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Introduction
1.1

Background

The Murray-Darling Basin (the Basin) is a surface water catchment incorporating the Murray Geological Basin,
the Darling river Drainage Basin and the highland areas within the surface water catchments of the Murray
and Darling Rivers. The Basin exhibits significant connections between surface water and groundwater. It
encompasses 1,058,800 square kilometres, or roughly 14 percent of the total area of Australia. Almost two
million people live within the Murray-Darling Basin, and a further one million residing outside the Basin are
heavily dependent on its water.
The groundwater of the Murray-Darling Basin is both a valuable resource and a contributing agent to the
process of salinisation and land degradation. Agricultural and urban developments in the Basin have placed
these water resources under considerable stress. A wide variety of processes impact on the groundwater
systems such that their status is dynamic.

1.1.1 Murray-Darling Basin Groundwater Status Report 1990-2000
The Groundwater Status Report was a project initiated by the Murray-Darling Basin Commission in 1999. The
inaugural Groundwater Status Report (GSR1) documented the status of groundwater systems in the MurrayDarling Basin. This was a landmark project led by URS and involved a team of hydrogeological experts from
across the Basin. The status of groundwater was presented in a range of reporting deliverables tailored to the
stakeholder groups with an interest in the Basin. Reports were produced at a variety of levels with the more
detailed reports contained on an interactive CD included with an overarching printed Summary Report. In
addition to the reporting deliverables there was also an ArcReader GIS application developed to display the
datasets spatially. It was also possible to view graphs of temporal water level data for representative bores. The
Murray-Darling Basin Groundwater Status 1990-2000 was published by MDBC in 2004.

1.1.2	Current Study
By the time the 2004 report was published much of the Basin was enduring what is proving to be one of the
worst droughts on record. The value of the project was appreciated by many stakeholders particularly in that it
allowed people to rapidly understand the hydrogeology. Because the project focussed on the period 1990-2000 it
was decided that an update report should be undertaken for the period 2000-2005. As an update it did not need
to be as comprehensive and could therefore be delivered in a shorter timeframe.
This report is one of three reports produced as part of this study. This report is designed to introduce
groundwater and hydrogeology to people with little technical hydrogeological knowledge, and is not a report
for decision makers. The report presents the groundwater status on a catchment by catchment basis so that
the reader only gets the information which is relevant to a local area. This document is a resource and does not
contain overall project conclusions and recommendations.
Technical readers are referred to the Technical report where the information is presented by Subsystem. In
general these cover a larger areal extent but focus a more detailed evaluation of the subsystem status. For
a more detailed explanation of the technical aspects and information presented the reader is referred to the
Technical Report.
The Management Report focuses attention on the water resource management aspects. This is a dynamic entity
which is generally out of date before a report can be published. Nevertheless the management report provides a
context for future management decisions.

1.1.3	Contributors
The Groundwater Status Report 2000-2005 was compiled by David Ife and Kathy Skelt (URS AustraliaPty Ltd)
and Ray Evans (Salient Solutions Pty Ltd). The project team wishes to thank the team of experts who compiled
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the first study which is the foundation of the current study. The project team for GSR1 included the current team
members and:
• Phil Macumber
• Don Woolley
• John Hillier
• Steve Barnett
• Phil Dyson

1.2

Structure and Intent of this Report

Land and water management in the Murray-Darling Basin is delivered at a local scale, normally through
regional catchment authorities. This report summarises groundwater status of the various Subsystems at a
catchment area scale. The catchment areas are shown in Figure 1.1 and these loosely correspond to regional
management areas.

Figure 1.1  Catchment areas of the Murray-Darling Basin

In this report a separate chapter has been dedicated to each catchment area. The catchments are presented in
no particular order.
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2

South Australian Highlands
2.1 Location
The SA Highlands management area is part of the
River Murray catchment (Figure 2.1). The SA Highlands
form a continuous arc along the western margin of the
Murray Basin from the Southern Ocean to the border
with NSW. Surface water flows towards the Murray
River.
The hydrogeological subsystems in this area are:
•

SA Highlands

The area is outside the Murray Geological Basin.

Figure 2.1  Location of SA Highlands area

2.2

Groundwater Status in the SA Highlands

Subsystem

Description and Status

Groundwater Issues

South Australian
Highlands

Ancient fractured rock landscapes with local
groundwater flow systems and alluvial aquifers.
Yields generally low in fractured rock but higher
yields in some valleys filled with coarse sands.
Highly variable and localised groundwater systems
make development of management strategies
complex

 ittle data available
• L
• Strong responses to limited
development – potential issues if
development increases

2.2.1	Changes since 1990-2000 Groundwater Status Report
A number of new management areas have been established, however the
priorities for further work are the same.

2.2.2 Priorities for Further Work
• Defining groundwater / surface water interaction, and
determining requirements for groundwater dependent
ecosystems.

2.3

South Australian Highlands

The SA Highlands form a continuous arc along the western
margin of the Murray Basin from the Southern Ocean to
the border with NSW. They occur in Neoproterozoic and
Cambrian rocks which form the Mt Lofty Ranges to the south
and the Olary Ranges in the north (Figure 2.2).

Figure 2.2  Extent of Outcropping Highlands rocks
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With the rain bearing weather systems approaching
from the west, there is a strong rain shadow effect
across the ranges into the plains of the Murray Basin.
Because of the low rainfall, several ephemeral streams
emanate from the Ranges, but only the largest actually
reach the River Murray in very wet years.
Groundwater flow systems in the SA Highlands are
shown in Figure 2.3:

Figure 2.3  Groundwater Flow Systems in SA Highlands

Local flow systems in fractured rock aquifers
South-west of Morgan in the Mt Lofty Ranges, the geology is dominated by the Cambrian Kanmantoo Group
which consists of metamorphosed schists and sandstones. These rocks are generally tight and impermeable,
and together with reduced recharge due to the rain shadow effect, result in low borehole yields (< 3 L/sec),
and salinities too high for irrigation development (2,000 – 3,000 mg/L). Because of the absence of groundwater
development, no groundwater management areas or sustainable yield estimates have been established.
Extensive clearing and the poor drainage characteristics of the Kanmantoo Group (especially when weathered)
has lead to outbreaks of dryland salinity in drainage lines totalling about 1200 Ha.
Groundwater levels show a close correlation with rainfall (outside discharge areas). Rainfall at this location has
been average or above average since 2000 (MOR220, Figure 2.4). Note the seasonal recharge influences, even
during the period of declining water levels.
The unmetamorphosed Precambrian siltstones and sandstones lie along the western margin of the Murray
Drainage Basin toward the centre of the Mt Lofty Ranges. The higher rainfall (and hence higher recharge)
and higher permeability have resulted in higher yields (up to 10-15 L/sec) and lower salinities (< 1,500 mg/L)
than the fractured metasediments above. Although the main landuse is grazing, groundwater extraction for
vegetable irrigation has occurred near Mt Barker, but is decreasing in extent due to urban expansion.
Bore MCF009 (Figure 2.5) has shown the impacts of irrigation near Mt Barker from 1991 to 1996, as well as the
subsequent recovery due to reduced pumping.

Figure 2.4  Bore MOR220 Hydrograph



Figure 2.5  Bore MCF009 Hydrograph
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2 South Australian Highlands

Since 2000 two management areas have been
established in the SA Highlands area. The Eastern
Mt Lofty Ranges area covers the southern part of the
area as shown in Figure 2.6. The Marne-Saunders
management area has been established to manage the
resources in the Murray Group aquifer as well as the
fractured rock in the Ranges.
To the west of Lake Alexandrina, glacial action during
the Permian carved out broad east-west valleys across
the Ranges which were infilled with unconsolidated
fluvioglacial sands, silts and clays up to 150m in
thickness. Where sands predominate, recharge is high
resulting in very low salinities of less than 500 mg/L.
Yields are also high, up to 30 L/sec. Elsewhere in less
sandy areas, yields are low and salinities increase up to
1,500 mg/L. Irrigation of fruit orchards, vegetables and
dairy pasture is carried out in favourable areas.
Figure 2.6  Groundwater Management Units

Recharge estimates based on a catchment water balance approach show current extractions are within
sustainable limits. Widespread monitoring supports this conclusion with trends following annual rainfall
patterns (NGK006, Figure 2.7).

Intermediate flow systems in fractured rock aquifers and uplands alluvium
North-west of Morgan, Precambrian siltstones, sandstones and dolomites form parallel ridges separated by
broad valleys containing silt, clay and sand alluvium. Bores are located in drainage lines yielding stock supplies
only with salinities varying between 4,000 – 8,000 mg/L with several values over 10,000 mg/L.
There is virtually no monitoring due to the negligible extraction, however in the Burra area, monitoring suggests
low recharge with a water table response in only very wet years (ANN020, Figure 2.8).
Although sustainable groundwater development in these upland systems occurs in ‘hot spots’ of high recharge,
low salinity and high bore yields, the proclamation of the Eastern Mount Lofty Ranges management area has
been made to manage these resources (Figure 2.6).

Figure 2.7  Bore NGK006 Hydrograph

Figure 2.8  Bore ANN020 Hydrograph
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3

Olary South - SA
3.1

Location

The Olary South management area lies to north of
the Murray River (Figure 3.1). There are no pressing
management issues in this region for several reasons.
Because of high salinity over large areas, utilization of
groundwater is low. Most of the area north of the river
remains under natural vegetation because the rainfall is
too low and unreliable for crop production. There are no
permanent streams.
Consequently, there have been no major changes in the
hydrological balance.
The hydrogeological subsystems in this area are:
•

Renmark Subsystem;

•

Murray Group Subsystem;

•

Parilla-Loxton Subsystem;

•

Quaternary Subsystem.

Figure 3.1  Location of Olary South Area

The relationships between these subsystems are shown in Figure 3.2 below:

Figure 3.2  Schematic cross-section of the Olary South Area
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3 Olary South – SA

3.2

Groundwater Status in the Olary South Area

Subsystem

Description and Status

Groundwater Issues

Renmark
Subsystem

Basal aquifer system in the Murray Basin.
Comprises fluvial sands and gravels with
interbedded clayey units.

• No major groundwater issues

Murray Group
Subsystem

Occurring in south-western portion of the catchment
area, this aquifer comprises clayey limestones and
marls. Major resource aquifer in south, saline in
north.

• No major groundwater issues

Parilla- Loxton
Subsystem

Estuarine sands containing saline groundwater.
Salinities typically 30,000 to 40,000 mg/L.
Groundwater flow south toward River Murray

• No major groundwater issues

Quaternary

Alluvial deposits adjacent to the Olary Ranges.
Limited resource

• No major groundwater issues

3.2.1	Changes since 1990-2000 Groundwater
Status Report
There have been no changes in groundwater status
since the 1990-2000 Groundwater Status Report.

3.2.2 Priorities for Further Work
This area is a low priority for further investigations.

3.3

Renmark Subsystem

The Renmark Subsystem is the basal aquifer system
in the sedimentary portion of the Murray Basin and
extends through South Australia, Victoria and New
South Wales The extent in the Olary South area is
shown in Figure 3.3.
The Renmark Subsystem consists of several different
geological units that are considered hydraulically
continuous and are separated from the overlying
limestone aquifer by glauconitic marls of the Ettrick
Formation confining layer, as well as lignitic clays at the
top of the aquifer.

Figure 3.3  Extent of Renmark Subsystem

The Renmark Subsystem has been only developed for stock supplies where it contains groundwater of better
quality (about 10,000 mg/L) than the overlying limestone aquifer (Murray Group Subsystem). There are very few
operational bores in this region.
The potentiometric surface contours for the South Australian portion of the Renmark Subsystem shows that
groundwater flows in a south-westerly direction under low gradients toward the River Murray (Figure 3.4).
Because of its depth and very limited extraction, few processes impact on groundwater pressures and quality in
the Renmark Subsystem. There has been virtually no change in seasonal or long term trends in water levels.

3.4

Murray Group Subsystem

The Murray Group Subsystem consists of a marine fossiliferous limestone, and is confined in the eastern half of
the area where salinities are in the range of 10,000 – 35,000 mg/L. There only limited stock use in the southwestern part where it is unconfined and salinities are below 5,000 mg/L due to past recharge from streams
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Figure 3.4  Renmark Subsystem Potenttiometric Surface

Figure 3.5  Extent of Renmark Subsystem

flowing out of the ranges. The extent of the Murray
Group Subsystem in the Olary South management area
is shown in Figure 3.5.
Groundwater flows in a southerly direction under low
gradients toward the River Murray. There has been
virtually no change in seasonal or long term trends in
water levels (Figure 3.6).

3.5

Parilla-Loxton Subsystem

The Parilla-Loxton Subsystem occurs in the eastern
half of the Olary south management area (Figure 3.7)
where it contains saline groundwater over 15,000 mg/
Figure 3.6  Extent of Murray Group Subsystem
L. There is also an isolated inlier of saturated ParillaLoxton Sands on the western margin near Burra, where
recharge from historical flows in the Burra and Newikie Creeks emanating from the ranges has resulted in a
small area with salinities below 3,000 mg/L with limited stock supplies. There are no discernible trends and no
saline groundwater discharge areas due to the large depth to water table of 40 – 50 m.

3.6

Quaternary Subsystem

The Quaternary aquifers generally consist of colluvial outwash clays (with minor sand and gravel interbeds) that
abut the Olary Ranges (Figure 3.8). Yields are generally low (< 0.5 L/sec), with stock supplies developed only
where salinities are low in areas of recharge from intermittent streams flowing out into the basin.

Figure 3.7  Extent of Parilla-Loxton Subsystem



Figure 3.8  Extent of Quaternary Subsystem
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Riverland - SA
4.1 Location
The Riverland area (Figure 4.1) exhibits a strong
interaction between irrigation development, the
groundwater system and the River Murray. The
hydrogeological subsystems in this area are:
•

Renmark Subsystem;

•

Murray Group Subsystem;

•

Parilla-Loxton Subsystem;

•

Murray Trench Subsystem;

Figure 4.1  Location of Riverland Area

The relationships between these subsystems is shown in Figure 4.2 below:

Figure 4.2  Schematic cross-section of the Riverland area
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4.2

Groundwater Status in the Riverland Area

Subsystem

Description

Groundwater Issues

Renmark
Subsystem

Basal confined aquifer system in the Murray
Basin. Comprises fluvial sands and gravels with
interbedded carbonaceous clayey units.

 pward leakage causes overlying
• U
water table mound at Woolpunda;
• No major groundwater issues.

Murray Group
Subsystem

This aquifer comprises fossiliferous limestones and
marls, and contains saline water of 20,000 mg/L.
Confined upstream of Overland Corner.

 ising water table levels resulting
• R
from seepage from evaporation
basins and irrigation areas
downstream of Overland Corner;
• Major contributor of saline
groundwater to river due to
irrigation drainage and upward
leakage from Renmark Group;
• Several salt interception schemes
operational.
• Falling watertable levels due to
below average rainfall, interception
scheme pumping and increased
irrigation efficiencies.

Parilla-Loxton
Subsystem

Marine sands containing saline groundwater.
Salinities typically 30,000 to 40,000 mg/L. Major
source of salt loads to the Murray upstream of
Overland Corner.

 ising water table levels due to
• R
clearing of deep-rooted native
vegetation;
• Expansion of water table mounds
beneath irrigation areas.
• Falling watertable levels due to
below average rainfall, interception
scheme pumping and increased
irrigation efficiencies.

Murray Trench
Subsystem

Alluvial deposits of previous channels of the River
Murray

 ocus of groundwater discharge
• F
from Parilla-Loxton Subsystem;
• Weir pools create high water table
conditions adjacent to river.

