.

Saline lake size increases
as water-table rises.

Connection may or may not exist—

Gutteridge, Haskins and Davey (1983)
"The Application of Salinity Control

Techniques in Victeria."

— Mobilise ground- Situation exacerbated fn Rainfall picks up salt
water here. irrigation area by addition from surface.
Mobilised ground- of water to surface, some
water picks up of which adds to the water

Direct accession from water-

salt. table. Channel seepage also table to rivers and drains

adds to water- table.

Removal of deep rooted native vegetation, replacement
with shollow rooted annual crops decreases total
transpiration rate and allows water-table to rise

within critical 2-Om of surface.

7 -\
FeyvR

Salt desposits

Figure 8. Causes of Salinity Problems.



81l

ON SALINE SUBSOIL ZONES

Removal of topsoil

Erosion of topsoil to expose saline

subsoil

protection by clearing of
vegetation , overgrazing

ON GROUNDWATER RECHARGE ZONES

Application of irrigation water

Seepage from water channels,
ponds etc.

Replacement of forests
with shallow rooted plants,

fallowing

IN RIVERS, STREAMS, LAKES

Diversion of water from
river

Reduced flushing with
fresh water

Increased and
accessions watertables
to saline

watertable

Reduced diluting
>

etc.

Figure

capacity of
rivers , lakes

?.

vwwm Q
&2 )
O 3 -
Qoo 0
® o
v v
SURFACE
WATER

Principal Causes of Induced

GROUNDWATER

Rise in salinity

Saline
waste
discharge

aul|og

Salinity
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The Committee has concerned itself in particular with the first of these

factors because of its widespread significance. Factors which increase the

rate of rechange to the groundwater are discussed in Sections 2.6 and 2.7.

2.3.1

2.3.2

RIVERS

General

Rising salinity levels in rivers and streams can reduce their

usefulness as a supply of water and can also affect aquatic biota.

Increases in the concentration of salt in rivers and streams can be

due to any of the following factors:

* Natural seasonal variations in river flow and in the relative

proportions of groundwater and surface inflows.

* Increased discharge of salt in surface water or groundwater

following catchment clearing and other land use changes.

* Discharge of saline wastewater from, for example, irrigation

areas, industrial activities, and sewage treatment plants.

* Reduced dilution as a result of upstream diversion of water.

* The construction of weirs and dams on the river causing a rise
in water level with increased pressure on the underlying
groundwater which may force saline groundwater into the

river downstream.

The Committee has considered the specific cases of salinity in two

river systems:- the River Murray and the Barwon River.
River Murray

The contributions of salt from various sources are shown in Figure 10

and Table 2.1. The information has been drawn from ACIL Australia



(1983), Maunsell and Partners (1979) and evidence presented by

officers of the South Australian Government.

TABLE 2.1

Indicative Salt l_oad Budget for River Murray

Thousand tonnes per annum

Input Removal Prevention
(Irrigation & Town)
Supplies
CATCHMENTS ABOVE. 145
ALBURY
GOULBURN, CAMPASPE,
BROKEN, OVENS RIVER
CATCHMENTS
- Natural 117
- Natural & Irrigation induced 129 53
LLODDON & BARR CREEK
CATCHMENTS
Natural & Irrigation induced 210 115 30
MALLFF. & SUNRAYSIA
- Natural 65 24
- Irrigation induced 190 44 31
NEW SOUTH WALES
Natural & Induced 900 221 48
SOUTH AUSTRALIA
Natural & induced 500 270 197

Sources: See Figure 10

20
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All tributaries of the River Murray add salt because of natural
processes such as weathering. In the highlands, a total of 200,000
tonnes of salt are contributed annually by catchments above Albury
and the Ovens River. However, because the amount of salt is diluted
with large volumes of water the salinity levels of the water are low.
The pristine catchments on the Campaspe and Goulburn contribute up
to 62,000 tonnes salt per annum. The natural contribution of salt in
the groundwater which flows into the river is substantial. In the
Mallee region alone, 65,000 tonnes are contributed each year.
Similarly in South Australia, the groundwater flow system allows

250,000 tonnes to seep in annually.

As a consequence of agricultural activities, the inflows of salt have
increased. The major increases have been due to irrigation drainage,
and seepage from groundwaters under irrigation areas. In Victoria,
about 400,000 tonnes of salt could be attributed to all the irrigation
districts. This total includes the major point source, Barr Creek,
which contributes 160,000 tonnes of salt to the River Murray per

annum.

New South Wales contributes 900,000 tonnes of salt per annum
through natural and induced flows of salt in groundwater and rivers.
South Australia contributes 200,000 tonnes of salt from irrigation
drainage and another 50,000 tonnes due to the effect that river

structures have on local groundwater flow.

The relative influence of all these contributions on the water quality
in South Australia depends upon the point and concentration of
discharge and the intervening diversion of water from the River

Murray. This is currently being assessed by the River Murray

Commission.
Barwon Region
In its submission to the Committee, the Geelong and District Water

Board outlined the salinity problems of the Barwon region. Stream

salinisation is a widespread phenomenon throughout the Barwon
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region which contains a number of remnant lakes and salt pans. A
majority of these lakes have no natural outlets so have become saline
due to evaporation. Saline springs and swamps are also common and
widespread clearing of land since settlement may have aggravated
the salinity problem. In the middle reaches of the Barwon River, salt
loads are further increased by receipt of saline drainage from two
schemes (l.ake Colac/Lough Calvert Scheme and l.ake Corangamite
Reclamation Scheme) constructed to relieve flooding around the
margins of lakes in the Colac district. Thus salinity in the Barwon
River system originates from diverse sources, with 41% of the total

salt load originating from the drainage schemes.

Other sources of salinity are the Ballarat Sewerage Authority and
groundwater pumping from the quarry of Australian Portland Cement
Limited. Both of these organisations have Environment Protection

Authority licences.

LAKES AND WETL ANDS

Lakes and wetlands can be influenced by secondary salinity as a result of

increased inflows of saline surface water and groundwater.

In addition, evaporation of water from lakes concentrates the salt content.
Some wetlands only occasionally fill with floodwater and then evaporate to
dryness in the intervening years. Salt accumulation can occur in these
wetlands if they are not flushed out during floods. Specific cases are

described in Section 3.4.

RESERVOIRS

As changes in land use from forest to agriculture can madify stream salinity
so too can these changes modify the salinity of water stored in reservoirs.
Salinity in stored water can increase because of evaporation if the storage

basins cannot be adequately flushed.

A particular example is the salinity of water in the Rocklands Reservoir

which is a major source of water for the Wimmera - Mallee Stock and

23



2.6

Domes

tic supply system. Water quality monitoring indicates that the

average salinity level is 350 mg/L but can rise to 900 mg/L. in years of low

inflow.

SOIL S

ALINITY IN DRYLAND AREAS

2.6.1

2.6.2

Saline Scalds

Saline scalds are areas of land with reduced production, in which a
naturally saline subsoil has been exposed as a result of erosion of the
topsoil. In Victoria, saline scalds occur in the undulating areas of the
Mallee.

Erosion results when clearing of vegetation, overgrazing, or

inappropriate cropping practices leave the topsoil unprotected

thereby allowing the fine sands to be easily blown or washed away.

Saline Seepage

Exeression

Saline seeps occur when, as a result of man's activities, saline
groundwater rises sufficiently close to the surface of the land to
enable evaporation of the groundwater with a resulting accumulation
of salts in the soil. The seeps typically occur in depressions in the
land, at the break of slope on hillsides, adjacent to natural drainage

lines, or above outcrops of impermeable strata.

24
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The immediate consequences of seepage salting are described in
ACIL Australia (1983). Symptoms of incipient salting are a lack of
vigour of more sensitive crops or pastures leading to a decrease in
plant yield. The more productive species are then replaced by weed
species that are more tolerant to salt. Areas of incipient salting may
also be recognised by progressive dieback of tree species. As the
seep develops, most of the ground cover is destroyed and high
concentrations of salts develop at and near the soil surface. The base
salt patch can continue to grow and, without the protection of

vegetation, becomes vulnerable to soil erosion.
Causes

The Committee is aware that the development of saline seeps has
been attributed to two different mechanisms. In the first, the seep is
viewed as the outcome of rising regional or localised watertables. In
the second, the seep is seen to be the result of local rainfall which,
after entering the soil, is prevented from further downward move-
ment by a "hardpan". Water flows over this layer to the seepage zone.
The hardpan layer may be naturally occurring or a layer of reduced
permeability resulting from soil compaction. On the basis of the
information provided to the Committee by the Soil Conservation
Authority the first mechanism is clearly more widespread in Victoria.
However, the Committee accepts that the second mechanism may

also operate in parts of the State and would welcome further

investigation into this aspect.

The groundwater involved in seepage salting can be the regional
groundwater where recharge can occur many kilometres from the
discharge zone, or local groundwater where the recharge and dis-
charge zones can be close together. The regional groundwater tables
can be complex with several aquifer systems implicated and covering
hundreds of square kilometres, whereas local perched water tables
may involve only one sand dune or part of a hillside. Within
catchments of both sizes there are often areas with high permeability

that act as principal areas for groundwater recharge.
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In both cases, seepage salting is the result of increased water
accessions to the groundwater which has upset the pre-settlement

hydrological balance.

The locations in Victoria where saline seepage is likely to be
associated with either regional or localised groundwater systems have
been assessed by the Soil Conservation Authority and are shown in

Figure 11.

The following specific causes of increased recharge to groundwater

bodies have been suggested to the Committee:

(a) Clearing of Trees

Fvidence that the clearing of forests has been the predominant
cause of seepage salting is reviewed in ACIL Australia (1983)
and has been supported by the Soil Conservation Authority and
Forests Commission. The removal of trees and replacement
by some agricultural vegetation results in reduced utilisation
of stored soil moisture, thereby permitting increased
accessions of rain to the groundwater. The effect s
exemplified in the catchment of Axe Creek, near Bendigo, for
which calculations by Williamson (1983) indicate that
accessions to the groundwater increased seven fold following

clearing.

The extent of clearing following Furopean settlement in
Victoria is illustrated in Figure 12. In the western half of
Victoria possibly less than 15% of the original forest cover
remains. The length of time between clearing and the
appearance of saline seeps depends upon many factors, which
include the hydrologic characteristics of the cleared area, the
intrinsic. nature of the aauifer involved, the remaining
capacity of the unsaturated zone of the aquifer, the salt
content of the groundwater and the distance between recharge
zone and seep. While response times of several decades might

be expected in small, localised aquifers, in regional aquifers

27
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(b)

(c)

the period may be substantially longer. Therefore, clearing of
the Northern Slopes of the Dividing Range almast a century

ago may only now be resulting in dryland salinity.

