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Plate 1: Satellite Photograph of Southern Central Victoria

Colours have been modified to obtain the greatest contrast between various natural features. The major topographic
feature is the Great Dividing Range (forested parts are portrayed in reddish-brown). It separates the South-East
Coast Drainage Division (II) from the Murray-Darling Drainage Division (IV) in the north. Lake Eildon, a major
reservoir on the upper Goulburn River is shown just above the centre of the frame. From Eildon the Goulburn flows
west, then north to the irrigation areas of the Goulburn Valley. These appear as the faint orange region in the
top left hand corner of the frame. The Waranga Basin is also shown — an off-river water storage for irrigation.
Melbourne, Australia’s second largest city, surrounds the head of Port Phillip Bay at the lower left of the frame,

vi



PREFACE

This review has been designed to provide a concise and balanced assessment of Australia’s water
resources, It supersedes an earlier publication, Review of Australia’s Water Resources (Streamflow
and Underground Resources) 1963, and is similar in approach and format. The 1963 review, which
~ was the first national assessment of water resources, brought together in one volume information
not previously accessible and highlighted inadequacies in the measurement and collection of water
resources data within Australia. Since that time, the Australian and State governments have conduc-
ted an expanded program of water resources measurement and the present review contains much
new and improved data.

The review is confined to giving broad indications of the occurrence, yield and quality of
surface water and groundwater within Australia. Descriptions are brief and where possible,
quantitative information is summarised in tabular or graphical form and supported by maps. Treat-
ment and presentation are uniform throughout, although completeness has not been possible due to’
insufficient data from some areas, particularly arid and sparsely populated regions of the continent.

Respounsibility for the control, conservation, measurement and assessment of Australia’s
water resources is vested in Australian and State government authorities. The six State governments
are responsible for water resources within their own areas accounting for 82.4 per cent of Australia’s
land surface. Water resources management and assessment in the Australian Capital Territory, the
Northern Territory, and the small island territories is the responsibility of the Australian Govern-
ment. The Australian Government, through its Bureau of Meteorology, is responsible for the prov-
ision of meteorological and some flood warning services on 1 nation-wide basis.

In 1962, the Australian Water Resources Council was formed to promote and co-ordinate
water resources measurement and research. Its main objective is to provide: ‘a comprehensive
assessment, on a continuing basis, of Australia’s water resources and the extension of measurement
and research, so that future planning can be carried out on a sound scientific basis’. The Council
comprises the minister in each State primarily responsible for water resources, the Australian
Minister for National Resources and the Minister for the Northern Territory. It is serviced by a
standing committee supported by five formal committees comprising a water research and
education steering committee, a research advisory committee and technical committees on
surface water, groundwater and water quality. These are aided by a number of special panels and
working groups.

This review is the outcome of the Australian Water Resources Council Project 73/52 - Review
of Australia’s Water Resources. It was compiled by Mr. P. M. McLennan and Mr. L. D. Moore of
Economic Research Unit Pty. Ltd., with the guidance and assistance of a reference panel comprising:

Mr. D. B. Collett (Chairman), Public Works Department, Western Australia

Mr. B. L. Credlin, Irrigation and Water Supply Commission, Queensland

Mr. D. I. Lane, Engineering and Water Supply Department, South Australia

M. T. W. Plumb, Division of National Mapping, Department of National Resources

Mr. H.]. Rose, Water Resources Branch, Department of National Resources, acted as project
co-ordinator and secretary to the reference panel. :
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The publicatioh was Teviewed in its draft stages by the water authorities in each State, co-
ordinated through a State liaison officer. Maps have been prepared by the Division of National
Mapping of the Department of National Resources.

viii



CONTENTS

PREFACE

CONTENTS
Tables
Maps
Tlustrations

Figures
1. INTRODUCTION
2. HYDROLOGIC CYCLE

3. CHARACTERISTICS OF AUSTRALIA’S WATER RESOURCES
3.1 Surface Water .Resources
3.2 Groundwater Resources
3.3 Droughts
3.4 Floods
3.5  Water Quality

4. MANAGEMENT OF AUSTRALIA'S WATER RESOURCES

5. DRAINAGE DIVISIONS
Introduction

Drainage Division -~ North-East Coast
II — South-East Coast
[II — Tasmania
IV — Murray-Darling
V — South Australian Gulf
VI — South-West Coast
VII — Indian Ocean
VI — Timor Sea
IX — Guif of Carpentaria
X — Lake Eyre
¥i — Bulloo-Bancannia
XIT — Western Platean

6. COMPARISON OF AUSTRALIAN AND WORLD WATER
RESOURCES

7. REFERENCES AND FURTHER READING

APPENDIX  Principal Organisations Responsible for Surface and
Groundwater Resources in Ausiralia

ix

Page

vil

xi

Xii

11
12
13
14

22
o)

32
30
69
79
92
102
112
121
133
144
152
157

161

164

168



Tables

Rainfall and unoff of the continents
Rainfall and runoff in three Australian river catchments

3. Range of characteristics measured at selected surface water and
groundwater quality stations

4.  Possible exploitable yield of fresh and marginal water

5. Large dams and storages — existing and under construction

6. Important areas of concentrated use of groundwater in Australia

7. Areas under cultivation and irrigation in selected countrics

DRAINAGE DIVISION TABLES

A Drainage division areas, gauging stations and average annual
discharges

B Range of discharges for selected rivers

C  Present, authorised and planned annual commitments of fresh and
marginal surface water

D  Summary of aquifer characteristics

E  Summary of groundwater yields

SEDIMENTARY BASIN TABLES

F  Aquifer characteristics of sedimentary basins

G Groundwater yields of sedimentary basins

RIVER BASIN TABLES

Tubles for each drainage division

I(a) — Xi(a) River basin areas, gauging stations, average
annual discharges and salinities

I(b) — XI{b) Range of discharges for selected rivers
1(c) — XI{c) Salinities of selected rivers

I{d) — XI{d} Present, authorised and pianned annual
commitments of fresh and marginal surface water

I(e) — Xl(e) Aquifer characteristics
) = XII(F) Groundwater yields

[ ~ North-East Coast VIf — Indten Ocean
I — South-Bast Coast VIl — Timoer Sea
Il = Tasmanic IX — Gulf of Carpentaria
1V ~ Murray-Darling X — Lake Eyre
V = South Australian Gulf XI — Bulloo-Bancannia

VT — South-West Coast XIT — Western Plateau

Note:- For Division X1 only two tables are given — XIife) and XIHf).

Data is insufficient to compile the surface water tables Xlifa) —
XiK(d).

Pagé

14
19
19
20
161

24
25

27
28

30
31



Page

Maps
1. RELIEF AND DRAINAGE DIVISIONS facing 4
2. RAINFALL _ facing 10
3. RUNOFF facing 10
4. SEDIMENTARY BASINS facing 12
5. DRAINAGE DIVISIONS AND BASINS back pocket
6. PRINCIPAL GROUNDWATER RESOURCES back pocket
Niustrations
Drainage

Flate  Division
1 [I&IV  SateMite photograph of southern central Victoria vi
2 I Batren River valley — River Basin 10 32
3 I Black Creek — River Basin 25 32
4 If Hawkesbury River — River Basin 12 50
s il Farm country near Mt. Roland — River Basin 16 69
6 Il Mountain River, with Collins Bonnet in background —

River Basin 6 ‘ 0
7 v Valley of the King River — River Basin 3 79
8 A\ River Murray west of Mildura — River Basins 14 &

26 - 20
9 v Miilbrook Reservoir in summer - River Basin4 . 92
10 v Pipeline from Murray Bridge to Adelaide at Monarto:

catchment boundary with Division V in background 93
11 VI Musray River valley near Dwellingup — River Basin4 102
12 VI Wheat country near Pingelly — River Basin 14 103
13 VII Hamersley Ranges, Wittenoom — River Basin 8 112
14 VIl View from Mt. Herbert — River Basin 8 112
15 VIII Dimond Gorge, Kimberll;ays — River Basin 2 121
i6 VI ‘ Leopold Ranges, Kiinberieys — River Basin2 122
17 IX Typical north-west Queensland country — River

Basin 12 133
18 X Cooper Creek in flood, Channel Country, January

1974 - River Basin 2 . 144
19 X Arid country - River Basin 4 145
20 X1 Dry stream bed — River Basin 2 152
21 X1 East Murchison country — River Basin 4 . 157




Figures

-~ ho oW B W

North-west, south-east section of Australia
North-east, south-west section of Australia
The land phase of the hydrologic cycle

The hydrologic cycle

Forms of groundwater

Average salinity of the River Murray, 1966167

Streamflow and runoff in Avstralia compared with flow in some
of the world’s largest rivers

Mean and extreme relative monthly discharges per unit of catch-
ment area of rivers at selected stations

Xii

Page

Ch W W N

g

162

163



1. INTRODUCTION

Australia’s water resources are scanty and unevenly distributed in relation to its area. In addit-
ion, water availability in general is highly variable. Rainfall, the primary source of surface and under-
ground water varies considerably {rom place to place, from season to season and from year to year.
These factors limit the scope for easy management of the country’s water resources. Nevertheless,
although Australia is the world’s driest continent in terms of average annual runoff per unit area,
domestic and industrial water consumption per head of population is comparable to that of other
prosperous nations, despite the economic costs agsociated with the provision of water supplies in
such an environment. '

Australia is a highly urbanised country. 80 per cent of its population lives in towns and cities
lving mostly on the temperate coastal fringes of the continent. Nevertheless only about 15 per
cent of water diversions are for non-agricultural purposes. Most of the remainder are for irrigation
and stock watering. Irrigation is widely practised and compared to other countries, Australia has
one of the highest irrigated areas per head of population (see Section 6). Australia’s development
has been greatly influenced by the nature and extent of its water resources and with continued
growth in demand successful water management will require careful and co-ordinated planning.
This review is designed with that end in mind, as a contribution to the better understanding and
management of Australia’s water resources.

Australia is a continent of low relief with a land surface which is generally highly weathered
and flat. Ifs most prominent topographic feature is the Great Dividing Range, a chain of low mount-
ains and tablelands along the eastern and south-eastern seaboard. Rainfall is most regular along the
coastal fringes, especially on the populous south-east coast and in Tasmania. Elsewhere rainfall is
more seasonally variable. Northern Australia, for example, experiences monsoonal conditions and
tropical cyclones which may cause extensive flooding in rivers that have little or no flow for most
of the year. Inland, the continent is arid, and rain is sparse and infrequent.

Evaporation is high throughout most of Australia and, on average, consumes 87 per cent of all
moisture that reaches the ground, compared to about 60 per cent for North America and Europe.
High evaporation coupled with the variability of streamflow make conservation and development
of surface water resources more expensive and less effective than in many other countries.

Water may also be drawn from underground sources, and Australia is fortunate in the wide-
spread occurrence of groundwater, even in arid and semi-arid areas. The most concentrated use of
groundwater at present.is from unconsolidated sediments, particularly alluvial and acolian {wind-
blown) deposits. These are generally high yielding and from a major source of groundwater for
irrigation, industrial and domestic use. In addition, major sedimentary basins underlie 60 per cent
of the continent, and one, the Great Artesian Ba‘sin, is among the largest in the world. Groundwater
from this basin has sustained much of Australia’s inland pastoral industry since the late nineteenth
century. .

Figures 1 and 2 show topography, rainfall and evaporation along two cross-sections of the
Australian continent. The illustrations show the diversity of water resource occurrence and use.

In the past, groundwater and surface water have tended to be viewed as separate resources, as a
result, no doubt, of inherent differences in their modes of occurrence, assessment and development.
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Yet they are often hydraulically connected, and in any event, ar¢ complementary components of a
single larger system, the hydrologic cycle. Thus, in assessing the water resources of a region, ind¢-
pendent measurements of groundwater and surface water yield are not necessarily additive.

To promoie 2 unified approach so far as possible, river basins or groups of river basins have
been adopted as the primary units of assessment for both surface and groundwater resources. This
is straightforward for groundwater basins based on unconsolidated sediments as they generally
occur within river basin boundaries. However, boundaries of the major sedimentary basins do not
coincide with river basin boundaries and because of their importance, groundwater data on these are
also presented separately, with each sedimentary basin being treated as an individual unit. Hence
these groundwater data are included twice, first within the unified assessment, then under the
separate assessment of sedimentary basins.

For purposes of assessment, 944 areas have been adopted as river basins. These have been
grouped into twelve drainage divisions (Map 1), mostly according to their location along major
physical divides, or their place in major river systems. Brief descriptions of the characteristics of the
twelve divisions are given in Section 5. These descriptions are confined to iliustrating typical
conditions and do not cover the complete range that might oceur within each division. As much
of Australid is of low relief, the boundaries of some river basins and drainage divisions are jll-defined
and are revised as more reliable information comes to hand. For this reason some boundaries in this
review differ from those in earlier publications. Map 5 shows these boundaries and the general
pattern of drainage on the Australian continent. The Western Plateau Drainage Division is flat and
rainfall is so infrequent that drainage is largely unco-ordinated. The Lake Eyre and Bulloo-Bancannia
Divisions have no point of ocean discharge and surface water is dissipated through evaporation or
seepage. Although these three divisions cover 48.5 per cent of Australia®s area, they contribute
very little to total surface runoff.

Data on surface water resources arc presented in tables which give estimates for each river
basin of total yield, possible exploitable yield and commitments, together with the range of dis-
charges and salinities for selected rivers throughout Australia.

Groundwater is more difficult to assess than surface water. Quality and yield vary markedly
with depth, location and geological environment and its behaviour is complex. Since the 1963 re-
view, information on groundwater has improved considerably and this is reflected in the data
included in this review. Groundwater storages will be depleted if water is withdrawn at a greater
rate than can be sustdined by recharge. Thus estimates are given for each river basin of total possible
annual yields allowing extraction from storage, and yields from recharge alone. In addition, a
table is.included which details major aquifer characteristics, including the range of common aquifer
depths and thicknesses, the range of common bore _yialds, the estimated tiumber of bores and the
range of common salinities.

Throughout this review, the accuracy and availability of data vary. Generally, data are most
comprehensive for areas where water resources are most fully utilised. For much of the continent
however, data are incomplete or the result of only superficial measurement. For example, surface
water data at the river basin level is not available for the Western Plateau Division which covers
much of the arid area of Australia. In many of the tables, indicators of reliability are presented.
River basin discharges and runoff are given alongside the number of flow measurement stations and
their type. Estimated river salinities are given together with the period” over which samples have
been taken and the number of samples from which the estimates have been calculated. In addition,
qualitative indices of reliability have been attached fo groundwater yields.
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2. HYDROLOGIC CYCLE IN AUSTRALIA

About 97 per cent of the earth’s water is held in the oceans and seas. Of the remaining 3 per
cent, three-quarters is trapped in polar ice caps and glaciers as fresh water, and about one-quarter is
stored as soil moisture and groundwater of varying salinity. A small proportion is held as vapour in
the atmosphere. Only one-hundredth of one percent of water at the earth's surface occurs as fresh
water in lakes and rivers. Thus, in proportion to the total volume of terrestrial water, the amount
of fresh water available for consumption is very smali. '

Fresh water is replenished in an endless cycle by gvaporation of surface waters of the sea and
land, using the radiant energy of the sun, with eventual precipitation back to earth. The earth’s
rotation and differential heating of air masses by the sun are the driving forces behind the transport
of water vapour in the atmosphere. Water vapour condenses to form clouds and if meteorological
conditions are favourable, water will be precipitated, often great distances from its source. This
transfer of water between the oceans, the atmosphere and the land is called the hydrologic cyele.
Its main features are shown in Figure 4.

Precipitation is caused by the lifting of moist air and subsequent cooling and condensation to
form rain, hail or snow. There are three main mechanisms - mechanical or crographic lifting in
which moist air is forced to rise over mountain bartiers, thermal or convective lifting caused by air
being heated from below, and dynamic lifting associated with the movement of high and low pres-
sure wind systems.

The land phase of the hydrologic cycle is illustrated in Figure 3. [t is complex and vital in its
effect on the disposition and distribution of ali plant and animal communities.
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Figure 3: The Land Phase of the Hydrologic Cycle
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Evaporation and transpiration are major components of the hydrologic cycle in Australia,
Potential evaporation (i.e., the evaporation that would occur from an open water surface and esti-
mated from standard pan measurements) is high throughout the greater part of the continent. Aver-
age annual standard pan evaporation exceeds 3000 mm in central Australia and exceeds 1000 mm
in all but the most southerly parts of the continent. Thus average annual precipitation is less than
potential evaporation over most of Australia. However, actual evaporation is considerably less than
potential evaporation, being limited by both rainfall and the available moisture stored in the soil.

All soils are capable of storing moisture although the quantity yaries greatly with soil type.
Soil moisture is lost through percolation and evapotranspiration and is naturally replenished by
rainfall. Together with femperature, the level of available soil moisture significantly affects the
soil's potential for growing crops. As the availability of soil moisture to plants drops, transpiration
decreases and plant growth is retarded and eventually may cease. With scasonal changes in soil
moisture, most of Australia has a growing season of less than five months and almost 70 per cent
of Austratia has a growing season of less than four months. The only areas with annual moisture.
surpluses are the western highlands of Tasmania, the Snowy Mountains in south-eastern Australia
and some parts of the north-east coast. In northern Australia, there is a seasonal moisture surplus
during the wet season, but in many places, soil moisture adequate for plant growth does not persist
through the dry season. '

Australia is situated in the mid-latitudes of the southern hemisphere and its climate is governed
by the characteristic high and low pressure wind systems of this region. Except for the Great
Dividing Range, the prevailing movement of these systems from west to east across the continent
is relatively unimpeded by topography,

The pressure systems have a marked seasonal incidence. In winter (May to October), high
pressure systems prevail across the interior of the continent bringing mild dry south-east trade
winds to northern Australia and cool moist westerly winds to southern Australia. The westerly
winds and frontal systems (associated with low pressure systems), bring fairly reliable light to mod-
erate rains to south-western Australia, the agricultural regions of South Australia and most of
Victoria and Tasmania. Higher winter rainfalt occurs where erographic lifting is more pronounced.

In summer months, high pressure systems are further south directing easterly winds generally
over the continent and bringing fine, warm to hot weather to southern Australia. The tropical
north comes under the influence of moist north-west monsoons and tropical cyclones bringing
heavy and often widespread rains to the north-west, much of the Northern Territery and inland
north Queensland.

" The climate of coastal regions is influenced by the proximity of the sca and in general, rainfall
decreases inland with distance from the coast. Orographic lifting produces high rainfall along the
Great Divide bordering the east coast, in the western highlands of Tasmania, and in the ranges and
escarpments of south-western Australia. Moist south-east winds in winter bring heavy rains to the
coastal ranges of north Queensland augmenting summer rainfall from the monsoons and tropical
cyclones. The wettest part of Ausiralia is in this region at elevations above 1500 m. The influence
of the south-east winds also extends into northern New South Wales.

In Australia, only a small proportion of precipitation subsequently becomes surface runoff.
Much precipitation reaching the ground either evaporates or is transpired by vegetation. Some of
the water infiltrates into the soil wlere it is taken up by vegetation or percolates underground.
Groundwater may reappear on the surface as spring flow and this, augmented with seepage through
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river banks and beds, comprises the baseflow of sireams. The bulk of surface runoff flows to the sea;
the remainder flows inland and is dissipated by evaporation or infiltrates to groundwater storage.
The development of Australia’s water resources is tied closely to rainfall and runoff patterns which
are shown in Maps 2 and 3. Australia’s surface water resources are described in more detail in
Section 3.1.

In contrast to surface water, groundwater is more widely available in Australia. Groundwater
resources are generally replenished by infiltration from rainfall or surface streams. Storages are
generally large and water flow rates are slow, ranging from less than a metre to a few thousand
metres per year. In the larger groundwater basins, water may remain in aquifers for very long periods.
An example of this is the Great Artesian Basin. Here it has been estimated that the time taken for
water to move through the main aquifers from intake areas in Queensland to mound springs in
South Australia is three million years {Croundwater Resources of Australia, 1975). Australia’s
groundwater resources are described in more detail in Section 3.2.



3. CHARACTERISTICS OF AUSTRALIA’S WATER RESOURCES

3.1 Surface Water Resources

The limited extent of Australia’s surface water resources can be scen in Table 1 below, where
rainfall and runolf are compared lor the six continents. Australia has not only the lowest rainfall
and runoff in proportion to its arca, but also the lowest percentage of runofT to rainfall. That is;
even the proportion of water available for use from Australia’s low level of precipitation is less than
in other continents. However. this is at least partly because runoff is disproportionately low in arcas
of low rainfall and high cvaporation.