4.2.1	Changes since 1990-2000 Groundwater Status Report
In the period from 1990-2000 Water level change was on average rising. In the period from 2000-2005 water
level change was on average falling, however relative to other areas in the Murray-Darling Basin the magnitude
of the decline was small. The management of new irrigation areas is an emerging issue.

4.2.2 Priorities for Further Work
• Murray Group Subsystem, Parilla-Loxton and Murray Trench Subsystem: ongoing management of saline
inflows to the Murray River.
• Management of new irrigation areas
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4.3

Renmark Subsystem

The Renmark Subsystem is the basal aquifer system in the sedimentary portion of the Murray Basin (Figure 4.3)
and extends through South Australia, Victoria and New South Wales.
The Renmark Subsystem consists of several different geological units that are considered hydraulically
continuous and are separated from the overlying limestone aquifer by glauconitic marls of the Ettrick Formation
confining layer, as well as lignitic clays at the top of the aquifer.

Figure 4.3  Extent of Renmark Subsystem

The potentiometric surface contours of the Renmark
Subsystem (Figure 4.4) shows that groundwater flows in a
generally westerly direction.

Figure 4.4  Renmark Subsystem groundwater flow

The Renmark Subsystem has not been developed in
this area because it contains saline groundwater with
20,000 – 25,000 mg/L. Upward leakage through thin
confining layers has resulted in water table mounds in
the overlying limestone aquifer and large inflows of saline
groundwater to the river until the construction of the
Woolpunda Salt Interception Scheme.
Because of the depth of the Renmark Subsystem and
the absence of extraction, there are no processes which
impact on groundwater pressures and quality in the
Renmark Subsystem in this area. There are no trends
evident from monitoring.

4.4

Murray Group Subsystem

The Murray Group Subsystem consists of a marine
fossiliferous limestone, that is unconfined downstream
(west) of Overland Corner and confined upstream (east).
The potentiometric contours indicate groundwater flow is
directed to the west where the aquifer is confined, but is
strongly focussed toward the river where it is unconfined
(Figure 4.5).

Figure 4.5  Groundwater flow in Murray Group
Subsystem

There are several processes affecting groundwater levels and quality in the Murray Group Subsystem.
The establishment of large irrigation areas at Waikerie and Sunlands using surface water has lead to the
formation of extensive water table mounds over the years as a result of irrigation drainage. Rehabilitation of
distribution systems and the use of more efficient irrigation practices have resulted in declines in the mound
elevations over the last ten years (Figure 4.6).
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Figure 4.6  Bore WAK008 Hydrograph

Figure 4.7  Bore HLD008 Hydrograph

Interception schemes have been constructed to prevent saline groundwater discharging from the limestone
aquifer to the River Murray. These discharges can be natural and driven by upward leakage from the underlying
Renmark Group (Woolpunda Salt Interception Scheme), or driven by irrigation water table mounds (Waikerie,
Qualco-Sunlands Salt Interception Scheme). These three schemes combined are diverting 245 tonnes/day of
salt that would have otherwise entered the river.
Bore HLD008 (Figure 4.7) shows the impact of pumping for the Woolpunda Salt Interception Scheme on
groundwater levels close to the river.
The intercepted groundwater from these schemes is pumped to the Stockyard Plain Disposal Basin where
leakage has resulted in a dramatic water table rise (WAK040 Figure 4.8) that is still hundreds of years away
from impacting the river.
Where the Murray Group Subsystem is confined, changes in the hydrostatic pressure resulting from rises in the
water table level in the overlying Parilla-Loxton Subsystem (Barnett, 1995) have led to rising pressures (Bore
GDN036, Figure 4.9).
Apart from water level changes due to interception scheme pumping or irrigation drainage, there is very little
seasonal variation (Figure 4.10). There is some evidence of long term gradual rises due to vegetation clearance
near Waikerie.

4.5

Parilla-Loxton Subsystem

The Parilla-Loxton Subsystem occurs in the eastern half of the Riverland management area (Figure 4.11).
The Parilla-Loxton Subsystem contains saline groundwater averaging about 35,000 mg/L. In low-lying
groundwater discharge areas to the east of Loxton, salinities of up to 90,000 mg/L have been recorded (Barnett,
1992). There is no usage in this area.
Geologically this subsystem comprises the Loxton Sands and the Parilla Sands which generally consist of
yellow-brown to reddish brown, fine to coarse sands which are sometimes dark grey and silty near the base.

Figure 4.8  Bore WAK040 Hydrograph
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Figure 4.9  Bore GND036 Hydrograph
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Figure 4.11  Extent of Parilla-Loxton Subsystem

Figure 4.10  Seasonal water level change Murray Group
Subsystem

Water table gradients are very low (away from irrigation
areas) with groundwater flow toward the River Murray
from both the north and south.
Because it is a water table aquifer, the Parilla-Loxton
Subsystem has been affected by major changes in
landuse. Most of the area south of the river has been
cleared for cereal cropping and sheep grazing, with
a consequent increase in recharge. Close to river, the Figure 4.12  Parilla-Loxton Subsystem water level
establishment of large irrigation areas using surface
change 2000–2005
water has lead to the formation of extensive water table
mounds over the years in the Parilla-Loxton Subsystem as a result of irrigation drainage.
South of the river water table rise due to land clearing has been monitored in areas where the depth to water
table is less than 30 m to the south-east of Loxton with rates of rise averaging 2 – 3 cm/year (Figure 4.12).
Water table mounds have been established beneath irrigation areas at Loxton, Bookpurnong, Pike River and
Berri-Barmera. Bore BPK003 (Figure 4.13) monitors the Loxton mound. Although these mounds have been
growing steadily over the years, improvements in irrigation practices and rehabilitation of water delivery
systems have lead to a stabilisation in most areas. Where significant salt loads are entering the river (eg Loxton
– Bookpurnong), the feasibility of groundwater interception schemes is being investigated.

Figure 4.13  Bore BKP003 Hydrograph

Figure 4.14  Bore GDN016 Hydrograph

13

0

100

200

300

Murray-Darling Basin Commission – Introducing Groundwater in your Catchment

Figure 4.15  Extent of Murray Trench subsystem

Disposal of irrigation drainage water over the last 20 years in the Noora Disposal Basin, a former natural
groundwater discharge area, resulted in a rise of the regional water table of up to 0.6 m (Bore GDN016, Figure
4.14). In recent years this water level has stabilised.

4.6

Murray Trench Subsystem

The Murray Trench, which commences near Swan Hill, represents the course taken by successive Murray River
systems across the Mallee Region to the coast in South Australia since the Late Pleistocene.
In SA there are no management areas established because there is no extraction from this aquifer. However
because the floodplain contains mostly saline groundwater in close proximity to the River Murray (Figure 4.15),
the main issues are the prevention of displacement of this groundwater into the river and floodplain degradation
by irrigation induced water table rise.
The alluvial sedimentation within the valley is reasonably consistent in SA. The silts and clays of the
Coonambidgal Formation are found at the surface and gradually increase in thickness downstream from
several metres at the Border to 5 to -7 m(relative to the Australian Height Datum) at Morgan. These clays are
underlain by the fine to coarse grained Monoman Sands which average about 15 m in thickness.
The water table beneath the floodplain fluctuates with seasonal river flows and levels because of its close
connection with the river. Historically a quasi-steady state situation exists when the river is maintained at
normal pool level for significant periods (ie. several months) during entitlement flows. The aquifer also
responds to water level change in the underlying Murray Group Subsystem (Figure 4.16 Bore HLD024).

Figure 4.16  Bore HLD024 Hydrograph
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Mallee - Lower Lakes – SA
5.1

Location

The Mallee-Lower Lakes management area contains two
subcatchments as shown in Figure 5.1. These make up
one catchment divided by the Murray River which forms
the major physiographic feature in this area. Surface water
flows towards the Murray River.
The hydrogeological subsystems in this area are:
• Renmark Subsystem;
• Murray Group Subsystem;
• Parilla-Loxton Subsystem;
• Murray Trench Subsystem; and
• Quaternary Subsystem.

Figure 5.1  Location of Mallee-Lower Lakes
management area

The relationships between these subsystems is shown in Figure 5.2.

Figure 5.2  Schematic cross-section for the Mallee-Lower Lakes area
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5.2

Groundwater Status in the Mallee – Lower Lakes Area

Subsystem

Description and Status

Groundwater Issues

Renmark
Subsystem

Basal aquifer system in the Murray Basin.
Comprises fluvial sands and gravels with
interbedded clayey units

 ew irrigation at Peake has caused
• N
significant drawdowns.

Murray Group
Subsystem

Major resource for domestic, stock and irrigation
supplies throughout the region

• P
 revious rising water table levels
due to clearing of deep-rooted
native vegetation have now
stabilised, or are falling due to
below average rainfall.
• Decline in levels in Angas Bremer
Prescribed Wells Area reversed
when surface water irrigation
reduced groundwater useage.
• Significant drawdowns in the
Mallee Prescribed Wells Area due
irrigation extractions.

Parilla- Loxton
Subsystem

Marine sands containing saline groundwater.
Salinities typically 30,000 to 40,000 mg/L. Major
source of salt loads in the Murray and Darling rivers.
Only occurs as a thin aquifer along eastern boundary

• No major issues

Murray Trench
Subsystem

Alluvial deposits of previous channels of the River
Murray

 tores saline groundwater which
• S
could be mobilised to river by
inappropriate landuse change

Quaternary

Alluvial deposits adjacent to the Mount Lofty Ranges.
Limited resource

 ossible waterlogging under
• P
new irrigated vineyards in Angas
Bremer Prescribed Wells Area

5.2.1	Changes since 1990-2000 Groundwater Status Report
Water levels that were generally rising during 1990-2000 are now generally declining largely due to below
average rainfall. Further work continues to focus on the ongoing management of issues previously identified.

5.2.2 Priorities for Further Work
Murray Group Subsystem:

focus on management of irrigation extractions within Prescribed Wells Areas;

Murray Trench Subsystem: ongoing management of saline inflows to the Murray River;
Quaternary Subsystem:
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examining potential for waterlogging in Angas Bremer Prescribed Wells Area.
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5.3

Renmark Subsystem

The Renmark Subsystem is the basal aquifer
system in the sedimentary portion of the Murray
Basin and extends through South Australia,
Victoria and New South Wales. The extent of the
Renmark Subsystem in the Mallee – Lower Lakes
management area is shown in Figure 5.3.
The Renmark Subsystem consists of several
different geological units that are considered
hydraulically continuous and are separated from
the overlying limestone aquifer by glauconitic
marls of the Ettrick Formation confining layer, as
well as lignitic clays at the top of the aquifer.
The Renmark Subsystem has been only developed Figure 5.3  Extent of Renmark Subsystem
for stock and domestic supplies around the basin
margins, where it is relatively shallow and where it contains groundwater of better quality than the overlying
limestone aquifer. This scenario occurs on the low-lying Coastal Plain in the south-western part of the area.
Recently however, new irrigation extractions at Peake (40km east of Tailem Bend) has caused significant
drawdowns.
The hydrograph for Bore PEK002 (Figure 5.4)
illustrates the drawdowns in the Peake area.
The potentiometric surface contours for the Renmark
Subsystem (Figure 5.5) shows that groundwater flows
toward the River Murray and the Lower Lakes from
both the east and west.
Because of its depth and limited extraction, few
processes impact on groundwater pressures and
quality in the Renmark Group. There are generally
very seasonal or long term variations (Bore MNT002,
Figure 5.6).
Figure 5.4  Bore PEK002 Hydrograph

In relatively low lying areas on the Coastal Plain, the
hydrographs closely match the trends in the overlying
unconfined aquifer.
This is most likely related to changes in the
hydrostatic pressure resulting from changes in the
water table level in the overlying unconfined aquifer
(Barnett, 1995).

Figure 5.5  Renmark Subsystem Potentiometric Surface

Figure 5.6  Bore MNT002 Hydrograph
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5.4 Murray Group Subsystem
The Murray Group Subsystem consists of a marine
fossiliferous limestone, is mostly unconfined and has
been widely developed for stock, domestic, irrigation
and town water supplies throughout the Mallee in SA
because it contains low salinity groundwater over large
areas.
A number of management units apply to the Murray
Group Subsystem in this management area as shown
(Figure 5.7). All major areas of extraction are included
in Prescribed Wells Areas and have limits for allocation
and annual pumping.

Figure 5.7  Extent of Murray Group Subsystem

There are several processes affecting groundwater
levels and quality in the Murray Group Subsystem.
The most widespread is the increase in recharge
following the clearing of native vegetation which has

Figure 5.8  Groundwater Flow in Murray Group Subsystem Figure 5.9  Water Level change 2000-2005 in Murray
Group Subsystem

been well documented in most parts of the Basin.
Rising water tables have been observed in the southern
part of this region. Another impact of clearing is the
flushing of salt which was previously stored in the root
zone of the Mallee vegetation. This salt will eventually
contaminate the underlying aquifer to the east of the
River Murray. Extractions from the Murray Group
Subsystem for irrigation in regions of good quality have
caused significant seasonal drawdowns in some areas,
especially where it is confined.
The watertable contours (potentiometric surface
under the Parilla-Loxton subsystem) shown in Figure
5.8 indicate groundwater flow is directed toward the
River Murray and Lower Lakes from the east under
low hydraulic gradients north and from the west under
steeper gradients. Discharge to the river downstream
of Morgan contributes to its increasing salinity.
Groundwater salinity increases with increasing distance
from recharge areas. The groundwater in the southern
and western parts flow towards the coast.
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Figure 5.10  Seasonal Water Level Change in Murray
Group Subsystem
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Figure 5.11  Bore MMJ001 Hydrograph

Figure 5.12  Bore CTN005 Hydrograph

The water level change in bores between 2000 and
2005 (Figure 5.9) show water tables have remained
relatively constant over most of the area but have fallen
in the eastern areas in response to the influence of
groundwater pumping. Slight increases are evident in
the western areas.
The seasonal water level change (Figure 5.10) shows
that water table level was relatively constant between
winter and summer over most of the area, but greater
drawdowns were observed in the eastern areas in
response to the influence of groundwater pumping.
Water table rises due to vegetation clearance in the
drier Mallee area are also low, about 2 cm/year where
water table is greater than 10 m below the ground
surface (MMJ001 Figure 5.11).Observation bores
showing no discernible trend are mostly located where
the depth to the water table is greater than 30 m
(CTN005, Figure 5.12).

Figure 5.13  Bore STY111 Hydrograph

In the Angas Bremer PWA, extractions in the past of up
to 27,000 ML/yr were unsustainable and led to salinity
increases, but a combination of a very wet season in
1992/93 and importation of surface water significantly
reduced pumping to about 2,500 ML/yr, allowing
pressure and salinities to recover (Figure 5.13, STY111).
Recharge from intermittent streams flowing out of the
Mt Lofty Ranges toward the river can locally influence
water levels and create a limited irrigation resource eg Figure 5.14  Bore ANG010 Hydrograph
the Marne River area (ANG010 Figure 5.14).
Controlled depletion of the huge amount of
groundwater storage in the confined Murray Group
Subystem in the Mallee Prescribed Wells Area has led
to significant drawdowns which have largely stabilised
(PLL014 Figure 5.15).

Figure 5.15  Bore PLL014 Hydrograph
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5.5

Parilla-Loxton Subsystem

The Parilla-Loxton Subsystem occurs only in the eastern
edge of the Mallee – Lower Lakes management area (Figure
5.16). Salinities increase to the north from 1,500 mg/L near
Pinnaroo where usage is limited to several stock bores.
Groundwater flow is also to the north.