Agricultural Practices

The amount of rainwater utilised by dryland agricultural areas
before it enters the groundwater depends on the type of
pastures or crops, the methods of cultivation, the density and
species of the plants, and the topography of the land. The
attention of the Committee has been drawn in particular to
the significant increase in groundwater recharge that is con-
sidered to be caused by extensive periods of fallowing, the
introduction of shallow rooted agricultural plants, and ponding
of water in depressions on the land., However, the Committee
has not received any quantitative information on accessions to
the watertable that may be associated with these factors.
Such information is important to enable not only an adequate
assessment of the existing causes of saline seepage but also

the development of counter-measures.

Leakage from Water Channels

Some areas of seepage salting in the Mallee are caused by
leakage from the earthen channels which supply stock and
domestic water to the region. The location of the channels is
shown in Figure 13. This water supply scheme is one of the
most extensive stock and domestic systems in the world. It
consists of 16,000 kiloinetres of open channels which transport
water northwards from the Rocklands Reservoir and other
smaller storages in the Grampians region. It supplies 52
towns, 12,000 rural properties and serves a population of about
82,000 people. The Committee has received reports of saline
seeps of up to 25 hectares in area adjacent to the channels.
Of the 165,000 Ml of water released each year to the channel
system, only about 43,000 Ml is delivered by the channel
system, the remaining 74% either evaporates or seeps to the

ground. In some localities, 90% of the water may be lost.
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(d) Urban Development

Although predominantly a problem in rural areas, saline
seepage can occur in built-up regions. An example, brought to
the notice of the Committee through its municipal survey, has
been the development of saline seepage patches in North
Geelong. A reason for the rise in watertable was the greater
percolation to the groundwater when the construction of
streets, sewers and other works disrupted the heavy clay
subsoils and increased the permeability. Other construction
works may also have impeded the natural flow of groundwater

to adjacent gullies.

(e) Climatic Change

The role of long-term trends in rainfall as a possible cause of
dryland salinity problems in Victoria is discussed in ACIL
Australia (1983). There is no evidence of trends that could
account for the widespread occurrence of seepage salting.
Affected areas increase rapidly after extremely wet years
such as 1956, 1963, 1973/74. Dry years do not reverse the
process. The Soil Conservation Authority has noted, however,
that temporary improvements following dry periods have been

recorded in some areas.

2.7 SOIL SALINITY IN IRRIGATION AREAS

2.7.1 Expression:

In irrigation districts, salt can affect agricultural production as a
result of either a rising saline watertable or the application of
excessively saline irrigation water. The major problems in Victoria
are the results of high watertables. Irrigation water is generally low
in salinity. (However in the past, crop losses have been recorded in
the Sunraysia Region due to the poor quality of water drawn from the
River Murray.) There is now some concern that the re-use of drainage
water from irrigated paddocks could contribute to a long-term

progressive increase in groundwater salinity.
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2.7.2

The major problems with high watertables occur in the Kerang and
Shepparton regions of the Goulburn-Murray Irrigation District. The
problems have been avoided in most of the Sunraysia Region by the
use of sub-surface drainage. Small isolated salt-affected areas have
been reported in other irrigation areas but they are not considered to

be a major problem.

Watertables will rise if the volume of water entering the unconfined
aquifer beneath the irrigation area exceeds the volume of water that
is being discharged either within or outside the area. A reduction in
plant production may occur when a saline watertable is 1 - 2 metres
below the root zone. However, if more irrigation water than that
required for plant growth is applied, sufficient salt may be leached
away from the roots to avoid any salt accumulation within the soil

profile. Where saline groundwater is close to the surface, intensely

irrigated areas are likely to be less salt-affected than adjacent

paddocks that are infrequently irrigated. Once saline watertables
reach a level of less than two metres below natural surface,

evaporation can concentrate salts near the soil surface.
Causes

The causes of the high watertables in the Kerang and Shepparton
regions have been reviewed in ACIL Australia (1983) and discussed in
departmental submissions to the Committee. At the Community
Conference, which was sponsored by the Committee in February,
1984, it was evident that the reasons for the high watertables
remained a contentious issue. As a result, the Committee organised
a technical seminar to assist in further defining the current state of
knowledge. Thirteen papers were presented and discussed at the
seminar by specialists in irrigation, under the chairmanship of

Professor T. McMahon, Professor of Agricultural Fngineering,
University of Melbourne. The following observations are made by the

Committee based on the information provided to it and on Professor

McMahon's report on the seminar.
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Earthern Irrigation Channels in Northern Victaria
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The depth to the watertable depends upon the balance between the
inflow and outflow of water to the shallowest aquifers. Inflow may
occur by the downward percolation through the soil of rainfall and
irrigation water, and by leakage of water from irrigation channels
and water storages. There may also be an upward contribution from
a deeper aquifer. Outflow may take place by evapotranspiration to
the atmosphere, subsurface tile drainage, groundwater pumping and
lateral discharge into streams and drains. It may also occur by

downward flow into unsaturated parts of deeper aquifers.

In seeking information on the relative importance of each of these
factors, the Committee has been surprised and alarmed at the limited
amount of relevant field research which has taken place since the
problems in the irrigation regions were observed or predicted several
decades ago. Some useful field data has, however, resulted from
experimental investigations by staff of the Department of
Agriculture and Water Commission into salt balances and water
accessions in parts of the Shepparton Region and at the Kerang Tile
Drainage Fxperimental Area, Kerang Research Farm and Swan Hill
Irrigation Research Farm. These organisations and the Department
of Minerals and Fnergy have helped characterize the hydrogeological
phenomena in selected areas. The principal concern in applying the
results of the field studies is that, because they were undertaken in
only a few locations, under controlled conditions and over limited
periods of time, they are unlikely to be representative of the

irrigation regions as a whole.

Using the foregoing data coupled with specialist judgement, analyses
have been undertaken by government departments and their
consultants which have provided further quantification of the various
accessions to the watertable. Amongst these analyses, have been the
development of a computer model of water and salt flows in the Barr
Creek catchment of the Kerang Region by consultants to the Rural "
Water Commission, and modelling of the regional groundwater flows

by the Department of Minerals and Fnergy.
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These observations and analyses have led to a range of estimates for

the accessions to the watertable. They are shown diagramatically in

Appendix 7 and can be summarised as follows:

(a)

(b)

Irrigation and Rainfall

Rainfall is a major contributor to the groundwater in the

Shepparton region. Up to 80% of the total accessions to the

groundwater may be from this source. Irrigation practices on
lLemnos loam, a duplex soil type covering about 70% of the
area may only contribute about 10-20 mm per year below the
root zone. The Committee is aware that data is limited and

other sites and soils need to be investigated.

On the uniform cracking clays of the Kerang region,

accessions due to irrigation of perennial pasture are 30-50 mm
per year. The contributions from rain have not been directly
measured in the Kerang region. However, the results of
mathematical modelling for the Barr Creek Catchment Study
have indicated that irrigation makes a larger contribution to
the groundwater than rainfall. Irrigation of annual pastures on
the Kerang soils is estimated to contribute 10 mm per year to
the groundwater with a large proportion occurring during the
first irrigation in autumn because of large cracks in the dry

soil.

Leaching and Irrigation Efficiency

Experiments in the Shepparton region indicate that the

accessions to the groundwater do not substantially exceed the
minimum amount of water necessary to ensure adequate
moisture for plant growth and leaching of salts. The extent to
which these observations are representative of the region as a

whole is uncertain.

In the Kerang region, no direct field observations have been

made but the Barr Creek Study and experiments at Swan Hill
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(c)

(d)

suggest that leaching fractions of 5-15% of total applied water
are applicable. Results from Swan Hill indicated that lighter
soils have higher accessions to the groundwater than do

heavier clay soils.

Channel Seepage

Channel seepage, which varies considerably along a channel
and between channels, due to soil types, is estimated to be
contributing approximately 10 mm per year averaged over the

whole Shepparton region. This is about 10% of total

accessions to the water table. This seepage value has also
been applied to Water Commission channels in the Kerang
region although no quantitative data has been supplied. Farm
channels were considered to leak only a relatively small

amount of water.

Deep Regional Aquifers

The contribution of the regional aquifers to groundwater levels
within irrigation districts varies with locality. At present in
the Goulburn and Campaspe Valleys, of which the Shepparton
Region is part, the regional aquifers are acting as sinks for
rainfall and irrigation accessions but their capacity to do so is
being reduced. At present 16-40 mm per annum is entering
these deep leads from shallower aquifers. However, the levels
have only a limited capacity to accept further water. The

implication of this is discussed in Chapter 4.

The LLoddon, West Loddon and Murray Deep L.ead system, part

of which is beneath the Kerang Region, has, however, reached

this final state and is now acting as a discharge area for
accessions from both the highlands and plains. The deep lead
aquifers add 6-40 mm/year to the shallow water tables under
the irrigation area. These accessions are either evaporated or

lost in drainage systems such as the Barr Creek.
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2.8

CONCI_USIONS

(i)

(i)

(iii)

(iv)

Before Furopean settlement, salt affected soils, salt pans, salt
marshes, saline streams and saline groundwater were a feature of the
environment in the western half of Victoria. The present salinity
problems have resulted largely from human activities which, in the
brief period since Furopean settlement, have modified the natural

distribution of the salt.

The major reason for rany salinity problems of soil and water has
been the rise in the levels of watertables in parts of northern and
western Victoria. This has been caused by practices which have
increased the rate of recharge of water to the groundwater thereby
upsetting the hydrological equilibrium which previously existed. Such
practices on the recharge zones of aquifers have included the
replacement of forests with agricultural activities which intercept
less rainfall, the construction of unsealed water storages and
channels which allow water to leak to the groundwater bodies, and

the introduction of irrigation.

The increased water flowing through the surface layers dissolves salt
which has been stored there during past geological ages and
transports it to the groundwater system. As the watertables rise, the
saline water may discharge at a greater rate to streams or be brought
sufficiently close to the surface of the land to evaporate, leaving

concentrated salts in the soil,

In dryland areas this had led to the development of saline seeps and
contributed to the salinity of streams, water storages and lakes.
While much of the dryland salinity is a consequence of past practices,

particularly forest clearing, significant contributions to rises in

watertables may also result from such ongoing activities as:

- removal of trees

extensive fallowing and use of shallow-rooted plant species in

agriculture
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(v)

(vi)

(vii)

(viii)

(ix)

- leakage from the Wimmera Mallee stock and domestic channel

system.

In irrigated areas, accessions to the watertables from rainfall are
supplemented by accessions of irrigation water and seepage from the
earthen channels which distribute the water. Irrigation water, by
reducing the capacity of the upper layers of soil to absorb further
water, can predispose the land to accessions from rainwater. Ponding
of water on paddocks and in storage basins can further add to the

accessions.