Table 1: Rainfall and Runoff of the Continents

Eeaporation and

Arerage annual transpiration Runoffasa’
Area rairfull* s ¢ percentage of  percenlage of
(ki x 107} frm) rainfall rairtfafl
Alrien 30 210 660 76 24
North America 24 260 660 60 40
Sotith America 17 790 1 350 64 36
Asia 44 030 610 64 36
Europe : 9710 580 60 40
Australia 7 690 420 B7 13

* Median figurcs arc given {or annual rainfall in all other instances in this review, except in Tuble 2 below.
Source: adapted from J. Andrews, Australia’s Water Resources and their Urilisation, pp 11 - 14: ). E. McDonald.
*On the ratio of evaporation to precipitation,” /. tet,, vol. 42 {1961). no. 3. 1 186.

Although the average percentage of runoff 1o rainfall is Jow. its variability across Australia is
considerable. Table 2 gives rainfall and runoff lor three Australion rivers to show the effects of dis-
tinet climatic and topographic characteristics.

Table 2: ' Rainfall and Runoff in Three Australian River Catchiments

Eraporation aid

Average aunil trauspiration Runoff as ¢
Area reinjalf a8 a pereentage of  percenitage of
{km? x 10°) {mi) rainfall rafnfutl
King River {al Crotty) (.45 3 000 20 80
Shoalhaven River (at Welecome Reef) 297 875 - 29
North Para River (at Yaldara) 0.38 540 92 ]

Source: Siate water authorities

The King River is in the mountainous western highlands of Tasmania (Drainage Division 111,
where the climate is cool and temperate, and rainfall is high and regular the year round. The upper
Shoalhaven River is on the south-gast coust of New South Wales between the Great Divide and a
coastal mountain range {Drainage Division 11). The climate is warm and temperate, and rainfall is
fairly uniform throughout the year, although annual runoff has varied (rom about 3 percent to 65
per cent of rainfall in individual years. The catchment of the North Para River includes the Barossa
Valiey of South Australia (Drainage Division V), and the climate is mediterranean with winter rains
predominating, The catchment has an average annual runoff of only 8 per cent, but this has varied
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from 0.4 to 2| per cent,

The distribution of rainfall and runoff in Australia is illustrated on Maps 2 and 3. Except for z
more marked decline in runoff towards the inland, rainfall and runolT patterns are quite similar.

The average annual runoff for the continent as a whole is only 45 mnvand less than § per cent
ol Australia has an average annual runoff of more than 250 mn. Average annual runoft exeeeds

1250 mm in only three major areas: on the east coast of north Queensland near Cairns, the Snowy
Mountains in the southern part of the Great Divide and in western Tasmania. Table A, Drainage
division arcas, gaugiig stations and average amtial dischiarges, shows the sharp variations in the
distribution of runofl in Australia. Drainage Divisions 1, I1, 11I, VI{ and IX comprise only 26 per
cent of Australia. vet they contribute more than 88 per eent of total runoff,

Much of Australiz experiences large seasonal and annual variations in streamflow. In the north,
runoft is more pronounced during sumnter while in the south it is more pronounced during winter.
Most streams are both seasonally and annually variable. However, seasona) variability is more pro-
nounced in the north whercas annual variability is more pronounced in areas of low average rainfall.
Extensive flooding and prolonged periods of low or zero fow oceur in most Australian streams.

Flow variability provides a basis lor classilying streams and three classes have been identified
on Map 5. Many Ausiralian streams are cither seasonal or ephemeral. Most perennial streams are
confined to the relatively well-watered coastal fringes of the continent in the cuast, south-cast and
south-west, and the Murray-Darling system. Mosl streams in Tusmania are perennial.

In many parts of the world, snowtieids play an important role in regulating the spring and
summer flow of rivers through snow melt. Australia’s snowlields however, are limited and none of
them are permanent. The major snowficlds are confined to the higher mountains in the south-cast
of tite continent and to the central highlands of Tasmania. Rivers with their headwaters in these
areas tend to be perennial but this is as much due to high and regular rainfall as to the effects of
snow melt. As an example, Table 1V(b). Range of discharges for selected rivers, shows that the only
significant rivers in the Murray-Darling Division that have flowed confinuously during the period of
record. are those with headwaters in the snowfields of the Snowy Mountains or the north-castern
highlands of Victoria.

The period of record for jmmy Australian streams is insufficient to justify full seatistical
analysis of streamflow variability. To facilitate meaningful comparisons thercfore, the range of
discharges for selected rivers has been used to indicate variability. These are shown in Tabie B and
Tables I(b) - XI(b). In most cases. those streams which are [rec from substantial modification by
regulation works, have been selected for inclusion in the tables. Two important points should be
kept in mind. Firstly, no ong stream will be truly representative of a river.basin in which there are
a number of streams, nor can the variation of discharge for a stream be taken as truly typical of a
drainage division. Secondly, the length of stremmilow record can significantly influence the range
of discharge. The longer the record, the more. likely it is that the record emcompasses a areater
runge of llow conditions,
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3.2 Groundwater Resources

Groundwater occurs throughout Australiz, although useful supplies cannot be tapped every-
where. Major sedimentary basins extend under 60 per cent of the continent and much of the inland
is dependent on these as a source of groundwater for stock and domestic consumption. Knowledge
of Australia’s groundwater resources is still limited and as the tables show, much of the needed
data for this section is either non-existent or in the form of preliminary estimates.

Groundwater is mainly derived from precipitation, mostly in the form of rain. Moisture perco-
lates through the soil profile to the saturated zone (Figure 5) where all rock interstices are filled
with water. The upper surface of the saturated zone is called the water table. The unsaturated
zone above the water table may range in thickncss from a few millimetres to several hundred metres:
Although moisture held in the unsaturated zone is available to plants and subject to depletion by
evapotranspiration, bores penetrating this zone will not yield water. Geological formations con-
taining sufficient saturated permeable material to yield significant quantities of water to bores and -
springs are called aquifers. :

A less important source of groundwater is water trapped in the voids of sedimentary rocks at
the time of deposition. This is called connate water and in Australia is generally too saline for
consumptive use. it is found in some regions of Australia where sea water was trapped at the time
of sediment deposition and not subsequently flushed by rain. For example, the northern portion
of the Murray Sedimentary Basin which forms part of the Renmark Group of basins contains
water of connate origin,

The occurence of groundwater in confined and unconfined aquifers is illustrated in Figure 3.

urcanlined amguider recharge area
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Figure 5: Forms of Groundwater
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Confined groundwater is held under pressure in an aquifer overlain by relatively impermeable
material. When a confined aquifer is penetrated by a bore and the pressure is sufficient, water will
rise above the ground and flow freely from the bore. This is known as artesian water. If the pressure -
is insufficient to cause water in the bore to rise to the surface, the bore is said to be sub-artesian.
Unconfined groundwater however, is only under atmospheric pressure and its upper surface defines
the water table. When an unconfined aquifer is penetrated by a bore, water stands in the bore at the
level at which it was ?ncountered.

For this review, the assessment of groundwater has been divided according to its occurrence
in the three main classes of aquifer: unconsolidated sediments, sedimentary rocks and fractured
rocks.

Unconsolidated sediments comprise alluvial sediments in river valleys, deltas and basins, aeolian
{windblown) sediments which generally occur in coastal areas, and lacustrine (lake) sediments.
These scdiments are often highly permeable and porous. Permeability and porosity may vary
markedly according to orientation. Unconsolidated aquifers of this group generally occur at depths
less than 150 m and are olten readily accessible to sources of water for recharge. Marked seas-
onal variations in water level are common.

Sedimentary rocks arc generally made up of consolidated sediments. The aquifers owe their
porosity to small voids between the grains, which are often well compacted and cemented. They
often cover significant areas, being continuous and of appreciable thickness. Rock strata usually
dip quite gently. Nevertheless, over the full extent of the larger sedimentary basins, aquifers may
reach great depths. Areas where recharge takes place may be small in relation to the extent of the
aquifer. Water quality in individual aquifers may be quite good and fairly uniform over large areas.
Some sediments contain a number of permeable and impermeable layers, creating a vertical sequence
of separate aquifers, and water quality may vary greatly between them.

Fractured rocks comprise hard igneous and metamorphosed rocks which have been subjected
to disturbance and deformation. Aquifers resulting from the weathering of any rock type are
also included in this group, Water is transmitted mainly through joints, bedding planes, faults,
caverns, solution cavities and other spaces in the rock mass.

Map 4 shows the major sedimentary basins of Australia, and the groundwater resources of
each are detailed in Table F, Aquifer characteristics of sedimentary basins and Table G, Ground-
water yields of sedimentary basins. These and other data are included in Tables 1(e) - X1I(e), Tables

I{(H - XII( and the divisional summaries, Tablc_s D and E. In these tables, groundwater resources
are given according to the three classes of aquifer described above.

3.3 Droughts

A drought is a period of severe water shortage resulting from extended periods of lower than
average precipitation. ‘Drought’ is-a relative term because what are considered drought conditions in
one area may be normal in another. Thus its definition depends on {and use and the average
availability of water in a particular area.

Two broad types of drought can be defined. An agricuftural drought occurs when soil
moisture is so depleted that the growth of c¢rops and pasture is sufficiently affected to result in
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substantially reduced yields and stock losses. A water supply drought occurs when the supply of
water from a river or storage is threatened, with commensurate effects on irrigation districts,
industrial and populated areas.

Droughts are common in Australia and no part of the continent is exempt. The most severe
drought on record lasted from 1895 to 1903, the severest year being 1902. It affected almost the
whole of the country but was most persistent on the Queensland coast, in inland New South Wales,
South Australia and in central Australia. Qverall, sheep numbers declined by more than 50 per cent
and cattle by more than 40 per cent. Crop yields were also substantially reduced.

The most recent severe and widespread drought persisted for a decade from 1958 to 1968.
Between 1957 and 1968 most of the country was affected with varying intensity. From 1965 to
1968, but especially in 1967, acute drought conditions prevailed over southern and western New
South Wales, most of South Australia, Victoria, Tasmania and south-western Queensland. Restric-
tions on both industrial and domestic water use were imposed in many urban centres, including
Canberra, Newcastle and the Melbourne metropolitan area. Restrictions were also piaced on -
irrigation, particularly in New South Wales.

Further information and references on droughts are provided in the Official Year Book of tire
Commonwealth of Australia for 1968.

3.4 Floods

All Australian streams flood, but the effects of flooding are more significant on the shorter
streamns of the east coast, which rise in the Great Dividing Range. Flooding of rivers in northern
Australia is probably more pronounced but its effects are Jess severe as the area has little population.
Many major rivers on the east coast are prc;n'e to serious flooding. Flooding on these rivers almost
always results from tropical cyclones or their remnant rain depressions. They occur chiefly in
summer, but may occur at any time of the year. Flooding can be very destructive as major pop-
ulation centres and areas of intensive agriculture are often found on lower river valleys and plains.

Cyclonic and monsoonal rainfall also cause heavy flooding in the upper reaches of rivers
flowing towards Lake Eyre, but high seepage and evaporation losses mean that water rarely reaches
the lake itself. In January 1974, however, a monsoonal trough gave most of Queensland its heaviest
recorded January rains. The Diamantina River and Cooper Creek reached Lake Eyre and Lake
Eyre North was filled for the first time since 1949/50. Large areas of the Lake Eyre Drainage
Division were inundated and rivers were up to 30 km wide in places.

Later in January 1974, rain following a cyclone caused widespread flooding in coastal regions
of southern Queensiand. Floodwaters in the Brisbane, Ipswich and Gold Coast areas reached their
highest levelsin 80 years and damage to the cities of Brisbane and Ipswich was heavy. Peak discharge
of the Brisbane River reached 9540 cubic metres a second.

In southern Australia, flooding usually occurs between late autumn and spring, but summer
thunderstorms such as occurred in Melbourne in February 1972, can cause severe local flooding.
In the south-west of Australia, flood peaks are relatively small and severe flooding is rare.

Floods on coastal streams usually rise rapidly and follow immediately on heavy rainfall. In
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contrast, flooding of the lower reaches of inland river systems in the Murray-Darling and Lake
Eyre Drainage Divisions follows up to three months after heavy rain in their headwaters. As a result,
precise flood warnings and {lood level predictions can often be made.

3.5 Water Quality

Unlike ‘water quantity’ which may be characterised in terms of volume per unit time passing
a given point in a given direction, the term *water quality’ encompasses a large number of character-
istics, as may be seen from Table 3 below, which shows the range of water quality characteristics
adopted by the Australian Water Resources Council in developing its water quality assessment pro-
gram. This is not a complete list of water quality characteristics, but covers those of greatest general
significance in Australia.

Table 3: Range of Characteristics Measured at Selected Surface Water and Groundwater Quality

Stations
algae counts E. coli pH
alkalinity faecal streptococci potassium
ammonia fluoride silica
boron iron sodium
cadmium magnesitm ) sulphate
calcium . manganese surfactants
chemical oxygen demand mercury suspended solids
chloride nitrate temperature
chlorophytl nitrite ' total dissolved solids
coliforms nitrogen total hardness
colour orthophosphate turbidity
dissolved oxygen pesticides

Water guality may be highly variable over time. In the short term, runoff resulting from rain-
fall may pick up a whole range of contaminants in passing over and through the soil, thus adding to
the pollutant Joad of streams, lakes and groundwater. Evaporation from streams and lakes resuits in
concentration of the dissolved solids while, on the other hand, stormwater may dilute the concen-
tration of pollutants in receiving water bodies.

-

Thus while it can generally be said that water quality is related to the quantity of flow of a
water body, this relationship between quantity and quality may vary with depth and across the
breadth of a water body.

Over the long Tun, changes in land use generally affect the quality of runoff and also ground-
water in situations where runoff enters aguifers. An example of a long term change in water quality
produced by changing land use is the sitvation in south-west Western Australia where the replace-
ment of deep rooted trees by shallow rooting grasses in the clearing of native forest for agriculture
has disturbed the natural water and salt balance, increasing stream salinity. Where land use changes
from, for example, farming to urban purposes, the rate and quantity of runoff tends to increase; the
runoff in passing over paved and other surfaces in residential, commercial and industrial areas picks
up contaminants such as oil, animal and vegetable waste material, garden chemicals and fertiliser
and a host of other substances used by modern man in urban living.
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Agricultural chemicals such as herbicides, pesticides and fertilisers may enter surface and
groundwater resources with consequent degradation of their quality. The effects of such chemicals
may be complex and are influenced by the pathways and food chains through which they pass. For
instance, algae growth in rivers and lakes may be stimulated by an increase in the level of nitrates
and phosphates derived from fertilisers. This growth may occur to an extent that threatens the
existence of other forms of life in the water. Such waters may be difficult to treat for human con-
sumption particularly in respect to taste, odour and colour requirements,

Effects of the discharge of industrial and domestic effluents can be severe. In many parts of
Australia, discharge of untreated effluents from food processing works such as sugar mills, fruit
canneries and abattoirs has led to heavy, although localised water quality degradation. Australia’s
largest cities are coastal and widespread degradation of inland water resources by urban, industrial
and domestic effluents does not occur as most waste water is discharged, generally after some
treatment, to the sea. ’

Aside from man-induced changes to the concentration of chemical substances in water, most
dissolved ‘and suspended material in water originates from the erosion of soils and the leaching of
weathered rock masses. Depending on location, rainwater may also add significant amounts of sea
salt, dust and atmospheric pollutants to runoff.

The water qualityl of a stream in its natural state may vary considerably over time. During
floods, salinity generally decreases with increased flow, but suspended sediment concentration,
bed load and turbidity may increase significantly. Suspended material may subsequently be deposit-
ed downstream where velocities are lower, This process is the main mechanism in the formation of
flood plains and deltas. During low flow periods, the reverse occurs; suspended sediment concentra-
tion decreases while salinity increases. '

The increasing salinity of the River Murray in recent years is a source of concern, as the river is
vital for irrigation and domestic water and provides much of Adelaide’s water supply. The problem
results from groundwater inflow and saline drainage discharge from irrigation areas, compounded by
concentration through evaporation. This is in addition to the river’s quite high natural salt [oad.
Figure 6 shows average salinity levels for the year 1966/67 and their sieady increase downstream
from the Hume Weir. Salinity levels however, vary seasonally. During the irrigation season, drought
periods and following prolonged floods, the concentration of salts may increase significantly, -
approaching the salt tolerance limits of many crops. Present control measures include the provision
of evaporation basins for the disposal of highly saline drainage water and the regulation of rver
flow to control water quality by dilution.

In general, groundwater is more saline than surface water as it has been in contact with soil
and rock for longer periods and has been concentrated by plants through transpiration. Groundwater
contribution to streamflow is often significant, particularly during low flow periods and may increase
the salinity of streams at these times.

Although groundwater salinity may be affected by land use practices, it is largely determined
by four factors: its origin, distance from areas of recharge, solubility of aquifer formations and
extent of concentration of salts by evapotranspiration. Map 6 shows the occurrence and salinity of
the principal groundwater aquifers in Australia and gives broad indications of the yield of individual
bores in the areas of lower salinity. In many places, especially in north-éastern and central Australia,
the quantity and salinity of groundwater is unknown. Water of lowest salinity is generally found in
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the eastern half of Australia and the Great Artesian Basin where relatively high rainfall and surface
runoff are available for recharge. Brackish and saline ground water is more prevalent in the arid
western half of the continent.
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Figure 6: Average Salinity of the River Murray 1966/67 (mg/l T.D.S.)
Source: Gutteridge, Haskins & Davey, Murray Valley Salinity Investigation, 1970,p 77.

Water quality is an important factor in determining the potential uses of a particular water
resource. In compiling Australian water quality criteria (Hart 1974), the following groupings of
beneficial uses of water were adopied:

— water used for domestic supplies;

— water used for the preservation of aquatic ecosystems;

- water used for agricultural purposes including irrigation,
livestock and farm water supplies;

— water used by industry,

— water used for recreational and aesthetic purposes.

Water quality management is essentially aimed at maintaining each particular water resource
in a condition appropriate to the beneficial use or uses considered by the community as being
appropriate to the particular water resource. For instance, a water resource to be used for drinking
and other domestic uses must be maintained such that with normal water treatment processes it is
capable of being transformed into a safe, palatable and aesthetically pleasing supply.

Water quality data presently available are limited in scope, except in a few specific areas
where detailed studies have been carried out. In this review cnly one measure of water quality has
been given — total dissolved solids content (T.D.S.) or ‘salinity’, Overall, this is the most convenient
single parameter of water quality for practical purposes.

Tables I(c) - XI(c), Salinity of selected rivers, give surface water salinity divided into four
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classes:

less than 500 mg/1 fresh;
500 to 1000 mg/fl marginal;
1000 to 3000 meg/l brackish;
greater than 3000 mg/1 " saline.

In Table E, Table G and Tables I{I) - XII{f), estimated possible annual groundwater yields
have been grouped according to salinity. Groundwater salinity has been divided into five classes for

the purposes of tabulation and mapping (Map 6):

less than 1000 mg/l usually potable and suifable for stock and
most domestic, industrial and irrigation
uses;

1000 to 3000 mg/l suitable for some domestic and limited

industrial uses, and for irrigation of salt
tolerant crops under favourable

conditions;

3000 to 7000 mg/] suitable for some stock;

7000 to 14000 mg/) suitable for some sheep and cattle, under =
certain conditions;

greater than 14000 mg/) unsuitable lor stock.’
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4. MANAGEMENT OF AUSTRALIA’S WATER RESOURCES

During the last two decades, Australian attitudes to water resources management have changed
substantially, Water management is no longer seen just in terms of storing water and regulating
streams for consumptive use, but also in terms of conserving unregulated streams in an unmodified
landscape for wildlife preservation or recreation purposes, or for possible social or economic use
by future generations. In addition, agricultural, industrial and urban development has led to greater
attention being paid to water quality management. Increased public awareness of non-consumptive
and on-site uses of water has been expressed in enviromental enquiries assoctated with several
major water storage projects in Australia in recent years.

Increasingly Australians have perceived that water and other resources need toc be managed
as an integral part of national and regional planning in relation to social, ecologic and economic
goals. This change in attitude is reflected in the statement, Proposed nationg! approach to water
resources management, adopted by the Australian and State governments in October 1975.

In general the high variability of sireamflow, which is characteristic of Australia’s surface
water resources, coupled with the generally high rates of potential evaporation, has required the con-
struction of large storage reservoirs for many water supply and irrigation projects. However the
geology and topography are such that many catchments lack good sites for the construction of
large dams for water storage. ' '

In arid and semi-arid regions, rainfal} is variable and unreliable and in most places, the absence
of relief means that only wide, shallow storages are possible. This compounds the problem of
evaporation. In {ropical latitudes however, seasonal flows may be sufficiently large and reliable to
makes storages feasible. Although suitable confined dam sites exist, the demands of evaporation
are enormous. For example, in Drainage Division IX, the Moondarra Dam on the Leichhardt
River which serves the mining community of Mount Isa, has annual evaporation losses of almost
twice the assured annual supply for consumptive use. Overall, the proportion of storage evaporation
losses to present annual water diversions ranges from 66 per cent (Drainage Division 1X) in the
tropical north, to practically zero in cool, temperate Tasmania (Drainage Division IIT).