Figure 5.16  Extent of Parilla-Loxton Subsystem

5.6

Because it is a watertable aquifer, the Parilla-Loxton
Subsystem in this region has the potential to be affected by
major changes in landuse. The increase in recharge due to
clearing has yet to reach the deep watertable that lies at
a depth of 30 – 50 m. (PEB003 Figure 5.17). There is also
no evidence of leakage down to the underlying limestone
aquifer as a result of irrigation. There are no significant
seasonal or long term variations.

Murray Trench Subsystem

The Murray trench, which commences near Swan Hill,
represents the course taken by successive Murray River
systems across the Mallee Region to the coast in South
Australia since the Late Pleistocene (Figure 5.18).
Because the floodplain contains mostly saline
groundwater in close proximity to the River Murray, the
main issues are the prevention of displacement of this
groundwater into the river and floodplain degradation by
irrigation induced watertable rise.
The Murray Trench in this region comprises a narrow
deep gorge where the valley is cut into the hard Murray Figure 5.17  Bore PEB003 Hydrograph
Group Limestone. The alluvial sedimentation within the
valley is reasonably consistent in SA. The silts and clays
of the Coonambidgal Formation are found at the surface
and gradually increase in thickness downstream
from 2 – 3 m at Morgan to over 40 m at the Lower
Lakes. These clays are underlain by the fine to coarse
grained Monoman Sands which average about 15 m in
thickness.

Figure 5.18  Extent of Murray Trench Subsystem

The water table beneath the floodplain fluctuates
with seasonal river flows and levels because of its
close connection with the river. A quasi-steady state
situation exists when the river is maintained at normal
pool level for significant periods (ie. several months)
during entitlement flows.
Figure 5.19  Extent of Quaternary Subsystem
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Figure 5.20  Bore FRL226 Hydrograph

5.7

Figure 5.21  Bore BRM222 Hydrograph

Quaternary Subsystem

The Quaternary aquifers generally consist of colluvial outwash clays (with minor sand and gravel interbeds) that
abut the Mt Lofty Ranges (Figure 5.19). Yields are generally low (< 0.5 L/sec), with stock and domestic supplies
developed only where salinities are low in areas of recharge from streams flowing out into the basin eg Marne,
Angas and Bremer Rivers.
The Marne Management area has recently been declared to manage resources in the Quaternary Subsystem
and underlying Murray Group Subsystem.
Recharge from intermittent streams has a strong influence on water levels and salinity (FRL226 Figure 5.20). A
declining water level trend is evident since 1990 even though the decline in the AMRR is relatively minor.
In the Angas Bremer PWA, irrigation extractions from the underlying confined limestone aquifer have induced
seasonal responses in the Quaternary aquifer due to leakage (BRM222 Figure 5.21). In low lying areas
surrounding Lake Alexandrina, clearing has resulted in water table rise and the expansion of extensive areas of
primary salinity.
In the Angas Bremer PWA, importation of surface water for vineyard irrigation and reduction of groundwater
pumping has resulted in rising pressures in the confined aquifer and a rising water table. If irrigation drainage
increases as well, waterlogging could become a problem in the Quaternary aquifer.
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6

South East – SA and Vic
6.1

Location

The South East region lies outside the surface water
catchment of the Murray-Darling Basin (Figure 6.1).
The groundwater systems flow into the basin and
are therefore part of the Murray-Darling Basin. The
South East region extends through south-eastern
South Australia and south-western Victoria.
The hydrogeological subsystems that occur in the
South East region are:
• Renmark Subsystem;
• Murray Group Subsystem;
• Parilla–Loxton Subsystem.

Figure 6.1  Location of South East region

The relationship between these subsystems is illustrated in a schematic cross section as shown below.

Figure 6.2  Schematic cross-section for the South East region
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6.2

Groundwater Status in the South East Region

Subsystem

Description and Status

Groundwater Issues

Renmark
Subsystem

Basal aquifer system comprising fine to coarse
• Corrosion of casings and failure
of seals causing contamination
sands overlain by silts and clays with coal and
through leakage of saline water
carbonaceous content. Substantial resource
from overlying Murray Group
potential but limited groundwater usage due to depth
Subsystem in Tintinara-Coonalpyn
and expense to exploit compared with overlying
Prescribed Wells Area;
Murray Group Subsystem
• Loss of artesian conditions due to
pumping in the Tintinara-Coonalpyn
Prescribed Wells Area;
• Water level rises due to increases
in hydrostatic pressure in overlying
Murray Group Subsystem appear to
have stabilised between 2000 -2005.

Murray Group
Subsystem

Marine deposited limestones and marls. Crossborder aquifer system managed through an
agreement between Victoria and South Australia.
Predominantly fossil groundwater recharged during
past wetter periods (20,000 yrs before present) by
vertical infiltration of rainfall. Major resource aquifer

Parilla-Loxton
Subsystem

Marine sands of fine to medium grade with
• No consistent trends evident.
groundwater salinities generally ranging from 30,000
to 300,000 mg/L. This aquifer is predominantly
saline.

 roundwater levels have continued
• G
to declined in the five year period
between 2000 and 2005 in areas of
high groundwater pumping;
• Previous rising trends in
groundwater levels in areas where
deep-rooted vegetation has been
removed appear to have stabilised
and in most areas are falling due to
below average rainfall;
• Rising salinities beneath irrigated
areas on the low lying Coastal Plain
as a result of recycling of irrigation
drainage. Salinities also rising in
unconfined aquifer beneath higher
Mallee landscape due to vegetation
clearance;
• More data needed in Victoria.

6.2.1	Changes since 1990-2000 Groundwater Status Report
Water level rises in the Renmark Subsystem due to increasing hydrostatic pressure in the overlying Murray
Group Subsystem have stabilised. Rising trends in the Murray Group Subsystem have also stabilised or are
falling. Salinity increases in the Murray Group are a greater issue than in the 1990-2000 Groundwater Status
Report.

6.2.2 Priorities for Further Work
Renmark Subsystem:

continue to address loss of livestock water supplies;

Murray Group Subsystem: Focus on management of salinity impacts;
Parilla-Loxton Subsystem:	Better understanding needed of relationship with Murray Group Subsystem under
irrigation areas.
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6.3

Renmark Subsystem

The Renmark Subsystem is the basal aquifer
system in the sedimentary portion of the Murray
Basin and extends through South Australia,
Victoria and New South Wales. The extent of the
Renmark Subsystem in the South East region
is presented in Figure 6.3. In a number of areas
small basement highs occur and in these areas
no Renmark subsystem is present.

Figure 6.3  Extent of Renmark Subsystem

The Renmark Group Subsystem consists of
several different geological units that are
considered hydraulically continuous and are
separated from the overlying limestone aquifer
the Ettrick Formation confining layer, as well as
lignitic clays at the top of the aquifer.
The Renmark Subsystem was deposited over
most of the Murray Basin in SA, but has been only
developed for livestock domestic and irrigation
supplies around the basin margins, where
it is relatively shallow and where it contains
groundwater of better quality than the overlying
limestone aquifer. Although it contains good
quality groundwater below 3,000 mg/L in some
areas, there are few bores completed in the
Renmark Subsystem because of its depth, its
unreliable yield for irrigation and the relatively
low cost of bore construction in the overlying
limestone.

Figure 6.4  Renmark Subsystem potentiometric surface
and groundwater flow

Management areas in the Renmark Subsystem
in the South Australian portion of the South
East mirror those of the overlying Murray Group
Subsystem (see below) however allocation and
use has occurred in only one management area,
namely the Tintinara–Coonalpyn Prescribed
Wells Area (TCPWA). Because irrigation from
this aquifer has started recently, the Permissible
Annual Volume is based on community
acceptance of drawdowns, rather than aquifer
sustainability issues. The only Groundwater
Management areas over the Renmark Subsystem
in the Victorian part of the South East Region is
the SA/Vic Border Water Supply Protection Area.
The potentiometric surface contours for the South
Australian portion of the Renmark Subsystem
(Figure 6.4) shows that groundwater flows in a
generally westerly direction.

Figure 6.5  Water level change 2000-2005 Renmark
Subsystem
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Declines from 2000 to 2005 are evident near Keith
and Tintinara, but elsewhere water levels in 2005
are within 2 m of their 2000 level (Figure 6.5).
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The salinity contours from 2000 (Figure 6.6)
indicate a low salinity zone in the Renmark
Subsystem in the south-western portion of the
Basin with salinity values of around 1,300 mg/L
Total Dissolved Solids west of Naracoorte and
3,500 mg/L west of Bordertown. This area is
overlain with Murray Group Limestone, a low to
moderate salinity aquifer system.
In relatively low lying areas unaffected by
pumping, the hydrographs closely match the
trends in the overlying unconfined aquifer
(LVG002, Figure 6.7). This is most likely related
to changes in the hydrostatic pressure resulting
from changes in the water table level in the
overlying unconfined aquifer. A rising water
table results in more water being stored in
the unconfined aquifer and therefore more
weight pressing down on the confining layer
that increases the hydrostatic pressure on the
Figure 6.6  Renmark Subsystem salinity contours 2000
underlying confined aquifer. Since 2000 water
levels in this area have stabilised or slightly
decreased.In the TCPWA, extractions for the irrigation of lucerne (seed and hay) and olive plantations have
resulted in seasonal drawdowns of up to 8m (CMB031, Figure 6.8). Declining water level trends are evident and
incomplete seasonal recovery.
There are several management issues arising from
irrigation extractions from the confined Renmark
Group in the TCPWA. Because the overlying limestone
aquifer contains saline groundwater in some areas,
older confined aquifer wells that are not cemented
are often corroded resulting in contamination of their
supply. In addition drawdown from pumping has also
impacted previously artesian livestock supplies.

6.4

Murray Group Subsystem

The Murray Group Subsystem extends throughout
the South East region. The Murray Group Subsystem
consists of the Murray Group limestones and
the Quaternary limestones. The two units are
hydrogeologically similar and continuous and
therefore have been grouped together as the
Murray Group Subsystem. In Victoria the Murray
Group limestones are generally referred to as the
Duddo Limestone. The Murray Group Subsystem
consists of a marine fossiliferous limestone, is
mostly unconfined and has been widely developed
for livestock, domestic, irrigation and town water
supplies throughout the South East region because
it contains low salinity groundwater over large areas.
Recharge occurs from high rainfall areas around
the basin margins such as the Dundas Plateau (in
south-west Victoria) to the south-east. The Murray
Group Subsystem is directly overlain by the ParillaLoxton Subsystem in the south-eastern portion of this
region.

Figure 6.7  Bore LVG002 Hydrograph

Figure 6.8  Bore CMB031 Hydrograph
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Irrigation development has occurred wherever
yields and salinities are suitable. Since 2000 in
South Australia the former Narracoorte Ranges
Management area has been merged with the
Lacepede-Kongoorong Management Area to
form the Lower Limestone Coast Prescribed
Wells Area and the Mallee Management Area
has been expanded to include an area north and
west of Karoonda that in 2000 was not part of a
management area. In Victoria there are a number
of new management areas including:
• Glenelg WSPA
• Kaniva
• Kaniva TCSA
• Goroke
Figure 6.9  Murray Group Subsystem management units

Figure 6.10   Murray Group Subsystem watertable
contours and groundwater flow

Figure 6.11   Water level change 2000-2005, Murray
Group Subsystem
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• Telopea Downs
The watertable contours (Figure 6.10) indicate
groundwater flow is directed to the north and
west from the Dundas Plateau towards the River
Murray or the coast. Recharge is also received
by downwards leakage from the Parilla-Loxton
Subsystem, where the aquifers are in direct
connection. The aquifer discharges to the lower
lakes and the Coorong, or salinised discharge
areas. The groundwater is largely fossil, having
been recharged during wetter periods over the
last 100,000 years. During such wet periods the
Wimmera River was an important line source
of recharge, directly into the Parilla-Loxton
Subsystem and then into the underlying limestone
aquifer.Water levels have remained within 2m
of their 2000 value (Figure 6.11). In the previous
Status Report it was noted that water levels in the
Bordertown – Keith area appeared to be rising.
Over the 2000 to 2005 period the water levels have
been relatively constant (Figure 6.12).

Figure 6.12  Bore SEN006 Hydrograph
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The seasonal water level change (Figure 6.13) shows
that water table level seasonal declines are small
– in most instances less than 1m reflecting the high
permeability of the limestone.
Rising groundwater levels due to clearing occur mainly
in areas of shallow water tables and higher rainfall. In
the Coastal Plain area where the depth to the water
table is greater than 5 m, consistent rises of 7-10
cm/yr were being observed prior to 2000. Increasing
irrigation and decreased rainfall have resulted in a
static or decreasing trend (Figure 6.14).

Figure 6.13  Murray Group Subsystem, seasonal water
level change

Heavier soils in the Bordertown area restrict recharge
from rainfall, with rises of the order of only 2–3 cm/yr
(WRG018, Figure 6.15). The impact of lower rainfall
from 2000 to 2005 is also evident in water levels from
this bore.
A similar picture is apparent closer to the coast
(LAN005, Figure 6.16).
While there was some correlation with the
Accumulative Monthly Residual Rainfall it was found
that water levels correlated better with winter rainfall.
This suggests that in many areas, the winter rainfall
alone is controlling water tables, irrespective of the
rainfall in the other eight months of the year (except in
very wet years such as 1992-93).

Figure 6.14  Bore MKN008 Hydrograph

Where the aquifer is unconfined, water level responses
due to pumping are more subdued, partly because of
the high transmissivity (STR017, Figure 6.17). There
has been a long term decline in levels in the Tatiara
PWA area and the rate of decline has increased
between 2000 and 2005.
Increases in salinity due to clearing have been
observed in the higher rainfall areas in the southern
part of the Basin, eg the Tintinara–Coonalpyn PWA
CMB003 has increased from 2200 EC units to 2900 EC
units since 1983. Increases are also evident in Tatiara
and Naracoorte Ranges PWAs.

Figure 6.15  Bore WRG018 Hydrograph

Figure 6.16  Bore LAN005 Hydrograph
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Aquifer salinisation is inevitable as a result of this
process and is not due to irrigation development.
The long term decline in the resource should be
taken into account in the formulation of groundwater
management strategies.
Despite these salinity increases, the higher value use
of the groundwater (lucerne irrigation) is not at risk,
with economic yields obtained from flood irrigation
with a salinity of up to 7,000 mg/L. In any case, if
the groundwater is not used in these areas, it will
flow down-gradient and be salinised in groundwater
discharge areas (dryland salinity).
Figure 6.17  Bore STR017 Hydrograph

Groundwater trends in the Murray Group Subsystem
vary across the Wimmera region, with falls occurring
in the areas where groundwater pumping occurs in the
Neuarpur Groundwater Supply Protection Area (GSPA)
and in the strip adjacent to the border in the far southwest (105672, Figure 6.18).
Marked falls are evident after 1993 with falls of
up to 1.2 m. This corresponds with the significant
development of groundwater based irrigation systems
across the region.
By contrast, on passing northwards and eastward away
from the Neuarpur GSPA, water levels have risen, or
have remained steady (75651, Figure 6.19) despite
a significant decrease in the rainfall mass curve
particularly from 2000-2005.

Figure 6.18  Bore 105672 Hydrograph

The Murray Group Subsystem shows a clear general
rise in salinity over the 10 year period 1990-2000
with rates of rise in the fresh water being mostly
from between 10 and 30 μS/cm/yr. Over the period
from 2000 to 2005 salinity appears to have remained
relatively constant (Bore 92808 has remained around
1900 EC units).
In some instances the salinity rose several hundred
μS/cm/year, but here the water was initially saline.
In the south-west in the Neuarpur Groundwater
Management Area salinities have continued to rise
(Bore 77870 is now approximately 3400 EC units).