The watertables in some of the irrigation regions of northern Victoria
are also influenced by pressure levels in the underlying deeper
regional aquifers, the deep leads. These levels have risen as a result
of accessions, not only from the irrigation areas but from the dryland
areas to the south. As a result, the Kerang irrigation region is now a
zone of regional groundwater discharge and water from the shallow
aquifers can no longer escape to the deeper groundwater system. In
the Shepparton Region, the deep leads can still accept recharge from

above, but at a decreasing rate.

There is a lack of field measurements of the relative contributions to
the watertable in the irrigation regions from rainfall, irrigation
practices, regional groundwater flow and seepage from channels and

ponds,

The available data with which to assess the efficiency with which
farmers apply the irrigation water is inadequate. The limited
measurements suggest that the excess of water which reaches the
watertable beyond that required to leach salts from the root zone, is
low in the Shepparton Region but could be significant in the Kerang

area.

Other reasons for salinity problems include:

the exposure of saline subsoil by erosion to form salt scalds,
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(x)

(xi)

. activities which reduce the capacity of water bodies to dilute

their salt content,

discharge of saline wastes.

The increase in the salinity of the River Murray with distance
downstream is a result of both natural and induced inflows of salt.
Of the total average inflow from Victoria of 700,000 tonnes of salt
each year, over half is induced, largely as a result of irrigation
development in Kerang, Shepparton and Sunraysia regions. Of the
induced inflow, about one third comes from the Barr Creek in the
Kerang Region. The contribution from salinity associated with rising
watertables in the non-irrigated areas of Northern Victoria is
uncertain but could be about 10% of the induced inflows. Whilst all
of the Victorian sub-catchments of the Murray contribute substantial
quantities of salt, the concentrations of the inflows generally
increase to the west and the contribution from the discharge of
groundwater becomes more significant. About one third of the total
inflow of salt from Victoria is diverted back to Victoria in supplies of
irrigation water. The relative influence of all these contributions on
the water quality in South Australia depends upon the point and
concentration of discharge and the intervening diversion of water
from the River. This is currently being assessed by the River Murray

Commission.

Stream salinity is widespread throughout the Barwon Region in
southern Victoria. In the Barwon River, increasing concentrations of
salt are the result, not only of natural input, but of induced salinity
from earlier clearing of forests, saline drainage associated with flood
relief schemes on lakes in the Colac district, and discharge from

sewage treatment and groundwater pumping.
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3.1

3.2

CHAPTER THREE
EXTENT

INTRODUCTION

Information on the extent of the salinity problem in Victoria has been drawn
from evidence and submissions received by the Committee, data contained
in ACIL Australia (1983), published papers, and results from a survey
conducted by the Committee of the 160 non-metropolitan municipalities in

Victoria.

A general description of the extent of induced salinity throughout the State
and in the River Murray is presented in this report. The Committee has also
prepared separate documents in which information received by the
Committee on the occurrence of salinity problems in Victoria has been

collated on the basis of thirteen groups of surface water catchments.

Table 3.1, from ACIL Australia (1983), summarises the extent of salinity

problems.

GROUNDWATER SALINITY

Water quality varies between aquifers and within the same aquifer so the

exent of man-induced salinity changes are difficult to determine.

Groundwater quality declines from the east to the west of the State as was
shown in Figure 7. Groundwater in the eastern half of the State is often less
than 1000 mg/L and suitable for domestic, agricultural and industrial
purposes. In large parts of the western half of the State, salinity levels are

above 3000 mg/L making it unsuitable for domestic and industrial uses.

Salinity of groundwater was considered to be a problem by 20% of the
municipalities surveyed. Most of these are located in the north and north
west of the State. The Committee also heard from landholders about local
changes in groundwater salinity associated with irrigation areas, and
increased salinity of farm dams and bores. However, the overall extent of

increased salinisation of groundwater has not been established.
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Salinity Problems in Major Drainage Basins of Victoria

Table 3.1

Drainage Basin Stream Salinity Groundwater Dryland High Water

(See Figure 6, Salinity Salting Tables and

page 13) Secondary
Salting

1. Upper Murray River Fresh Fresh Nil Nil

2. Kiewa River Fresh Fresh Nil Nil

3. Ovens River Fresh Fresh Nil Nil

4. Broken River Fresh Marginal-Brackish Minor Nil

5. Goulburn River Fresh-Marginal Marginal-Saline Severe Moderate

6. Campaspe River Marginal Marginal-Brackish Severe Moderate

7. Loddon River Marginal Marginal-Saline Severe Severe

8. Avoca River Marginal Brackish-Very Saline Severe Severe

9. Murray Riverina Fresh-Marginal Saline Nil - Severe

14. Mallee N/A Fresh-Very Saline  Very Severe Moderate

15. Wimmera-Avon Rivers Marginal Marginal-Very Saline Very Severe Nil

21. Fast Gippsland Fresh Fresh Nil Nil

22, Snowy River Fresh Fresh Nil Nil

23. Tambo River Fresh Fresh Nil Nil

24, Mitchell River Fresh Fresh Nil Nil

25. Thomson River Fresh Fresh Nil Nil

26. LaTrobe River Fresh Fresh-Marginal Minor Nil

27. South Gippsland Fresh Fresh Nil Nil

28. Bunyip River Fresh Marginal-Brackish Minor Minor

29. Yarra River Fresh-Marginal Fresh-Brackish Nil Nil

30. Maribyrnong River Marginal Marginal-Brackish Minor Nil

31. Werribee River Marginal Marginal-Brackish Minor Minor

32. Moorabool River Marginal-Brackish ~ Marginal-Brackish Moderate Nil

33. Barwon River Marginal Brackish Moderate Nil

34. LLake Corangamite Brackish Marginal-Brackish Severe Nil

35. Otway Coast Fresh Fresh Minor Nil

36. Hopkins River Brackish-Saline Marginal-Brackish Moderate Nil

37. Portland Coast Brackish Fresh-Marginal Minor Nil

38. Glenelg River Brackish Fresh-Marginal Severe Nil

39. Millicent Coast Brackish Fresh-Marginal Minor Nil

Source: ACIL Australia (1983)
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3.3

STREAM SALINITY

3.3.1

3.3.2

Streams in Victoria

Although information on the current levels of salinity in Victoria's
rivers and streams is available, the extent to which the levels are the

result of human activities is not clear.

The current distribution of stream salinities is shown in Figure 14.
About 15% of the total annual discharge of Victoria's streams is
brackish to saline (greater than 600 mg/L) and almost 50% of the
total volume of water discharged from streams in south-west
Victoria is greater than 1000 mg/lL.. Salinity associated with surface
waters, either in streams, lakes or reservoirs, was the second most
widespread problem identified by municipalities. Thirty per cent of

all respondents were affected.

Several farmers and representatives of Shires presented evidence of
increasing salinities in creeks and rivers. Farmers have indicated
the deterioration of water quality in watercourses and the
resultant need for careful management or replacement of their

water supplies.
River Murray

Of particular concern is the salinity of the River Murray because of
its use as a water conduit for domestic, industrial, agricultural and

drainage purposes in three States.

The salinity regime has been greatly changed by man's activities and
it is only in recent times that diversion or interception control works
have been introduced to reduce the input of saline wastes. The
situation in the River Murray depends on the location and seasonal
conditions at the time of recording as shown in the graph of salinity
levels along the River Murray, Figure 15. The concentration of salt
increases with the distance downstream. Major increases in salinity

occur between the Loddon River confluence and Swan Hill, between
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3.4

3.5

Red Cliffs and Merbein and in the Riverland Irrigation Area below

Lock 6 in South Australia.

LAKFS AND WETI_LANDS

Man has altered these areas by draining lowlands for agriculture, closing off
some areas for irrigation storages and others for evaporation basins. In the

Kerang Region, shown in Figure 16, lL.akes William, Kelly, Little and

Tutchewop are now used for evaporative basins with consequent effects of
increasing salinity and the death of native vegetation. Little |_ake Boort,
LLake Charm and lLake Boga are used to store irrigation supply. l.ocal
landholders expressed their concern to the Committee at the increases in
salinity of these waterbodies. Under natural conditions, the lakes would be
flushed by floodwater so that each cycle of floodwater would maintain the
total salt content relatively constant. However, reduced flushing because of
flood control or irrigation water management has caused an increase in the
salinity of lakes. For example, the salinity of l.ake Charm at present is
about 2100 mg/.L but has been rising at a rate of 50 mg/L per year since
1965 and is affecting not only private diverters for irrigation and domestic

purposes but also recreational and environmental interests.
In the area are Cullens lLake and the wetlands of the Avoca marshes which
have been entered in the Register of the National Fstate of the Australian

Heritage Commission and which are threatened by salinity.

Similarly in the Colac region, the increase in saline seeps and swamps

because of rising groundwater levels has helped increase the salinity

concentrations within the closed lakes.

RESFRVOIRS AND FARM DAMS

3.5.1 Reservoirs

Only limited information on the salinity of reservoirs has been

provided to the Committee.
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3.5.2

Reservoirs have generally been built on freshwater streams. For
example, stream salinities of the River Murray at Lake Hume and the
Goulburn at Fildon are of excellent quality. In the FEppalock
Catchment, salinities appear to have remained stable since 1959.
Similarly, salinity levels in the Malmsbury Reservoir have remained
stable since 1944,

In the Rocklands Reservoir, which is the only major storage for
surface water in the Dundas region, the majority of inflow is good
quality water from the Grampians but a significant input of saline
water is yielded from cleared catchments on the Dundas Tableland
adjacent to the reservoir. In periods of low inflow the water salinity
in the reservoir increases and has reached a level of 900 mg/l_ (1500
EC units).

Farm Dams

Soil Conservation Authority officers provided information on damage
to farm dams as a result of the destablisation of earthen banks by
saline water. This has occurred in the Charlton and Donald areas
where dams have been filled from the Grampians water supply or the
Avoca River. The efficient provision of local on-farm water supplies
is also compromised where salt-affected drainage lines are
widespread. Instances of salinity levels exceeding 18000 mg/L have
been recorded where dams were incorrectly sited in the Dundas

region.

In other areas, the salinity of water in farm dams has increased
because of seepage from saline groundwater. The Soil Conservation
Authority has documented severe cases at Kamarooka and
Colbinabbin. (At Kamarooka, an alternative reticulated water supply

had to be developed at the landholders expense.)
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3.6

DRYILLAND SOIl. SALINITY

3.6.1

3.6.2

Saline Scalds

The presence of salt scalds in Victoria is restricted to the Wimmera
and Mallee regions in the north west of the State as shown in Figure
17. The Soil Conservation Authority has estimated that 60,000 ha of

land is affected.