Another factor associated with the geology of a site is the ability of a storage to contain
water without excessive seepage. In many areas while flow conditions and topography may favour
damming, foundation conditions may lead to excessively expensive dam construction as a conse-
quence of the requirement for both structural stability and seepage reduction.

In this review, an attempt has been made to assess the possibie exploitable yicld of surface
water for each river basin at the poini: of lowest practical downstream development',- using the type
of hydraulic structure considered technically feasible by Australian and State government water
authorities. These estimates take into account average annual flow, variability of flow, water quality
and the availability of suitable sites for storage, but do not take into account economic factors.

The estimates are presented in Table C and Tables I(d) - XI(d)}, Present, authorised and
planned annual commitments of fresh and marginal water. In these tables details are also given of
the estimated total yield of fresh and marginal water for each river basin and drainage division. These
should be distinguished from total vields shown in Table A and Tables I(a) - XI{a), which refer to
fresh, marginal, brackish and saline waters. A summary of the key components of Table C is given .
in Table 4 below.
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Table 4: Possible Exploitable Yield of Fresh and Marginal Water

Drainage Division

| 1| nm w v Vi vVIE VIIE IX X Xl Xl Australia
Possible exploilable
yicld as a percentage
of total yield 34 43 71 8 3 37 13 22 ¢ . fwo® 39
Total commitment as a
pereentage of possible
exploitable yield 3 024 5 ot 6 2 15 19 2 7 .. (o 24

(2) No data available
(b) On a divisional basis, surface water resvurces are Insignificunt.

Source: State waler authorjties

The total annual commitment of surface water in Australia is sbout 29700 million cubic
metres. This represents 24 per cent of the possible exploitable yicld, or only 9 per cent of the
total runolf of all Australian streams. The reasons for this low overall commitment arc threcfold.
Firstly, the cconomic resourees ol the country are as yet by no means fully developed. Secondly, as
noted above. many potential developments which are technically feasible are expensive duc (o
topographic and climatic limitations. Thirdly. the bulk of Australia’s surface water resources are in
fact remote from centres of population, being found mostly in the tropical north and Tasmania.
Two tropical drainage divisions (VI and 1X) and Tasmania (1[1). account for 50 per cent of
Australia’s total average annual exploitable water yield but only 17 per cent of Australia’s total
surface water commitments. '

Table 5 provides a summary of large dams and storages in cach drainage division according to
prrpose, capacity and regulated discharge. Although niost dams are used for water supply. the

Table 5: Large Dams and Storages - Existing and Under Construclion

Muin Purpose

Regidated
Tertal Discharge
Tuiad Hydro-  Water  Flood Cortrol  Capacily (ni® x 10%/
Drainage Division Number  frrigation  Eleciricity  Supply  Recreation m* x 10%)  year)
1 North-East Coasl 33 12 1 20 - 4 (00 1 300
I South-East Coast 99 5 5 87 2 10 700 2700
(1l  Tasmania 43 ! 31 11 . 19 500 8700
IV Murray-Darling 104 4 15 S3 2 0700 10 500
V  South Australian Gull 24 - - 23 1 240 150
¥l South-West Coast .24 8 -. 15 1 870 350
VI[  Indion Ocean I . . 1 . * +
VI Timor Sea 8 3 - k! . 6100 1900
IX Gulf of Carpentaria 4 - - 4 - 140 10
X  Lake Eyre 2 1 - i - * *
Xl Bulloo-Buncannia . - - - . .
X1l Western Plateau - - - . ' - . .
Australia 342 66 52 218 6 62 330 25 620

* Negligible ]

Notes: Three storages counted as mainly for hydro-electricity in the South-East Coast Division and eight
storages in the Murray-Darling Division, are part of the Snowy Mountains Hydro-electric Scheme, which
as a whole makes a major contribution to irrigation.

Source: Water Use commentary, Atlas of Austratiun Resources. Seconid Serics, 1975, p. 12
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- greatest volume of water is reserved for irrigation. Many storages serve the irrigation areas of the

Murray and its tributaries in the Murray-Darling Drainage Division. The surface water resources of
this Division are the most highly developed in Australia with 91 per cent of the possible exploitable
yield currently committed for use. Where annual rainfall exceeds potential evaporation and where
there are no marked seasonal water deficits, such as in Tasmania, the east coast, and the far south-
west coast, the need for irrigation storage is reduced. In these areas, irrigation is either unnecessary
or required only during periods of protracted drought.

Surface water resources can be developed for consumptive or non-consumptive uses. Consump-
tive use refers to domestic, industrial and agricultural uses and involves the removal of water from
the stock of usable resources. Non-consumptive use on the other hand comprises instream use of
water and includes hydro-electric power generation, recreation and transportation.

The commitments of water detailed in Table C and Tables Kd) - XI(d} arc mostly for
consumptive use in irrigation. Water for hydro-electric purposes is a commitment but it has not been
listed as such in the tables as it is still available for further use downstream. in Tasmania almost
10000 million cubic metres of water are committed annually for hydro-electric power generation at
present, but only 1722 million cubic metres are commiitted for other uses.

Groundwater is an important substitute for surface water in many parts of Australia. Over
much of the arid interior, the Great Artesian Basin provides the only reliable continuous supply
of water for stock and domestic purposes. Historically, the availability of groundwater facilitated
the spread of settlement inland and contributed to the establishment of an extensive pastoral in-
dustry. The Great Artesian Basin underlies 22 per cent of the continent and since the 1880’s, over
20000 bore holes have obtained water from its sandstone aquifers. Of these, about 4500 flowed
when originally constructed: the remainder were sub-artesian. 2900 of the artesian bores were
still flowing in 1975. Groundwater from the Great Artesian Basin has the inestimable advantage
of being mostly fresh in those areas where surface water, if it is found at all, is brackish or saline.

Table 6: Important Areas of Concentrated Use of Groundwater in Australia

Area Quantity (m>fyear} Use

Burdekin Delta (Qid) 320x 10% lrrigation of sugar cane

Namoi Valley (N.S.W.) 108 x 10° Irrigation of small crops

Condamine Valley (Qld) 100 x 10° [rrigation of grain crops )

South-eastern South Aust. 98 x 10° Irrigation, town supplics and industry

Bundaberg (Qld)} 94 x 10° Irrigation of sugar cane, industrial and domestic use

Lockyer Valley (Q1d) 70 x 10¢ [rrigation of smail crops and fodder

Perth (W.A.) 66 x 10° Irrigation of market gardens, domestic gardens and
) - urban water supply .

Hunter Valley (N.SW.) s3x 10° Irrigation of small crops

Callide Valley (QId) 35 x 108 Irrigation of fodder and grain crops

Tomage Sands (N.S.W.) 31 x 108 . Urban water supply and industrial use

Pioneer Valley (Qld) 31 x 108 Ttrigation of sugar cane and domestic use

North Adelaide Plains (S.A.) 2t x 10° ~ Imigation of market gardens

Botany Sands (N.S.W.) 20 x 10% Industrial use

Source: Groundwater Resources of Australia, 1975, p 124, supplemented by information from State water
authorities.

Groundwater is increasing in importance as a source of water for irrigation, industry and
domestic supply. There are many areas of intensive groundwater development in Australia. Although
these are quite small, in 1974 they accounted for about 40 per cent of groundwater withdrawals.
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Table 6 sbove details some of the more important areas of concentrated groundwater use in
Australia. Except for the south-east of South Australia and the North Adelaide Plains which extract
some water from limestone aquifers, all these areas rely exclusively on groundwater from uncon-
solidated sediments.

More attention is now being given to the integrated management of Australia’s water resources.
For example, the potential of conjunctive use — the complementary development of surface and
groundwater resources — is being examined. In the drier regions of Australia, with high evaporation
and variable streamflow, it is not often possible to build economic storages that will provide water
reliably throughout the dry season. However, where groundwater supplies can be tapped to make
up this surface water deficiency, smaller economic storages may be quite adequate. Such develop-
ments are being considered as a means of water supply 1o the new mining towns of the north-west.
In the Burdekin delta, groundwater aquifers are being artificially recharged during the summer
wet season enabling water to be stored at low cost with negligible evaporation.
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5. DRAINAGE DIVISIONS

Introduction

The datz for this review has been assembled for 244 adopted river basins and aggregated into twelve
drainage divisions (Map 5). Tables A to E summarise both surface water and groundwater resources
by drainage division. Tables F and G detail the groundwater resources of Australia’s major sedi-
mentary basins, Data for each drainage division are then given in greater detail, in groups of six
tables (Tables (a) to () for each division) together with 4 brief illustrated exposition.

In most tables, indicators are given of data reliability. These may be in the form of length of
record, number and type of streamflow measuring (gauging) stations, number of samples from
which salinity data are calculated, etc. They are important to any interpretation of the figures.

The uniform presentation means that data for river basins where records are short are given
equal prominence to data for river basins for which records are comprehensive and detailed. In
some instances, the period of record or the number of measurements is so small that average figures
are only indicative and have no statistical validity. In other instances, no data is available at all and
this is signified at each entry by the notation *. . .”. Throughout the tables, a blank space signifies
“not applicable”.

To help with their interpretation, relevant features of the tables are briefly described below.

Table A (divisional summary) and Tables I(a) - X1(a): Drainage division areas/River basin areas,
gauging stations and annual average discharges and salinities. The number of gauging stations and
their type give an indication of data reliability (columns 4 and 5). Records from automatic gauging
stations are generally more reliable and uninterrupted than those obtained from manual measure-
ment. Estimated tota! yields (column 10) are calculated from streamflow records and where these
are lacking, from rainfall records-and other data. The yields shown in column 10 include brackish
and saline water and thus should be distinguished from estimated total yields given in Table C and
Tabies I(d) - XI(d) at column 13, which refer only to fresh and marginal water and correspond in
fact to column & of Table A and Tables I(a) - XI{a).

Table B (divisional summary) and Tables I(b) - XI(b): Range of discharges for selected rivers.
For each river basin, rivers were cliosen that are so far as possible in their natural state, avoiding the
effects that regulation works would have on flow variability, Variability is indicated for each river
by figures recordi_ng maximum and minimum discharge as a percentage of average discharge
(columns 8 to 13). ' i '

Tables 1(c) - XI(c): Salinities of selected rivers. For the most part (there are some exceptions)
rivers selected for these tables are the same as those chosen for Table B and Tables I[(b) - XI(b). The
reliability of the salinity figures is dependent on the period of sampling and the number of samples
taken (columns 7 and 8). The average salinity of each stream (column 9) is calculated from the
sample of measurements weighted according to the volume of streamflow at the time of each
measurement. The remaining three measures (columns 10 to 12) provide an indicator of variability
of salinity. With ail samples taken ranked in order of increasing salinity, the 10 percentile measure
gives the salinity of the sample at the head of the lowest 10 per cent of samples; the 50 percentile
measure gives the salinity of the sample at the head of the lower 50 per cent of samples; the 90
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percentile measure gives the salinity of the sample at the head of the lower 90 per cent of the
group of samples.

Table C (divisional summary and Tables I(d) - IX(d): Present, authorised and planned annual
commitments of fresh and marginal surface water. This table gives no details of brackish and saline
water, which in general is not suitable for consumptive use. Columns 3 and 7 refer to annual water
volumes which are actually available for use. In this respect, water used for hydro-electric purposes
is not shown as a commitment but annual volumes used for such purposes are given in the foot-
notes to the tables. Columns 5 and 9 refer to leakage and water allocated through riparian rights to
landholders adjacent to streams.

Table D (divisional summary), Table F (major sedimentary basins) and Tables I(e) - XII(e):
 Aquifer characteristics. Table F gives the aquifer characteristics of the major sedimentary basins.
Tables I(e) - Xll(e) give characteristics of the three major aquifer types as they oceur in each
adopted river basin. Note that data given in Table F is broken up to form the major part of the
assessment for each river basin in Tables I(e) - X1I(e) for the aquifer type “sedimentary rocks’.

Table E (divisional summary), Table G (major sedimentary basins) and Tables I(f) - XII(f):
Groundwater yields. Estimated j:rossible annual yields from each aquifer are presented in two ways
for each aquifer type and for each salinity class, viz., total yields and yields from recharge alone.
Total yields are calculated on the basis of available recharge plus a notional rate of withdrawal
from aquifer storage. The annual yields from storage for aquifers in the 0 - 30 m depth range are
calculated on a notional withdrawal rate of 1 per cent of storage per annum. For aquifess in the
30 - 150 m depth range, the assumed withdrawal rate is % per cent of storage per annum. For
aquifers at a depth greater than 150 m, a notional withdrawal rate is calculated which would give
a reduction in pressure head of water at a discharge point equivalent to 1 m per annum.
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Drainage Division I - North-East Coast

This Division stretches along the coast of Queensland from Cape York to the southern state
border. It is bounded on the west by the Great Dividing Range which by its varying topography
and proximity to the coast, governs rainfall patterns in the Division.

The climate of the Division is typically sub-tropical to tropical with hot, wet summers and
cooler dry winters. Median annual rainfall varies from about 500 mm in the most westerly regions
to over 3800 mm at Tully (River Basin 13), the wettest town in Australia. The monsoon front in
summer moves on occasions the whole length of the Division, but usually stays north of latitude
18° south bringing heavy summer rainfall. In winter, the south-east trades bring orographic rainfall
primarily to the escarpments from 14° south to 30° south. Summer rainfall is more reliable in the
north than the south. Winter rainfall on the other hand is more reliable in the south.

Plate 2: Barren River Valley — River Basin 10 Plate 3: Black Creek — River Basin 25

Average annual runoff is high along the coast. In most places it is greater than 500 mm and in
the Mulgrave and Russell River catchments (River Basin 11) exceeds 2000 mm. Inland, average annual
runoff declines rapidly to 50 mm or less (Map 3). The three largest river systems in this Division, the
Burdekin (River Basin 20), the Fitzroy (River Basin 30) and the Burnett (River Basin 36), drain
large inland areas. Except for a fairly narrow passage to the sea, they are confined by low coastal
ranges and miss the orographic rain that falls on the seaward slopes. Average annual runoff in these
three basins is the lowest in the Division. Nevertheless, because of their extent, the Burdekin and
Fitzroy systems have the greatest average annual yields of any basins in the Division.

Streamflow is seasonally variable. Most streams have ceased to flow at some-time since records
have been kept. Annual variability is also high, but is least in the group of river basins near Tully
(River Basins 9 to 16). Here the Divide is close to the coast, and orographic rainfall is concentrated
over a small area.

The shorter streams, although mostly in higher runoff areas, are more variable as they have
small catchments. Peak discharge after storms can be enormous. The Boyne River has recorded a
peak flow of over 900 times its average annual flow. The extent of the Burdekin, Fitzroy and
Burnett river systems mitigates somewhat their flow variability, although flow in individual
tributaries is highly variable. In the south, river valleys tend to be flatter and more extensive;
streams are slower moving and subject to severe seasonal flooding.
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The economic wealth of this Division is largely derived from agricultural and pastoral
activities. The main products are sugar, dairy products and general agricultural produce including
tobacco, sorghum, maize, fodder crops, pineapples, peanuts, wheat and barley. Minerals, particularly
coal and mineral sands, are becoming increasingly important, and tourism in recent times has
emerged as one of the major industries. Most large Queensland towns, as well as the capital,
Brisbane, are in this Division.

Development of surface water resources in this Division is made difficult by the variability of
flows and high evaporation rates. Moreover, on many of the short, fast flowing streams, suitable
dam sites to allow sufficient storage capacity to trap high flows are lacking.

Rivers within the extensive catchments of the Fitzroy, Burdekin and Burnett river basins
have been dammed for irrigation and municipal water supply. The southern river basins (River
Basins 41 to 46) have also been extensively regulated to service the populous Moreton region.
Overall, 13 per cent of the possible exploitable surface water yield of the Division has been
committed.

Groundwater resources are important to the Division and in some of the major river basins,
abstractions approach the level of surface water diversions. Total groundwater abstractions during
1974, most of which were from unconsolidated sediments, reached nearly 750 million cubic metres,
which is almost half the level of present annual surface water diversions.

'The major known sources of good quality groundwater are ailuvial sediments in the main
river vaileys, coastal sands and sand dune islands. Groundwater is utilised for irrigation, domestic and
industrial consumption in sections of the Burdekin and Haughton Deltas, Lower Don, Pioneer,
Fitzroy, Boyne, Burnett and the Brisbane river valleys, Overdraft conditions have limited with-
drawals in some valleys and in a few areas such as the Burdekin Delta, artificial recharge schemes
have been implemented in an attempt to rectify the situation. Coastal sands commoniy contain
small supplies of good quality water. The dune islands (Fraser, Moreton, Bribie and North and South
Stradbroke Islands) have excellent resources of good quality groundwater but in some cases it is
slightly acidic from dissolved iron salts and carbon dioxide.

There are a number of small sedimentary basins within the Division, including the Laura,
Bowen, Maryborough and the Moreton-Clarence Basins, yielding locally important supplies of
groundwater for domestic and stock use. Apart from sections of the Moreton-Clarence Basin,
water salinity is generally greater than 1000 mg/1 T.D.S. and the water is unsuitable for irrigation.
Fractured rocks underlie much of the Division and water from them is variable in quality. Small
stock and domestic supplies are available and larger supplies are used for irrigation.

33



Table Ka)

SMOf] MO[ I8 [EUIEIRY (q)

"Ajue p1oost Jo pouad yioyg (2)

Tprioa]

s yEY 0s 0 0 0s ¢ 0 ] 0 SII PuB[sp Avpunsiy ¢z
(1) tsai) L0¢ 0921 ozt orl i 021t 02 ¥ < [ SRy T 18ary supdiesorg -7z,
(q) 1Y 174! 09s 08 08y oLy 05 Z < 91 i1 4 1aAfy ueg 1z

Y5y 89 QLLS 0sz 0Zs 8 08 0698 9 21 66 092 6Z1 JoAry upjapang 07
oLy €0 0rL ogl 019 a9¢ 0B€ L s Ly 059 ¢ Taany uoryiney -6
ysaug OLT (1174 06 00F orl 05Z < £ [ Si8 1 ARy ssoy g
ysaz} 8s5¢ 009 09 ors g9 0 £ [ ()0 Lol . 1oART ORI LI
ysay 9 4 aIs ¥ Q¥ 050 ¥ o9l 1 05e € [ 11 16 LTANIH ToAT Haqieg 91
ce 9 1 Q09 9 009 coo 0 i 0 (® 0 ﬁ.v PUBJS] YOOIQUIUTH S
qsaiy 605 1 0TL 1 Q0% 0ic 1 oLl 1] [ I (8) 0 (] Ioang Aenp b1
isaty g0t 08 € Qo€ 08l € 0f0 € ost 9 £ 91 c80t 1aapg A gy
Ysaij §5L 2 0Z0¢ 0ss 0Lt t 0B obs T 9 £ 65 0EET 1oany suorsor ‘71
Ysaip 612 (1138 4 09z oLl P 098 1 L5 T sl 6 Is i1 ¥ sIATY [assny-eierd(fpy ¢
ys213 o9 ozo |l 0s 0Le 081 ovg Y | 8 68 SL1Z loany uoleg °o1
Ysaif ESO I 018 09 {1 ors o0g [ 1 £ 06t 13ARY] UBUISSOW g
ysaly TLst oee o1l 0 € 0Pt £ a £ z ®° SETC IaATy SANUIEQ g
IfsaL) 058 0L8 1 oel ovL 1 A a z z 0 00z T Jaany anoaBspug <y
Isa1) 5L% 0584 059 DO6 0ss e 0 £ £ (®) 0 5L E 10an SUCEIr g
\ysa1j 90¢ 0LS L o oIS L 09z L 0Ll 6 g 14 509 +¢ T2ATT AquetioN g
ysay 98t 09¢ 1 174 0Z1 1 09€ | 0 1 [ ®?° S6LZ 1A PEAAS P
T e, Q0L { 00z (VH ) 00L 1 0 0 o 0 L1 ¥4 Jaan Lo g
Hsal) 099 oLg e orl 0ELT (175 0 < [4 @0 0sE ¥ SIBATY 3025¢J-0M() T
T 9L 011z 0Ls ops 1 one 1] 0 0 0 0LLT Y313 Ayaer ANoef |
fe1) fir) for} {6) g) ) (9} i<} () 1« iz) (r
i) { 0T X 1t} 421044 43104 SHISDET 420137
daary By by : pafnpn { tiny)
[founyy P ueS prv  pouEingy o105 onmuany 5
i oy FHERTE) 0,
PRI CMES iy iy | ywpong  puaysarg PO peSnoD < P Nosisig aoveivea
sfmoay  papumisg ! 0! Hn_& IZIDHISICT ontiely 28pssap suonpig fo saquunpg | paty aSpupicy pardopy LSVOS LSYAHLYON 1

590 JUJEES PUE SABIBYISIP Jenuue s3e1sAt ‘Suoyels Surfnus ‘scare uiseq Joary

34



Table I{a) contd.