Figure 6.19  Bore 75651 Hydrograph

The biggest challenges emerging from development
of this aquifer are salinity impacts. On the low lying
Coastal Plain, salinity increases due to irrigation
drainage recycling in areas of shallow water tables
is a major issue. This is especially the case when the
higher value use of the water is threatened eg vineyard
irrigation at Padthaway. Alternative sources and
treatment are being considered in this region.
In the higher Mallee landscape, the flushing of
unsaturated salt due to clearing will be a major issue
in decades to come for groundwater sustainability. A
“use it or lose it” management approach should be
considered in these areas.
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6.5

Parilla-Loxton Subsystem

The Loxton-Parilla Sand forms an essentially
unconfined aquifer, underlain by the Murray
Group Subsystem in the central and southern
Wimmera region (Figure 6.20).
In the Parilla-Loxton Subsystem good quality
groundwater only occurs to any significant
extent in the zone of generally higher quality
water to the west of the Wimmera River
where it is used for livestock and domestic
purposes. Elsewhere the groundwater in the
Loxton-Parilla Sand is mostly saline, having
characteristics similar to that of sea water.
Figure 6.20  Extent of Parilla-Loxton Subsystem

Recharge is from down-basin flow from the
south, from precipitation, and from leakage
from the many lakes scattered throughout the
region.

Regional groundwater flow in the ParillaLoxton Subsystem is northward from
recharge areas around the edge of the
Murray Basin, and by diffuse downward
leakage from rainfall in the Mallee and
Wimmera regions (Figure 6.21). While
essentially a regional groundwater flow
system, local flow systems also occur
within the Parilla-Loxton Subsystem.
The distribution of fresh water restricted
only to the area lying to the west of the
Wimmera River, and not beyond, suggests
that the river was an important line source
of recharge. While not the case at present,
it was the situation in the past, when the
Wimmera River periodically flowed strongly
to the terminal Lake Hindmarsh. This last
occurred in the mid-Holocene Period, when
all lakes along the Wimmera were full, and
Lake Hindmarsh held 8 m of fresh water.
     Figure 6.21  Parilla-Loxton Subsystem Watertable and
Similarly cyclic lake full periods would
Groundwater flow
have produced groundwater recharge
throughout the Pleistocene period.
Successive Wimmera River systems
recharge directly into the Loxton-Parilla
Sand.
The pattern of change in the Parilla-Loxton Subsystem is relatively small but with some bores rising slightly,
others remaining static, and some falling, mostly after 1994. The majority of levels are within one metre of their
1990 values. Falls commenced between 1994 and 1997 and have continued to 2005, and this is considered to
reflect the onset of the prolonged drought.
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7

Wimmera - Vic
7.1

Location

The Wimmera region is located in central western Victoria
(Figure 7.1). Most of the area falls within the Wimmera-Avon
Catchment, however a small portion in the north-west falls
within the Mallee Catchment.
The following hydrogeological subsystems occur in the
Wimmera region:
• Wimmera-Mallee Highlands;
• Renmark Subsystem;
Figure 7.1  Location of Wimmera region

• Murray Group Subsystem;
• Parilla-Loxton Subsystem.

The relationship between these subsystems is shown below:

Figure 7.2  Schematic cross-section for the Wimmera region
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7.2

Groundwater Status in Wimmera region

Subsystem

Description and Status

Groundwater Issues

Wimmera-Mallee
Highlands

Fractured rock landscapes with local and
intermediate groundwater flow systems

• Insufficient monitoring bores at
strategic locations in flow path;
• Seasonal impacts and dry seasons
have caused a decline in levels.

Renmark
Subsystem

Basal aquifer system comprises alluvial sands and
gravels with interbedded clayey units. Groundwater
very little used

• L
 imited monitoring data available;
• No major groundwater issues
evident.

Murray Group
Subsystem

Extensive limestone aquifer covering north-western
portion of the catchment area. Limited recharge
– mainly fossil groundwater

 igh pumping stress in Border
• H
zone and Victorian groundwater
management areas;
• More data needed to evaluate
impacts.

Parilla–Loxton
Subsystem

Marine deposited sands containing high salinity
groundwater. Limited use for domestic and stock in
vicinity of Wimmera River

• Identify source of saline inflows to
watercourses ;
• More data needed to evaluate
impacts.

7.2.1	Changes since 1990-2000 Groundwater Status Report
Data acquisition continues to be an issue in this area. A number of new groundwater management areas have
been established in response to increased pumping stress in western parts of the area since the 1990-2000
Groundwater Status Report.

7.2.2 Priorities for Further Work
Wimmera-Mallee Highlands:

establish monitoring networks to evaluate status of groundwater equilibrium
with changed recharge volumes due to changing landuses;

Renmark Subsystem:

no high priority work;

Murray Group Subsystem:

no high priority work;

Parilla-Loxton Subsystem:

need to better understand the interaction with Murray Group Subsystem near
irrigation areas,
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7.3

Wimmera-Mallee Highlands

The Wimmera Mallee Highlands form the south-western
edge of the Great Dividing Range (Figure 7.3). The Grampians
around Halls Gap and the Pyrenees Ranges south of Stawell
are the major topographical features.
There are no groundwater management units covering the
Wimmera-Mallee Highlands.
Local flow systems in fractured rock are the dominant
groundwater flow system in the Wimmera-Mallee Highlands.
Figure 7.3  Extent of Wimmera Mallee Highlands

The most significant groundwater flow
systems in the Wimmera-Mallee Highlands
are presented in Figure 7.4 and include:
• Intermediate and local groundwater
flow systems in fractured rock aquifers;
• Local groundwater flow systems in
fractured rock aquifers;
• Local groundwater flow systems in
granites;
• Regional to Intermediate groundwater
flow systems in broad alluvial valleys.
There are insufficient groundwater
observation bores located in strategic
positions down the flow path, to permit
evaluation of flow systems in the Wimmera   Figure 7.4  Wimmera-Mallee Highlands Groundwater Flow Systems
Mallee Highlands. This system is therefore
interpreted on the basis of observations in
other Victorian catchments.

Intermediate and local groundwater flow systems in fractured rock aquifers
Local and intermediate systems occur together in many instances throughout the Wimmera uplands. They
comprise extensive fractured and highly folded marine sedimentary rocks of Cambrian and Ordovician age.
Where the terrain has low to moderate relief, and is only occasionally interrupted by steeper hills, downbasin groundwater flow occurs over distances as large as 10 to 20 kilometres or more. These flows over long
distances are sometimes impeded by steeper hills occurring across the flow path. These steeper hills also have
localised fractured rock groundwater flow systems that recharge on the upper slopes and discharge at breakof-slope. In some regions it is difficult to determine exact boundaries between the two systems and so both
systems are included as a separate category.
Intermediate groundwater flow systems are commonly recharged in the rocky headwaters of upland subcatchments where the fractured rock aquifer either outcrops or has minimal soil cover.

Local groundwater flow systems in fractured rock aquifers
Local fractured rock aquifers comprise a good deal of the groundwater flow systems of the Upper Wimmera
Catchment. They include the metamorphic aureoles in the vicinity of Great Western, deeply weathered
groundwater flow systems in the region of Greens Creek, and local systems in the steeper ranges along the
eastern margins of the catchment around Navarre. The aquifer comprises folded and fractured sedimentary
and contact metamorphic rocks of Cambrian to Ordovician age. The groundwater in these rocks is usually of low
to moderate salinity ranging from about 2,400 to 3,600 mg/L, and bore yields are most commonly around 1 to 2
L/sec, except along occasional large fault zones where they can reach as high as 30 L/sec.
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Groundwater recharge occurs in middle to upper slope regions, particularly where the land has been cleared
of native vegetation. In these regions the minimal soil cover and extensive areas of rock outcrop facilitate the
passage or rainfall into the aquifer. Groundwater migrating down the steep hydraulic gradient within the hills
discharges where the gradients reduce at the break-of-slope or in the base of streams.
Fractures in the rock are open to depths of 50-100 m and provide the conduit for groundwater flow from
middle to upper slope recharge areas down-slope to discharge areas in adjacent streams, valley floors, and
break-of-slope.
Prior to the current drought commencing in the mid-1990s fluctuations coincided with seasonal climatic
conditions, rising in response to rainfall and recharge over the winter months, and falling by a somewhat
similar amount in the drier summer months (116702,
Figure 7.5). Since the start of the drought water levels
have declined.
The variations in the hydrograph appear to reflect a
general condition of equilibrium between recharge, flow
and groundwater discharge in normal years, but the
drought conditions over the last 10 years have led to a
significant decline in groundwater levels.
The advent of the drought in 1996 has been particularly
instructive in that it caused the cessation of recharge. In
response to this dramatic deviation from the norm the
general condition of equilibrium has been disturbed and
groundwater levels have fallen dramatically.

Figure 7.5  Bore 116702 Hydrograph

Local groundwater flow systems in granites
Two local groundwater flow systems exist within in the granitic terrain of the Wimmera uplands. These are
known locally as low and high relief granites. Low relief granites comprise gently undulating terrain, generally
reflecting deep weathering. These systems are largely comprised of weathering products including kaolinite
rich clays, and occasionally laterite. Weathering persists in many instances to depths of fifty metres or more,
although it also not unusual to also find outcrops of otherwise unweathered granite. Deep weathering occurs
within the granite pluton south of Stawell, and kaolinite appears in the road cuttings on the highway in that
region.
Prior to clearing and agricultural development, native vegetation led to high salt stores within the regolith. Salt
exclusion in the root zone allowed large quantities of salt to establish in the regolith. Following the removal
of the native forests this salt bank was mobilised as increased recharge resulted in elevated water tables and
increased groundwater flow. Rising water tables ultimately brought salt to the surface resulting in dryland
salinity. This groundwater flow system has high groundwater salinity reflecting large salt stores in the regolith.
Groundwater salinity is commonly in the range of 10,000-20,000 mg/L.
High relief granites commonly comprise large areas of coarse-grained hill wash. This material rests over
the granite basement in the middle to lower slope regions, and frequently behaves as a perched aquifer.
Groundwater is recharged on the slopes and migrates down-slope over the granitic basement through the
colluvium appearing as springs in the foot-slopes.
In many of these perched groundwater systems the groundwater in the mid-slope regions is fresh, often less
than 1,000 mg/L. Further down-slope it rises in salinity to around 3,000-5,000 mg/L. The granite occurring in
the Upper Wimmera Catchment in the region of Langi Ghiran is typical of a high relief granite.
No representative bores or piezometers were selected in any of the granitic terrain of the Upper Wimmera
Catchment. Observation bores have only been established in recent years and to date there is insufficient
information to draw upon to establish trends.

Regional to Intermediate groundwater flow systems in broad alluvial valleys
The alluvium is the highland equivalent of the Calivil and Shepparton Subsystem sediments. These ancient river
gravels and sands lie buried some 30-50 m below the present floodplains, and form a network of major aquifers
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throughout the region. They exist beneath the course of
the Wimmera River, and throughout the Landsborough
region, and equally beneath the floodplain of the Mount
William Creek.

Figure 7.6  Bore 117882 Hydrograph

In some regions these large aquifers comprise fresh
groundwater that may have a salinity of around 1,000
mg/L. In other areas the groundwater is saline and
in excess of 10,000 mg/L. The aquifers in the upland
have not been extensively exploited, however, they
are used to augment town water supplies in some
regions where the groundwater is relatively fresh, and
have been an important source of groundwater during
periods of drought.

Bore 117882 (Figure 7.6) shows that groundwater
levels were relatively stable prior to the onset of the
drought in 1996. Since that time groundwater levels have been falling slowly. The rate of decline is much lower
for these larger aquifers compared with local groundwater flow systems in the surrounding hilly lands.

7.4

Renmark Subsystem

The Renmark Subsystem underlies virtually
all of the basinal sediments in this area but is
completely obscured by the overlying Parilla-Loxton
Subsystem. The extent of the Renmark Subsystem
in the Wimmera Management area is shown in
Figure 7.7.
There are no groundwater management units that
apply to the Renmark Subsystem in this area.
Little information is available about the Renmark
Subsystem in this area. Groundwater is inferred to
flow in a generally northerly direction (Figure 7.8).
Figure 7.7  Extent of Renmark Subsystem

Figure 7.9 illustrates seasonal water level change
in the Renmark Subsystem in 2005. All indicated a
decrease of less than 1m.
Bore 58449 (Figure 7.10) is located adjacent to the
Highlands near Natimuk. The hydrograph shows
the water levels have been static since 1988 when
monitoring commenced.
Bore 982901 (Figure 7.11) is located in the Mallee
Catchment in the north-western part of the
Wimmera region. No trends are evident in the
Renmark Subsystem in this location.

7.5

Figure 7.8  Groundwater flow in Renmark Subsystem
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Murray Group Subsystem

The Murray Group Subsystem comprises the
Murray Group Limestone (known locally as the
Duddo Limestone) is the major aquifer in the
Wimmera and Mallee regions, and is an important
source of water for domestic and livestock supplies
and for irrigation use. Its extent in the Wimmera
region is restricted to the north-western portions of
the area.
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Figure 7.10  Bore 58449 Hydrograph
Figure 7.9  Renmark Subsystem Seasonal Water
level change

The groundwater management units are shown in
Figure 7.12. Since 2000 two new management areas
namely Kaniva TCSA and Goroke have been established.
In addition to these areas, a 40 kilometre wide strip
centred on the Victorian/South Australian border is
subject to a management agreement between the two
States.
The Murray Group Subsystem is restricted to the
western parts of the Murray Basin, largely occurring
to the west of the Wimmera River. It is overlain by the
Figure 7.11  Bore 98290 Hydrograph
Bookpurnong Beds aquitard in the north but is in direct
contact with the Loxton-Parilla Sand in the south.
Groundwater is inferred to flow is northwards from recharge areas in the south and from downwards leakage
from the Parilla Sand, where the aquifers are in direct connection. The groundwater is largely fossil, having
been recharged during wetter periods over the last 100,000 years. During such wet periods the Wimmera
River was an important line source of recharge, directly into the Parilla Sand and then into the underlying
limestone aquifer. This contention is supported by the distribution pattern of the fresh water, showing a sharp
deterioration in groundwater quality on passing northwards beyond Lake Hindmarsh, the terminal lake on the
Wimmera River.
Bore 47503 (Figure 7.13) is located approximately
30km south of Nhill. No trends in water level are
evident.

Figure 7.12  Groundwater management in the Murray
Group Subsystem
Figure 7.13  Bore 47503 Hydrograph
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Near Lake Hindmarsh a decreasing water level
trend is evident (Figure 7.14 Bore 112186).

7.6

Parilla-Loxton Subsystem

The Parilla-Loxton Subsystem blankets the basinal
areas of the Wimmera region with the exception
of a small area in the north-west of the Mallee
Catchment (Figure 4.15).

Figure 7.14  Bore 112186 Hydrograph

The importance of the Parilla-Loxton Subsystem to
the hydrogeology of the Murray Basin stems from
it being the uppermost unconfined aquifer system,
used for livestock and domestic purposes in the
Wimmera, but also feeding saline water into the
Murray Trench in the Mallee region.
Other than in area to west of the Wimmera
River where it is used for livestock and domestic
purposes, groundwater in the Parilla-Loxton
Subsystem is mostly saline, having characteristics
similar to that of sea water.
The Parilla –Loxton Subsystem is in places overlain
by varyingly thick deposits of the lacustrine
Blanchetown Clay that were deposited in extensive
depressions across the landscape, and by aeolian
units of the Lowan Sand and Woorinen Formation.
The Parilla-Loxton Subsystem forms an essentially
unconfined aquifer, except where overlain by
Blanchetown Clay.