Seepage Salting

The location of land that is currently subject to seepage salting is
shown in Figure 17. Unlike scalding and natural salting, seepage
salting often occurs on highly productive grazing and cropping soils.
The present estimate by the Soil Conservation Authority is that
40,000 ha of dry farming land in Victoria is visibly seepage affected.
A further 40,000 ha is affected by incipient salting or considered

seriously at risk from seepage salting.

The extent of seepage salting varies from minor local problems of a
few hectares to localities such as at Kamarooka near Bendigo where
about 1000 hectares are affected and another 10,000 hectares are at
risk. Similarly, a survey conducted by the Soil Conservation
Authority revealed that 9% of the Colbinabbin Ranges is affected. In
replies to the municipal survey, salinity of dry farmland was viewed
as the most widespread problem especially in the north and north
west of the State.

The distribution of observable seepage salting is as follows (see also
Table 5.1):

* 30% occurs on cropping land in the north-west of the State,

* 55% on grazing land in the highlands, western plain, Dundas
Plateau and adjacent areas of the south west,

* 15% is on cropping and grazing land in catchments of the
northern slopes of the Dividing Range in central and eastern

Victoria.
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3.7

IRRIGATFD SOIL.S SALINITY

3.7.1

3.7.2

3.7.3

Kerang Region

Seventy-two percent of the Kerang region, or 230,000 hectares is
underlain by a watertable within two metres of the surface. This is
shown in Figure 18. More than 83,000 hectares, or half the total
irrigated area of 166,000 hectares, is suffering reduced or negligible
agricultural production because of high watertables. The Department
of Minerals and Energy has estimated that 80% of the shallow
groundwater has a salinity greater than 20,000 mag/L.

Sheppartan Region

Rising watertables and damage from salinity are only recent
phenomena in the Shepparton region. In 1970, a report on Salinity
Investigations in the Murray Valley stated that "watertable rise is not
very rapid (and) salinity is not yet a major problem" in the region
(Gutteridge, Haskins and Davey, 1970). Since then 150,000 hectares
have developed a watertable at or less than two metres below natural
surface. Of the 217,000 hectares of irrigated land in the Shepparton
region, over 50% has watertables at or near two metres below natural
surface as illustrated in Figure 19. Waterlogging and salinity damage
is apparent over at least 50,000 hectares. The extent of severely
affected areas where there is no production is limited to about 4000
hectares. The storage of salt in the soil is not as great as in the

Kerang region.

The Shepparton Phase A groundwater pumping scheme, which is
controlled by the Water Commission, protects approximately 3,600
hectares of orchards and about 11,000 hectares of adjacent crop or

pasture land.

Other Regions

Much of the Sunraysia region is now protected from high watertables

so seepage salting is not a major problem.
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In the Werribee Irrigation District, soil salinity because of channel
seepage was a problem in the 1950's but when channel lining was
completed problems diminished. In this area groundwater pumping

for irrigation supplies is providing some groundwater control.

3.8 CONCLUSIONS

(i)

(ii)

(iii)

(iv)

Groundwater salinities vary greatly throughout the State, but
generally increase from the east to the west. While localised
increases may be attributed to practices such as waste disposal or
irrigation, the overall extent of groundwater salinity that is due to

man's activities is not known.

Streams in the east of the State are generally fresh, but those in the
west contain higher concentrations of salt. There is inadequate
information with which to determine the effects of human activities
on those levels. In the River Murray, salinity levels rise progressively
downstream with major increases at the confluence with the l_oddon
River and in the Red Cliffs - Merbein Reach.

Dryland salinity is observable over a combined area of 100,000
hectares in Victoria. Saline scalds affect 60,000 hectares of land in
the Mallee. Saline seeps observably affect about 40,000 hectares. A
further area of about 40,000 hectares suffers some decline in
productivity from seepage salting or is now at some risk from rising
watertables. Of the observable seepage salting about 30% occurs on
cropping land in the north west of the State, 55% on grazing land in
the Highlands, Western Plain and the Dundas Plateau and adjacent
areas of the south west, and 15% on cropping and grazing land in
catchments on the northern slopes of the Dividing Range in central

and eastern Victoria.

In the irrigation regions of Kerang and Shepparton about 140,000
hectares suffer damage from salt. Almost 400,000 hectares of land
are salt prone, having saline watertables within 1.8 metres of the
surface. This represents about 70% of the total Kerang Region and

20% of the total Shepparton Region. A drainage system now protects
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the Sunraysia Region from high watertables. The Committee is not
aware of salinity problems arising from high watertables in the

smaller irrigation schemes in Victoria.
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4.1

4.2

4.3

CHAPTER FOUR
TRENDS

INTRODUCTION

While the previous chapter examined the present extent of salinity problems
in Victoria, rates of change must be examined to assist in determining
priorities for salinity control. In the short term, changes can be forecast
reliably from recent experience, but long term predictions are much less

certain.

GROUNDWATER

Data on long term trends in the salinity of groundwater are not available.
However, of those municipalities with groundwater salinity problems, half
considered the quality was deteriorating. Groundwater quality deterioration

was also noted by many farmers who gave evidence.

An important fact is that salinity levels will generally lag a period of time
behind responses in aquifer pressures. Whereas pressure differences may be
recorded soon after increased accessions to groundwater, salt must
physically move. Accordingly, a response in aquifer pressures further down
the catchment may not be followed by an associated increase in salinity

until many decades later.

STREAM SALINITY

Stream salinities are expected to continue to increase in the immediate

future as a result of past and present agricultural development.

Rising groundwater tables and associated increases in dryland salinity will
mean that further small watercourses will become saline. In the south-west
of Victoria, small streams and springs may become too saline for safe use by
stock especially during the dry season. In northern Victoria, increases in

small stream salinities would increase with a major deterioration in water

resources in the long term.
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4.4

It has been shown that there is a nett loss of salt from some cleared
catchments in Victoria (Williamson, 1983). On this basis stream salinities
may eventually fall, but the time scale is unknown. A period of many
hundreds of years may be necessary before a significant reduction in stream

salinities occurs.
River Murray

At Morgan, stream salinities appear to have increased significantly since
1954. (Maunsell & Partners, 1979). However, a longer period of record at
Mannum since 1945 and the period of record at Morgan between 1963-81,
suggests a less dramatic increase (River Murray Commission, 1981).
Officers of the South Australian Government indicated to the Committee
that the salinity of River Murray water entering that State is increasing by
about 4 mg/L (6 FC units) per year. A recent statistical analysis of chloride
concentrations over a 42 year period at Morgan indicated that a positive
trend has occured over and above that associated with a decline in water
flow. (Cunningham & Morton 1983).

In the future, planned interception schemes along the River Murray, should
reduce the salinity at Morgan from the average salinity of 330 mg/L. (530 FC
units) to about 270 mg/L (430 EC units) provided the current salt loads
remain stable (ACIL Australia, 1983). Dwyer Leslie (1984) concluded that,
without further intervention, increases in the salinity of the tributaries

could cause the salinity of the River Murray to rise further at Morgan.

SOIl. SALINITY

4.4.1 Dryland Areas

The area of land that is affected by seepage salting is increasing.
This was supported by the Soil Conservation Authority as well as the
many farmers who gave evidence to Committee. It was also
confirmed by the municipal survey, in which almost half the respon-

ding municipalities with a dryland salinity problem considered the

situation to be getting worse.
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The greatest expansion of seepage salting occurs following very wet
years. In d~y vyears, although minor reversion may occur, the

situation is rarely returned to its original status.

The Soil Conservation Authority provided the following assessment of

the five broad regions.

*Mallee/Wimmera plains: The broad, flat areas between sand ridges

in both the north-eastern and southern Mallee, for example, around
Manangatang, have the greatest potential for the spread of salting in
north-western Victoria. The area which could become affected by
lost or reduced productivity is up to 100,000 ha. This is ten times the
present extent of seepage salting in this region. (The Committee also
received evidence that all land below 50m A.H.D. in the Mallee could
be at risk from salinity from the regional watertable.) Further

deterioration of associated water supplies is inevitable.

E'xtensions of dune and channel seeps are not likely to be large in
aggregate but are probably important in recharging the regional
aquifer. Some extensions on alluvial flats are expected in both the

Mallee and Wimmera.

*Upland front and riverine plains: The potential for spread of soil

salting is considerable. At Kamarooka, just one of ten similar areas
including Marnoo and Burke's Flat, 1000 ha are affected and at least
10,000 ha are endangered. Groundwater and farm dam supplies will

continue to deteriorate.

*Volcanic plains of southern Victoria: Salting is expected to extend

and, possibly, new areas to develop where older soils or lake flats

occur. Further deterioration of water supplies can be expected.

*|_ateritic tablelands (Dundas, Barwon Downs): The area of soil

salting likely is approaching its limit. However, stream and ground-
water qualities are often poor and will remain so in the forseeable

future.
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4.4.2

x*Central Victorian uplands: Again, the area which could be affected

is approaching its limit. Although long-term trends in water quality
cannot be predicted with any certainty on the present data, there is

no doubt that the present saline base flows will continue indefinitely.

The Soil Conservation Authority expects that the area of dry farming
land affected by seepage salting will nearly double its present area to
160,000 ha, by the year 2000, if no further control measures are
implemented. By then, at least 2% of the broad agricultural zone
will have been disabled, including an appreciably higher proportion of

better class land in affected districts.

The Soil Conservation Authority also expects the problem of seepage
salting to increase beyond the year 2000 if present land management
strategies continue. The Committee has not received information as
to when future groundwater equilibrium levels might be reached, and
what the extent of affected land might then be. Therefore, future
action cannot be based on the expectation that this equilibrium will
be reached in the foreseeable future. The area of salt scalds, which

are not linked to rises in watertables, now appears to be static.

Irrigation Areas

In the Kerang region, soil salting and high watertables have been a

problem in some areas for 50 years. Severe soil salinisation in the
Tragowel Plains was reported less than 20 years after irrigation

began.

Within the Kerang region, the water inputs and outputs appear to
balance, such that within the irrigation area the watertable heights
have reached a dynamic equilibrium at one metre below natural
surface. However, the Department of Minerals and Fnergy in its
evidence to the Committee suggested that, should this balance be

upset by very wet years, the area underlain by watertables could

increase into the peripheral dryland areas.
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", . . consider the whole of northern Victoria as being essentially

a bath tub full of sand. As a consequence of the European occupation,
we turned on a tap which has gradually filled that bath tub. The
surface of the sand is slightly undulating and water is now beginning
to appear as an outcrop at the lower point of the depression. If we
were able to revert to a pre-European situation, the best we could
achieve would be to turn off the tap. We certainly would not start
draining the bath tub. The only way to do that is to pull out the

plug, . . ."

Dr P. Macumber, Department of Minerals and Energy.