*SMO[) Mo} e [EUZIBW 104y B13007) (3)
‘smop] mo| 1r [smElew Jsaly vedoq (p)

-juanyyja yuejd aBeraMos Jo £121ua 1misuos ABW smojy moT {9)

*smo]3 40| Y8 [BugdIE {q)

-Ajuo paosa1 jo pouad noys (v)

£81 s Z8 0889 . 0Z9 cL 087 Qs ozz it 98 Lig iL S0L 05h $TV10lL
(2) 594 1189 0%e ozl ot 08¢ 08Z L3 | a1 € 6T 1 1SE0D) Yinag “op
(p) 9504 981 08L DIt 0L9 ory 0LE 14 9 piid S6l b S$13AR] MoQIY-us3oT Sy
ysaif 0L 0ol 0 061 61 0 z [4 (v)0 "‘DLT PUEBS] B{MIqPENS -“
ysay 001 0wel 0s U 33 oL 0501 68 cE 98 05¢ £1 IaADy suensuy g
ysaly 680 1134 0L 08e ore oIz ol 6 4 §es 1 I2aTY Ul TP
[euiErews L19 0i2 ore 0E9 0£8 o 9 £ z oI ToaTy APoore “ip
sl 06t ore OFt 009 ()] ¢ Z I (%) 0 SI61 12474 BS00N Ob
Tt LT 0L 0 0ZL 0zL 0 0 1] 0 $82 1 PUE[S] I%5€1{ "6
Ysoi3 §214 (110 0Ll [t TAr 0T 065 1 £ Fi SL S65 6 soary Drew g
{q) Leoly 6l 059 ocl 0cs 019 or o1 ol L LU 298 I2AR] winumg LE
(q) ¥4 95 0Lg 1 oF 0eg [ oLt 0L T A4 LT Lé 0SI €€ I2ATd Vaumg '9f
ysuz £81 0s¢ ot 13 174 1} 74 6 9 144 086 T JoAR UP0 SE
(@ Ysg orT oté ori D6l Ot6 0 Fa T ®°0 038 ¢ Ha3r S{JJeg "pE
yson L6l 0o% 0l (11534 1] oLy ¥ £ B8 oFs T 13473 sudog ‘g
emdiew €Il 09T il Q5T D1l 05T z Z 1Y 5L T Joary adome) "Zg
Tt 28 0s 0 0% 0s 9 0 0 o 0LS puers] suxa) “J§
Ysay [ 066 & 0 0v6 5 089 DIES 06 29 L& PO ZHI Jaary Aeazitg -Og
Usal) 65E 099 0zl ovs 099 0 il Fa (®) 0 org 1 323317 {IEJ IAIEM 6T
T Lsl OfL 08 059 0L 0 0 0 0 SOLE A1) 1nemEoys gL
e 61¢ 0.9 oy 0r9 0Le 0 0 0 0 SO E 1Ay XA18 LT
(o) ¥ Li[44 06¢€ 1 0zl oLl oz 0zl € £ Ll 09t Hoar)) suely 9T
ysaly t09 005 g 0.8 06 ore L 9 b o6 1 oAl 139U0Lg "ST
{9) sy &b 08S i og 005 1 08s 1 0 (4 Z O SEF T JaATy (RUULR.0 YT
zr} fif) ot} ’s) 8l i {9 s} i# i€} fc) (i)
{une) f o0 X it} 4208 PEIL SEHSEG J2ATY
LY vary vozp padnos { 4y
Jlouny J/EIE augjes pur ooy Mot ousuiomy T
ORI CUES Ly  rog | ysyomg  pusysayy UMY PO S| e e korsiarg ZOVNIVYG
UMY PAHTUIST . { JOF X 14} 2BmmpIsi(] 1oy d3piaa Y suoug fo soquingg | vy 23osiq paydopy LSVOD LSVAHIYON I

sanues pue sailreyosip jenuue o3ersAr ‘suor s Surdned ‘seatv uiseq 13ary

35



Table I{(h)

piooan noneys Fufined jo ponad e10) up (T}

{ pitoa} .
- T ot SN puzjs) Aepunsiyy €7
0 0 0 (344 0% ¢ 000 20T £T an 65T ansurc oudiasold  <gpz sangg aurdiosoly 'z
0 0 0 699 ik 000 ¥EI 8l 14 (4 ¥2 Ras1y epl ucq S8R E Jaang ueg [z
4 0 0 ee 0zZET 00¢ #L VELt ob Byb 601 MK W08 unj3ping Q9B 671 AT UpRpIng 07,
2] 0 0 vt 065 1 00T £1 I 91 BtL I LIRS uolginey 059 € Joang vondnzy 6]
0 0 0 60r (1141 A oo 15 6'8 14 064 Alapy, 50052210 S0 SIgd 19a0g $0Y B
s Ce. S0 194D HORKG L1
g1 [ I pEL 05k 1 065 € 8'901 oF 088 ureydug HaqRy  ST1 0] TaArd WRQRH 9]
. ne ' Lo e . 4 1 DUE[S] NOOIQURIUIE “§{
- . - . - [ aa - - Oﬁ&_ uub_..ﬁhw:n.s 1
43 4 0 z81 s18 092 ¥ &bl 143 LT Sz AfnL AL 5891 saarg AL g1
.13 L 9 BLT ] 029 6'58 6t BS6 1puao]) | SUOWUNOL "IN OfEZ 1oATY JuONEIOL T |
£ € 0 g5z 09p ) 00€ T1 gLT 8t 143 3eavopion MneFO 00T SIOATY |PSSTY-AEERN ([
13 9 c 6LT 00T 1 051 gl 9 Lz Tqaasely voig  SL1T Jary uodieg ‘ol
L £l a 6E1 0z9 0L8 5 6 9 49 UBssRy | UEWISSO YIN D6k ary WEUSSON G
e 71T IoARy s0ljuR "G
- - - e T e 00T T Jaan] Ioavapuy f
L rra v raa e LI .. L AR .=- mmhﬂ sﬁaumﬂgﬂﬂh.m
] £ [4 01z 0£Z 1 P8 £ s oL B8O I c3ujey uuey €09 PT 1Ay AquowsioyN g
.- . 61T 10ATY VEMSIG P
. - - : - T o ) g8t 19y MEIRPOT ¢
.. . . ‘ - - .. - oSt ¢ SIDARJ G0DSEJ-AMN] T
.- . 0Lz Aaa1 Aygaef Ayoef |
1) dzr) () | ol is) f8) (e (s ts/ () fel (e} (1)
{208} .tur)
: (swad] - f ey}
SHOND] . suoaupy | afaipssicr £ M f ot} SIISDG 2341y
iy Apigtaoiy misief ey Apigreopy -upssuf joHueE H_H”W EMM”..N% Houng dFY paty
ddnsaay PABIS aspuipa NOISIAKT FOVNIVIG
padopy  ISVOD LSVIHINON |
2dpaany o 8DINI2LF ) 350434 Jo 330IN30234
_‘M\E 2RUpIISHT Wity .ﬂmc 2TaNISIT By Houg SuBnod parosias

SIDAM Pa)0a]es 10] saF1cyasip Jo aSury

3



Table I(b) contd.

'p202a1 vopels Surdned Jo popad 12103 U) {8)

0z 0 1] L8T 1] AN 001 T I's 119 RET SueioN dueiay  s6T 1 IO INOT G
zt 0 0 L3t D96 [ 00T BE €L Ly Giv1 y1asapneag uefoe]  S6l b smang vaqv-uEdo op
oLz PUE[S] JHOIQPELIS b
ot 0 [ LB8€ fard =i 0oe Ot LT £9 sL101  Sussor) s a8eaeg NEGS] 096 €1 1Ay oleqsug "t
t 0 0 ot 174 ] a0y 8 g J 95 LSE Jupssos]y s, JUno ) WwWHMN 556 AR 2 TP
¥ 0 V] (14 oPs I o0 LE €' %4 e RqUIETY AyzoonRpMS oMb g 13a1y AL300NEN It
e P LR .- *an . e e P P P hmm_ .—U.?EHOQOan
.. 589 | PUB{SE 195814 6L
ol 0 0 8EE 0602 L £1 1"LE £9 0Lg v L] el S656 1aaTq Arep] -ge
& I 0 ¥1€ Ds6 [ 009 85 [ 1Z 8 HOMg neyly  O¥EE 1AM wnung “Lg
[ 0 0 £85 008 £ 008 LI 1'Zs €9 612 TE e[[em nsuing  QSI €8 130y Naging “og
0 0 0 i 065 1 000 0% 5T L Frs rfutiopy uco 08617 RAR VE[GY ST
008 & HOOID ALY b
G 0 0 a8 OLL T o0t 6 ¥6 1z 9T T JtpuoUuyY audeg  0pEz 1Ay audog ‘g
z 0 0 95t D93 T 006 58 L'y ot BOE 1 adoyaisey adored g5 T soagg odofie) "z
- s 0Ls pues) U “1g
[ 0 )] 88 Qg ¥ Q0T LI L6811 L a¥e 9Ll Equine g forog  Sp9 Tht sy Aoazaty Qg
o8 1 HI[1D) Haed 1New 6L
s . “e i -- ce SOL € R0 ISRMEOYS BT
- aa N . aa ran e e P pan Y [N L .__u_.paunhﬂm T
Lt 0 0 o 0£0 [ 0oz 1l LT + LeE ysnqatuo}] Ko Apues L9 ¥RI] uel 97
[ o ) 0 (433 0£g T 0og §¢ £l £s gLl [0y #m0r5holq uald Q67 | ALY 129u0ld “ST
- .. SEP T 19AR] [PUUO.0 bT
fert fzi} iy for} {6} 2} it} 9 5} i d £} (z) ()
£RQ3UD} SHONP! MMWM_W”% fewad) () IUIDN { Aty) SUISDG Laaty
pry Aoy | maay Appuoyy gy HMHM M— ...._Mw‘_asgﬁ v uouDIs saary vosyr ) )
adoraay Pajoanag afoupos NOISIA I IDOVNIVYG
padopy  ISVODISVI-HINON |
afeaay fo aToyuaseay aBpany fo aiotuasiog
2 7,
.au.nu. a&masia wnknapy Pmu 2RUDOSICT HMUNDLY - kol SuEney paradpes

SIRALE PAJO3[as 10] sofieyosip Jo abuuy

37



38

(piud)

s - . S11 puejsy Aepunsinig ‘€z
61y 89T 06 0l 14| 4 L 65T aqisureq aurdiasory  SRb T 1aary audiasolg "7z
10 BpE 691 it o L LS Tl Y1) Tp| uoqy 88 € JaAny uog 1T
11Z 0TI 09 89 L9 Ll L8938 8tb 6C1 A unfaping - 098 6T1 Isaly unyaping "OC
LR 9% 1€ I 0c S 78E SEL T aulzamo uoydney QSO ¢ 13Any uowySney] a1

¥L l 1 18T 06L JIap 5, U0SIID) sy I8 1 12ATY ssOY g
£6 99 ¥ 68 E i T ¥9c POy Uy R ELt: SLO 1 JRATH ORI LI
LL 1 LE o vl L 1512 k-2 aumodIaqy HRQRRH  ST1 0l 19ATY MaQIaY "9
a2 Sy PUB[S] YOOIqQUIDUTH "¢
8¢ 43 e 92 Sl 4 o ssi Aeunpy saddn Avun  opl | ALY Aeunpy bl
s 4 ST 6l £C A < R Iiv 1 oleing AL <89 | JaAry AfInL g1
€9 pe £T z 0l t 8¢ 6L1 UAJIY U39 | euolsuyof ‘YIN  0SE T 12A1Y] auoISjOr '7
8¢ 0t 9z (113 4| 4 93¢ £9€ Sauaystg Ay L amidn  070¢ SIATY [[2sSTY-2ARISINIY [ ]
101 68 8€ Ly oF vl SLE P8 eqadley uoueqg g1 laary uoleg gl
S £ 0c¢ 1c L £ 66T il UBWISSO UBWISSOW "IN 06 13ATY UBLUSSOW °6
9t tE (£ £E 9 £ o #i8 S, paieg aanue( ST T 12ARy 2anuie( 'Y
9L 0L LS 9% 9 7 o LEE Adderq inoagapuy  QOOT T JaAly Inoagapuiy L
£Z1 144! 86 501 ¥ £ Y r61 J1js1apig IOAPW ' SSLE 13ALY QuEd[ g
RTI 911 Lt 911 s L4 oL 99p ¢ ssou) duwe) apieg AqueuoN  ¢09 pT 12ATY Aquewiion
QL Z z §ST £9f peoy ydeiSapa UEMAIS  S6L T 1240 UEMIS b

$78 7 soary  uEyYOO] g
ol 08 68 19 < € zes 299 ¥2321D Meg soased  OSE b SIAATY 0DSEJ-3AND ‘T

OLL T yoo1) Axoer Axoe[ |

fzr) fri) o1l (6} (8 fz) {9) (<) ¥ £) fc) (r
sajdwns sajchung sapdwng sajduang (401 X i)

> Ex A TRTS] (er) TN 1,
Jo Jo Jo Jo opdung  (samn) | P0G 5 n () swispq oy
IININD  IUUIISF  ANUINIL  IFpiday o Susrdunp PR SR uonIg 241y pasy
06 0§ 01 pansom | Sl O aipsany pa1azgag aFmapac] NOISIAIA IOVNIVYA
(°S'aL 1f5w) Guaps uouvs Sulnus pagaa)ag pardopy ISVOD ISVI-HINON |

SIJAL PA102[3s JO SanIUIfeg

Table I(c)



Table I{c) contd.

£91 €6 0s w 6T 4} £91 8ET IsImyue JuelaN  $6T 1 1580 YINOg 9%
609 £€E ¥l [el e ¥l 681 697 1 TG Punoy wedo g6l b 1oAY Maqpy-uedo ‘¢p
L oLT PUCIS] S50I9PENS by
26¢ 957 95 701 {2 €l §58 6L1 01  Sumssor) s08vatg ouBqsug - (98 ¢F laaRy sueqsug ‘cp
£ST 81T £91 LLl 74 zl ! Lse  Jnssos) sBunog WdPN - $5S 1 Taarg 2uid Th
GIL gL 00! 311 vl I v v equery | Agaooreprng  QIb [ sanny Audoory CIf
£ op cf & <l I 5 At ome) s,doo) Fupyemal SIS0 Jaary ESOON "OF
589 I puE[S] 19SEL] “6E
9Ep G0E 0£1 BEl i 4 £l L1117 pegd BAIY Ll 9656 seapy Lep -gg
901 8 s £L Lz 1]} ¥ 87T netia noya  ObEg Iearq wmang LE
ot 65¢ sl 191 oL 91 8591  6ITTE EfTBM, NELTG: Y B3 19ATY FPWNg "9¢
YA 481 9L gL LT 4] 6L PP Infuciop ugloy 0862 saapy wejoy ‘g
16¢ £6§ 6L 8 i t 6Z1 161 1 AeALRY yearyauied . 098 € yaa1) aueg pE
70¢ 0L7 +T1 6t1 1z 1 L6T BEL T wy T aufog  ObS T TaAng audog “gg
¥8L $6 - pE 34 9¢ 4 151 80t 1 adoyopise) sdoned  ssee sy adonre) Zg
oLc pUEIST SNy ‘1e
00z <6 b 6% 91 8 90L 1  Ofb SET deg ay, formd - sv9 TPl soany Ao1zind “Of
74| £ 9¢ :T 1 i 81 1wz PRUAR | D MEdINTM OFB L 3] Yivd 19TH 6T
- s DR .- P EEC e A ' e nrw wch\m uﬂu.o..—uhﬁug._s_..—m.wﬂ
R " e L) 1+ - e e a DY -rr “r nmom Hn:’aunh.—m.hﬂ
Lz 5T 66 9€1 91 S §8 LEE Ysnqaoy A1) APUCS 0BT #931] auely “97
91 L8 £E § 6¢ 2 698 £Lel HI amoisAzlyg aouoly 06w | 134Ty 193u0L] "§7
0€Es {14 oL PO! £T 2 e 0LE Suzpig 3uyde) P00 SEp Y JoARy [PU0).0 “HT
fz1) (£} {or) {6} i® {z} 9 (s} {#! et fc! {1}
saydums sorduws sapduips sapehung { o010 X i} { ey}
L
fo Jo Jo fo ojduns  (S59A) IEeISIT aSnney autaN { tity) sSSP 12aLy
UM  HHUIMAS efmAdag  2Fmday Jo  Supdwaos neny s00q0 vasy woysIS Foli g DAY
06 05 of PRI | oy fo pousg 23nsaay oINS 5oy NOISIAIT FOVNIVIT
{ 'S L 1/} Auyog woums Judneny pareas paidopy LSY0D ISYIHIYON 1

SIA PaJI9[es JO SepIIIES

39



“ufseg I2ATY SS0Y Y¥ O) PIMAAIR (| X M ZT ()
“uyseg 1ATY $SOY 04 01 PN 0T X i TT (9)
USR] SOATY [{SUDHA 9} O) POUAAID SO X W 5E (E)

{priios)

0s 4 0 0 0 0 0 0 0 0 0 S pue[s] AEPUNSIMM €7
ovl | 0s 13 0 0 0 0 14t vl 0 0 s8b 1oan] oupdiasorg T
08 oy ¥ 0 0 0 0 ? v Q 0 §88 € soang vod “IZ
0zs 8 0L6 € 999 £¥E e a4 12€ £7¢ 61 6 () Tl [ 098 6Ll 1380y Un{opIng "L
019 ock 6 £ 0 e 6 o1 oL 0 0 0s9 € oAy uOMYAREY 61
a0t or ¥ 0t ot 61 z Ll SIg 1 184D 550 g1
ors 00z 1 74 0 i} 0 0 4 (9) 72 ¢ 0 SL0 [ Ay oelg L1
0s0 ¥ 098 | A 0 0 ¢ 0 L1 L1 0 o ST101 oAl MOqISH ‘91
009 0 0 0 0 0 0 0 0 ¢ 0 Sl pue([s] OOIqUIYIIH “S]
0Tz | IS £ 0 0 0 0 £ £ 0 0 ovit 1Ay ABLTYY Pl
0Bl E 0cs 902 | ! 0 o 174 z e £0T | 5891 Tty Al €1
oLt v 000z 01 0 0 0 0 ol 01 0 0 0EcC 1Ay suowsInof 71
VAR 0bé & 0 g 0 ] &F g1 e 1€ 0zo e SIaATA TIRssI ATy 11
0Ls 079 {57 0 0 0 0 14 ? ¥l (®6eT | 'sLit 1as1g voreg ‘0l
0sL ot £ o 0 0 ] £ £ 0 ] 06% 1oAY URLISSOR °6
O£z € 06T L z t e e I [ 1 0 0 (A 19ARE PonUte R
orL | 049 z I e e 1 | 1 0 1] 00z T JOATY 1n0ARSpUY L
006 1 066 | 0 0 0 0 { 1 ] 0 SSLE 1oAY SWUES( "9
oIS L 09€ 1 I 0 0 0 0 1 I 0 0 S09 ¥ 1eaTy AQuewIon °§
(Ir AN oSt 0 o 0 0 0 0 0 0 0 $6L T 1oany HEMAS b
0os 1 nz9 0 0 0 0 0 0 0 0 0 STBT 1A% BRRROT ‘£
LT 0L6 0 0 Q 0 0 0 0 0 0 05 ¥ SIATY 302SBIOMIO T
ops | Qrr 0 0 0 0 0 0 0 0 0 CDLLE Foa1) A¥oe[ L498[ "1
(er) fet} {rr} for) (s} ! £ fZ) fo} 1S} f#) (£} fz) (i)
POy spupuanbay  sasso’f Sruaiaanbay  sossay { 1yl Si4speg L2083

23pnag fo PiA Syt o f pup sasso] nouzuodosg e ol Pl $3sSOF uopodpiF suorsiang Yy

qoplopdxsy  -HUNUOD posodosg | ¢ pousSsag
PRULIDIOL o pccor el aoa1y 28vi018 - oy asiolg afowinif  NOISIAIQ FOVNIVYQ
paputisy STUARIBULIOS [PNLY PIUNDL PUD PIsLoyIny SIAUQNLILOY) [ Y [UasaLF paidopy  ISVOD LSYA-HLIYON |

Table I{d}

{ 401X ) 30} e 20BLINS [EuIBsEw UL Ys3l) JO SpusUIUNLOS Enuue pauuejd pue pasuoIpne ‘Jussaly



Table 1(d) contd.