Figure 7.15  Extent of Parilla-Loxton Subsystem

The Parilla-Loxton Subsystem consists of blanket
of fine to medium grained marine sand and
silty sand having an average thickness of about
60m. The upper surface of the sandstone forms
long prominent ridges trending north-south and
generally regarded as being formed as strandlines associated with an advancing and retreating
late Tertiary marine transgression. While most
commonly consisting of fine grained micaceous
sand and sandstone, at its eastern limits on the
Gredgwin Ridge the Parilla-Loxton Subsystem
consists of characteristically yellow cross-bedded
micaceous sands, grits and silty sands.
Regional groundwater flow in the Parilla-Loxton
Subsystem is northward in the west and northwesterly in the east, from recharge areas around
the southern edge of the Murray Basin (Figure
7.15), by lateral transmission from the Calivil
Formation, and by diffuse downward leakage.

Figure 7.15  Groundwater Flow in the Parilla-Loxton
Subsystem
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Because it is a water table aquifer (uppermost
water-bearing unit), the Parilla-Loxton Subsystem
has been affected by major changes in landuse. Most
of the area south of the river has been cleared for
cereal cropping and sheep grazing, with a consequent
increase in recharge.
Bore 97846 (Figure 7.16) is located just west of
Horsham and shows water levels reflecting the
AMRR. A declining trend is evident since the onset of
the current drought in 1996.
Salinity values are also highly variable and no clear
trend is evident.
Figure 7.16  Bore 97846 Hydrograph
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8

Mallee - Vic
8.1

Location

The Mallee region is located in north-western
Victoria (Figure 8.1). The area is arid and contains
large national parks and desert wilderness areas.
Three surface water catchments occur in the Mallee
region:
•

Wimmera-Avon Rivers Catchment;

•

Avoca River Catchment;

•

Mallee Catchment.

The hydrogeological subsystems that exist in the
Mallee region are:
Figure 8.1  Location of Mallee region

•

Renmark Subsystem;

•

Murray Group Subsystem;

•

Parilla-Loxton Subsystem;

•

Shepparton Subsystem;

•

Murray Trench Subsystem.

The Shepparton Subsystem occurs in a small area along the Murray River in the north-eastern portion of the
region and is discussed in detail in the chapter for the Murray Catchment Management Authority.
The relationship between the subsystems is illustrated in Figure 8.2 below.

Figure 8.2  Schematic cross-section for the Mallee region
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8.2

Groundwater Status in the Mallee

Subsystem

Description and Status

Groundwater Issues

Renmark
Subsystem

Basal aquifer system comprising fine to coarse
sands overlain by silts and clays with coal and
carbonaceous content. Deepest Subsystem in the
Murray Geological Basin

• Limited groundwater usage;
• No major groundwater issues.

Murray Group
Subsystem

Marine deposited limestones and marls. Fossil
groundwater predominates, ie it does not receive
significant modern recharge

 roundwater levels have continued
• G
to decline in the five year period
between 2000 and 2005 due to the
influence of pumping;
• Increasing salinity near irrigation
areas, increased downward leakage
from Parilla-Loxton Subsystem due
to decreased water levels.

Parilla – Loxton
Subsystem

Marine sands of fine to medium grade with
groundwater salinities generally ranging from
30,000 to 300,000 mg/L

 his aquifer is the major source of
• T
salt in the River Murray;
• Irrigation of land adjacent to the
river displaces saline groundwater
flows into the river;
• Complex flow dynamics with
Murray River leading to a variety
of responses observed (discharge/
recharge).

Murray Trench
Subsystem

Alluvial sequence of channel sands sand floodplain
clays deposited by River Murray

 roundwater discharge from the
• G
Parilla–Loxton Subsystem passes
through this aquifer in most of
the river reach so chemistry is a
mixing response between River and
groundwater;
• Locks in River Murray are creating
high heads in the river causing
flow into the adjacent groundwater
system (linear mounding).
• Impact of decreasing frequency of
flood events is evident
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8.2.1	Changes since 1990-2000 Groundwater Status Report
Rising water levels in the Renmark Subsystem have stabilised. Water levels in the Murray Group Subsystem
have continued to decline and irrigation stresses have increased. A number of new management areas have
been established over and near the Border Zone. Increasing salinities are now evident in the Murray Group
Subsystem resulting from downward leakage from the overlying Parilla-Loxton Subsystem. Declining levels
in the Parilla-Loxton Subsystem and Murray Trench Subsystem reflect lower rainfall and decreasing flood
frequency during the 2000-2005 period relative to the 1990-2000 period.

8.2.2 Priorities for Further Work
Murray Group Subsystem:

Increase monitoring of water level and quality around irrigation areas, target
management towards quality sustainability and minimisation of downward
leakage from the overlying Parilla-Loxton Subsystem;

Parilla-Loxton and Murray Trench Subsystems: obtain greater understanding of flow dynamics with Murray
River – in particular identification of areas where they are
connected.

8.3

Renmark Subsystem

The Renmark Subsystem is the basal subsystem
in the Murray Geological Basin and underlies the
entire Mallee region with the exception of two areas:
one to the south-east of Sea Lake and the other to
the east of Ouyen (Figure 8.3). These areas lie along
the Tyrrell Ridge that separates the south-western
zone of the Renmark Subsystem from the east
zone which underlies the Riverine Plain. There are
no management units that apply to the Renmark
Subsystem in this area because salinity precludes the
use of the aquifer beneath the Mallee areas of Victoria.
The Renmark Subsystem consists of unconsolidated
fine to coarse-grained quartz sand (Warina Sand)
Figure 8.3  Extent of the Renmark Subsystem in the
in the deeper parts of the Murray Geological Basin
Mallee region
overlain by the Olney Formation, a suite of silts and
clays. In Victoria, the Renmark Group reaches a thickness of 300-350 m to the west of Mildura. The Renmark
Group sediments contain significant amounts of ligneous materials, and its upper boundary is identified by
the appearance of carbonaceous material in the profile. Brown coal bands of about 1 m are more common
throughout the plains. In the Mallee, the Renmark
Subsystem is overlain by an aquitard formed by the
Ettrick Formation and Winnambool/Geera Clay.
Groundwater flows in a generally northerly direction to a
centre south-west of Mildura (Figure 8.4).
Because of its depth and limited extraction, few
processes impact on groundwater pressures and quality
in the Renmark Group. In relatively low lying areas
unaffected by pumping, the hydrographs closely match
the trends in the overlying unconfined aquifer. This is
most likely related to changes in the hydrostatic pressure
resulting from changes in the water table level in the
overlying unconfined aquifer.
Figure 8.4  Groundwater flow in the Renmark
Subsystem
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Water level change over the 5 years to 2005 in the
Renmark Subsystem (Figure 8.5) in this area has been
variable but in general there has been little change from
the status of 2000.
Seasonal water level change for all bores in the
Renmark Subsystem are within 1 m in 2005 as they
were in 2000.

Figure 8.5  Water level change 2000-2005 in the
Renmark Subsystem in the Mallee region

Water levels in this Bore 77030 (Figure 8.6) is
located approximately 50 km south-west of Mildura
continues to show a slight increasing trend.Bore
88000 (Figure 8.7) is located in the eastern zone of
the Renmark Subsystem to the east of the Gredgwin
Ridge. Water level changes appear to mirror the
Accumulative Monthly Residual Rainfall.

Figure 8.6  Bore 77030 Hydrograph

Bore 66476 (Figure 8.8) is located close to the SA
Border along the Ouyen Highway approximately
30km east of Pinnaroo. Water levels are essentially
stable.

Figure 8.7  Bore 88000 Hydrograph

Figure 8.8  Bore 66476 Hydrograph
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8.4

Murray Group Subsystem

The limestones of the Murray Group Subsystem (known
locally as the Duddo Limestone) are located to the west
of the Gredgwin Ridge and forms a major aquifer in
the Wimmera-Mallee Region for domestic and stock
supplies and for irrigation use.
The Murrayville Groundwater Supply Protection Area
(GSPA) and Kaniva TCSA supply water from the Murray
Group Subsystem (Figure 8.9). TheMurrayville GSPA
encompasses the majority of the livestock and domestic
and irrigation bores in the Walpeup-Murrayville area.
A 40 km wide strip centred on the Victorian/South
Australian border is subject to a management agreement
between the two States.

Figure 8.9  Extent of Murray Group Subsystem and
management areas

The Murray Group Subsystem is separated from the
underlying Renmark Subsystem by the Ettrick Formation
which consists of marls and clay. The Murray Group
Subsystem is in turn overlain by the Parilla-Loxton
Subsystem across most of the Mallee region. There is
a small area north of Kaniva where the Parilla-Loxton
Subsystem is not present. In the north the Murray
Group Subsystem is separated from the Parilla-Loxton
Subsystem by the Bookpurnong Beds, however these do
not persist to the south.
Groundwater flow (Figure 8.10) is northwards from
recharge areas in the south and from downwards
leakage from the Parilla-Loxton Subsystem, where the
aquifers are in direct connection.
The groundwater is largely fossil, having been recharged
during wetter periods over the last 100,000 years. During
such wet periods the Wimmera River was an important
line source of recharge, directly into the Parilla-Loxton
Subsystem and then into the underlying limestone
aquifer.

Figure 8.10  Groundwater flow in the Murray Group
Subsystem

The change in water table levels between 2000
and 2000 (Figure 8.11) shows a significant decline
in levels in the Murrayville area, representing the
response of the aquifer to groundwater pumping
pressures. Slight rises in levels continue to be
observed in the Mallee region between Renmark and
Mildura.

Figure 8.11  Water level change 2000-2005 in the
Murray Group Subsystem
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Near the Murrayville GSPA, water levels have fallen in
a strip close to the SA border, but mostly after 1993 as
shown in the hydrograph for Bore 82220 (Figure 8.12).
Some recovery is evident during the period from
2000 to 2005.In the far north-west, water levels were
either steady or showed slow rises (Bore 104803,
Figure 8.13).

Figure 8.12  Bore 82220 Hydrograph

A clear general rise in salinity occurred over the 10
year period 1990-2005, with rates of rise in the fresh
water being variable, but mostly from between 10
and 30 μS/cm/yr. In some instances the salinity rose
several hundred μS/cm/year, but here the water was
initially saline.

Figure 8.13  Bore 104803 Hydrograph

8.5

Figure 8.14  Extent of the Parilla-Loxton Subsystem in the
Mallee region

Parilla-Loxton Subsystem

The Parilla-Loxton Subsystem is the
western marine-deposited extension of the
Calivil Subsystem. It covers virtually all of
the Mallee region with the exception of a
small area to the north of Kaniva (Figure
8.14). The groundwater in the ParillaLoxton Subsystem is typically saline and its
significance is in the risk this saline water
poses to fresh water supplies, in particular
around the Murray Trench.

Groundwater in the Parilla-Loxton Subsystem is mostly saline, having characteristics similar to that of sea
water. In some areas, such as the Tyrrell Basin, the aquifer contains groundwater reflux brines that was initially
concentrated in saline lakes and may have salinities as high as 290,000 mg/L. The groundwater may also be
acidic, with pH values as low as 3-4 in waters emerging as springs around Lake Tyrrell.
In Victoria, the Parilla Sand consists of a blanket of fine to medium-grained marine sand and silty sand having
an average thickness of about 60m. The upper surface of the sandstone forms long prominent ridges trending
north-south and generally regarded as being formed as strand-lines associated with an advancing and
retreating late Tertiary marine transgression. While most commonly consisting of fine-grained micaceous sand
and sandstone, at its eastern limits on the Gredgwin Ridge the Parilla Sand consists of characteristically yellow
cross bedded micaceous sands, grits and silty sands.
The Parilla Sand is in places overlain by varyingly thick deposits of the Plio-Pleistocene lacustrine Blanchetown
Clay that were deposited in extensive depressions across the landscape, and by aeolian units of the Lowan Sand
and Woorinen Formation. The Parilla Sand forms an essentially unconfined aquifer, except where overlain by
Blanchetown Clay. Within the Murray Trench the Parilla Sand is at times overlain directly by trench channel
sands and elsewhere is separated from the channel sands by the Blanchetown Clay aquitard.
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Recharge is from down-basin flow from the south, from precipitation, and from leakage from the many lakes
scattered throughout the region (Figure 8.15). Lateral recharge from the Calivil Subsystem is also significant.
On passing northwards beyond Lake Hindmarsh, the terminal lake on the Wimmera River, the salinity increases
rapidly.
While essentially a regional groundwater flow system, local groundwater flow systems also occur within the
Parilla-Loxton Subsystem.
Regional discharge from the Parilla-Loxton
Subsystem occurs at scattered points, with large
discharge features such as Lake Tyrrell and the
Raak, Pink Lake and Towan Plains boinkas, and
from small lakes scattered throughout the Mallee
dunefields. However, the largest single discharge
feature is the Murray River, the ultimate sink for
groundwater in the Murray Basin. Groundwater
discharge occurs along the Murray Trench, such
as between Merbein and the border, where the
river is either in direct connection with the Parilla
Sand or indirect connection via the channel sand
aquifer within the trench.
The majority of levels are within 2 m of their
2000 values (Figure 8.16). Rises occurred in the
depressed areas around and north of Lake Tyrrell,
and on the Gredgwin Ridge.

Figure 8.15  Groundwater flow in the Parilla-Loxton
Subsystem in the Mallee region

Seasonal water level change (Figure 8.17) was
variable but in general summer levels were within
1 m of the winter values.
A concentration of falls in groundwater level
occurred in a strip in, and adjacent to, the Murray
Trench (Bore 26850 Figure 8.18). Most falls
commenced between 1994 and 1997. Falls after
1997 echoed similar falls in the channel sand
aquifer within the trench.

Figure 8.16  Water level change 2000-2005 in the
Parilla-Loxton Subsystem

Figure 8.17  Seasonal water level change in the
Parilla-Loxton Subsystem
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Figure 8.18  Bore 26850 Hydrograph

Figure 8.19  Bore 26217 Hydrograph

The falls generally tapered off on passing inland
from the river, where water levels were constant
with little variation over the 10 year period (Bore
26217, Figure 8.19).
Some small rises occurred in a zone between
Robinvale and Piangil (Bore 6520, Figure 8.20). This
area corresponds with a zone in which shallow
water tables occur associated with depression
around and to the north of the Tyrrell Basin.
Groundwater with higher salinities is commonly
found adjacent to saline lakes, where water is
concentrated prior to recharging into the aquifer as
hypersaline water known as reflux brines.

Figure 8.20  Bore 6520 Hydrograph

A river-induced freshwater lens invading the Parilla-Loxton Subsystem occurs in the Robinvale area as
reflected by unusually low groundwater salinities.

8.6

Murray Trench Subsystem

The Murray Trench commences near Swan Hill and represents the course taken by successive Murray River
systems across the Mallee region to the coast in South Australia (Figure 8.21). The incision of the Murray Trench
post-dates the Blanchetown Clay which is known to have terminated prior to about 700,000 years ago, but
maybe as late as 400,000 years.
The alluvial sequences within the trench are
commonly about 10-12 m thick with a lower
3-11 m thick channel sand sequence which
forms a sheet deposit beneath the trench. The
sand sheet is overlain by a sequence of 3-7 m of
finer grained floodplain sequences and pointbar sediments. In some instances medium
to coarse sand may occur at the base of the
aquifer. The channel sand is variously connected
with the saline Parilla Sand aquifer and, where
this occurs there is free interchange between
the two aquifers.