Evidence to Committee 20 June 1984.
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The rapid rise of watertable levels in the Shepparton region is a

major concern. The Department of Minerals and Fnergy indicated

that as the downward drainage is reduced by rising pressures in the
Goulburn and Campaspe Deep l_eads, the areas around Rochester and
Shepparton will become discharge zones for the deep leads leading to
increased watertable heights and areas affected. Studies by
Macumber (1978) and Tickell (1983) of the Departiment of Minerals
and Fnergy have suggested that these deep lead pressure levels
around Rochester have risen about 3m in the last 8 years to be within
4m of natural surface compared to the average rate of 0.25m per

year for the last 75 years (Dwyer Leslie, 1984).

Without the ability for water to continue to move downwards and
carry salt away from the root zone, a new equilibrium condition will
be developed for the water balance. This will require the develop-

ment of a shallow watectable for discharge over most of the area.

4.5 CONCLUSIONS

(i)

(ii)

(iii)

Information provided to the Committee from many people indicates
that the salinity problem in Victoria is increasing. This is associated
with a long term trend in the rise in watertables in the western half
of Victoria and some North Fastern areas as documented by Govern-
ment authorities and observed by many landholders who presented
evidence to the Committee. On the other hand, the area of salt

scalds, which are not linked to rises in watertables, now appears to be

static.

Seepage salting in dryland areas appears to be increasing in areas at
about 2% each year. The rate of increase is greatest in wet years.

The Soil Conservation Authority expects the salt affected areas to
double on average by the year 2000 if present trends continue. In the

Mallee, a tenfold increase in the affected area could occur.

In the northern irrigation areas, the past rate of rise in water tables

has been about 0.35 metres per year. In the Kerang Region the input
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(iv)

of water to the watertables now appears to be balanced by
evaporation and drainage losses, but the danger remains that in very
wet years this balance could be upset and peripheral dryland areas

could be affected.

In the Shepparton Region, the pressure levels in the Deep Lead
aquifers are rising thereby reducing the capacity of water in the
shallower aquifers to drain away. Without further control measures,
a major expansion of salt-affected land is expected within the next

decade.
The Committee has not received comprehensive data on salinity
trends in water bodies. Specific cases which have been brought to its

attention include:

- increasing concentrations of salt in lakes near Kerang,

rises in the salt concentration of Rocklands Reservoir which

contributes to the Wimmera Mallee Stock and Domestic Supply

System.

For the River Murray, trends in the salinity of water are difficult to
assess due to the variable nature of the flow and salt loads. However
the concentration of salt in the water entering South Australia may

have increased in recent years at the rate of about 4 mg/l_ per year.
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5.1

CHAPTER FIVE
ECONOMIC EFFECTS

INTRODUCTION

In this chapter, the economic consequences of induced salinity are
reviewed. They result from the effects of salinity either on parts of
the natural environment that are utilised for economic gain or on
parts of the built environment of economic value. Of particular
importance are the effects of salinity on agricultural production,
domestic and industrial equipment and roads. In the next chapter the
environmental and social effects which cannot be measured in

financial terms are discussed.

Fconomic costs can be divided into damage costs and abatement

costs. Damage costs include:

(i) the opportunity cost of production foregone incurred by
farmers whose land becomes salinised, and

(ii) the costs associated with the use of saline water.

Abatement costs include:

(i) the costs of measures to control the development of salinity
problems (preventative measures)
(i) costs of alleviating salinity impacts on land resources

(reclamation).

Damage caused by salinity is outlined in this chapter. The costs of
abatement measures are summarised in section 5.11 but descriptions

of the measures and their current adoption are given in Chapter

Seven.

Fconomic effects are considered at three levels. These are the

impact on the individual enterprise, the effect on a region, and the
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effect on the national economy. Individual enterprises suffer from
both loss of production and reduced land value. The effect at the
regional level should take into account not only the collective direct
impacts on the individual enterprises, but also the consequences of
those impacts for other parts of the region with which the enterprises
are economically linked. In addition, council rating can be affected
by changes in land value. The assessment of the impact on the

national economy does not take into account such indirect effects.

In addition to the present economic impact of salinity, the
Committee has also assessed the possible future consequences,
arbitrarily chosen as 30 years hence, if further control measures are

not implemented.

5.2 SOIL SALINITY - DRYLAND AGRICUL TURE, VICTORIA

5.2.1 Methods of Assessment

With observable dryland salting problems, the loss has been deter-
mined to be the net income foregone. This is the value of the
potential production of an enterprise in a non-saline situation, less
the associated expenditure. The Soil Conservation Authority has used
this technique to calculate the loss from severe salinisation in the
regions. Incipient soil salting is more difficult to appraise. In
dryland areas, when salinity causes a production loss, expenditure
may also be reduced but not at the same rate. The loss from salinity
is then the difference in the value of production less expenditure

foregone. Values of loss are expressed in 1984 dollars.

5.2.2 Salt Scalds

Farm Level Costs

l_and affected by salt scalds has a reduced agricultural output
because of reduced suitability for cropping and grazing.
However, typically, salt scalds occur in regions of naturally

low agricultural productivity. The Soil Conservation Authority
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has estimated the average nett loss in income for land
affected by salt scalds in Victoria to be $1.67 per hectare and

the average decline in the land value to be $3.33 per hectare.

Present Aggregate Costs

Although the total area of affected land in Victoria is 60,000
hectares, the naturally low productivity means that the total
damage costs are low, amounting to about $0.1 million per

year.

Future Damage Costs

F.iture losses from salt scalds in Victoria are not expected by
the Soil Conservation Authority to increase above the present
loss of $0.1 million per annum, provided land management

practices that reduce erosion are maintained.

5.2.3 Saline Seepage

Farm Level Costs

Saline seepage reduces the productivity of affected farmland
to different levels. Areas of incipient salting suffer some
decreased production but the relationship between depth to
watertable and crop production is not well defined. Where
land is at risk, cropping is not normally practised, and grazing

enterprises at reduced stocking rates occur.

Because of the diverse nature of seepage salting, which can
range from many small scattered sites to over 10% of an
individual farm, the effect on an individua! farm's income is
variable. The loss depends upon the size of area affected, the
average income per hectare foregone and seasonal conditions.
With saline seepage, it is typical that more productive areas of
farms are affected. This average annual loss per hectare

varies between regions,as is shown in Table 5.1. In assessing
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these costs no allowance has been made for the consequent

erosion losses.

foregone, the losses may be more substantial.

In other areas, where cropping has been

l.osses of

$100/ha/year were quoted for areas that were previously

cropped one year in three.

Where seepage areas are partly

rehabilitated and growing salt tolerant plants, such as tall

wheat grass, some productivity can be retained. For example,

the Soil Conservation Authority has estimated that in Central

Victoria, the productivity on treated land is about 20-25% of

productivity on unsalinised grazing land.

Costs of Observable Saline Seepage

Table 5.1

(1984 Dollars)

Region Area Affected Nett Nett
(ha) Average Annual |Total Annual
lLoss in Farm |Loss in Farin
Income Per Income
Cropping | Grazing | ha Affected ($Million)
($) (range)
Mallee 9,000 48.8 .3 - .55
Donald 2,000 137.5 25~ 33
Other
Northern
Catchments 4,400 87.5 0.3 - 0.4
Dundas Area 13,000 21.2 0.2 - 0.3
Highlands 5,000 22.0 0.11
Otways,
Western
Plain 3,700 89.2 0.33
North Fast 1,700 71.2 0.12
All
Victoria 39,000 1.6 - 2.2
Source: Soil Conservation Authority Submission, 1983.
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The associated loss in the market value of land is also affecting

individuals.

Present Aggregate Costs

The direct costs of dryland salinity on a regional basis are
shown in Table 5.1. In addition, salinity problems reduce land
values, which in turn cause reduced rate revenues for local
government.  An estimate of the money involved was
presented by the Shire of Swan Hill. In that Shire, some 1,429
ha of land has become unrateable. Future revaluations within
municipalities will ultimately have an effect on revenue. The
loss in the rmarket value of land in Victoria is estimated to be
about $17 million representing a reduction of about 70% from

the corresponding value of unaffected land.

At the State level, a conservative estimate of annual loss in

nett farm income due to visible saline seepage in Victoria is in

the range of $1.6 to $2.2 million depending upon seasonal

influences and market price fluctuations.

In addition to the losses from visible seepage problems,the Soil

Conservation Authority has estimated that incipient salting is

conservatively costing Victoria an annual loss in nett farm

income of about $1.3 million.

Therefore, the present estimate for losses in nett farm
incomes due to dryland seepage salting (both observable and
incipient) is in the range $2.9 to $3.7 million per annum

depending upon season and prices.

Future Damage Costs

Future income losses to dryland agriculture from saline

seepage could reach between $6.6 to $8.8 million/annum in the
year 2010, if the current expansion rate of 2% per annum

continues. This value of loss assumes that both observeable
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5.3

and incipient salting increase at 2% per annum. Alternatively,
if the present incipient problems only deteriorate to become
observeable problems, the cost would be about $5 million per

annume.

SOIl. SALINITY - IRRIGATFD AGRICULTUREF, VICTORIA

5.3.1 Methods of Assessment

The effects in irrigation areas of soil salinity and high watertables
are inter-related and often indistinguishable. Productivity of crops
and pastures may be reduced by direct toxic effects of the
components of the salts, damage to soil structure, and interference
with the uptake of water into plant roots. While the consequences of
waterlogging are clearly observed, the relationship between level of
watertables, soil salinity and agricultural productivity in areas of

incipient problems is not yet well quantified.

Past losses to horticulture, pasture-based production and crops are
documented by ACIL Australia (1983). For example, horticulture was
virtually eliminated from the Mead Area, near Cohuna during the
1920's and 1930's and also suffered rapid decline in the Rochester
Irrigation Area at about the same time. Waterlogging resulted in the
loss of about 30% of the plantings of peach trees in the Shepparton
Region in 1973, a year of above average rainfall. Peach trees are

very susceptible to waterlogging.

In irrigation areas, because of the wide variety of enterprises and the
added complication that irrigation water has on salinity expression,
most estimates have been based on regional production losses.
Fstimates of Cary, Ferguson and Belin (1982) used production losses
comparing losses from visible salting to that of land with no visible
salting, although watertables were within 2m of the surface. Dwyer
lLLeslie (1984) in re-appraising the situation compared the present
production to the potential had there been no salinisation or

waterlogging.
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5.3.2

5.3.3

Farm Level Costs

The proportion of an irrigated property which is affected by salinity

and high watertables varies within the irrigation regions.

A survey of farmers in the Shepparton Region in 1980 indicated that

the average proportion of a farm affected by salinity was 30% for
horticultural holdings and about 8% on mixed and dairy farms. In the
Girgarre area, where the average farm size is about 40-100 hectares,
affected areas can be up to 25% of individual farms. In the Kerang
Region, the gross income of salt-affected properties can be less than
half that of comparable unaffected holdings.