-uoode] paj Supds wol) usyel e (q)
-UISR ¥A917) SUEJ YT O1 PILISAIP aq 03 JOTX R gL ®

079 5L 995 SC e £ 194 z o< £0L C68T 9sL Tit LTS 1} SOL0SP SIYIOL
061 T {q)0T o 0 0 0 0z 0z 0 0 0LT puTys] 9CIGPINS ‘b
ors 9 £ a T EE 6T £l c 91 g6t | 90D NS 0P
09 068 £l 8¢l 0 e 13 173 14 e L | s6L S1oAy 1eq[y-ueBoT S
o1t | 65t g 0 £ s 1€ 34 Al grt | 095 €l 13ATY sueqslg £
0Be 16 £ 0 T £ 88 [Al 14! 4 390 | Jaan UL TF
oe9 0LT 4 11 0 T 11 ¥4 <l e & oir 1 AT Agooorep 1y
o009 0LZ £ 0 0 ¢ 0 € Z T I £161 134Ty ESGON “OF
oL 0z 0 0 0 0 0 -0 0 0 0 §89 1 pueT[s] J3SEI] "GE
067 ¢C OLE L0} 0 0 ] 0 Lol Ly o 09 “ 8656 19Any] LB “BE
0Es 01zZ ]| 0 0 0 0 01 8 i Z (1} :1 9 AT wnng £
0cgt 005 & o o 6 05T €€ 1Ay nowng -
! 0¥ zo1 £9 L5z — %

0Es 09 0 0 0 o 086 ¢ 134Ty UEOY "G
06L 08g 1 0 0 ¢ 0 s g 0 ¢ 09g £ ¥231) 2l1jeq HE
asY 00! 09 6% 0 - 6t 1Z¢ 4 - 61 055 T 10Ty 2ukog €€
0sz 0s z ¢ 0 ] 0 [4 [/ 0 0 £5T¢T Toany odowed Z€
0% [ 0 0 0 0 0 0 0 0 0 0Ls peysy s 1€
U739 006 7 96 14 1 A 0t vy St 691 BZT | SFOTHI 1oAT] A2 0%
1149 06 T ] 0 0 0 -4 Z 0 0 - o8 { }2a17) HIed JMEM T6T
059 oIt ! 0 0 ¢ 4] 1 l ¢ Q SOL £ ¥a31) 1jeMeols 8T
0£9 05t ! 0 0 0 0 t 1 0 0 §50¢ 1aang ¥A1S (LT
0Lzl orb Li 0 0 0 )] II at T I 0L9 ¢ year)) auely 9z
048 0l€ €7l 18 ¢ B (=) £L [A re 1 L 06t 1 134Ty 3avuoly ‘5L
005 1 ozs 174 0 0 0 0 174 0z a 0 SEv i Jaany |[pUU0D.0 P
3] (et} (i} ot} {6} 2 it} 19 {5} . i) (€] fz} (T
Daly sjusunnbay 50T sHiiannoay 5207 {208 ‘. SHISDG ALY

a8oipiT jO 5 PRI o SpeoLe ey P S550°F 1OjIDi0dDAT ?MM%&Q LMY pup sassof wonmiodeag SGWME a Me...v

gy ooy X P i oy swors PP stowma  NOISIAIIFOVNIVNG

poiDitisg STUANGIMALO?) [P PAUITTI] PUD PISHOINY SINGNIHAIIOT) JPIWHY TUDSa4T paidopy  JSVOD LSVTHIYON T

{ 50T X (W1} 19)BA JOTLLINS peuzdaeuE pue ysaIf 30 SIUIMHLLL0D jenue pauueid pUE PasUOyIne *JUISIY

41



Table I(e)

€204 PAITUIEY) -9
syg0r AIe|uatnpds - s

Slounpas payEpjostooun - gt :ad sopby (=)

{"pruas)
‘e e - 06~0¢ 06-0E 061 W4
0 s
R oo e 01§ 0c-s 8g sn 0E£T 1any susisuyor 7|
000 1-0F 011-02 ]| 09—0% 06—0¢ mm_ Mm
05102 009 1-0f 0Ll ol—¢ 0£—01 65 sn 0707 SI2ATY ((oSSIT-SAvIRMIN ([T .
006 1-001 0§5~0L 0cl 0y—ot - 06—0¢ Mm_ w_m
00£-09 00s Z-0€ L33 015 §1—§ £E sn <Lz taaTy uouRg 01
. o e 09—0% 06—0F &b Hd
0 s
.- .- e o1—s 01—¢ 6 sn 05k 1981y UBWSSOK 6
‘e . .- 09—0¢ 06—0¢ #0T U
g it :
e oI-¢ 01-5 L sn A 84 soapy sonyue( g
S . - 05-0¢ 060t LA | Ad
0 as
cen can - a1r—s o1—5 £8 <n 00z 1DATY IROARIPUT 2
e ‘e e 09-0%t 06—0% £L1 dd _
.- " 01-¢ 0[5 € s
e e - 01—§ 0L—¢ 69€ S0 §5£ € 1ALy SMUURAL 'Y
e e e 09-0¢ 06—0f b9 ud .
e . 01-5 01-% 101 us
.- - . 01-Z 01-% 133 sn 509 ¥ 1ean] Aqueunon g
s - o 09-0¢ 06—0t 1 | udq
] s
aer can .- 01—¢ Q1-§ 911 Sil S6L T A LEMNG P
e e o 09-0¢ 06—0F 991 A
0 s
- - P a__lﬂ qI— wh sn SI8T 12ary LEYHIOT "L
e e e 090t 06—0% 7Ll Hd _
0 s
i T s 0i-T 015 £61 SN OsE P SI2ATY] J0ISEL-IATNQ T
Q- ad
1L 7
.. --- a o1=-% 01-5 ol¢ sn 0LL T Y} KASEL AORL 7]
f6) (g it} 9/ i<} {¥} fe) iz) i1
fut) fu}
(1{5ut) fAap] gh) fre} by sfiby ( ey { g2} SUISDQ J28]Y
at spRIL 20f saioq Jo ssauyonLL o1 yidag sfpiby {2y 244L pasy
HONIG) OGRS Jo isquinyy oo woHnUOD Jfo vty /by admuneg NOISIAIG TOVYNIVET
Jo asuny Jo o8ty paiusy Jo a3y Jo 28uny padopy LISY0D ISYI-HLIUON I

SIMISUI)EICY? 13 Inby

42



Table I{e) contd.

{01 panre) -9q
s}jo0d AfepUIIPIS - YS
sTapas paEposuooun - g adA) 19)mby (€)

“PHICD,
i ~._.ﬁ..__uo [-~0%C onr—o0s v - T~5'0 0£-01 Mu_m_ [ Mm
S
009—-05< 000 T-065 ¢4 91 v 0BE sn SEF T 1D 1jPuD0,0 v
000 —001 oo e 05108 00{—0 901 4
U} s :
000 1-001 oL1-0 e Al s1-0 6 sn sl puEjst Lepuniiny €7
(08—00Z ol of 0 9T—6 086 1 - E| :
0 ds
00T T—0%€ 0oL T-001 0ol SL-T [ Y 05t 5N (3] sany amdivsolg “TT
008—00% oii-0£ 0T 1] b ST mﬂ 1€ LE]
. s
009 £-00L O£L C—OFF 00+ -] Rl il oL SN 88 € 1Al WOg 1T
000 5100t 0vT-11 08¢ Lt 0601 LEL LT dd
000 02007 | G01-0Z ori 0s—£ 0Z1-0t S8E 51 s
000 LG0T ozE Ol Q08 or—¢s 91 08L sn 098 6T1 1oaT{ UDjopIng 07
0046008 SL-6i 9 57! SE—E fad! Hd
0 a5
000 L—00L 00t 001 000 1 0—¢ S1-Z 0LE 1 Sn (USY asary wo@neH g1
00L~00T 08-0C 9 i ot mm_ 4
48
00l 1-00¢ $9-1T 0s 95T -5 ops sn Sigt 1y =0y "§1
00L—007 o01—-0c ¥ 6—8'1 4 S ] wm i4
ug
059-0£1 000 I—-LTE 051 —¢ =%y 067 SN 5L01 19ATH 33wl LT
000 1-00F 0851 o1 i1 ot 4 098 4
. 0 us .
00L- 051 09f [—LE 4145 Si-f vi—9 086 sn $T101 a1y 119410H 91
T T e as-5+ 050t £l dd
0 as
0 S sit PuE|S] JooqUIUY "Ll
ot Tt ce 06—-0& 060t £01 ad
0 as
.o - e ol-3 0E—$ ol sn oyl 1 wary AeLRW "F1
i ot e 06-0% 06— 0¢€ 61l - |
0 48
e v - 01 -0E—§ i sn 89 1 sy AfINL "¢]
f6) i8! it} fo! (s} it} (£} ) il
] f1) fra)
.E.m:_c \..u.s.wum _H.“.M: safby nfuby { ) . { ) SHIsDQ 20N
S$aL Pt 2108 il Jo ssauyanyf 01 g aafinby () 29U vaiy
HOWHIO) HONIOD) Jo aaqunyy uoD) I fo vady aafinby 8oty NOSIANT IDVNIVYG
Jo a%upy Jo a8y parptgss Jo aSuny Jo a8unyg %m.__n..u.m_w LISYOD ISVI-HINON |

sasUajRIED Jajnby

43



Table I{e) contd.

SR04 PAINIRL) -]
Yot KIRIUAIPOS - YS
sjuzunps palEpIEsvosun - 5 addy 1a)inby {E)

{psuoo) -
000 L—00% SL—0L Lt 019 00s 1€ 4
600 5-000 € 0s—0T e 091008 8-9 69% s
000 £-00% Q0E +-0%1 035 L1 SI—% 601 an 0cl £€ 1aaTy uIng "9¢
000 [—00E 05—0% T €50 oe—51 00T U
0 s
085-091 00F $—%01 oov Lt £1-01 £21 sn 0867 19ATY UBIOY SE
065 T Ud .
] us :
0 30 098 ¢ A3oL) ACE vE
DU0 #-000 & 0507 01 ol-i L faA | wa [4 4
a5
Qos 2005 000 2002 09 9~ s1—6 v SN os i Iaapy sukog ‘£€
000 7000 1 -0t 0% 1] | At A 150¢ Ad
0 us
000 £—-008 00P—0% oL £—1 16 0T sn €St L 1aary donred "z
e T T 055+ 0501 it a4
0 b 1
0 50 Qis Puept sang “[€
000 07002 005-0T 0001 o1 0s—¢l1 CE6 971 W4 .
000 £—00T 000 T 001 oL 051-01 009-09 00L 9 us
000 OL—00Z D00 £—-01 06 11 -9 0912 sn P9 THI saarg Ao12)13 “OE
000 £-00E 00E—0¢ (174} ol-c $T—51 £9L1 Hd
0 us
000 €000 1 00T-0C 5T 91 [H] <9 S0 ops 1 NAIIT) HIGT INeM 6T
000 €000 1 05—0C 3 01 el ArT bE
. 0 s
000 €005 | 00T 7011 o€ 951 g1—6 8T 1 sn sOL € a1 JNCM[EOUYS 8T
o T Tt 05— % 05—0F 86 iad
SI—0I 05--0b 8¢ s
e o o 1) S §T51 €6 sn €80 € I XAIS LT
055-00T 0LT-09 951 [ Anrid §1-9 00s | ¥d ’
0 s
o0L-0sl1 0 T-0% 0sL i< £1-9 69 sn oLe e Fa2z) uel] 07
008007 05105 o 92 91-9 o8l ud
4] us
002051 000 Z—08 D& =1 -5 Lri S o6t 1 Iaary 1aan0ld €T
is] I8/ i) 9) “.Q (vl {€) fe! it
fre) i}
_..Amz.__ ) {lopf ) (pL6l} 13finby 3l { ) f hity) SHISDG L2410
Sal SPOLL 40 sazof] SR o1 yidsq oy [0y 241 Y
HOBHIHOD HOMILOD) Jo taquiin o) Ja— Jo p2upr «2fby adpuipic NOISIAIG FOVNIVIA
Jo oBuny Jo s3uny porownsy Jo 38y Jo a%uny pardopy ISVOD LSVIHLUON |

sonsusjoeany Japnby



Table I{e) contd.

$Y201 PHNIAT) <Y J
s300L Auapas - ¥s
SIUALIDSS PIIEPIOsUIOIUN -y add) 1apinby (B)

000 0T—0¢ 85—l 09s ¥ [+ Sl 0Z1—¢ 005 L1Z dd '
000 0T—00T 000 Z-01 Og0 [ 0g1—¢ 009—9 00L 8E s SOL 05y STVIOL
00 DL~0E 00F 5—01 03L8 o 0t-0 000 L2 S0
T Tt T 06—0¢ Q651 +6 b1
T 06-51 0651 T s
- e . 1] B 0T—0 43 sn S6C [ 15807) NNAT ‘G
000 6—001 0001 00t a1 08-01 Q5L 2 Hd
000 9008 00£-01 00z o051 £9~£ 85T € us
000 £—00S 086051 0z$ $9-07 21-01 ] sn S5L¥ s1any Logy-uedo] gy
s . . . ¥s
00£-08 051 T—00E 0s 0§3—0F $L-0 $8T sn 0LT - PUE[S[ 20IGPRNS ‘bt
00¢ £—00€ 05—01 000 ¢ 51 09—5T 004 01 L
000 $10% 00€ 1-0L 005 Segl $o~£ 05£ €T us
00% £-05k gog 1-0L1 00ZZ - BI-6 098 SN 095 £1 19A5y surgsug “C
QS [-00C a11-0 §Z 0s1-0¢ 06-L 856 -
00T 1-001 al—al st 05108 05—6 $6% s
054051 €50t 01 0e=01 0f—8 0tz N §5s 1 Jaaly g Tp
000 <—001 poz—s1 Q¢ SP—¢Ci 201-08 SDE id
000 1--001 RE—05 5E 51 001—-0¢ 059 s
000 [-001 00£-05 43 055 0E—~s1 055 SN olr 1 1ary Aysoorept ‘1p
0 ad .
000 1001 0008 cL §r—sl 00[~0f 0Z9 a8 :
Qo0 [—001 00£—0% ST 0s—% 0E—SI 6t 1 n Sio | 43Ty TSCON 'OF
0 d
& s
00E-DS oo Tt 081-0£ [11] bl E9 1 80 SE2 1 PUBS] Jasel] "Gf
000 §-001 051-01 081 §pS| 060 SLr 9 M
009 §—Q01 051-01 g5 £F—51 06-0 001 € us
000 1001 00£—00! 09 9-¢ 0£-0 568 sn 5§65 6 Ay ATy (B¢
000 5001 0s1—-0Cl 0t SP—¢1 06=0 006 LiE
000 100! (119 ) 1]} =61 06—0 v T qas
000 1-001 00£—001 0z 9~¢ 0E—0 REG s orLe JoARg WuIng i€
f6) 8l i) 9 {<) () (£} iz frl
fut) faet} :
.S"M:‘c qa ﬁ.ME. w“__w_ :.Hmm ! afinby aofmiby ¢ ey . { etity) SHISPY Joury
SaL PRIA 2104 ool Jo ssavuyorn of tyrdagy s3jmby (9 29L oild
WO HOWIHOD) Jo agiunyg HoLHE) " fo By afmby aBonrsy NOISIAIT FOVNIVYT
fo 28uny Jo aduvy pajoulisy fo a8uvy Jo aSuny paydopy LSVOD LSVI-HLINON |

sonsuapoeRIeyd Jayuby

45



Table (f)

uoMEWUOJUE uoneinsosuL paoyiia paauap {41

D01 PRSI} - Y

ushEWIO ) uonEfpsoad] BAI] woly paspap (1t Sfroe URIUNPIS - YS
vopeiogup soiediisau) Hqeuoses: wey) paspap  {1)  (4) stuaunpos poeposucoun - g :ad& a3pmby  (v)
{Poa) g 0 0 a Lk G o 0 0 9% L'SE . KoL
___w 0 Q 0 0 e v 0 0 Q s Qs T dd
i} 0 a 0 a [l 1] Q 0 L] (411 L0t T 8 1Ay avelsyar 7|
0 0 . 0 ) e 0 o] 0 0 Pt et 6 F10L
Q) 0 a 0 0 v 0 0 0 0 6% 6F 00 ¥l
®m o 0 0 0 13 u] 3] 0 0 s'6t £'6 & L) [Rssny-oneid|ngg 1|
o o] ] 0 Ll 1] 1] Q L] 1°€t I'El 0 o]
M_c o] 1] & 0 §Z 14 0 0 0 i $T ot dd
)] M) 0 o 0 "t 0 a 0 0 g0l 9H 1] n taang Podirg Q1
o] 1] 3} u] 1 ] 0 0 ] I'r I'e qQ [N
) 0 0 0 1] ol 0 0 0 0 (Y &0 0 Uk
1 4} i 0 0 e 0 i} Q 0 e e o N JANTY URLUSSON "G
0 0 0 0 £9 0 0 0 0 [ 09 ] [BieL
m_._w 0 0 O [ 9L 0 0 0 0 e e o 44
(. 0 0 ¢ o e 0 0 0 D Lrs 9z [ sn daary svnulrg 3
0 0 1] Q L 0 0 0 0 6L §'6l 0 L B
0 0 1] 0 €T 0 0 ] 0 e 1T 0 ad -
0 o 0 o .2 0 0 0 0 it ¥LT e, N 10a8y ANOATIPUT L
o [ 0 0 $°6TI1 0 0 0 0 =971 5971 0 oy,
o 0 0 0 I'E 0 0 0 0 6T &l 1] 'oud
0 0 0 0 ol 0 0 0 Q o0 6] Ju] s
[+ 0 Qo 0 L4 o a 0 Q LT LIt o 5N I3 RIS g
0 0 0 0 Piet 0 Q 0 0 SIEL §ET 1] ey
0 0 Q [ L'h 0 ¢] 0 0 06 [ a Hd
0 0 0 1] &1 0 0 0 0 Pl rl 0 us§
0 0 0 0 TIEL 0 o] 0 0 1"1zz 1"rze [ Srt BTy Aquesioy] ¢
0 0 a 0 TEE o] D 0 0 [y [ArAy 4] L2\
0 0 a 0 {4 0 0 0 0 9T 9T )] Bt
] 0 1] 0 ¥0E ] 1] 0 0 96T r6T o SN Janly MERNG p
D Q Q 0 §4L 0 0 O 0 658 65 ¢ el
0 0 o 0 L 4] 0 3] 0 §T €L 0 U4
0 Q [} 0 :$ 34 o 0 0 0 L4 x4 L4714 0 SN 2any Ny g
0 a 0 [H 269 0 0 o ¢ &L9 'Ly 0 =1e],
0n) 0 0 0 ) 6t ] 0 0 0 Ot LE 0 o
LEH] 0 a D 0 £ss 1] 0 0 0 ] e 0 5N S1ARY 0t IaNiD T
1] 4] 0 i L0l 0 0 0 0 ol a1 ] oL
() ] qQ 0 o e 0 0 ] 0 T Z 0 a8
(a) o a 0 0 so! 0 0 0 0 001 a1 0 sn §oy Agauf Dyanp o
f51) {#1} fer) fz1} fre) {1} {6} 18} izl fg) {s) ) fe} fe! in
IRer 3 Han 178 L Haw
i P If 13 - i SHpStg} Ay
" 800 bf 000 £ o o) Bt opn £ o5 (o0 & ) f ot & ¥t}
GO0 £] < D P> 000 P < o0 i | € H
fopieiid -0002 —000F 00 00PL  OO0E 000 sy " ol (ot
Anpaogay i 2Py todd . ? NOSIA T IOVNIVYG
L PROGNST HONITILTY ISVOR LSIH-TLLHON |
(o017 X 8] PIAL IRy 3QIsseg PRrOrsy .
SPIAK IR TMPUNOID

46



*JRamnD (YRR AN W 0] y,....ﬂ sapiwpmy {9}

Table I(f) contd.

aedgsaatn 1OYLs PP () 4201 pasmac . k-Ei
HOLEL O Uul ES ISaAUE PRNEUIL UIDI) PIMIDP (1) 5700 AICIUSILIPAS - HS

AN RO MOTEINSPAU] HQTUOSEX) BIOL] PRATIS) (ry (@ n:..u_.zmms TRICRIOSHOINN - G} adar _o.:_.._u< (=)

fpmed) g 0 0 0 £z ¢ 0 0 0 o 0z 50 L

(ue) a 0 } L] €9l L] 4] i} 0 Fal ol i'p 4

(]3] Li] a 1 0 9 1] L] 0 1] ¥ r 0 5N 1My PEaiel,0 T
0 0 0 0 #a 0 0 0 00 £20 =D £0°0 [y,
0 1) Q £'o 1] 4] 0 D £070 0 SO0 a3} A
) 1] Li] 1 i 0 0 13 L] 00 ST0 1o sn pueys] Avpunsimgy “£T
1} [} 4] Li] s\ L1} 0 0 0 1l Sl ik [ LA

(1) 0 o 0 i} 901 0 ] 0 0 ol ol ST0 A

®) 0 0 [ v £ 0 o 0 0 § s bt | S0 12ary swdradsorg “Te
0 0 g 3 I'T o [1) 1] 13 T b 6f <ol b1 LA .