Figure 8.21  Extent of Murray Trench Subsystem

Elsewhere, the Blanchetown Clay forms an
aquitard overlying the Parilla-Loxton Subsystem
and separating it from the channel sand. Direct
interconnection between the Parilla-Loxton
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Subsystem and trench sequences occurs between Nyah and Piangil, with fresh water flow into the ParillaLoxton Subsystem from the trench. On passing downstream until the Tyrrell Fault is reached, the Blanchetown
Clay forms an aquitard separating the channel sand from the Parilla-Loxton Subsystem. The channel sands
and Parilla-Loxton Subsystem are in direct contact until Wemen, between Karadoc Swamp and Merbein, and
then again from Wentworth to the SA border.
Where the Blanchetown aquitard is present, flow is downstream parallel to the river, however where absent,
flow tends to reflect that in the regional Parilla-Loxton Subsystem. Irrigation mounds such as at MerbeinRed Cliffs, Nangiloc-Colignan and Robinvale, and weir pools as at Euston and locks 10 and 11 also play an
important part in influencing localised flow between the river, the channel sands and the Parilla Sand. Saline
inflows to the river are intercepted by groundwater interception schemes such as the Mildura-Merbein
interception scheme.
The Murray Trench is the focus of groundwater discharge, not only for the regional water table aquifers that are
often saline, but also the underlying confined aquifers by way of upward leakage. Large quantities of salt are
stored in the floodplain with groundwater salinities several times higher than the discharging regional aquifers.
This salt is mobilised into the river during flood recessions (by a process that is not yet fully understood), and
water table rise induced by irrigation on the adjacent highland.

Apart from seasonal fluctuations in
river discharge, the other control
on floodplain hydrogeology is the
effect of the construction of locks
that were completed in 1939.
This river regulation resulted in a
permanent stepped increase in river
level upstream with some evidence
suggesting that a new equilibrium
has not yet been reached in the water
table aquifer (both in the floodplain
and regionally) from this rise in the
river level.

Figure 8.22  Water level change 2000-2005 in the Murray Trench
Subsystem

Water level change from 2000 to 2005
shows a general decline in water
levels near interception schemes
(Figure 8.22) but increases in other
areas likely to be due to irrigation
from surface water.
Seasonal water level change (Figure
8.23) also reflects the impact of
irrigation from surface water.

Figure 8.23  Seasonal water level change in the Murray Trench
Subsystem
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Figure 8.24  Bore 6991 Hydrograph

The interconnection between the channel sand and
the saline Parilla-Loxton Subsystem is reflected
in seasonal fluctuations in the groundwater
levels which may be as large as 4-5 m. The close
connection between the channel sands within the
Murray Trench and the river is reflected in the
character of the hydrograph response, in which the
seasonality of high and low river flow is strongly
imprinted (Bore 6991 Figure 8.24). The impact of
low river flows during the drought is evident.The
one clear trend is that of the lower groundwater
levels, coupled with a reduced fluctuation
amplitude in some tracts since 1997 (Bore 26268,
Figure 8.25).

Figure 8.25  Bore 26268 Hydrograph

Groundwater salinity in the channel sands varies
from less than 500 μS/cm to over 40,000 μS/cm.
The salinity pattern is variable along the Murray
Trench reflecting flow between the river and the
Parilla Sand on the one hand and the channel
sands on the other. The salinity pattern is strongly
influenced by river levels. This is seen in the often
sharp salinity rises occurring after 1997 both in the
downstream and upstream parts of the trench. It
is best related to lower flows in the river after 1997
affecting the interchange between the river, the
channel sands and the Parilla Sand aquifers. Under
lower river flows there was an increased input
from the more saline aquifers, as the various fresh
water/salt water interfaces readjusted to the lower
river levels.
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9

North Central - Vic
9.1 Location
The North Central region in Victoria contains
portions of four river catchments (Figure 9.1):
•

Loddon River Catchment;

•

Wimmera-Avon River Catchment;

•

Campaspe River Catchment; and

•

Avoca River Catchment.

Figure 9.1  Location of North Central region

The hydrogeological subsystems that occur within the North Central region in order of
decreasing geological age are:
• North Central Highlands;
• Renmark Subsystem;
• Calivil Subsystem;
• Parilla-Loxton Subsystem;
• Shepparton Subsystem; and
• Murray Trench Subsystem.
The Parilla-Loxton Subsystem and the Calivil Subsystem are lithologically similar and hydraulically continuous,
however the two are distinguished by the water quality the aquifers contain. The Parilla-Loxton Subsystem was
deposited in a marine environment and the water it contains is saline. The significance of the Parilla-Loxton
Subsystem is in the hazard it poses to fresh water supplies. The Calivil Subsystem by contrast was deposited in
a fluvio-lacustrine environment and contains fresh water. The Calivil Subsystem is a major resource aquifer.
The Murray Trench sediments have very limited extent in this area and are addressed in the report for the
Mallee region. The relationships between the various subsystems is shown Figure 9.2.

     Figure 9.2
Schematic cross-section for
the North Central region       
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9.2

Groundwater Status in North Central region

Subsystem

Description and Status

Groundwater Issues

North Central
Highlands

Fractured rock landscapes with local and
intermediate groundwater flow systems and some
granites. Limited usable groundwater resources.
Groundwater generally saline

 ew equilibrium in response to
• N
land use change appears to have
been reached in some areas but not
others;
• Declining water levels due to
drought
• Lack of meaningful data.

Renmark
Subsystem

Basal aquifer system in the Murray Basin.
Comprises alluvial sands and gravels with
interbedded clayey units. Hydraulically continuous
with overlying Calivil Subsystem near the Highlands.
Significant groundwater resource

 etter definition of subsystem
• B
extent needed;
• Downard trend in groundwater
levels due to pumping is evident
over the last 5 years;
• Increasing drawdowns near
irrigation areas appear
unsustainable.

Calivil Subsystem

Alluvial sequence of clean channel sands and
gravels resulting from high energy alluvial activity in
the Highland area. Significant groundwater resource
in this area. Hydraulically connected to overlying
Shepparton Formation to varying degrees. In the
Lower Loddon Valley the Calivil Formation merges
with the lower permeability Parilla Sand, resulting
in the development of an extensive groundwater
discharge zone and associated salinisation of land in
the Kerang area.

 roundwater levels have generally
• G
declined over the last 10 years,
particularly in response to
groundwater pumping;
• The rising trend in groundwater
levels of the 70s and 80s has been
reversed at the downbasin extent of
the aquifer;
• In the Highland valleys,
groundwater levels in the Calivil
Subsystem are now exhibiting a
downward trend.

Parilla – Loxton
Subsystem

Blanket of fine to medium grained marine sands
• Saline groundwater is displaced by
irrigation adjacent to the river;
underlying the Mallee and Wimmera areas of
northwestern Victoria. Groundwater is mostly saline.
Main significance of this aquifer system is that it is
the biggest contributor of salt to the River Murray
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Subsystem

Description and Status

Groundwater Issues

Shepparton
Subsystem

River and lake deposited sediments forming the
• Declining trends are observed
uppermost unconfined aquifer system in the
in bores tapping this aquifer,
Campaspe, Loddon and Avoca valleys. Salinities
suggesting reduced recharge
range from less than 1,000 to more than 20,000 mg/L
over the last 7 years due to drier
seasons.
• Irrigation in the Campsape and
Loddon Catchments historically
caused mounding of water table
levels in this aquifer system,
however during the period from
2000-2005 generally declining
trends are evident;
• Hydrographs show a strong
correlation with rainfall and most
exhibit a downward trend since the
mid 1990s;

9.2.1	Changes since 1990-2000 Groundwater Status Report
Data availability continues to be a major issue in the highlands. The impact of the drought is evident in all
subsystems with generally declining water levels occurring. Declines are significantly higher in aquifers used
for irrigation.

9.2.2 Priorities for Further Work
North Central Highlands:

establish monitoring networks to evaluate status of groundwater equilibrium
with changed recharge volumes due to changing land uses; focus existing
networks on evaluation within GFS framework;

Renmark and Calivil Subsystems: establish networks for monitoring inflow of saline groundwater into areas of
high groundwater extraction; managing the use of saline groundwater;
Shepparton Subsystem:

monitor high risk areas in the groundwater discharge zone of the Tragowel
Plain where saline groundwater from the Calivil is discharging through the
Shepparton Subsystem into surface water systems such as Barr creek;

Parilla-Loxton Subsystem:

no high priority work required.

9.3

North Central Highlands

The North Central Highlands cover the
southern half of the management area
(approximately) with some isolated outcrops
further north, for example at Pyramid Hill
(Figure 9.3).
Topographically the area is gently undulating
in the northern areas to moderate relief in
the south.

Figure 9.3  Extent of North Central Highlands
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The management areas of the North Central
highlands are shown in Figure 9.4. Four
management areas relate to the groundwater
in the North Central Highlands. All are within
the Loddon Catchment.
Groundwater flow systems reflect the geology
with flow systems in fractured rock aquifers being
the major flow system types. The significant flow
systems in this area include:
• Intermediate and local groundwater flow
systems in fractured rock aquifers;
• Local groundwater flow systems in fractured
rock aquifers; and
• Local groundwater flow systems in granites.
The distribution of the groundwater flow systems
in the North Central Highlands is shown in
Figure 9.5.Intermediate and local groundwater
flow systems in fractured rock aquifers

Figure 9.4  North Central Highlands management areas

Intermediate and local groundwater flow systems
in fractured rock aquifers occur where substantial
landscape relief does not interrupt groundwater flow
through fractured sedimentary rock aquifers. In those
regions where relief down the flow path does not exceed
fifty metres, groundwater may flow over distances
as great as 20 to 30 kilometres. Extensive fracturing
associated with large fault zones enhances flow over
such distances.
In some regions the intermediate groundwater flow
systems in fractured rocks and local groundwater flow
systems in fractured rocks are indistinguishable and
have been considered together as one class. Typical
examples of such systems occur in the Axe Creek
sub-catchment, and within the fractured sedimentary
and igneous rocks that comprise the Mt Camel Range
along the eastern boundary of the region. Each of these
systems behaves in unique ways in sympathy with
local hydrogeological circumstances, however, both
Figure 9.5  North Central Highlands Groundwater
have rocky headwaters that comprise large recharge
Flow Systems
areas, and each has zones of enhanced transmissivity
afforded by extensive fracturing along large fault zones.
Groundwater discharge from both systems occurs in
response to reduction in hydraulic gradient coincident
with break-of-slope, in addition to regions where there is
enhanced hydraulic loading in response to down-basin
movement of groundwater along major shear zones.
Salt export from typically accounts for stream saltloads
of the order of 300-600 kilograms per hectare of
catchment per year. Sub-catchments as small as
200–300 square kilometres may export as much as
5,000-15,000 tonnes of salt per year.
Bore 116554 (Figure 9.6) occurs within the midcatchment regions of the Axe Creek sub-catchment of

Figure 9.6  Bore 116554 Hydrograph
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the Campaspe River basin. Being in a more downbasin region of the sub-catchment groundwater
elevation fluctuates with seasonal climate
conditions.
Groundwater heads are buffered by down-basin flow
through the fractured rock aquifer. Groundwater
elevation from the time at which the observation
well was first constructed in the early 1980s through
to 1996 did not change appreciably. The onset of the
drought saw the water table fall about half a metre,
and remain at an elevation of 184 m AHD) until about
January 2001. After this it has declined steeply.
Figure 9.7  Bore 116590 Hydrograph

Bore 116590 (Figure 9.7) is located in the Mount
Camel Range and exhibits strong seasonal
responses to climate until the onset of the drought
in the mid 1990s. Despite fluctuations in response
to recharge that sometimes exceed two metres,
the average groundwater elevation remained at the
same level until the onset of the current drought
when a downwards trend commenced.
This represents a reversal of the water level rise
that led to a very rapid development of salinity
during the late 1950s and early 1960s.

Figure 9.8  Bore 116552 Hydrograph

The hydrograph from Bore 116552 (Figure 9.8)
shows a somewhat linear rising trend that has
persisted from when the bore was first established
in the early 1980s through to 1999 when it finally
began to gently decline in response to the onset of
the drought.

This rise in the groundwater is attributable to the location of the bore beneath native forest. It is located several
hundred metres inside the forest/cleared land boundary. More elevated groundwater under the cleared land is
flowing into the groundwater depression created under the forest because of a general lack of recharge. This
inflow into the forest has been sustained until 1999. After this year groundwater elevations equilibrated with
those outside the forest and began declining in sympathy with them. The pre-drought condition of rising water
tables under native forests appears consistent throughout the region, and appears to apply throughout those
lands where the annual rainfall ranges from 450-600 mm.

Local groundwater flow systems in fractured rock aquifers
Consistent with most of the uplands in the Victorian sector of the Murray-Darling Basin the North Central
Region catchments comprises large areas of highly folded and fractured sedimentary rocks that contain
groundwater that varies in salinity from less than 1,000 uS/cm in some areas to more than 15,000 μS/cm in
others. The fresher groundwater occurs within the upper catchments where the rainfall is higher, and the more
saline groundwater is found in the foothills where deep weathering is prevalent. For the most part, though,
the groundwater is saline ranging from around 3,000 mg/L to about 6,000 mg/L in the less weathered midcatchment regions and 9,000 mg/L to 15,000 mg/L in the deeply weathered foothills.
Local groundwater flow systems in the fractured rock aquifers of the mid-catchment regions generally lack
deep weathering. The fractured rock aquifers tend to outcrops where there is minimal soil cover, or where the
soils are highly permeable. For the most part this occurs either in catchment headwaters or where the aquifer
is exposed in rocky hilltops. In these locations strong seasonal responses are recorded.
Bore 116559 (Figure 9.9) is located with the upper reaches/headwaters of an intermediate groundwater
flow systems in the Axe Creek sub-catchment, but, nevertheless, demonstrate the trends evident from local
recharge and discharge.

52

400

500

600

700

9 North Central - Vic 

Trends appear to describe a condition where the
general elevation of groundwater in the landscape
reflects equilibrium between the average annual
climate and the hydraulic properties of the aquifer.
Groundwater levels within the fractured rock aquifers
rise following clearing of native vegetation until an
equilibrium is established between climate, downbasin groundwater flow, and groundwater discharge.
Post-1996 the onset of the drought introduced a new
condition substantially different to that encountered in
the previous record. The lack of recharge introduced
by the drought resulted in a general condition similar
to that recorded under native forests where the annual
rainfall is less than about 700mm. The hydrograph is
highly suggestive of a decline in groundwater elevation
along a path similar to that which arose in response
to land clearing and the development of European
agriculture.

Figure 9.9  Bore 116559 Hydrograph

Deeply weathered fractured rocks typically contain
vast amounts of salts introduced through rainfall
over millennia. Transpiration from native vegetation
together with salt exclusion processes in the root
zone lead to the accumulation of ‘salt bulges’ in the
decomposed clay rich rocks at or below the root zone.
Groundwater rising within this terrain in response to
land use change is most often very saline, and often at
least two-thirds the salinity of seawater.
Bore 116614 (Figure 9.10) demonstrates a rising trend
at the break-of-slope in an area as yet unaffected by
salinity at Kamarooka in North Central Victoria.

Figure 9.10  Bore 116614 Hydrograph

Groundwater prior to the onset of the drought that
commenced in 1996 was rising at about 20-35 cm/yr,
and this trend appears to have been reversed since
about 1999.
Hydrographs from local groundwater flow systems in
deeply weathered fractured rock terrain in the Burkes
Flat region to the east of St Arnaud reveal the impact
that land management can have on groundwater
elevation in some groundwater systems.
Bore 118179 (Figure 9.11) reveals a general decline
in response to the establishment of lucerne pastures
in 1983. Establishment of the pasture produced a
groundwater recession in the mid-catchment regions
that was most evident from 1984 through to the mid1990s. There is a suggestion in recent readings that it
has reached a new equilibrium.

Figure 9.11  Bore 118179 Hydrograph

It is significant that the pasture produced this decline
in groundwater elevation over a number of years
in which rainfall was higher than average. Further
recession of groundwater post 1996 is attributed to
the onset of the drought.