Operating costs tend to be higher because of crop and pasture
failures due to salinity. The combined effect of reduced gross income
and higher operating costs result in significantly reduced farm

profits.

In addition, the flexibility of farmers to change enterprises and crops

in order to take advantage of market fluctuations is restricted.

Fstimates for present capital value of irrigation land lost because of

salinisation have been as high as $110 million.
Present Aggregate Costs

The estimated direct costs of salinity and high watertable in the
Shepparton and Kerang regions are shown in Table 5.2. Soil salinity is
generally not a major problém in the Sunraysia region because of tile
drainage. However, in the Nangiloc-Colignan area the lack of
disposal for saline effluent is costing $0.35 million per annum
(Maunsell and Partners 1979).
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Table 5.2
Current Costs of Salinity and High Watertables

in Irrigation Areas

Region % decrease Nett Farm Loss
in Production $ Million
(1984)

Shepparton

- irrigated agriculture 7 11

- non irrigated cropping Nil Nil
Kerang

- irrigated agriculture 22-27 18-20

- non irrigated cropping 100 2.5

Source: Dwyer l_eslie (1984)

The effects of soil salinisation on regional development within
irrigation districts is not well documented. However, the Dairy
Processing Industry in a submission to the Committee outlined some

consequences in the Goulburn-Murray Irrigation District.

The population of the region is about 100,000 of which about 65% are
lacated in urban areas. Because there are few industries using raw
materials supplied from outside the region, most of the urban
population is dependent upon income derived either directly from
agriculture or from the agricultural support industries (processing,
supply companies, service business). Assuming that the current loss
in dairying areas is 10% of the farm gate value, this loss is about $12-
15 million per annum to the industry in raw resources at 1983 value.
The milk processing industry in the Goulburn Murray Irrigation
District represents a capital investment of more than $70m., directly
employs more than 1500 people and pays out more than $20 million

per year in wages. Not only would there be direct losses, but service
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5.3.4

industries would also be reduced. The milk processing industry in
Victoria has an income multiplier of 3.95 and an employment
multiplier of 2.04. These values mean that for each dollar lost in the
milk processing industry almost $4 is lost to the regional community.
This would indicate that the flow onto the community at present is
between $45 million and $60 million. Similarly, if current
employment levels cannot be sustained due to a reduction in milk
supplies, then 2-3 jobs will be lost elsewhere in the rural community

for each job lost in the milk industry.

Future Damage Costs:

The Water Commission predicts that, without further counter

measures, the production losses in the Shepparton region may be

about 24% of the whole region. The associated future net losses of
farm income for the irrigated land would be of the order $45 million
per annum with major implications for the salinity in the River
Murray. In addition, part of the land currently supporting dryland
cereal cropping would be lost. The net value of this loss would be of

the order $10 million per annum (Dwyer L eslie, 1984).

Within the Kerang region, watertable levels are believed to have

reached equilibrium heights over most of the region and future losses
may not be expected. However, if the ultimate levels of soil
salinisation in the Kerang region are similar to that in the Shepparton
region, further deterioration is likely, especially in the less
intensively irrigated southern areas of the region. Total production
losses would then be in the order of 36%. This would cause a net

production loss of about $30 million per annum.

Future losses to the milk industry would be substantial with severe
implications on smaller towns. This was shown when small towns
such a Girgarre, Nathalia and Numurkah had difficulties adjusting

when processing plants in those towns closed.
In the Sunraysia district, especially the Nangiloc-Colignan area, if no

further works are constructed then the loss will remain at about

$0.35 million per annum.
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WATER SALINITY - DRYI_AND AGRICUL TURE, VICTORIA

High water salinities can reduce the producti\)ity of dryland farms through
the impact on stock water supplies and the water retention ability of farm
dams. Providing alternate stock water can involve substantial expense to
individuals and may not always be feasible. Sufficient informatinon was not
available to enable the Committee to quantify the associated economic

effects.

WATER SALINITY - IRRIGATED AGRICUL TURE, VICTORIA

5.5.1 Farm Level Costs

The salinity of applied irrigation water is generally not a problem at
present in most of Victoria. Whilst use is made by pasture irrigators
of saline groundwater and'drainage water, such water is normally
mixed with fresh channel water. The resultant "shandy" is suitable
for irrigation purposes and has a minimal quantifiable effect on farm

productivity provided that it is used correctly.

However, the Committee is aware of the concern that increasing
salinity is causing some irrigators who drawn their water from |akes
in Northern Victoria, especially l_ake Charm,and from the River
Murray below the Mildura Weir. The magnitude of the effect on
agricultural production is difficult to assess because it depends not
only on the level of salinity in the water but also on the type of crop

or pasture, method of water application,and soil type.

Farmers have had to accept reduced production because of salinity
levels or have had to change irrigation methods to utilise lower
quality water. Changes in irrigation systems such as from overtree
sprays to micro irrigation can cost an individual between $2000 to
$3700/ha in capital expenditure. This cost is partly offset by

associated benefits of better water application.
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5.5.2 Present Aggregate Costs

losses to agricultural production due to the salinity of Lake Charm
water have been estimated by the Rural Water Commission to be
$100,000 per year. The Commission has also supported the estimate
by Maunsell and Partners that the application in the Sunraysia region
of saline irrigation water is causing an annual production loss of $0.1
million. This value includes the horticultural areas of Curlwaa and
Cobdigla in N.S.W. Cary et al (1982) estimated the annual losses in

Victorian section to be about $3.05 million per annum.
5.5.3 Future Damage Costs

The future predictions of water salinity in the River Murray depend
upon the influence of dryland salinity and natural groundwater flows
both in Victoria and New South Wales, and the contribution of salinity

from the irrigation areas.

If salinities within the Sunraysia region increase at the rate of 3.6
mg/L per annum (6FC units), as noted in section 4.3. by the year 2010
the increase in stream salinity will be 100 mg/L (160 FC units).
Assuming that there will be very little change to irrigation systems,

the annual cost would be about $0.2 million.

5.6 WATFR SALINITY - IRRIGATED AGRICUL.TURE. - SOUTH AUSTRALIA

5.6.1 Present costs

Because of the fluctuations in river salinity levels, many studies
(Australian Mineral Development L aboratories 1977, Maunsell and
Partners 1979, Dwyer Leslie 1983) have examined the incremental
cost to South Australia of salinity. Most studies have adopted a level

of 240 mg/L (400 FC) upon which to base their calculations.
Dwyer Leslie (1983) has estimated that the average annual savings in

economic losses to agriculture per mg/L reduction in river salinity

measured at Morgan to be about $28,300. The Fngineering and Water
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5.6.2

Supply Department in South Australia used a similar estimate of
$27,800 per mg/l_ as the impact of salinity on irrigated agriculture in
the Riverland. This estimate was included in a paper presented to
the Committee on 4 October 1983.

Accurate estimates of damage to agricultural production are difficult
to determine for it is the peaks in salinity during critical periods of

horticultural crop development, build up of soil salinity, and
interaction of irrigation system and water salinity that cause the
damage. An estimate using salinity tolerance data, an average value
of 350 mg/L of salinity in the irrigation water,and the gross value of
production, calculated that the gross annual loss of production to the
Riverland was about $2.5 million. The gross value of agricultural
production attributed to commodities dependent on irrigation with
Murray River water is about $128 million (1984). The evidence
presented by South Australian Government officers estimates that
potential production is being reduced by about 20% per annum,or at

least $25M per annum, than if water contained no salt.

In a paper to the Combined Irrigation Advisory Board in July 1983, D.
Anderson (Rural Water Commission, Senior Fconomist) estimated
that Victorian irrigation areas increased the River Murray water
salinity at Morgan, South Australia, by 35-70 mg/L at an annual cost
of $3-6 million.

Future Damage Costs

The future impact of water salinity on agriculture in the Riverland
depends upon the future of the river salinity levels. South Australian
officials expressed concern over the increasing areas of dryland
salinity as well as the possible influence of rising groundwater in both

Victorian and New South Wales irrigation areas.

Accepting the evidence from South Australia that the salinity level
of the water in the River Murray entering South Australia is
increasing at the rate of 3.6 mg/L/year and using the average costs

presented above ($25,000/mg/L rise) future annual losses at the end
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of the next thirty years have been calculated. At this time,
estimated losses in the Riverland of South Australia, if nothing is
done, could reach $4.7 million per annum. However, if all irrigation
was converted to under-tree sprays, the loss would be $3.4 million per

annum.

5.7 WATFR SALINITY - DOMFSTIC AND INDUSTRIAL USFS - VICTORIA

5.7.1

Present Costs

Fven within the salinity range suitable for potable water, salinity can
create extra costs by corrosion of metal fittings and the requirement
of extra treatment for water used for special purposes. The cost
relates not only to the total salt concentration but also to the actual
type of salts in the water supply. No survey work on the impact of
salinity on domestic and industrial consumers has been undertaken in
Victoria, but it is very likely that extra costs would be involved.
Peck et al (1982) estimated the damage cost in northern and western
Victoria as $2.9 million per year. This figure is an estimate of the
annual household costs due to salinity in excess of 200 mg/L. Details

are shown in Table 5.3

Table 5.3
Fstimated Annual Household Costs*
(1984 Value)

Area Cost $M.
Wimmera-Mallee distribution system 1.2
Towns and Cities in Northern & Western Victoria 1.7

Total 2.9

* Using the following formula C = 0.2 H (5-200)
C = household cost
H = number of households in area

S = Salinity (mg/L total dissolved solids)
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5.7.2

The formula used by Peck et al was derived by taking account of

American results and estimates by AMDEL for South Australia.

Not included in the table, but of importance, is the regional centre of.
Geelong which has a salinity problem from the Barwon River. No
data were supplied on the costs of water treatment, although a joint
project between Geelong Water Board, Environment Protection
Authority, Geelong Regional Committee and Rural Water
Commission had invested $120,000 into data collection on the Barwon
River. Similarly, no evidence was supplied on the effect of stream
salinity on domestic users in the Hopkins and Glenelg catchments.
The limited data on the costs and effects indicated the need for a

State.wide investigation.
Future
Estimates of the future costs of salinity to domestic users depend on

both changes in the salinity levels and in the size of the population.

For the Wimmera-Mallee stock and domestic system it has been

assumed that salinity levels will not change significantly and that any
changes in total costs will be due to the pdpulation changes. The
assumption considers that the population will continue to increase at
a similar rate as the last ten years so that the population will
increase by 3% p.a. at the end of thirty years. This will then cause
the future losses to be about $1.3 million per annum. However, if
the salinity increases by 100mg/l. plus the above population increase,

the costs could reach $2.2 million per annum.