(my 0 n 0 0 '+ 0 o o 0 v 4 v’ L

m} V] a Tt L1104 kg ) 0 \] % £ L] sl - S0 Bag v CIT
[23 211 OFL 715 13 00 £'a01 [ty §CP ot acn 1 =4 |

M___W 8C ool DOt ity Lr LULT o8O 6961 pTAY <or 9R t1 Hd

L1} 14 g1 1€ 1] 0 £¢l e w5l L8% 1] () ol s

0] v} £ €6 £z 41 v} T 'l [ ¥4 L'EY TEn (X4 N Taaty utjaping g
0 GE rl L FrEL 0 £ wal (174 L'Elt 9951 oLt LR
Q0 o a a L Q 0 i) 0 Far A a3 W0 i
3] 6% el ree Vedh a € 601 6T (WS ) virl L sn aangy uorydnuyy ¢
4 o a e 6E 1} 4] ] & TLE Lyt &0 jLalel B

() 0 o 0 0 £99 ) 0 o 0 99 ¥y 0’0 W

(n 0 0 a [ [43 o [} 0 5T SOE Ot s 11 Ay 550 "gI
1] 0 a o] 1"ig o} [} 7] . D gEL %4 o8 el

{m) 1] 4] 0 o oy o] [ 0 0 oy 0E <00 -l

[ 0 0 0 0 I'Ze 0 0 0 0 B'sz R'GE 78 . sn sy Yol Ll
0 a 13 o] £8P 0 /] 4] 1] §E0T SE0T oz L

mé 0 0 o 0 1'L8 0 o o 0 99Y 9'98 ] LR

wi 0 a ] 0 19l 1} L] 0 1] &8I} 68 &7 80 1y pagiagy gl

0 1] 0 4] ti'n 0 0 1 0 10 1o Tt {Elo]

() o o 0 0 PENY o 0 0 0 I'g LD . Bk
1) L] 0 1] 0 1] 0 [ 0 13 0 0 SN PUTIS] Juoaquiul] "5t
0 1] 1] 0 Ll [1] 1] 1} 0 LIA} oLl [eag

() 0 0 1] 0 gTL Li] v 0 0 et Ll ... kA ]

{m 0 0 ¢ 0 iy [} 0 0 [s] 9y Gt 5n naary Aelingy “¢)
1] 0 1) 0 IRt L] 1] 1] ] I'jy I'g¥ T Ny

(1} 0 0 1] 0 'S 0 0 Q i s e L EE]

[{{1)] L 1] 1] L] 0 Fa s o 0 1] Q ¢ o'Ti o'y T sn Ay A0y, £l

s} HE fEerd fri} fitd .‘E / {6} g} i) ») is) 12 {er i) ir)
g g | g |

X T )
(aPImT | 000PT < Zony  —gpoe  -ooos P01 [OOFIS gpay  —appr  -ogor 20012 Usenoly Maa £ jopda sy 1
Iy - 1Bny i Ay
ey L IRiBIIIY Iandf PIBUIIST MDY NOISIAIG IDVNIVET
T OFX (1] PR oRIna} Ising pHpitriy LEVODILSVANLINON {

SPIAIA I CMPIINGIY

47



Table K1) contd.

UDIIELLCT) :3:&_—9.55 A1 pasuap {1U)
Loy | DR LN ] nonefsaaut pakLY WOy paanap (0}
uopewogt nen NS dan) AQRUOSEN IWDL] PILIID {11 (1

{O0I PAIMIELY - 4
Y01 AIPTUMNULPDS - MS
SIEAmIpas parrprosueatn - gy adkl dginby (1)

"PHEW,
Cptin} 9'0 Lk £08 Tl 13 ] Ll [N 9991 ofl €68 F56 oL
0 $%1 i Rl Tt 0 ¥l Titr vl 111 SIE - 4
o ] T 3 ot 0 L B 6L 6¢ q6f s
90 &1 gt 'k <ol +0 L] Y £L1 it R ¥s6 S JaaR] naving oe
i} 0 0 o g5 [} 0 o 0 T i 0T 'L
{1 1] 0 0 0 il 0 ] 0 0 U8k Bl T EES
r o 0 0 0 L ] ] 0 0 g s £0T sn 13aTY USION “SE
|eay,
. . - .. .. . cen mm
: : - . e " - T EEE R (L (I
0 0 sr Iz ol Q i 53 oral 2 og €8 tera]
{m) [} 0 ¥l 11 S 0 0 ! 2L 5 gl 00 b:F)
) o ] 1 ol s ] 0 81 te g Ll o8 8N 120y duiog £§
0 0 by £l Ly ] 0 oc w1 i {1 0 1=,
() 0 0 £l a1 0% ¢ 0 i L Ti ol 0 ¥
{m) o 0 l £ <0 ¢ ] w60 o't SirQ 9 T S0 sanpy AOBITY 'TE
1} 0 0 210 o o 0 0 a 10 0 . LELH
() 0 0 o a0 o [V o 0 0 e FIo v WA purpsy sikn) |
001 73 sl QET | Dt Ly 05 | o8 9Lf oyl "t ®eL
( ot 05 001 009 ot Lt 6T 8¢ She 261 $t9 Y ¥
{n 0 o iz D5E 08 a ] 608 £arf $he st v e
n 0L R r SeL oL 0s T 9k 861 os 59¢ ool sn 1anny Ko1ziy OF
g 0 $T 9 ¥ qQ f H sz FE of 9L o)
() 0 0 T sl ¥ 0 0 z | 123 gl 1 Hd :
(L} i Q 0 el o 0 0 o ! 0 1 0 s $odE) YIg] INEY G0
o 0 8 157 {4 o ] 33 b 1'g 9 'l 1m0y
(1) 0 0 £ og s 0 ] 97 "4t by ¥ 00 H4
{181) 0 0 3y [t It o ] £l 6% gl 4 01 S AR LIBMCAIS HT
0 [} ] &0 wl 0 0 0 90 &0 | ] [ExG],
o 0 o £0 0 ¢ ) 0 % o 1o 0 Hd
0 Q 1] 0 0 0 o 0 50 0 0 0 . us
0 0 0 1} g1 o 0 0 L 60 (Y] 0 sn Jaarg x0g LT
0 o 0 0 9Ll o o ] 0 €Ll €Ll 91 rn),
o a o 0 051 0 0 0 0 sl 4] £ d:l
0 o o 0 14 o 0 0 0 | RCL | S0 oL Aury] of
0 0 0 o Re 0 0 [} a Y ey a9 FioL
m 0 g [ 0 1$°F o 0 0 0 SE <E T A
[T o 0 0 0 34 0 i o 0 If 13 T £ 1oy 30UDY| §E
sl frid feil fzid fit) toi} {6} {%) it} @) <) [{2) ic! frd (r
Ruer e ffae Ph 113
pidt 1/dut #f . {2t JIE tihae
(qproumsgloga pr < COORLOwe MUY gunis tesarr< YN GRL TG 000 1>i(Q a0l ¥ s ol ST 4
Jo - - L b
; ! 1 Sy | Sy
Ao it ARIIIY Hiiat:f PAIELIES] MO ITApSC NOISIAIG IDVNIVEG

{1 X GHr) PIOLL PONTN Y SST) PARIRISY

ISVODI LSVIIILION |

SPAI4 19)EMm punDLD,

48



Table I(f) contd.

UOH BT WOLIERTIS IAUT LK LM PIAISP (1)

ESEIYRLETING LT O

e wonTlnEan panut o) paasap (i} $HI0L SITINNUWPIS - YS
uoeinog s NOREANSIsI aerosen worg paaap (1) () SIHULPaS paepiposunonn - )l spnby  (€)
5l £TT 889 S0K < GIRE BOL Fel 99¢< e DSHT 19 € £vL Loy
65 691 59 vl 0oZe 14 Lrl [1ra ol L] 95T e [E ¥d
L £l b1 1t st ¢t [ o ol 01 oW 0o us
1Z 13 Lel £RD POR T 15 4 o8 Lse 981¢ 0L e £0L sn SIVIOL
i] 0 a b 9 0 0 0 0 9 Iy T [BI8L
) 0 0 0 0 0% o 0 o 1] &1 &1 . u4
{m 1] 0 i} 5 $50 0 0 0 0 0 S0 T as
{n D 0 a 0 r o 0 o 0 Lt Lt T 5 RO YINog 9
4] bdd P o'rt il [ 't 0's et ol [2 4 4] [mo]
D or 9gE b4 rEF Q e L &L L 4 cel ' B4
0 o [y} 'l or 0 0 0 o 'y 9 91 ds
4] 0 0 r '8 0 0 [ £F 'L Tl [1]] sn s19A1y vaqyuedoy ¢y
0 V] 1] 0 90T 0 0 0 0 991 991 9e ol
(m S bt Ad
o . . .. . . us
m 0 a a 0 907 [H} 0 0 0 9ot 91 TE sn PUR(S] 2Y0IAPENS by
1] 0 Le £98 io 0 v] (43 g i6 il 0L mieL
{m D 0 £F £L9 or 0 0 £ L oF Lot ol LE
{m) 0 0 L:4'] v T 0 0 L0 0 it £&r g4 us -
() o] 0 1] gl 143 0 0 ] 8 [ 659 2:13 SN 13ATy sueqsug “ff
D 0 1] S L9 0 0 0 183 g 4 £L 910 ey, )
() D 0 1] 0 §5°0 0 0 ] 0 £0 S0 G0 4
() 4] 0 a 0 L0 D 0 a o 90 g pgl 4s
[ 4] 0 1] ¢ 1 0 [H] 0 I'e e’ i9 i0o sn 12Arg Mg TH
Q 0 a Tl il 0 0 0 L89 'L el 80 moL
(1) 0 0 Q 0 §i0 0 0 4] ¢ o 10 iro EE
(o 0 0 h] 1] i 1} 1] 0 0 0 0 9¢0 s
up [+] 0 a | T 1] [ 4 LEY 'Y £LCL £ <n 1angy Aysoorepy *|p
Q 0 Q of 0 0 0 ¢ 991 gl 1'€€ Len ey
(m 0 0 \] 60 a0 0 1] 0 Lo 0 90 R0 gs
{in} 0 0 a ol 61 0 H] 0 STt sl Ay kA 5N DAY TSOON 0
0 Q0 0 0 L% 1} 1] 0 .0 1157 0os von feieL
op 0 i] 0 0 L9% 0 i+ 0 0 00s s Po0 sn pueist g ‘e
1 0 I’ §¢ BT Lh 90 L4 £ 60T [ 81 [i]=3 §
(m [(y1] 0 S (1] 9E £0 0 i £0 1) STE g0 d
m Q0 0 g0 1" gL 0 &0 )] L] Iy £ £0 a8
m 50 50 s 4 T 0 o T 2 &Ll oo L0 5n Loary Ay gg
Q 0 1] ] is 1} 1] 0 o o [ 0f L)
0 0 1] )] [t 0 0 1] 0 £0 $0 e ud
0 0 1] L] ¥+ 14 0 [ 0 i £ Tt us
Q0 0 [+] 0 "Z8 0 1] 0 0 St st 113 sn 1oAR] winzing L
fer) i) et} fzi} fee) o} ek f&) fL) 9} fs) e} fe} z} i
1 1R 1w 1B 1o i
Nors . ooper  0aoc  weog W)U pmes poor oo N swsog 0ng
fqpornise | 000 ¢ -006L  ~060E  —oon ! < cpope  -ogor oot BOBI> | forx i arx
an - L VT SR YLy
dapquiaYy JL L7 SRIENIY WM Jeniar .Sw.:fzn.. d3finby NOISLIIG IOVNIVE]
10T X (M PISIA (PIAY, FqISSed PoDRITE T T LSKOD ISVHILYONT

SPRIA 1)TMPUNDID

49



Drainage Division I1 - South-East Coast

The South-East Coast Division comprises the seaward slopes of the Great Dividing Range and
their coastal plains. It covers the populous south-eastern corner of the continent stretching in an
arc from the Queensland border to the valley of the River Murray in South Australia. Two climatic
influences predominate — the proximity of the coast which moderates extremes of weatiher, and
the Great Divide which, through the process of orographic lifting, gives the Division a moderate
and generally reliable rainfall. These influences are superimposed on the effects of the seasonal
movement of the major atmospheric systems which determine the broad pattern of rainfall in
Australia. Thus the Division experiences warm temperate conditions which merge into
a more mediterranean type climate in the south and south-west. Median annual rainfall varies
from about 1800 mm in the north to less than 750 mm in parts of the south and south-west. Sum-
mer rainfall predominates in the north and there is a gradual transition to a winter or spring peak
in the south-west.

Streams generally are short. From headwaters in the Great Divide they tend to flow directly to
the sea. Four streams are exceptions to this pattern. The Clarence, Hunter, Hawkesbury and Shoal-
haven Rivers on the east coast rise between the main part of the Great Divide and coastal ranges,
flowing parellel to the Divide until they turn towards the coast cutting narrow passages to the sea.
The first three form the largest river systems in the Division.

Plate 4: Hawkesbury River — River Basin 12,

Flow patterns of streams in this Division are influenced predominantly by the climate and
topography of their headwaters. Streamflow may cease during dry seasons: the main group of
streams where flow has never ceased during the period of record is found in the Gippsland region
of eastern Victoria, (River Basins 21 to 29). Here peak winter rainfall is augmented by moderate
summer rainfall from the Southern Ocean. In general, the seasonal variability of flow is more
pronounced in river basins on the east coast (River Basins 1 to 20), than on the south coast (River
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Basins 21 to 39). Average annual runoff for most streams east and north of Melbourne is greater
than 200 mm and water is of good quality (River Basins 1 to 29). West of Melbourne, runoff
declines. Streams in this region tend to be smaller, slower and more annually variable, reflecting
the low, more undulating relief which contributes to the drier conditions. Streams are marginal to
brackish. The only exception is the Otway Coast Basin, where local ranges create rainfall and run-
off patterns similar to those in parts of Gippsland.

This Division contains the most densely settled regions of Australia. It supports Australia’s
two largest cities, Sydney and Melbourne, and the major industrial centres of Newcastle, Port
Kembla, the Latrobe Valley and Geelong. Agriculture is varied and more intensive than in non-
irrigated regions further inland. Much of the continent"s, timber resources are found in the Division.

Apart from streams north of Newcastle (River Basins 1 to 9), all river basins with a possible
annual exploitable yield greater than 500 million cubic metres have been substantially committed.
These river basins include the Hunter (41 per. cent committed), Hawkesbury (61 per cent),
Shoalhaven (51 per cent), Snowy (75 per cent), Thomson (92 per cent), Latrobe (100 per cent) and
Yarra (91 per cent). Except for the brackish Lake Corangamite (River Basin 34}, a pocket of inter-
nal drainage, the surface water resources of all-other river basins are committed to at least some

degree.

When planned diversions in the Thomson, Latrobe and Yarra River catchments are completed
(River Basins 25, 26 and 29), the main streams in this Division close to Melbourne will have been
almost full committed. River basins surrounding Sydney are extensively though not completely
committed (River Basins 12 and 13).

The greatest single commitment by far in the Division is the diversion of 1130 million cubic
metres annually from the Snowy River inland for hydro-electric purposes to augment flow in the
Murray and Murrumbidgee Rivers (Drainage Division IV). The Eucumbene River, a tributary of the
Snowy, is dammed to form a storage with & grtfss capacity of 4798 million cubic metres. The Snowy
itself is dammed at Jindabyne (688 million cubic metres).

Annual abstractions of groundwater comprise only a small proportion of total water con-
sumption in the Division. However there are many areas with aquifers capable of yielding excellent
quality groundwater suitable for irrigation, domestic, stock and industrial purposes. The most
intensive development of groundwater resources to date has been in the alluvium of the Hunter
Valley and to a lesser extent, that of the Richmond and Hawkesbury Valleys. Also the Tomago
(Newecastle) and Botany (Sydney) aeolian sand beds are used for town water supply.

In the Moreton-Clarence Basin, which straddles the Queensland-New South Wales border,
there is a rock sequence containing aquifers with both high and low sali_nity waters, and moderate
use of the latter is made for rural stock and domestic purposes. In the Sydney Basin, the wide-
spread Hawkesbury sandstone contains aquifers with generally low salinity waters and comprises
a very important source for stock and domestic needs. Yields sufficient for small scale irrigation are
available in some localities. Other sedimentary rocks in the Sydney Basin yield small quantities of
groundwater but the salinity is variable and in many cases, too high for domestic use.

In the south, groundwater of the Gippsland Basin is used mainly for industrial purposes and
often is of high termperature (up to 64° C) with high bicarbonate and fluoride content. The quality
" of groundwater from the Otway Basin in the south-west is extremely variable. Areas with low
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regional permeability may contain connate waters with salinities up to 27000 mg/l T.D.S., but
salinities for the most part are less than 1000 mg/1 T.D.S. The better quality water, particularly
in the far south-east of South Australia, is used extensively for irrigation, stock and domestic
purposes. Fractured rock aquifers underlie cxtensive areas in the southern highlands and in the
New England area of New South Wales, as well ag in the greater part of southern Victoria. The
quality of groundwater in these aquifers is best in areas where rainfall and relief are the greatest.
These aquifers are widely used for stock watering. In fact the sedimentary rocks of the Millicent
Coast (River Basin 39) account for 57 per cent of the total of 94000 bores in the Division and for
47 per cent of total groundwater abstractions. '
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Drainage Division III - Tasmania

This Division comprises the whole island State of Tasmania. It has a cool temperate climate and
abundant water resources. The State is generally rugged and mountainous. Lowlands and coastal
plains are of limited extent and are located for the most part in the north-west and north-east.

Mountains rising to over 1500 m can be divided into two types: in the centre, east and south-
east, they are plateau-like in character; while in the west, they are more rugged and serrated. A
striking feature of the topography in the centre and east is its stepped character which has facilitated
hydro-electric power development.

Rainfall in this Division is reliable. Heavy rainfall in excess of 3500 mm per annum occurs
over the western highlands reducing to 1500 mm over the north-eastern highlands, and 500 mm in
the rain shadow of the central, eastern and south-eastern districts. Potential evaporation in the
Division is the lowest in Australia. It is generally higher around the coast than inland and reduces to
less than 600 mm per annum in the western highlands. Snow may occur on the highlands any
time during the year, but the heaviest falls occur in late winter and early spring.

Vegetation is varied, ranging from closed forests and alpine complexes in the western highlands
to open woodlands in the east. The State has good agricultural land and timber reserves. These
support intensive primary production and a large wood processing industry, including pulp and
paper manufacture.

Plate 5: Farm country near Mt. Roland — River Basin 16.

Overall, annual streamflow in the Division is the most reliable and least variable of all divisions
in Australia. As streams are short and summer rainfall is light, seasonal variations in streamflow
may be high. However, only a few streams on the east coast (River Basins 2 and 3) and the Bass
Strait islands (River Basins |1 and 13) are intermittent. All streams are fresh and salinities only ex-
ceed 400 mg/1 T.D.S. where flow is intermittent (Coal River, River Basin 3). In fact, the salinity
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of many is less than 100 mg/1 T.D.S. The surface waters of Tasmania have been widely regulated
for hydro-electric power generation which is the major use of water within the Division. As Table
[T1(d) shows, water diversions between river basins for hydro-electric developments are extensive.
Lake Gordon is the largest water storage in Australia (11670 million cubic metres). Other major
hydro-electric storages include Lake Pedder (2690 million cubic metres), and Great Lake (2390
million cubic metres). On the other hand the consumptive use of water is small. Runoff is so great
that only 5 per cent of the Division’s exploitable surface water resources are committed for con-
sumptive purposes.

Groundwater from unconsolidated sediments mainly occurs in coastal sand aquifers and to a
lesser extent in glacial deposits, but little use is made of them, as surface water supplies are generally
abundant. There are two locally important sedimentary basins, the Longford and the Scottsdale,
producing water of variable quality. The most common source of groundwater is from fractured
rocks which underlie about 80 per cent of the Division. Individual bores in these rocks yield up to
350 cubic metres per day of a salinity generally better than 1000 mg/1 T.D.S.