53

0

100

200

300

Murray-Darling Basin Commission – Introducing Groundwater in your Catchment

Local groundwater flow systems in granites
Both local groundwater flow systems in deeply weathered granites and local groundwater flow systems in
weathered granites occur throughout the North Central region. Both systems comprise extensive soil salinity
issues, and both have been well investigated over several decades. Very few permanent high quality observation
bores, however, have been constructed in this terrain. In most instances bores have been established through
shallow auger hole drilling. The quality and the extent of times series groundwater information for granitic
terrain is, thus, generally lacking, and insufficient to present in this report.

9.3

Renmark Subsystem
The extent of the Renmark Subsystem
(Figure 9.12) was taken from the
hydrogeological mapsheets and continuity
across mapsheet edges is an issue.
The Renmark Subsystem for most of this
area is hydraulically continuous with the
overlying Calivil Subsystem. Management
of Calivil Subsystem resources therefore
relates to the Renmark Subsystem (see
section that follows).
Groundwater flows in a north to northwesterly direction (Figure 9.13). Away
from the Highlands the surface water
catchments do not apply to groundwater
flow.
The plot of water level change from 2000
to 2005 (Figure 9.14) shows that in the
Avoca Catchment and the western portion
of the Loddon Catchment that water
levels are within 2m of their 2000 levels.

Figure 9.12  Extent of Renmark Subsystem

Figure 9.13  Groundwater flow in the Renmark
Subsystem
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Figure 9.14  Water level change 2000-2005 in the
Renmark Subsystem
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Figure 9.15  Bore 89574 Hydrograph

Figure 9.16  Bore 102828 Hydrograph

Declines of greater than 2 m were noted in the eastern
portion of the Loddon Catchment and the Campaspe
Catchment. The declines commenced in approximately
1994. Bore 89574 (Figure 9.15) is located in the central
plains between Rochester and Ballendella where up to
18 m drawdowns and recoveries occur each season.
Away from the main areas of extraction, both downbasin towards the Murray River, seasonal fluctuations
are more muted and the water levels reflect a more
generalised fall across the aquifer as shown in Bore
102828 (Figure 9.16).
In the Loddon Valley, a similar, albeit much smaller
fall in water levels to that occurring in the Campaspe
Figure 9.17  Bore 79394 Hydrograph
Catchment occurred after 1995 as shown in bore 79394
(Figure 9.17). This is also attributed to groundwater
pumping up-basin.
Excessive groundwater declines are limited to
those areas where groundwater pumping takes
place, suggesting that groundwater pumping is the
largest single factor in level declines in the Renmark
Subsystem. The simplest explanation for increased
pumping is the drought, however, new management
arrangements may also have influence on
groundwater usage. The absence of such falls across
the adjacent Mallee region indicates that the prolonged
dry period alone, while limiting recharge, has had little
impact on the Renmark Subsystem.

9.4

Calivil Subsystem

The Calivil Subsystem overlies the Renmark
Subsystem and forms a major groundwater resource
in this catchment.

Figure 9.18  Management units in the Calivil Subsystem

Since groundwater occurrence and salinity is variable
across the Mid-Loddon Groundwater Management
Area, the area has been zoned on the basis of hydrogeology, into six management zones covering the Highland
tract, the dryland plains and the surface irrigation region lying to the north of the Waranga Channel. The extent
of the Calivil Subsystem and the management units which apply are shown in Figure 9.18. No new management
areas were created between 2000-2005.

55

0

100

200

300

Murray-Darling Basin Commission – Introducing Groundwater in your Catchment

During the Miocene period alluvial sediments comprising gravels and sands of the Calivil Formation were
deposited in the scoured valleys of the Highlands, while marine sands of the Parilla Sand and Loxton Formation
were deposited west of the Loddon Valley. The valley backfill - the Calivil Formation - consists mostly of clean
sand and gravel, being the residual quartzose component of the weathered bedrock, and of minor light coloured
kaolinitic clays and silts.
Within the Loddon Valley, the Calivil Formation infills a buried late Tertiary drainage system, passing
northwards from an east-west Tertiary divide situated a little to the south of the present main east-west
divide. It is, in turn, overlain by a varyingly thick sequence of clay, silts and sand of the Shepparton Formation,
and valley fill basalts. The deeply incised
Loddon and Avoca valleys together with their
associated gold-bearing alluvial fill were
called ‘deep leads’. Recharge to the Calivil
Subsystem is around the basin perimeter
and via the overlying Shepparton Subsystem.
There is varyingly strong interconnection
between the Calivil Subsystem, and
Shepparton Subsystem. Groundwater flows in
a generally northerly direction (Figure 9.19).
In the lower Loddon Valley, where the
fluvial sedimentation gives way to marine
sequences, the coarse grained highly
permeable Calivil Formation merges with and
is replaced by the relatively low permeability
marine Parilla Sand. The abrupt change
in permeability acts as a hydraulic barrier
across the regional groundwater flow path
and results in the development of a major
regional groundwater discharge area. This
process is the origin of the many lakes and
lunettes occurring in the lower Loddon
Catchment near Kerang, with their long
history of salinisation. The Barr Creek, the
largest contributor of salt to the Murray River
from Victoria, is also a groundwater discharge
landform forming the regional drain to the
area.

Figure 9.19  Groundwater flow in the Calivil Subsystem

The groundwater salinity in the upper Loddon
Catchment is higher than that in the upper
reaches of the Campaspe, The salinity of the
Calivil Subsystem ranges from about 9001200 mg/L within the Highlands, up to 2,000
mg/L by Calivil and then deteriorates rapidly
within the discharge zone to be 9,000 mg/L in
the mid-lower Loddon Plain near Mologa.
The plot of water level change from 2000–
2005 (Figure 9.20) shows the potentiometric
surface has generally declined over the ten
year period with falls of between 1m and 3.5m
in the Loddon Catchment in the vicinity of
Bridgewater and less than 1m downstream
from Bridgewater. In the upper reaches of
the Loddon valley, potentiometric levels have
generally risen by less than a metre.
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Figure 9.20  Water Level change 2000-2005 in the Calivil
Subsystem
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Figure 9.21  Bore 51640 Hydrograph

Figure 9.22  Bore 84798 Hydrograph

In the Campaspe Catchment there is a general decrease in the groundwater resource in the vicinity of
Rochester and Elmore of up to 4.5m over this time period.
On the plains of the Loddon Catchment groundwater levels in the Calivil Subsystem rose dramatically in 19731975 following an unusually wet period which saw significant recharge in response to high river flow and sheet
flooding on the plain. There is also a clear correlation between the Accumulative Monthly Residual Rainfall and
groundwater levels until about 1993 in the Calivil Subsystem as shown in Bore 51640 (Figure 9.21). Water level
declines are evident from the mid 1990s.
Despite significant development of the aquifer after 1973, groundwater pressures on the plains again rose
slightly in the wetter years of 1984 and 1993. The increased extractions in the Pompapiel area from about 1980
saw progressively larger seasonal fluctuations reaching about 8-9 m in the Pompapiel area.
In the Highland valleys a rising trend continued in the Loddon Catchment to approximately 2000 as shown in
Bore 84798 (Figure 9.22). Since this time a declining trend is evident.
In the Campaspe Catchment there is intensive irrigation from both surface water and groundwater sources.
The early records show continuous rises in the southern Campaspe Catchment, averaging about 2 m/yr since
at least 1925. This pattern has continued over the last 15-20 years in the Elmore area as shown in Bore 82999
(Figure 9.23). In the Rochester area, the impact of irrigation is reflected in the larger fluctuations with a marked
increase in drawdown in response to increased pumping from about 1995-1996 as shown in Bore 62805 (Figure
9.24). This probably corresponds with the onset of drought conditions.
The overall salinity trends as shown by the long-term bores is stable to slightly upwards. For much of the
region the salinity is relatively stable, but, elsewhere increasing at a slow rate, with the increases distributed
irregularly across the aquifer but mostly in the central zones.

Figure 9.23  Bore 82999 Hydrograph

Figure 9.24  Bore 62605 Hydrograph
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9.5

Parilla-Loxton Subsystem

The Parilla Sands here consist of a blanket
of fine to medium grained marine sand and
silty sand with an average thickness of about
60m. The upper surface of the sandstone
forms long prominent ridges trending
north-south and generally regarded as being
formed as strand-lines associated with
an advancing and retreating late Tertiary
marine transgression. While most commonly
consisting of fine grained micaceous sand
and sandstone, at its eastern limits on the
Gredgwin Ridge the Parilla Sand consists
of characteristically yellow cross-bedded
micaceous sands, grits and silty sands.
In the North Central region the ParillaLoxton Subsystem extends over the
Gredgwin Ridge and overlies a portion of the
Calivil Subsystem in the northern part of the
Figure 9.25  Extent of Parilla-Loxton Subsystem
North Central region (Figure 9.25). Where it
directly overlies the Calivil Subsystem in the
lower Loddon Plain, it is often difficult to draw the boundary between the two aquifers. Lateral transmission
from the Calivil Subsystem is an important recharge mechanism for the Parilla-Loxton Subsystem.
The importance of the Parilla–Loxton Subsystem to the hydrogeology of the Murray Basin stems from it being
the uppermost unconfined aquifer system, used for livestock and domestic purposes in the Wimmera, but
feeding saline water into the Murray Trench in the Mallee.
Because of the generally high salinities, there are
no major extractions. Consequently, there are no
management areas established for extraction from
this aquifer. However, because the Parilla-Loxton
Subsystem contains mostly saline groundwater in close
proximity to the River Murray, the main issues are the
prevention of displacement of this groundwater into the
river by irrigation or clearing induced water table rise.
The water table aquifer is the uppermost aquifer.
Because it is a water table aquifer, the Parilla-Loxton
Subsystem has been affected by major changes in
land use. Most of the area south of the river has been
cleared for cereal cropping and sheep grazing, with a
Figure 9.26  Bore 85932 Hydrograph
consequent increase in recharge. Close to river, the
establishment of large irrigation areas using surface
water has lead to the formation of extensive water table
mounds over the years in the Parilla-Loxton Subsystem
as a result of irrigation drainage.
Groundwater levels fell in the Parilla-Loxton Subsystem
within the Avoca Catchment, with highest falls
occurring at the southern end with rising water levels
to 1998 then a fall of more than 0.5 m as shown in Bore
85932 (Figure 9.26).
Groundwater levels are rising in response to localised
recharge, despite the drought in some areas. At this
location the most likely explanation is leakage from the
Waranga Channel which passes through the area (Bore Fire 9.27  Bore 26944 Hydrograph
26944, Figure 9.27).
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9.6

Shepparton Subsystem

The Shepparton Subsystem overlies the Calivil and Parilla-Loxton Subsystems. With regard to groundwater
management in the Shepparton Subsystem the Loddon and Avoca Catchments form part of the Kerang region
while the Campaspe is part of the Shepparton region. A number of irrigation areas are located in these regions
(Figure 9.28).
The fluviolacustrine sediments of the
Shepparton Formation were deposited
throughout Quaternary times and the Riverine
Plain is the end result of these depositional
processes. These deposits were laid down
during fluvial periods by northerly and westerly
flowing prior stream systems.
The sediments of the Shepparton Formation are
dominated by finer grained overbank and flood
plain deposits interspersed with coarse-grained
channel deposits of gravels and sand. They are
principally brown and grey mottled clay and silt
with the thin beds of fluvial shoestring channel
sands. These sediments blanket the underlying
Calivil and Renmark Subsystems.
Low salinities are encountered in the aquifer
adjacent to the Highlands, but the groundwater
quality on the Riverine Plain itself can be
highly variable, ranging from less than 1,000
Figure 9.28  Extent of Shepparton Subsystem
mg/L to over 20,000 mg/L. The heterogeneous
nature of the aquifer system appears to be
the main reason for the high degree of variability of groundwater salinity. Highly permeable continuous sand
beds typically exhibit lower salinities than the heavier clays and silts, particularly where they occur close to the
surface and are able to receive significant recharge.
Throughout the Quaternary period, the Kerang region has periodically been a zone of regional groundwater
discharge. This is largely due to the replacement of the coarse grained Calivil Formation by the relatively low
permeability Parilla Sand, which now lies across the path of regional groundwater flow, forcing the development
of a regional groundwater discharge throughout the area. High groundwater pressures exist in the deeper
regional aquifers, with groundwater levels at or close to the surface. The many lakes and wetlands scattered
throughout the region, and the presence of many lunette systems attest to a history of high water tables in the
past. Perhaps the single most significant regional discharge feature is the Bar Creek, once the largest single
salt source for the Murray River, but with the saline flow now diverted to the Lake Tutchewop evaporation basin.
The Kerang region is the centre of an extensive irrigation system spread across more than 250,000 Ha in the
central and lower Loddon Plain. High water tables exist throughout the region, with water tables mostly within 2
m of the surface. The shallow groundwater system is saline with salinities commonly close to that of sea water.
Severe salinity problems in the past led to the development of a number of modifications to irrigation practice,
including improved efficiencies through laser grading and division of properties into different land/salinity
categories related to elevation and soils. A further problem is the protection of the extensive wetlands, which
have often been modified greatly as a consequence of their incorporation into the irrigation network.
Being in a zone of regional groundwater discharge, groundwater levels are mostly within several metres of the
surface in the Kerang region. In areas of slightly higher relief, mostly in the vicinity of lunette-lake systems,
local groundwater flow systems develop with groundwater recharge occurring commonly adjacent to discharge
areas. High water tables and salinity are a feature of the irrigation areas, and in the Kerang region shallow
groundwater levels fluctuate seasonally in response to rainfall, irrigation and evaporation, but remain mostly
within capillary reach of the surface as a consequence of the combined rainfall-irrigation accessions.
In the Campaspe Catchment, the Shepparton Subsystem is characterised by a thick sequence of predominantly
clayey sediments overlying the Calivil Formation of the Campaspe Deep Lead. The sand beds within the
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Figure 9.29  
Groundwater flow in the
Shepparton Subsystem

Shepparton Formation are minor
discontinuous stringers derived from
high energy flow down the Campaspe
Catchment and off the Corop Hills
developed on the northern extension of
the Mount Ida Fault.
Management areas relating to the
Shepparton Subsystem include
a portion of the Shepparton
Groundwater Supply Protection Area
in the Campaspe Catchment, the
Ellesmere in the upper Campaspe and
the Mid Loddon WSPA.
Groundwater flows in a generally
northerly direction (Figure 9.29). Some
disruption of the contours is evident in
the irrigation areas.

Figure 9.30  Water Level change 2000-2005 in the Shepparton
Subsystem
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Groundwater trends in the Shepparton
Subsystem in the 5 years to 2005
saw most water table levels fall,
but generally to less than 2m below
ground level, based on winter recovery
levels (Figure 9.30). Slight rises
were evident on the rise between the
Loddon and Campaspe Catchments.
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Figure 9.31  Bore 107906 Hydrograph

Figure 9.32  Bore 6436 Hydrograph

Bore 107906 (Figure 9.31) is located in the alluvial
valley of the Loddon Catchment adjacent to the
Salisbury West management unit. Prior to the mid
1980s seasonal recharge from the river is evident.
This has been significantly disrupted with a strong
downwards trend emerging since the onset of drier
conditions in 1996.
Bore 6436 (Figure 9.32) is located on the Loddon
Plains approximately 20 km south of Echuca.
The water table has remained at (or just below)
ground surface since records commenced in 1979.
Groundwater discharge to low points in the ground
surface would be likely here. Bore 62035 (Figure 9.33)
is located in the Shepparton Groundwater Supply
Protection Area in the Campaspe Catchment. There
is a strong correlation with the Accumulative Monthly
Residual Rainfall, but with a slight rising trend until
1992 when a downwards trend commenced. Since
2000 the water levels have stayed relatively constant
although there is possibly a rising trend emerging
since 2002.