Similarly for the North West of Victoria, it is assumed from the
municipal survey that many municipalities have recognised a
deterioration in water quality. Assuming an increase in salinity of
100 mg/L in most water courses, plus a population increase of 5.7%,
at the end of the next thirty years the costs in northern Victoria

could reach $4 million per annum.

These values do not consider the Geelong area which is expected to
double its water use over the next thirty years. Costs of the Hopkins

and Glenelg catchments are not considered.
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5.8

5.9

WATER SALINITY - DOMESTIC AND INDUSTRIAL - SOUTH AUSTRALIA

5.8.1

5.8.2

Present

The Fngineering and Water Supply Department of South Australia
estimate that there are 183,670 equivalent households wholly
dependent on River Murray water in South Australia. Using a recent
estimate by AMDFL  of 37.5c per year as the cost of each mg/LL rise
in salinity, the Department has estimated the total disbenefit as

$68,830 per mg/L rise per year.

Peck et al (1983) used similar figures to calculate the current cost of
using saline water. | Using a threshold level of 200 mg/L,they
estimated the annual household costs due to salinity in Adelaide to be
$7.2 million.

Future

Two estimates are provided. The first assumes that salinity remains
at its present level within the next thirty years and that the
population will double. If this occurs, the predicted cost will be
about $11 million per annum. The second estimate assumes that the
population will double but that the salinity in the river will also rise
by 3.6 mg/L per annum. Using the cost of a rise in salinity of 37.5c
per household per year, the total cost in domestic water use could be

$15 million per annum in the long term.

FFFECTS OF SALINITY ON MAN MADF. STRUCTURFS

5.9.1

Roads

Present

There is some evidence to suggest that common salt (sodium

chloride) in high concentrations (greater than 3%) can reduce
the strength of lime stabilised road materials. However, of

far greater concern is the weakening of road foundations
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where watertables are close to the ground surface or where
surface water cannot drain away. Movement of water by
capillary action and evaporation at the surface can result in
damage to pavement and sprayed surfacing treatment. New
methods, described by the Road Construction Authority, can
overcome these problems. The Road Construction Authority
estimated the additional annual costs for the Bendigo, Ballarat
and Horsham Divisions at about $1.1 million. The components
of these costs for the Bendigo Division are shown in Table 5.4
below. Some of the costs are shared between the

municipalities and the Road Construction Authority.

Table 5.4

Estimated additional annual costs for roads:

Bendigo Division

Sealing Maintenance Construction  Total

$ $ $ $

Declared

Road System/

State Highway

& Main Roads 20,000 300,000 300,000 620,000
(12 km)

Unclassified

roads 20,000 200,000 240,000 460,000
(20 km)

Source: Road Construction Authority Submission, July 1983.

The Shire of Swan Hill indicated that at present the cost of
salinity damage to the roads was not great because of the
adoption of new techniques but there was a vast legacy of

roads that have been closed due to salt pans.
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5.10

Future Costs

Results from the municipal survey indicate that road
development ‘and maintenance in saline environments are
problems on the increase. It is believed that costs will
increase at the rate of 2% per annum so that the cost within

30 years could be an additional $2.0 million for the State.

5.9.2 Pipeline Systems

High watertables can also increase the costs of pipeline systems. An

example was given to the Committee by the Shire of Deakin. The

Sewerage Authority had to design a reticulation system at a much

shallower depth with more frequent pumping stations than normal

because of high watertables. However, no cost figures were given.

Installation of buried cables and pipelines can be difficult in areas

affected by high watertables.

SUMMARY

The aggregate damage costs of salinity are summarised in Table 5.5.
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Table 5.5

Annual Damage Costs of Salinity in Victoria

and River Murray

Present |_oss

Predicted Loss

$ Million in 30 years time
1984 values $ Million
1984 values
SOIl_ SALINITY
Dryland Agriculture
- Victoria - scalds 0.10 0.15
- seepage 2.9 to 3.7 6.0 to 8.3
Irrigated Agriculture
- Victoria - Kerang 20 - 22 30.5
- Shepparton 11 57
- Nangiloce 0.35 0.35
WATFEFR SALINITY
Irrigated Agriculture
- Victoria - Sunraysia
& Tresco 0.06 0.06
South Australia-Riverland 2.5 4toé6
Domestic
- Victoria - Wimmerra Mallee 1.2 2.2
Nth & Nth Western 1.7 4.0
Sth & Sth Western ? ?
- South Australia ’ 6.0to 7.2 16-18
Industry
- Victoria ?
- South Australia 0.5 1
Roads 1.1 2.0
TOTAL VICTORIA 38.8 119.7
TOTAL SOUTH AUST. (River) 10 22.1
TOTAL 48.8 141.8
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5.11

ABATEMENT COSTS

The costs and expenditure in amelorating or controlling the current salinity
level must also be included and are shown in Table 5.6. A description of the
applicability and effectiveness of the techniques is provided in Chapter

Seven.
5.11.1 On Farm
Dryland

Fxcept where economic benefits can be gained from
cropping, the average cost of $360/ha for the rehabilitation
of salt scalds has militated against their treatment.

Farmers have mainly treated seepage salting sites by sowing

salt tolerant vegetation and fencing the area at a cost
between $400 -$1500/ha. The total expenditure by
individuals on either the treatment of discharge sites or
recharge areas to assist in controlling salinity is unknown.
Government expenditure has been provided through Forest
Commission Assistance Schemes, $600,000 since 1980, and
for works undertaken by the Soil Conservation Authority,
$500,000 per annum.

Irrigation

Direct abatement costs using piped sub-surface drainage has
only been used to protect horticultural areas in Sunraysia,
Nyah, Tresco and Woorinen irrigation areas. These were
installed predominantly before 1970 . In horticultural
areas, other farmers have changed irrigation systems at a
capital cost of between $2000 - $3700/ha. In the pastoral
and cropping areas farmers have relied on sowing salt
tolerant vegetation. The total expenditure undertaken by

individuals on these prajects is unknown.
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8

" PAST EXPENDITURES ASSOCIATED WITH CONTROL
OF SALINITY IN VICTORIA

. ( £ oo0)
1977-78 1978-79 1979-80 1980-81 1981-82 1982-83  1983-B4*
CONTROL PAID FOR BY PRIVATE INDIVIDUALS \
- For works undertaken by individuals and
financed by salinity loans from Rural
Finance Commission. N.A. N.A. 200 681 750 880 N.A.

- For investigations and operation of
works undertaken by Water Commission
and paid for by irrigators. 841 939 1079 1377 1708 1785 2080

- For tree-planting by individuals which
is assisted by the Forests Commission |
and the Soil Conservation Authority. 28 32 26 62 92 136 170

CONTROL PAID FOR BY PUBL.IC
- For works undertaken by Water
Commission under National Water
Resources Program. 2232 3436 3893 3555 5651 3959 4756

- For works, investigations and
extension undertaken by the Soil
Conservation Authority. 147 149 205 233 287 - 487 650

- For investigations, tree-growing
assistance and extension undertaken |
by the Department of Agriculture. N.A. N.A. 285 398 552 535 578

- For works, investigations and
extension undertaken by the
Forests Commission. 60 60 80 201 290 310 280

For investigations undertaken by
the Department of Minerals and

Fnergy. 100 100 200 378 345 335 267

- For investigations and works under-
taken by River Murray Commission and
funded by Victorian Government. A total of about $4m between 1975-76 and 1982-83.

* tstimates tor all years have been provided by relevant Government Departments and the estimates for 1983-84

represent proposed spending.

Source: Michael Read & Associates (1984).



Indirect abatement costs have included landforming and
lasergrading. It has been estimated that about $70 million
has been spent by individuals in the Goulburn Murray
Irrigation District on these processes since 1979. Costs to
the individual are of the order $900 - $1800/ha.
Government assistance through the Rural Finance
Commission has provided about $3 million since 1981 as
concessional loans. In the Shepparton region, it is believed
that in excess of $10 million has been spent since 1979 on

the installation of private groundwater pumps.
5.11.2 OFF FARM

Groundwater Pumping - Protection of Land

The Shepparton Phase A programme which protects 3000 ha
of horticultural land and 11300 ha of pasture land was
completed in 1981 at a capital cost of $3.2 million. Half of
this amount was funded by the Commonwealth National
Water Resources Programme, the remainder by the
Victorian Government. Annual operating costs of the Rural
Water Commission controlled pumps is of the order $230,000

which is contributed to by irrigators in the protected areas.

Groundwater Pumping - Protection of Streams

The L.ake Hawthorn and Mildura-Merbein groundwater
interception schemes prevent saline groundwater from
entering the River Murray. The Mildura-Merbein scheme
was completed in 1980 at a capital cost of $2.5 million and
has annual operating costs of about $97,000. L.ake Hawthorn
was completed in 1968 at a capital cost of $700,000. Annual
operating costs are of the order $70,000.

Disposal Schemes

Sunraysia horticultural areas, which are protected by sub-

surface drainage dispose of their effluent to natural salt
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5.12

basins. About $190,000 was spent by the Rural Water
Commission on maintenance of these basins during 1982-83.
The enlargement of the Woorinen evaporation basin was
completed in 1980 at a capital cost of $302,000.

The Barr Creek - L.ake Tutchewop interception scheme protects the
River Murray and downstream users from saline inflows. The scheme
was completed in 1968 at a capital cost of $890,000 and has annual
operating costs of $48,000.

5.11.3 Other Costs
Indirect abatement costs are also associated with the provision of

advisory and investigative services of different departments. These

will be discussed in the relevant chapters.

CONCLUSIONS

The economic effects of salinity result from damages caused by induced
salinity and the costs of remedial measures. The effects of salinity on
agricultural production, and on man-made equipment and structures have
economic consequences. The total cost of salinity to Victoria is about
$50 million per year, of which $10 million is the current level of expenditure
on salinity control. If no further control measures are introduced, the

damage due to salinity is likely to treble within the next thirty years.

Damage Costs

(i) - The annual loss in value of agricultural production in Victoria has
been estimated as $0.1 million due to salt scalds, $2.9 - $3.7 million
due to seepage salting in dryland areas, and $32 million due to high

watertables and salinity in irrigation areas. This corresponds to a
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(ii)

(iii)

(iv)

loss in productivity of 7% in the Shepparton Region and about 25% in
the Kerang Region. Without further control measures, the cost in
dryland areas could double and in the Shepparton Region could

increase five fold within thirty years.

The cost of damage to household equipment in Victoria casued by
supplies from the Wimmera-Mallee distribution systems is $1.2
million per year and for supplies to other towns and cities in Northern

and Western Victoria is about $2 million per year.

Costs due to the weakening of road foundations by high watertables
and the effect of salinity on road materials may be significant. The
additional maintenance costs in the Bendigo, Ballarat and Horsham

divisions of the Road Construction Authority is $1.1 million.