Plate 6: Mountain River, with Collins Bonnef in background — River
Basin 6. ' '
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Drainage Division IV - Murray-Darling

The Murray-Darling Division contains Australia’s largest river system. It is fed mainly by rain-
fall over the inland slopes of the Great Divide, which form the eastern and southern borders of the
Division. Rainfall in these headwaters catchments is generally reliable and the main rivers are peren-
nial. The principal river is the Murray, which through its tributaries, drains the whole Division and
is its only outlet to the sea. As much downstream flow is through dry country, the major rivers
have allowed intensive agricultural development in places where cultivation would not otherwise be
possible. In its lower reaches the River Murray provides a major back-up water supply for Adelaide,
the capital of South Australia, which is located in the adjacent Drainage Division V. It also provides
the major part of water supplies to towns to the east and north of the South Australian Gulf in the
drier part of the same Division.

Three main groups of rivers can be identified within the Division. River basins 16 to 25 com-
prise the Darling and its tributaries, and these drain the northern regions. Rainfall in their head-
waters occurs predominantly in summer under the influence of the monsoons, and severe flooding
in these reaches is common. Further downstream, the Darling flows through the most arid parts of
the Division. Flow in this group of rivers is highly variable and the Darling itself ceases to flow in
some dry vears. In fact, although the Darling system drains over half the area of this Division, its
contribution to flow in the River Murray itself is relatively small.

River Basins 10 and 12 comprise the Murrumbidgee and its tributaries, and these drain
central and southern New South Wales (River Basin 11 is Lake George which drains internally).
Median annual rainfall in the headwaters reaches 1500 mm in places, under the influence of winter
low pressure systems, and the Murrumbidgee River at Gundagai has never ceased to flow over the
period of record.

Plate 7: Valley of the King River — River Basin 3.
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River Basins 1 to 9 comprise the River Murray and its tributaries upstream from the Murray-
Murrumbidgee junction, and these drain central and northern Victoria and parts of southern New
South Wales. Runoff from the headwaters catchments is reliable and in spring includes snow melt.
Streams in this system contribute the bulk of flow to the lower reaches of the Murray. Other river
basins, (13, 14, 15 and 26) are in the south-west of the Division where for the most part, drainage
is intermittent and less co-ordinated.

Plate 8: River Murray West of Mildura — River Basins 14 and 26.

In Table IV(d) present and planned commitments of surface water are combined for those
areas under the control of the River Murray Commission. These comprise River Basins 1 to 9 dis-
cussed above, and also river basins adjacent to the lower reaches of the Murray (13, 25 and 26).

Unlike coastal rivers which tend to be short, independent and fast flowing, these inland rivers
are generally meandering and slow due to the low gradients of the inland plains of the Division. The
Murray and many of its tributaries have formed extensive alluvial flood plains which support the
principal irrigation districts of Australia. The Goulburn River provides irrigation for an intensive
dairying and fruit growing industry in north-central Victoria. Water is drawn from the Murray for
much of its length, the biggest close settlement area for agricultural purposes being Mildura. Along
the Murray, grapes and fruit growing are important agricultural activities. The Murrumbidgee
Irrigation areas, centred on Griffith in New South Wales, grow a wide variety of primary produce of
which rice, grapes and fruit are significant. Most of Australia’s cotton is grown in the irrigated
Namoi Valley of northern New South Wales.

The salinity of the Murray in its lower reaches is an increasing problem and its consequences
for domestic and irrigation water supply are discussed in Section 3.5

The flow of many rivers is regulated, especially in their upper reaches, The Murray is regulated
at intervals from the Hume Dam upstream of Albury-Wodonga to the salt water barrage on Lake
Alexandrina at its mouth, a distance of 2200 km. As part of an extensive hydro-electric, irrigation
and water supply scheme, the Snowy River (Drainage Division II) has been diverted inland to
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supplement flow in the Murray. The Wimmera and Avon River Basin (15) receives water for north-
western towns and farms by diversion from the Glenelg River Basin (Drainage Division II). The table
below shows the principal water storages in the Division and their uses.

Principal storages in the Murray-Darling Drainage Division

. Gross Capacity
Naome River (m®x 10%}  River Basin Purpose
Dartmouth(®) Mitta Mitia River 3700 1 Irrigation and hydro-electric
Eildon Goulbusn River 3390 4 [rrigation and hydro-¢lectric
Hume River Murray 3038 1 Irrigation and hydro-electric
Menindee Lakes Darling River 1794 25 Errigation and water supply
Burrendong Macquarie River 1680 2] Irrigation and {lood mitigation
Blowering Tumut River 1628 10 Irrigation and hydro-electric
Copeton Gwydir River 1364 18 Irrigation
Wyangzla Lachlan River 1220 12 Irrigation
Burrinjuck Murrumbidgee River 1026 10 Irrigation

{8)  Under construction
Source: State water authorities,

There are many other smaller storages and overall, 91 per cent of the exploitable surface
water resources of the Division are now committed, a greater proportion than for any other
division.

Apart from the irrigated regions, the Division supports widespread agricultural activity, from
grazing to intensive cultivation, and many areas of natural vegetation have been cleared for pastures
and crops, especially in the Riverina and central plains of New South Wales.

Groundwater subplies are extensively used throughout the Division. Many unconsolidated
sediments have been tapped for good quality water and the most concentrated use of groundwater
is from this source. The Namoi, Condamine-Culgoa and Macquarie-Bogan River Basins have intensive
irrigated areas drawing from alluvial aquifers, which together account for nearly 40 per cent of all
- groundwater use within the Division. In the alluvial aquifers associated with inland streams, salinity
tends to increase from east to west with increasing distance from source of recharge.

Elements of the Great Artesian Basin in the north and the Murray Basin in the south-west,
are the two principal sedimentary basins within the Division. Groundwater from the former is
extensively used for stock and some town supplies, but the quality deteriorates with distance
fromn recharge areas. Bore pressures and discharges have declined since the Basin was first tapped
but a static state is now being reached where discharge approximates recharge and preésure and
water levels remain fairly steady. Recharge to the eastern part of the Murray Basin occurs from
streamflow in the Murray, Murrumbidgee and Lachian rivers and from underflow through valiey-fill
sediments. Large reserves of low salinity groundwater are available in these areas but the quality
deteriorates westward due to the increasing length of time of contact with the aquifers and to the
occurrence of marine sediments. In the western part of New South Wales, most aquifers contain
water which is commonly too saline for stock. The best quality water supplies are obtained from
the Dudde Limestone of western Victoria and its equivalent, the Morgan Mannum Limestone of
the Murray Basin in South Australia. These formations are important and provide water for town,
industrial, irrigation and stock purposes,
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Drainage Division V - South Australian Gulf

This Division comprises an arc of river basins around the perimeter of Spencer Gulf and Gulf
St. Vincent. Most of South Australia’s population and economic activity is found here. Adelaide,
the capital of the State (River Basin 4), is a major centre for secondary and tertiary industry. Heavy
industries are also located on the shores of Spencer Gulf at Port Pirie and Whyalla. Port Augusta at
the head of the Gulf is an important rail centre. Port Lincoln to the south of the Eyre Peninsula is
a significant fishing and wheat handling port. Wine growing areas in the Division include the Clare
and Barossa Valleys and McLaren Vale.

The major topographic features of the Division are along its eastern side, comprising, in the
south, the Mount Lofty Ranges which form a common boundary with the Murray-Darling Drainage
Division, and the more rugged Flinders Ranges further north, bordering the Lake Eyre Drainage
Division. Elsewhere the country is generally of moderate or low relief. The arid Lake Torrens region
(River Basin 10) drains internally.

Climate ranges from mediterranean in character in the south-east to semi arid inland and to the
north. Median annual rainfall on the slopes of the Mount Lofty Ranges (River Basins 1 to 6) is about
760 mm. Rainfall is mainly orographic and falls in winter. Streams here are short, flowing through
narrow gorges to the Adelaide Plains and Gulf St. Vincent. Streamflow is variable and flow
often ceases in summer, although average annual runoff in this region is much greater than else-
where in the Division.

Plate 9: Millbrook Reservoir in summer. Mt. Lofty Ranges in
background — River Basin 4.

Further north, median annual rainfall declines to 360 mm in the Flinders Ranges (River Basin
9) and to less than 150 mm in the north, near Lake Torrens. The north-west part of the Division
borders the driest areas of Australia and rainfall is scanty and unreliable.

Due to the limitations of catchment size and rainfall, Adelaide has less locally available surface
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water resources for its population than any other capital city in Australia. As a consequence, it
draws a variable but increasing proportion of its water supply across the Mount Lofty Ranges from
the River Murray outside the Division. Whyalla, Port Pirie and Port Augusta are also dependent on
piped water from the Murray. This source however has definite limitations in terms of both water
quantity and quality.

Plate 10: Pipeline from Murray Bridge to Adelaide at Monarto (Division
IV): catchment boundary with Division V in background.

Groundwater resources are widely utilised and total abstractions during 1974 amounted to 49
million cubic metres. This is equivalent to 44 per cent of present annual surface water diversions.
Groundwater from shallow unconsolidated sediments of alluvial and aeolian origin is important, but
the most extensive development is associated with the Adelaide Plains Sedimentary Basin where
groundwater is used for irrigation. Annual withdrawals from the Gawler region (River Basin 5) of
this Basin are presently about 50 per cent greater than recharge, reaching 15 million cubic metres in
1974.

Aquifers receiving direct recharge from rainfall, e.g., aeolianite of the Southern Eyre Peninsula,
generally provide good quality water. In areas where recharge does not occur so readily, water
quality may be variable,
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Drainage Division VI - South-West Coast

This Division comprises an arc of river basins along the south-west coast of Western Australia.
The climate is temperate, similar to south-castern Australia. with warm dry summers and cool wet
winters, and the Division contains most of the State’s arable lands and forest reserves. 1t is the

most populous and developed region of Western Australia.

Most of the Division lies on the south-western corner of the Australian Shield, an extensive
plateau covering 90 per cent of the State. The inland boundary of the Division, which is not well-
defined, separates the region of co-ordinated seaward drainage from the unco-ordinated inland
drainage of the Western Plateau (Drainage Division XII).

Plate 11: Murray River Valley near Dwellingup — River Basin 4.

From the inland divide the Division slopes gradually to the sea. In the south the slope is
unbroken: in the west the Shield ends abruptly in the Darling Escarpment which is the major
topographic feature of the region. At the foot of the escarpment is a 25-30 km wide sandy plain,
gently undulating with alternating ridges and wet lands. Narrow sandy plains occur along the south
coast.

The highest and most reliable median annual rainfall in the Division occurs just inland of the
Darling Scarp (1400 mm) and reduces to 250 mm further inland. Typically, major streams have
their headwaters inland on the Shield. Upper reaches are frequently dry or little more than chains of
brackish or saline lakes, only connecting to form a stream, if at all, in winter. Towards the coast,
runoff increasés and at the escarpment there are many suifable dam sites. The main surface water
diversions of the Division are from this area. The table below shows the main storages and their
uses.

Most rainfall occurs during winter and decreases in quantity and reliability inland from the
coast. As a result, the majority of rivers are seasonal, although a few smaller streams are perennial.
Most runoff occurs during winter and flood peaks are small.

In drier parts — inland areas and river basins at the extremities of the Division (River Basins
1, 2, 15, 18 and 19) — rivers are commonly saline. In fact, throughout the Division only rivers with
forested catchments in high rainfall areas yield fresh water (River Basins 4, 6, 8, 10, 11 and 13.) The
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problem of salinity in these areas has been compounded by poor land use practices. This is discussed
further in Section 3.5.

Principal Storages in the South-West Coast Drainage Division

Gross Capacity
Name River (m* x 10%) River Basin Purpose
South Dandalup South Dandalup 280 14 Perth water supply
River
Wellington Collie River 185 12 Irrigation and public water supply
Serpentine Serpentine River 178 14 Perth water supply
Canning Canning River 93 16 Perth water supply
Mundaring Helena River 76 16 Public water supply to inland
towns and farms
Stirling Harvey River 57 13 Irrigation

Source: State water authority.

Plate 12: Wheat country near Pingelly — River Basin 14.

Groundwater is widely used in the Division and abstractions during 1974 of 160 million cubic
metres are equivalent to nearly half the level of present surface water diversions. The Perth Sedi-
mentary Basin is an important source of good quality groundwater and supplies artesian water for
domestic use in the Perth area and some country centres such as Morawa and Bunbury. Aquifer
conditions elsewhere are largely sub-artesian. Shallow unconsolidated sands in the Perth Coastal
Basin (River Basin 16), are important sources of water and are being developed to augment supplies
to Perth. Annual abstractions are currently about 50 million cubic metres, accounting for 75 per
cent of groundwater withdrawals from unconsolidated sediments. The water is generally of good
quality but in places, shallow saline groundwater with a high iron content is found. East of the
Darling Scarp, moderate to small groundwater supplies of variable but mostly poor quality can be
obtained from the fractured rocks of the Archaen Shield (River Basins 15, 16,17, 18 and 19). These
are an important source of supply for stock.
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Drainage Division VII - Indian Ocean

Most of the Division experiences an arid sub-tropical climate, with more temperate mediter-
ranean conditions occuring in the south. The prevailing winds are associated with dry mid-

latitude high pressure systems. Irregular tropical cyclones and monsoons bring rain to the north
of the Division during summer, and low pressure systems affect the south during winter. Rainfall
is low and variable in occurrence and quantity.

Plate 13: Hamersley Ranges, Wittenoom — River Basin 8.

The Division is quite rugged in parts. North of the Fortescue River, low rugged ranges rise in-
land from narrow coastal plains. Further south, the deeply dissected Hamersley plateau forms
high ranges with entrenched drainage systems — spectacular gorges being a feature of the area.
Elevations in this area reach 1250 m above sea-level, the highest in Western Australia. Further
south, the relief is low with rivers draining from gently rolling plains on the Australian Shield to
broad sandy plains on sedimentary basins at the coast.

Streams are intermittent and irregular. Average annual runoff is very low, the main con-
tributions being from winter rainfall in the south, and summer rainfall in the north. Periods of no
flow in many streams may extend to years, although for the major rivers, this is not normal. The
summer rains may produce short periods of flooding followed by a fairly steady decline in stream-

Plate 14: View from Mt. Herbert — River Basin 8.
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flow. Winter rains however, tend to produce a series of small peaks or spates. Streams are mostly
fresh, although some southern streams and others draining the Australian Shield are saline. The
Greenough River (River Basin 1) is brackish. Streamflow in the Murchison (River Basin 2} and the
Woorame! (River Basin 3) is marginal to brackish,

The Division is the centre of extensive minerals industries based on Pilbara iron ore. Surface
water resources are generally too unreliable alone for water supply to the mining townships. Ground-
water resources however have been successfully developed and provide reliable water supplies for
stock and domestic purposes.

The Carnarvon Sedimentary Basin contains several deep aquifers which yield brackish artesian
flows suitable only for stock. The limestones of the North-West Cape contain important unconfined
aquifers yielding domestic quality water. These are used for the Exmouth township supply. Other
unconfined aquifers associated with rivers draining the Pilbara, supply mining townships and ports
such as Cape Lamberst and Port Hedland. The Gascoyne river alluvium is the main source of water
for irrigation and town supply at Camarvon, which is the centre of a small sub-tropical plantation
industry producing bananas and off-season vegetables for metropolitan markets. Groundwater of
variable quality occurs quite extensively in joint and bedding planes of the bedrock, where it is
exploited by shallow wells and bores for stock supplies. However, at some localities such as at
Marble Bar, these may be sufficiently large to be of use for fown supply.
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Drainage Division VIII - Timor Sea

The climate of the Division is tropical, with hot wet summers and moderate dry winters.
Monsoonal rain is fairly regular but variable in quantity from year to year. Also, tropical cyclones
often bring intense rain. Median annual rainfall tapers from 1500 mm in the north to 350 mm
along the southern boundary of the Division, where dry high pressure systems prevail.

Relief is dominated by the northern margin of the Australian Shield and consists of dissected
tablelands and ridges extending from the Kimberleys to Arnhem Land. The Kimberleys are rocky
and rugged with steep-sided ranges and gorges. They are flanked to the south-west by the broad
alluvial valley of the Fitzroy River and the sand plains of the Canning Basin.

Plate 15: Dimond Gorge, Kimberleys — River Basin 2.

Most streamflow occurs in summer with little or no flow during winter. Although streamflow
is irregular, all major rivers do flow every year. Flooding can be severe and by world standards, peak
floods are very high.

In general, streams rising in the drier southern regions of the Division, in particular the main
Kimberley rivers (including the Fitzroy, Lennard, King Edward, Ord and Keep) are more seasonally
variable than the shorter northern streams from Darwin east to Arnhem Land (River Basins 17 to
26). These latter streams are more exposed to moderating coastal conditions and for most of their
length lie in regions of higher average annual runoff.

The waters of all the major rivers are fresh and salinities of other streams are generally low.
However, seawater may penetrate up to 100 km inland in places due to low stream gradients, low
dry season flows and high tidal ranges.

The total annual yield of water in this Division is high and the Ord and Fitzroy rivers have
considerable potential for development. The Ord has been dammed to form Lake Argyle with a
storage capacity of 5680 million cubic metres. This is the second largest water storage in Australia,
but with its flood storage reserve included, its capacity increases six-fold to make it easily the
largest. The full irrigation potential of these rivers has yet to be realized. Grain and fodder crops
have been produced: sugar cane, kenaf and other crops are being investigated.

A major problem associated with water conservation in the region is the very high evaporation
rates. This together with high flow variability, further increases the size of storage required to safely
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maintain water supplies during dry periods.

Plate 16: Leopold Ranges, Kimberleys — River Basin 2.

Good quality groundwater suitable for domestic and stock supplies has been obtained from
the fractured rocks in the north of the Division and in the Kimberleys. Both the yields and water
quality tend to deteriorate towards the south owing to the lower rainfall. Larger supplies are ob-
tainable from the alluvial sediments associated with the main drainages and the Fitzroy trough, but
these are seldom used as surface water is generally available. The Victoria River and Daly sedi-
mentary basins produce good quality groundwater from high vielding bores. These are used for
stock purposes at present. Bores in the Darwin-Pine Creek Geosyncline are high yielding and provide
a standby service for Darwin.
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Drainage Division IX - Gulf of Carpentaria

The climate of the Division is essentially monsoonal, with heavy summer rains and dry winters.
Northern parts of the Division on Arnhem Land and Cape York Peninsula have high median annual
rainfalls — over 1500 mm. Conditions further south are more arid with rainfall reducing to 300 mm.

The topography of the region is dominated by the Barkly Tableland and the Gregory Range
which rise from a broad coastal plain extending about 180 km inland. Rivers have cut deep incisions
in the uplands to depths up to 150 m, and in the coastal belt they have formed extensive deltas and
tidal salt flats. The coastal plain is flat, typically with grades of less than 1 in 50000.

The majority of rivers flow only during the summer monsoon season. However, some streams
with substantial baseflows are perennial. The Nicholson and Gregory Rivers (River Basin 12) are fed
by large springs from limestone aquifers in the Barkly Tableland, and some of the rivers of northern
Cape York Peninsula are fed from unconfined aquifers. Salt water penetrates long distances inland
due to low dry season flows and the flat grades of the coastal plains. The major surface water
diversions in the Division are the Moondarra Dam (80 million cubic metres capacity) and the
Julius Dam (127 million cubic metres), both on the LeichhardtRiver (River Basin 13) serving the
mining town of Mt. Isa.

Very little is known of the groundwater resources of the Gulf of Carpentaria Division. Three
sedimentary basins, the Carpentaria and Eromanga Basins and Arahem McArthur Province, underlie
the Division and vield groundwater suitable for domestic and stock purposes. The yield and quality
can be quite variable with water from limestone aquifers being very hard. Unconsolidated beds on
the western side of Cape York yield good quality water for domestic and industrial use at Weipa.
Similar supplies have been obtained in some areas between the Edward and Gilbert Rivers.

Plate 17: Typical north-west Queensland country —
River Basin 12.
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Drainage Division X - Lake Eyre

The Division is second in size only to Drainage Division XII, the Western Plateau. It is arid
throughout and drains internally towards Lake Eyre, a large salt lake, usually dry, about 10 m
below sea level.