Fstimates of costs to South Australia due to high levels of salt in the
River Murray are $2.5 million per year in the Riverland Irrigation
Region and $6 million per year for domestic and industrial water
users. The proportion of this cost which might be associated with

inputs of salt from Victoria has not yet been determined.

Abatement Costs

(v)

Salinity control measures which have already been implemented in
Victoria include collective interception and disposal schemes for
saline groundwater and drainage water in Northern Victoria, and
on-farm measures by landholders in both irrigated and non-irrigated
regions. Fxpenditure on both public and private schemes, financed
through government departments and on associated research and
investigation in Victoria, has been about $10 million per year in
recent years. Unidentified expenses, particularly by individual

farmers, may add significantly to this sum.
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6.1

6.2

CHAPTER SIX

ENVIRONMENTAL, HEALTH AND SOCIAL EFFECTS

INTRODUCTION

In addition to those impacts which are measurable in financial terms,
salinity can affect environmental and human wellbeing in ways that have no
direct economic repercussions. Of particular importance are the effects on
biota in the natural environment, and on human health, and the cumulative
impact that these and the economic effects may have on the wellbeing of

individual people and the community.

NATURAL ENVIRONMENT

Ecosystems will respond to changing conditions in different ways depending
upon such factors as the period of time over which changes occur, whether
the changes are permanent or temporary and whether other species can

capitalise on the new niches in the changed environment.
6.2.1 Terrestrial Environment

Salinity can influence the natural environment either directly, as a
result of salt concentration, or indirectly, where the causes of salting
are also responsible for losses in flora and fauna. Seepage salting and
scalds normally affect cleared agricultural land, but nearby areas
supporting remnant native vegetation can be damaged. The
Committee's consultants (ACIL Australia, 1983) refer to a dearth of
information on the impact of dryland salinity on the natural
environment, with no specific studies documenting the impact of
salinity on either terrestrial or aquatic fauna. However, it is
acknowledged that native vegetation is susceptible to salinity so

some damage must occur with a resultant change in habitat.
In its submission, the Forests Commission indicated that the overall

impact of dryland salting on native tree cover is generally not yet

serious, other than in relatively localised areas, such as the Dundas
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Tablelands. Dryland salting does not generally occur in native
forests, but seepage salting and high water tables are having a
significant impact on forests in northern Victoria. The extent of
salinisation and waterlogging in the Coghuna Forest District is

presented in Table 6.1

Table 6.1
Status of Reserved Forests - Cohuna Forest District

State Forest Area Main Species Problems Stability*
(ha)
Appin 294 Black Box Encroaching Stable
salinity.
Wandella 984 Black Box E.ncroaching Stable

salinity and
waterlogging.

Benjeroop 334 Black Box Modifications Very
to drainage by unstable.
adjacent levees.

Kerang 259 Black Box Major drainage Unstable
problems.

Mystic Park 588 Black Box Increasing salinity Unstable
drainage
modifications.

Bael Bael 1,540 River Red Increasing Fairly
‘ Gum 58% salinity stable.
Black Box 42%.

*Stability - indicates whether problems are becoming worse
with time or whether change in the present
system is slow.

Source: Forests Commission Victoria Submission,

September, 1983.
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Most of the river red gum forests in northern Victoria, totalling over
20,000 ha are not currently affected by salinity or serious water-
logging. However, the potential for serious damage to the forest
ecosystem is present in the Barmah Forest where river management
practices have altered the normal flooding pattern. This will have
implications for timber, fauna habitat, honey production and
recreation. Of the 8,000 ha of black box forest about 1,500 ha are
badly damaged, 1,500 ha are seriously at risk or contain isolated
problem areas (900 ha). L.eaghur Forest is the only large Black box
forest without any major problem (1,900 ha).

Narrow river red gum frontage along the Loddon River, Bullock and

Barr Creek frontages, are seriously affected by salinity and water-

logging.

The causes, effects and control strategies involved with salinity can
all either modify or destroy natural wetlands. The major con-
sequences are to modify the food chain, and the ability of the
vegetation to provide refuge or breeding habitats for wildlife, so
that the ecosystem loses its original species diversity and ecological

value.

Saline groundwater inflow can modify or destroy vegetation which
provides roosting, feeding and nesting habitat those of many species
of birds. Wetlands in the Kerang Region, especially for the Marsh
System and Cullens lL.ake, are suffering from high watertables and
salinity. In Second Marsh, 76 ha of trees have died and another 77 ha
are affected. Several publ.ished repofts and evide'nce presented to
the Committee by the Victorian Field and Game Association suggests
that seepage from irrigation on lunettes on the periphery of the
Marsh has added to the regional groundwater causing shallow water-
tables and saline soils in specific locations. The maintenance of
watertables by seepage, in additinn to prolonged inundation is
believed to have reduced tree vigour and prevented regeneration.
These changes, together with a change in aquatic vegetation resulting
from increased salinity in the water itself, can change the capacity

of the ecosystem to support wildlife species. A comprehensive study
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of the whole marsh system should be undertaken, so as to develop a
balanced management strategy in relation to watertables, salinity

and flooding.

A similar situation occurs with the use of natural depressions for the
disposal of saline effluent. During the early years, evaporation basins
can provide a habitat for wildlife but,as salinity increases,the area
becomes unsuitable for freshwater dependent species. However,
during very wet years or in depressions that periodically receive fresh
water, these basins can provide a feeding ground for many bird
species. Often the number of birds may not be affected but the
species diversity will be. Not only is the salinity of the water of
concern in wetlands, especially those receiving effluent or acting as
storage reservoirs for irrigation, but also the depth of water within
the depression may affect the feeding ability of birdlife. This
is difficult to assess because of the ability of many birds to frequent
several feeding grounds per day. Increasing salinity levels eventually
reduce the value of lakes and wetlands. Degradation of the lakes and
wetlands including the use of some wetlands for evaporative basins in
northern Victoria has had a significant impact on wildlife including

migratory waterbirds. (Dwyer Leslie, 1984).

Surface drainage in irrigation districts is essential to help reduce
accessions to the groundwater. Unfortunately, to provide district
drainage, natural depressions and low lying land are dredged, altering
the natural flow pattern, salinity of water and topography of these
wetlands. These changes cause a modification in the aquatic flora
and fauna and riparian vegetation. Several examples such as Pyramid
Creek and Bullock Creek were presented to the Committee.
Drainage can have two effects on the environment. Firstly, it can
modify or destroy natural wetlands by upsetting the water balance or,
secondly, it m‘ay assist in the rejuvenation and regeneration of trees
that would otherwise be destroyed by high watertables. In some
cases, such as Hirds and Johnson's Swamps, modifications in the
management of the water balance of wetlands after drainage, by
pumping water or installing weirs, have been necessary to maintain

original wetlands on a smaller scale. Obviously there must be a
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6.2.2

compromise between the basic aim of the drainage scheme and
wildlife conservation. This may require a broader study into

environmental effects than individual projects.

It has been suggested that because of flood control works and river
flow regulation, many wetlands are threatened by salinity because
the frequency and duration of flooding are being reduced. The
Victorian Field and Game Association suggest that many areas of
wetlands are no longer covered by floodwater so affecting the
habitat, because leaching and flushing is not as widespread. Often
these flooded areas, although sufficient for vegetation, do not always
have sufficient flood duration or peak to stimulate many waterfowl
to breed. This remains a contentious issue and more research is
required to examine the overall effect in an ecosystem where a

shallow saline watertable exists.

Cowling (1973) estimated that more than 200,000 ha,or about half of
the original extent of wetlands in Victoria, have been altered since
settlement so as to be unsuitable for at least some waterbirds. This
is of concern to the Committee, for given that there is only about 5%
of the land in the State set aside for conservation purposes, there
have been relatively few environmental impact studies conducted
into the effect of salinity and associated waterlogging problems.
Another question that has not been addressed, is the proportion of
wetlands within the State that can be altered from freshwater to
saline without causing species to become extinct and upsetting the

ecological balance within an area.
Water Environment

There is little specific information on changes caused by salinity on
Victorian streams. Most changes to the aquatic habitat have other
causes, such as drainage, exotic species, diversion, flow
modifications, changes to water temperature and barriers to fish

movements such as dams, weirs and locks.
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Every State has natural saline lakes. They are especially numerous in
semi-arid areas and on the volcanic plains of western Victoria. Salt
lakes have greatly decreased species diversities compared to fresh-
water ecosystems. Secondary salting by increasing the salinity of
lakes and adjacent lands can severly damage or destroy the existing
ecosystem. Changes in the salinity regime may mean that the
species composition changes rather than any adverse impact on

production.

An indirect effect of salinity is to increase the use of soaps and
detergents. The consequences of these increased uses and wastes
from water treatment plants should also be considered in examining

water quality and environmental impact further downstream.

Conservation of flora and fauna and the retention or enhancement of
related values such as landscapes and aesthetics are difficult con-
cepts to evaluate and their maintenance can be technically difficult
to achieve for the long term. Nevertheless, they are important
values that need to be fully considered in evaluating the need for, and
nature of salinity control programmes. The information presented to
the Committee indicates that salinity is contributing to environ-
mental degradation. However, the environmental information
available is not at a level of comprehensiveness or in a form that can
be used easily in the process of developing salinity control pro-

grammes.
6.2.3 Abatement Costs

Protecting natural areas from the adverse effects of salt and
waterlogging is often difficult. Work to establish the significance of
natural areas and the current and potential threats to their long term
survival is a vital first step. Some of this work is already available.
In addition, recent work being undertaken by the Arthur Rylah
Institute for the Ministry for Planning and Environment should
eventually provide broad scale infarmation suitable for municipal and

regional planning.
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6.3

HFEALTH FFFFCTS

Currently within Victoria, the health aspects of salinity in drinking water
supplies appear to be minor. There is no information on any economic

effect.

Guidelines to the health aspects of salinity in water are included in a
publication from the Commonwealth Department of Health entitled
"Desirable Quality for Drinking Water in Australia (1980)". These guidelines
are intended to help authorities determine appropriate drinking water

quality.

The parameters used include various chemicals that contribute to salinity
in water such as calcium, magnesium, chloride, nitrate and sulphate. Two
chemicals that may be causing problems with water supplies and which have

been brought to the attention of the Committee are sodium and nitrate.

6.3.1 Sodium

Sodium is not currently listed in the water quality objectives because
of insufficient data on the health aspects of sodium in water.
However, as noted by Dr. B. Scoggins, Howard Florey Institute for
Medical Research, sodium in the diet is known to be related to

hypertension and mortality from vascular disease.

Sodium has recently been the subject of reports from the World
Health Organisation (1979) and National Health and Medical Research
Council (1982). The conclusion of both reports is that community
sodium intake should be reduced for health reasons to under 