The Division is mostly flat, often less than 150 m above sea level, although near its boundaries,
there are regions with some relief. In the west these comprise the Musgrave and McDonnel Ranges,
in the south, the northern part of the Flinders Ranges and in the north-east, inland slopes of the
Great Divide. The region is heavily alluviated and takes, which are mostly dry, consist of extensive
clay and salt pans. About one-third of the Division is a complex of low linear sand dunes up to 30m
high and 10 to 100 km in length, and these direct and restrict drainage. Another featare of the
Division is the Simpson Desert, a sandy desert without any significant channels for streamtlow.

Vegetation ranges from low desert scrub and grasses, through low shrublands and tussock
grassland in the MacDonnell and Musgrave Ranges, to low woodlands in the east. After rains, lux-
uriant, but short-lived growth appears, even in the heart of the desert.

Median annual rainfall varies from less than 100 mm a year in the region to the north-east of
Lake Eyre to over 400 mm in the upper reaches of the Georgira and Diamantina Rivers and Cooper
Creek. Here some rainfall is received in summer months from the southern edges of the monsoons,
and heavy falis may occur, Throughout the Division, average annual potential evaporation is
greater than 2500 mm, so water rarely persists on the land surface. '

Plate 18: Cooper Creck in flood, Channet Country, January 1974 —
River Basin 2.

Rivers only flow in times of heavy rains. Streams in the Todd and Hay River Basins rise in the
MacDonnell Ranges and disappear between sand ridges in the Simpson Desert. In the north-eastern
part of the Division, mainly in western Queensland, Cooper Creek and the Diamantina, Georgina
and Mulligan Rivers carry very variable summer runoff. After heavy rains, large areas may be
inundated due to the flat terrain and the interlacing nature of the channel network. Mostly, how-
ever, rivers are either dry or form ribbon-like water holes and natural reservoirs as much as 30 km or
more in length. Rains in recent seasons have been particularly heavy, and ‘the Channel Country
rivers (River Basins 1, 2 and 3) have flooded, reaching Lake Eyre and filling it to an extent not
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previously recorded. The photograph above shows Cooper Creek in flood during January 1974,

Plate 19: Arid country — River Basin 4.

Some surface water is diverted from more or less reliable waterholes in the Todd River and
Cooper Creek for stock and domestic purposes, but the main water resource is groundwater from
the Great Artesian Basin, which underlies the greater part of the Division. Groundwater from this
source is used for stock. domestic and town water supplies. The quality of groundwater from
many aquifers is generally good but deteriorates towards the southern and western margins of the
basin. Its quantity and good quality have made possible much of what pastoral activity therc is in
the Division. In the Northern Territory the most significant aquifers are in the sediments of the
Georgina and Amadeus basins. Supplies from river alluvium are locally important. Until 1964 Alice
Springs depended on groundwater from the alluvium of the Todd River, but now the town’s
requirements come from deeper aquifers of the Mereenie Sandstone at the north-eastern edge of the
Amadeus Basin. Overall, 77 million cubic metres was abstracted from sedimentary aquifers during
1974, accounting for 96 per cent of all groundwater consumption. Yields from the Great Artesian
Basin can be sustained with prudent management but poor and infrequent recharge of other aqui-
fers is a major constraint on long term groundwater development in central Australia.
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Drainage Division XI - Bulloo-Bancannia

The Division is flat and arid. It drains internally towards the Bulloo River in the north and
Lake Bancannia in the south, both of which rarely contain water. The Grey Range in Queensland
marks the topographic divide between the Murray-Darling and the Lake Eyre Divisions, so that
the Bulloo-Bancannia Division lies within the former. Rainfall is erratic and can fall anytime during
the year. Median annual rainfall ranges from 200 to 300 mm across the Division and varies markedly
from year to vear. Potential evaporation rates are high, exceeding 2000 mm per annum.

Streams are ephemeral, flowing for only short periods after rains. When heavy flood rains

occur, large sheets of water lic on the ground and may take weeks to evaporate or percolate
underground.

The only town of any size is the small railhead of Quilpie. The only significant industry is
pastoral — beef cattle and sheep. More intensive development in the Division probably awaits the
the discovery of economic mineral reserves.

The major source of groundwater is the Great Artesian Basin. The Division is underlain by a
series of aquifer systems, the deeper ones in the Bulloo River Basin producing good quality ground-
water of less than 1000 mg/1 T.D.S. At present the pressure and discharge of artesian bores in the

region have virtually stabilised. Upper aquifers in the Lake Bancannia River Basin are more saline
and less suitable for stock.

Plate 20: Dry stream bed — River Basin 2.
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Drainage Division XII - Western Plateau

This Division is by far the largest of the Drainage Divisions, comprising 32 per cent of the
area of Australia. There is minor pastoral activity on its northern and western fringes, but the
main economic activity is mining. This is quite extensive and includes the goldfields of Kalgoorlie,
copper mines at Tennant Creek and the nickel mines of Kambalda. As surface water resources of
the Division are negligible, water supplies for the Kalgoorlie region are piped from the Mundaring
Weir in the South-West Coast Division. For other settlements groundwater is the main source of

supply.

Plate 21: East Murchison country — River Basin 4.

Most of the Division is about 450 to 60Q m above sea level, but the general continuity is
interrupted by several smaller and higher plateaus, ridges and ranges. Many small isolated eminences
are scattered over the Plateau, the better known being Ayers Rock, Mount Olga and Mount Connor.
These are among the most spectacular natural features of Australia and are popular tourist
attractions. Low-lying areas of the Tanami, Gibson, Great Victoria and Sandy Desert as well as
the Nullarbor Plain, separate the distinctively higher sections of the Plateau.

Median annual rainfall varies from about 100 to 350 mm across the Division and potential
evaporation greatly exceeds rainfall. The north-west and north-cast sections are affected by the
tropical monsoons, and although rainfall is erratic it generally occurs during the summer months.
In the south rainfall may occur in any month. The region is sparsely vegetated with desert grasses,
shrubs, and stunted scrubby growth. Shrub cover is sometimes found in flats between extensive
dunes. The ephemeral vegetation flashes through its flowering, fruiting and seeding stages after
each rainfall and great areas are covered with flowers after local thunderstorms.

The whole Division is essentially an area of unco-ordinated drainage. Streams where they do
exist are seldom of any length, disappearing in flat lands or shallow lakes. Many of these lakes are
long, narrow and salt encrusted. Water courses only flow after infrequent heavy rains. The absence
of surface water is not just due to lack of rainfall. In many places the ground is sandy and porous
so that rainfall that does not evaporate is readily lost to infiltration.

No surface water data are available for the Western Plateau Drainage Division. Although
automatic gauging stations have been recently installed on Newcastle Creek (River Basin 8) no
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flow estimates are as yet available,

Two major areas within this region, the Desert Basin of Western Australia and the Nullarbor
Plain, consist of marginal depressions underlain by groundwater basins, both possessing a seaward
slope. The Desert Basin has an abundance of blown sands and a porous underlying aquifer. The
Sandy Desert region of this basin contains the greater proportion of good quality groundwater
reserves in the Division. However possibie vields from recharge are low compared to yields available
from storage as recharge is mostly by infiltration of infrequent rain.

The other main reservoir of groundwater is in the sedimentary rocks of the Nullarbor Plain.
It is highly saline and unsuitable for consumptive use. Much of the surface water of the Nullarbor

is conveyed to the groundwater table through solution channels in limestone formations, oc-
casionally giving rise to pockets of fresh water.
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6. COMPAR]SON OF AUSTRALIAN AND WORLD WATER RESOURCES

The following diagrams and tables show the salient features of Australia’s surface water resources
compared to those of other countries.

Agriculture is an important sector of the Australian economy but its contribution fluctuates
annually as seasonal conditions and export prices change. In the recent good year of 1973/74 it
accounted for 9 per cent of total domestic output. Irrigation is important, and the intensive
agriculture it supports contributes to decentralisation of Australia’s highly urban society. Only 1.8
per cent of Australia’s area is actually cultivated, and 9.1 per cent of this is irrigated. As Table 7
shows, this gives Australia among the largest cultivated and irrigated areas per-head of population.

Table 7: Areas Under Cultivation and Irrigation in Selected countries

Area Avea Cultivated Irrigated
Total Area Culiivated Irrigared Aren Area
fhax 10°) fhax 10%) {hax 10°) (hafhead) {hafhead)

USSR 2240 225.5 9.90 095 0.042
Canada 598 25.3 (.63 1.22 0.030
China (Mainland) %56 109.4 74.60 0.15 0.101
US.A. 936 176.0 16.93 087 0.054
Brazil 851 700 0.14 0.79 0.002
Australia 768 14.0 1.27 1.16 0.105
India 328 137.9 37.64 0.26 0.0
Argentine 278 7.2 1.15 1.15 0.049
. Mexico 196 15.0 3.30 0.32 0.070
United Arab Republic 100 2.9 2.9 0.09 0.090
Venezuela 91 5.2 0.36 0.54 0.037
Burma 67 8.7 . 0.75 0.33 0.028
Malagasy Republic 60 1.0 0.90 0.45 0.135
France 55 20.0 2.50 0.40 0.050
Thailand 51 7.3 1.90 0.22 0.057
Ttaly 30 27.5 3.15 0.52 0.060
New Zealand 27 038 0.08 0.29 0.029

Source: K.K. Framji & 1.K. Mahajan, [rrigation and Drainage in the World, 1969, pp cxv - cxviil

Figure 7 shows that in comparison to the major rivers of the world, Australian rivers have
low average annual discharges. In fact the total average annual discharge of all Australian sireams
(343 x 10° ‘m3 fannum) is considerably less than the average flow of many large rivers such as the
Mississippi and the Ganges. . .

Figure 8 shows mean and extreme relative monthly discharges (at selected stations) of
Australizn and world rivers. Rivers north of the tropic of Capricorn exhibit large seasonal variations
in their flows due to the occurence of heavy cyclonic and monsoonal rainfall over extensive areas.
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Figure 8: Mean and Extreme Relative Monthly Discharges per Unit of Catchment Area
of Rivers at Selected Stations
Source: International data: UNESCO, Discharge of Selected Rivers of the World Vol IIL, Part I &I,
The Unesco Press, Paris, 1974. '
Australian data: Auvstraiian and State water authorities.
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APPENDIX

Principat Organisations Respensible for Surface and Groundwater Resources in Australia

Australia’s surface and groundwater resources are measurcd by both Australian and State Government authorities.
Most of the measurement programs are undertaken by State authorities.

Measurement, assessment and managementi of surface and groundwater supplies within the States are the
respensibilities of State Government authorities. In a number of States a single authority is responsible for most of
both surface and groundwater in the State with other authorities having specific duties for particular functions.

In the Northern Tesritory and the Australian Capital Territory, Australian Government authorities have
similar responsibilities for surface and groundwater. The Bureau of Mineral Resources of the Department of
National Resources also undertakes groundwater investigations. Specially-created Australian-State bodies such
as the River Murray Commission and the Snowy Mountains Hydro-electric Authority also have assessment and
management roles in particular areas.

This section is aimed at assisting readers seeking more detailed information. Public authorities in Australia
with activities in the field of water resources are listed below together with a note on their respective responsibilities.
Generally, enquiries should be directed to either the Secretary (Departments and Commissions) or the Director
(Bureaus) of the authority concemed.

AUSTRALIA

(i) Bureau of Meteorology: Department of Science, 2 Dnunimond Sireet, Carlton, Victoria, 3053, The Bureau
carries out meteorclogical observations (in particular, rainfall and climatological observations) and fore-
casting throughout Australia and maintains a network of flood warning stations in flood-prone areas.

(ii) Bureau of Mineral Resources, Geology and Geophysics: Department of National Resources, Anzac
Park Fast Building, Constitution Avenue, Parkes, Canberra, A.C.T., 2600. The Bureau carries out ground-
water investigations as part of its functions of geological and geophysical surveying.

(iii) Department of Construction: 17 Yarra Street, Hawthom, Victoria, 3122. This Department is responsible
for stream gauging work in the Australian Capital Territory and the development and management of
town water supplies in the Northern Territory.

(iv) Water Resources BranchfMines Branch: Department of the Northem Territory, Darwin, Northem Territory,
5794, The Water Resources Branch is responsible for the overall assessment, development aad control of
surface and groundwater resources in the Northern Territery. The Mines Branch assists with geological
advice. '

(v) Division of National Mapping, Department of National Resources: P.0. Box 667, Canberra City, A.CT,
2661, The Division’s function is geological, geophysical and geodetic surveying and the production of
topographic maps. It carries out water resources mapping for the Australian Water Resources Council:

(vi) Austratian. Water Resources Council, Department of National Resources: F.O. Box 5, Canberra (i,
A.CT., 2601, '

NEW SOUTH WALES

@) Water Conservation and Irrigation Commission: Ibis House, 201 Miller Street, North Sydney, N.S.W., 2060.
The Commission is responsible for rural water supplies throughout the State and for the measurement,
investigation and control of development of surface water and groundwater resourees.

(ii) Metropolitan Water, Sewerage and Drainage Board: Corner Pitt and Bathurst Streets; Sydney, N.S.W., 2000.
The Board is responsible for urban water supplies, sewerage and drainage in the greater Sydney and
Wollongong areas. It maintains a number of gauging stations in river basins near Sydney.
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(i)

(i)

v)

Department of Public Works: State Office Block, Phillip Street, Svdney, N.S.W., 2000. The Department
administers the provision of country town water supplies and sewerage and undertakes flood mitigration
investigations and associated works in many tidal rivers.

University of New South Wales: Anzac Parade, Kensington, N.S.W., 2033. ‘The University maintains a
number of small experimental catchments, principally in the Sydney-Wollongong area.

Depariment of Mines - Geological Survey of New South Wales: ADC Building, 189 Kent Street, Sydney,
N.S.W. 2000. The Department formerly undertook some investigations and measurement of ground
watet resources, Its activities connected with water resources now consist of geological mapping and
chemical analyses of water samples.

VICTORIA

(@

(ii)

(iii)

(iv)

)

(vi)

State Rivers and Water Supply Commission: 590 Orong Road, Armadale, Victoria, 3143. The Commis-
sion is the main organisation responsible for the assessment, development and utilisation of surface
water resources in Victoria, and itsell administers a number of rural and urban water supply systems
outside the Melbovrne metrépolitan area.

Siate Electricity Commission of Victoria: 15 William Street, Melbotine, Victoria, 3000. The Commission’s
main Tunction is to supply electric power to Victoria. As part of this function it maintains a small
number of gauging stations on the upper reacties of various rivers with headwaters in the Central Highlands
of Vicloria.

Melbourne and Metropolitan Board of Works: 625 Little Collins Street, Melboume, Victoria, 3000.
The Board is responsible for water supplies in the Melbourne metropolitan area and the assessment of
water resources and water quality aspects of present and potential sources of supply. It maintains
gauging and water quality stations on the Yarra, Upper Thomson and Aberfeldy Rivers, and two
tributaries of the Goulburn River. The Board also maintains 17 small forest hydrology research catchments.

Latrobe Valley Water and Sewerdge Board: 7 Seymour Street, Traraigon, Victoria, 3844. The Board is
responsible for water supplies to towns in the Latrobe Valiey. It maintains a number of stream gauging
stations, most of which are {ocated on the Latrobe River and its tributaries.

Soil Conservation Authority of Victoria: 378 Cotham Road, Kew, Victorig, 3101. The Authority
gauges approximately twenty small catchments ranging in area from about 1 to 500 ha. These catch-
ments are used for research purposes.

Department of Mines - Geological Survey of Victoria: 107 Russell Street, Melbourne, Victoria, 3000.
The Department is responsible for the location, investigation, development and utilisation of groundwater
throughout the State.

QUEENSLAND

@

(i)

(iif)

 irrigation and Water Supply Commission: George and Margaret Streets, Brisbane, Queensland, 4000,

The Commission has major responsibility for (he overall allocation of the State’s water resources. [t has
the duties of measurement, assessment, development and management of the State’s surface and under-
ground water supplies, and in the case of the latter, receives assistance from the investigation programs of
the Department of Mines.

Department of Mines - Geological Survey of Queensland: 2 Edward Street, Brisbane, Queensland, 4000.
‘The Department undertakes field investigations and measurements of the groundwater resources of
Queensland in association with the Irrigation Commission.

Brishane City Council: City Hall, King Gecrge Square, Brisbane, Queensland, 4000. The Council s re-
sponsible for water suppties to the Brisbane metropelitan area.

-
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)

Department of Local Govermment: Old Treasury Building, Queen Street, Brisbane, Queensignd, 4000.
The Department oversees Jocal authority water supply undertakings, and arranges investigations of water
supplies for local authorities. The Water Quality Couneil of Queensiand is established within this Depart-
ment.

TASMANIA

@

@D

(iii)

Rivers and Water Supply Commission: Marine Board Building, 1 Franklin Wharf, Hobart, Tasmania, 7000,
The Commission exercises general contzol over the utilisation of Tasmania’s water resources and is one of
two authorities responsible for carrying out stream gaugings in the State.

Hydro-Electric Commission: 16 Elizabeth Street, Hobart, Tasmania, 7000. The Commission’s principal
funetions are to generate and supply electricity to Tasmanian consumers. As part of this function, the
Commission maintains and operates an extensive stream gauging network and is responsibie for the oper-
ation of most major dams and reservoirs in the State.

Department of Mines - Geological Swrvey of Tasmania: Davey Street, fobart, Tasmania, 7000. The
Department is responsible for investigation and measurement of groundwater resources in Tasmania.

SOUTH AUSTRALIA '

6

(i)

Engineering and Water Supply Depurtment: State Administration Centre, Victoria Square, Adelaide,
Souith Australia, 5000. The Department is responsible for all stream gauging work and for the mvesngatmn,
development and management of water resources in South Australia,

Department of Mines: 159 Rundle Street, South Australia, 5000. The Department is responsible
for investigation and measurement of groundwater resources in South Australia.

WESTERN AUSTRALIA

0

(i)

(iif)

Public Works Department: 2 Havelock Street, West Perth, Western Australia, 6005. The Department is
responsible for the development of both surface and groundwater resources in the greater part of the State.
It carries out virtually all stream gauging in the State, and some proundwater investigation.

Merropolitan Water Supply, Sewerage and Drainage Boagrd: 2 Havelock Streei, West Perth, Westem
Australia, 6005, The Board is responsible for water supplies to the Perth metropolitan area. It earries out
underground water investigations, but relies on the Public Works Department for stream gauging.

Department of Mines - Geological Survey of Western Austrafia: 66 Adeleide Terrace, Perth, Western
Austratia, 6000. The Department is responsible for the investigation and assessment of the State’s ground-
walter resources, It also advises on groundwater problems.

OTHER AUTHORITIES

(®

(i)

(i)

Snowy Mountains Hydro-Electric Authority: Cocma North, NS.W., 2629, The Authority’s principal

functions are the construction, maintenance and operation of works for the collection, storage and diversion
of water and the generation of hydro-electric power. The Authority established an intensive stream
gauging network in the Snowy Mountains area, but most gaugings have now been discontinued.

River Murray Commission: P.O. Box 409, Canberra City, A.C.T., 260]. The Commission’s function is to
ensure the equitable use of the waters of the River Murray and its tributaries above Albury, for irrigation,
water supply and navigation. The Victorian, New South Wales and South Australian Governments carry
out gaugings on behalf of the Commission at stations established under the Commission’s direction.

Commonwealth Scientific and Industrial Research Organisation: {Head Office), Limestone Avenie,
Campbell, A.C.T., 2601. The CSIRO maintains gauging stations on 17 experimental catchments for
research purposes and through its Division of Land Use Research, carries cut research in many areas of
hydrology and water resources. In addition the Division of Forestry Research maintains twelve gauging
stations on the tributaries of the Murrumbidge River, .

170 R74/2671






dively #0001

,
I
Wi




AUSTRALIAN WATER RESOURCES COUNCIL

c/o DEPARTMENT OF NATIONAL RESOURCES

Postal Address: P.O. Box 5, Canberra, A.C.T. 2600
Telephone: 474611  Telex: 62101

In reply please quote: /3478 14 NYEE:- ‘rge,.f_;e;ence:
Circular

REVIEW OF AUSTRALTA'S WATER RESOURCES 1975

This publication presents the results of the
second national assessment of water resources undertaken
by the Australian Water Resources Council. The results
of the previous assessment were published in 1965 as
Review of Australia's Water Resources (Streamflow and

nderground Resources) 1963. The latest review
Tepresents the increase in knowledge obtained as a
result of the national water resources assessment
program undertaken Jointly by the Commonwealth and
State governments since 1964,
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Copies of the publication are being distributed
to the libraries of major water organisations and
institutions, both within Australia and overseas. In
addition, copies will be seni to members of AWRC technical
committees and to major local government libraries. This
represents a distribution of approximately 900 copies in
Australia and 200 overseas. Copies will be available for
sale at $12.95 from all Australian Government Publishing
Service bookshops in early March 1977 or from:
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Australian Government Publishing Service,
P.0. Box 84,
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