Figure 9.33  Bore 62035 Hydrograph
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10 Goulburn-Broken – Vic
10.1

Location

The Goulburn-Broken Catchment comprises the catchments of
the Goulburn and Broken Rivers (Figure 10.1).
The hydrogeological subsystems that occur within the
Goulburn-Broken Catchment in order of increasing geological
age are:
•

Goulburn-Broken Highlands;

•

Renmark Subsystem;

•

Calivil Subsystem;

•

Shepparton Subsystem.

Figure 10.1  Location of the Goulburn-Broken Catchment

Adjacent to the Highlands the Calivil and Renmark Subsystems are virtually indistinguishable and tend to act
as one aquifer system. Further north onto the Riverine Plain the Renmark Group is clearly divisible into three
members known as the Lower, Middle and Upper Renmark. The Middle Renmark has a high clay content and
tends to act as an aquitard between the Lower and Upper Renmark. The Upper Renmark, however, is still
hydraulically connected to the overlying Calivil Formation. For this reason the Calivil Subsystem in these areas
also includes the Upper Renmark. This is illustrated in the schematic cross-section in Figure 10.2.

Figure10.2  Schematic cross-section for the Goulburn-Broken Catchment
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10.2 Groundwater Status in the Goulburn-Broken Catchment
Subsystem

Description and Status

Groundwater Issues

Goulburn-Broken
Highlands

Local and intermediate groundwater flow systems in
highly weathered folded and fractured sedimentary
rocks and alluvial valleys. Groundwater is often
saline

Some rising trends in groundwater
levels reversed by drought conditions
of the last 10 years;

Renmark
Subsystem

Non-marines deposits of sands and gravels with
varying thicknesses of clays. Major resource aquifer

Groundwater levels show declining
trend due to reduced recharge
because of dry seasons and increased
groundwater pumping.

Calivil Subsystem

Coarse grained river gravels and sands. Highly
permeable aquifer with good quality groundwater
but increasing salinity moving north from the
highland valleys into the broad Basin. Major resource
aquifer. Hydraulically connected to Renmark
Subsystem near Highlands

Declining trends that commenced
between 1990-2000 have continued.
Upward trends are less evident in the
Broken Catchment attributed to land
use change.

Shepparton
Subsystem

River and lake sediments deposited across the
eastern part of the Murray Basin. The river channel
deposits make up the permeable aquifer sequence,
and groundwater quality is highly variable ranging
from 1,000 to > 20,000 mg/L

Impacts of drought are evident in
declining levels in some areas;
Management of salt in irrigation
water.

10.2.1 Changes since 1990-2000 Groundwater Status Report
The impact of the drought is clearly evident in this catchment area with decreasing water levels evident in all
hydrogeological subsystems. Water level declines are greater in irrigation aquifers. Mounding of watertables is
not currently a significant issue.
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10.2.2 Priorities for Further Work
Goulburn-Broken Highlands:

establish monitoring networks to evaluate status of groundwater equilibrium
with changed recharge volumes due to changing landuses;

Renmark and Calivil Subsystems: establish networks for monitoring induced inflow of saline groundwater
into areas of high groundwater extraction; continue developing interstate
groundwater management arrangements;
Shepparton Subsystem:

monitor areas where mounding historically led to downward leakage of saline
groundwater into the underlying Calivil Subsystem.

10.3 Goulburn-Broken Highlands
The Goulburn Broken Highlands occur in the
southern portion of the catchment (Figure 10.3).
The area forms the headwaters of the Goulburn and
Broken Rivers and their tributaries.
The lower foothills of the uplands of the GoulburnBroken catchment comprise highly folded and
fractured sedimentary rocks of Silurian and
Devonian age supporting variably dissected ancient
subdued landscapes that have experienced deep
and intense weathering. This terrain comprises
the gently undulating hills of the Sheep Pen Creek
catchment south of Dookie, and much of the
south-west Goulburn region including much of the
catchment of Majors Creek and the Puckapunyal
region.
The water resources have been significantly altered
by landuse change occurring since European
settlement. The changes to the water resources
in the Highlands are best understood in terms of
groundwater flow systems (GFS) which take into
consideration geology and geomorphology.

Figure 10.3  Extent of Goulburn-Broken Highlands

At this overview scale the most significant GFS include:
• Local flow systems in fractured rock aquifers;
• Intermediate and local flow systems in fractured rock aquifers;
• Local flow systems in fractured basalts;
• Local flow systems in granites.
Local flow systems in fractured rock cover the greatest area within the Goulburn-Broken Highlands. These are
areas with sharper relief and steeper slopes. The northern areas of the Goulburn-Broken Highlands are more
weathered and the landforms are more rounded. These areas are characterised by local to intermediate GFS.
Cambrian-aged basalts occur in the south-western part of the Goulburn-Broken Catchment. The typical
fracture patterns in basalts create distinctive groundwater flow characteristics and while the area is small the
differences warrant a separate GFS category.
Valleys contain areas of alluvium from the erosion of the surrounding hills. The alluvium may form discrete
units (such as at Alexandra) or be a physical extension of the basinal sediments. In the case of the latter this
alluvium forms part of the Shepparton/Calivil/Renmark Subsystems while the former is a discrete Highlands
groundwater flow system.
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The distribution of GFS in the GoulburnBroken Highlands is presented in Figure
10.4.

Local Groundwater Flow Systems
The reduction in slope at the base of a
hill may result in groundwater discharge.
Where the groundwater is saline, as is often
the case in these sedimentary rocks, saline
seeps may develop as a consequence of
increased recharge following the clearing of
native vegetation and landuse change.
Salinity in local groundwater flow systems
in the steeper and less weathered
landscapes such as that found in the
headwaters of the Goulburn Catchment is
less of an issue as higher rainfall, lower salt
stores and lower salinity groundwater tend
to produce much less harmful groundwater
discharge compared with the more subdued
and deeply weathered landscapes of the
south-west Goulburn region.
Figure 10.4  Groundwater flow systems of the Goulburn-Broken region

Groundwater recharge to the fractured rock aquifers
occurs readily through thin soils and where rock
outcrops. As such the hydrographs have a characteristic
somewhat ‘spiky’ appearance reflecting a strong
influence from seasonal recharge affected by winter
rainfall (Bore 118893, Figure 10.5). A declining water
level trend is evident since the mid 1990’s.

Intermediate and Local Flow Systems
The weathering process produces a more rounded
geomorphology and less permeable landscapes as
many of the fractures are depleted or in-filled with
clay and silt. The fine textured kaolin-rich medium
also provides optimum storage conditions for salt
introduced through rainfall over extended periods of
exposure (hundreds of years).

Figure 10.5  Bore 118893 Hydrograph

Groundwater flow though intermediate and local flow systems terrain can be quite variable. Local groundwater
systems tend to operate within the smaller sub-catchments where thick weathered zones are present. In these
systems most salinity issues occur in the immediate sub-catchment. In contrast groundwater flow within
terrain dominated by low relief fractured rock lacking the weathered horizon produces ‘intermediate’ or subregional flows which may extend over distances of 10-20 kilometres or more.
Water levels show that the general condition of equilibrium between climate and recharge, discharge, landuse,
and land management. This equilibrium has been disrupted by drought conditions that commenced in the mid1990s and prevailed through to 2003.
Seasonal trends are dampened by the thick low permeability regolith. Instead of rapid responses to seasonal
recharge, annual fluctuations were very subdued, and the general condition is for groundwater elevation to vary
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Figure 10.6  Bore 116665 Hydrograph

Figure 10.7  Bore 55208 Hydrograph

in sympathy with the longer term trend in average climatic conditions as shown in Bore 116665 (Figure 10.6).
Groundwater trends, thus, tend to mirror the Accumulative Monthly Residual Rainfall (AMRR). Declines are
evident since the early to mid 1990’s.
The drought has reduced recharge in recent years, however, under some areas of forest the water level has
continued to rise until as late as 2000 as shown in Bore 55208 (Figure 10.7). Since this time water level declines
are evident.
Groundwater discharge commonly occurs at the break-of-slope at the base of hills where local groundwater
flow systems occur. Where the groundwater is saline, as is often the case in these sedimentary rocks, saline
seeps may develop as a consequence of increased recharge following the clearing of native vegetation and
landuse change.
Local groundwater flow systems produce dryland salinity within the granites and acid volcanic rocks along the
foot-slopes of the Strathbogie Ranges near Violet Town, Warrenbayne and Boho.

Local Flow Systems in Fractured Basalts
Ancient volcanic and sedimentary rocks of Cambrian age are present in the Dookie Hills and the Mt Camel
Ranges west of Colbinabbin. The rocks are present as steep hills and ranges that rise well above the Riverine
Plain. The rock mass comprises thinly bedded and fractured basalts, dolerites and sedimentary rocks including
shale, chert and jasper. The rock mass has been fractured by structural deformation forming an efficient
fractured rock aquifer.
Dryland salinity typically occurs along the break-of-slope where the steeper hills meet with the more subdued
landscapes including the plains. In many instances groundwater flows from the steeper terrain also forces
more saline groundwater in the lower rocks to the surface, effecting very severe salinity issues. Groundwater
salinity in the volcanic/sedimentary rocks is usually quite low in salinity, most often less than 3,000 mg/L and
often less than a 1,000 mg/L. Groundwater salinity, however, rises rapidly both within and beyond the saline
land at the break-of-slope, due primarily to evaporative concentration.
Groundwater salinity along the Mt Camel Range is often less than 600 mg/L. This has recently been recognised
as a resource, however, it is somewhat limited, and will require careful management to avoid over-exploitation.

Local Groundwater Flow Systems in Granites
Local groundwater flow systems produce dryland salinity within the granites and acid volcanic rocks along the
foot-slopes of the Strathbogie Ranges near Violet Town, Warrenbayne and Boho. Extensive colluvial fans form
the lower slopes of the ranges inter-fingering with finer grained sediments in the valley floors below. Recharge
to these systems occurs mainly through the hill wash on the foot of the slopes, although it may also occur to a
lesser extent through minimal soils and rock fractures on the upper slopes. The deeper groundwater systems
beneath the valley alluvium are, in turn, recharged from the groundwater in the colluvium. Strong groundwater
pressures can build up under the alluvium and dryland salinity occurs in response to artesian conditions that
develop in the valley floor.
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Located in the lower landscape Bore 118846 (Figure
10.8) demonstrates a continual rising trend that is
sustained until about 1994. At that time groundwater
reached the land surface and the hydrograph ‘flattened’
as discharge commenced.

10.4 Renmark Subsystem
The Renmark Subsystem is the deepest sedimentary
aquifer in the Goulburn-Broken Catchment. In this
area it is completely obscured by the overlying Calivil
and Shepparton Subsystems. It extends some way
up into the Highland valleys where it is virtually
indistinguishable from the Calivil Subsystem (Figure
10.9). In these Highland areas the Renmark and Calivil

Figure 10.8  Bore 118846 Hydrograph

Subsystems are frequently treated as one unit. The
Renmark and the overlying Calivil and Shepparton
Subsystems are all classified as Regional aquifers
under the GFS nomenclature.
Sand and gravel lenses are poorly sorted and may
be clean or darkly coloured by their carbonaceous
content. Iron sulphide either as marcasite or
pyrite is common and groundwater developed in
the Renmark Group sequences may have a strong
hydrogen sulfide odour. The clays are commonly
dark coloured but may at times are light and
kaolinitic.
Figure 10.9  Extent of Renmark Subsystem

The most important aspects of the processes
operating in this part of the groundwater system are
the vertical movement of water between the aquifers,

and the rate of lateral movement through them. Vertical
movement is important because there is no surface
expression of the aquifer, and all water entering and
leaving it does so via the overlying formations.
Declining water levels are evident in the Renmark
Subsystem in both the Goulburn and Broken subcatchments (Figures 10.10 and 10.11 Bores 69387 and
88009) from the mid-1990s, as a result of successive dry
years and increased groundwater extraction.

Figure 10.10  Bore 69387 Hydrograph

Figure 10.11  Bore 88009 Hydrograph
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Water level change from 2000-2005 (Figure
10.12) reveals declines of over 10m are common
in this area, with higher drawdowns coinciding
with greater levels of groundwater extraction.

10.5 Calivil Subsystem
The Calivil Subsystem, comprising the Calivil
Formation and the Upper Renmark Group,
overlies the Renmark Subsystem and forms a
major groundwater resource in this catchment.
The Calivil Subsystem first appears near
Mangalore, where it is restricted to a narrow
valley flanked by bedrock and is overlain by the
Shepparton Formation. In the south, the top of
the aquifer is only 20-40 m below the surface;
at Nagambie the valley is approximately 1,400
m wide and up to 86 m deep, containing 50 m of
Calivil-Renmark sediments. The extent of the
Calivil Subsystem is shown in Figure 10.13.
Between Nagambie and Murchison, sand layers
occur throughout the overlying Shepparton
Formation, resulting in strong aquifer continuity

Figure 10.12  Water Level change 2000-2005 in the Renmark
Subsystem

throughout the entire Shepparton-Calivil/Renmark
sequence. The coarse alluvial sediments of the
Calivil Formation, which were a focus for gold
mining activism, are referred to as Deep Leads.
Beyond Murchison, the top of the Calivil Formation
abruptly deepens, the aquifer thins, and a finer
grained Shepparton Formation aquitard greatly
thickens. At Shepparton, the thickness of the
Calivil/Renmark aquifer is only 26 m and it is
overlain by 110 m of clayey Shepparton Formation.
North of Shepparton, the Calivil/Renmark aquifer
is mostly encountered at 80 m or more and is
commonly 20-40 m thick. It fans out as it merges
with similar sequences associated with the
Broken and Murray Rivers between Numurkah
Figure 10.13  Extent of Calivil Subsystem
and Barmah. Differing groundwater qualities and
chemistry at varying depths within Deep Lead
aquifers in the Kanyapella region has shown that a confluence of the Cornella, Goulburn and Murray Deep Lead
systems occurs in this area.
The abrupt increase in depth to the Calivil/Renmark aquifer north of Shepparton is accompanied by a change
in salinity. Significant recharge occurs between Nagambie and Murchison, where salinities are commonly
between 300 mg/L and 600 mg/L, compared with values of 1,000 mg/L to 2,000 mg/L further up-basin and
down-basin. The low salinity regime lies in the vicinity of the Goulburn Weir and it is likely that losses from the
river and possibly the weir are the main contributors to aquifer recharge. Down-basin beyond Shepparton, the
groundwater quality gradually deteriorates with salinities of 3,000-4,000 mg/L in the Calivil Formation.
In the Broken River-Broken Creek catchment, the alluvial fill consists mostly of Shepparton Formation shoestring sand aquifers. On the upper Broken Creek catchment, the Calivil Formation is mostly less than 10 m
thick, but once on the plains beyond the limits of the bedrock outliers, the Formation thickens to between
30-70 m and merges with the southern parts of the Murray Valley Deep Lead. On the Broken River section,
Calivil Formation is thin or non-existent and does not reappear as a significant aquifer until the aquifers of the
Goulburn Catchment are met to the east of Shepparton.
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Figure 10.14  Groundwater flow in the Calivil Subsystem

The water quality is marginal, commonly being
between 2,000 – 3,000 mg/L upstream of Numurkah,
and 3,000 – 4,000 mg/L further west between
Numurkah and its junction with the Murray River.
Groundwater flows northwards down the Deep
Leads into the basinal region then towards a cone of
depression in the high groundwater pumping zone of
the Murray Valley (Figure 10.14).
Water levels in the Highland valley Deep Lead of the
Broken Catchment continues to show a rising trend
which does not appear to correlate with rainfall (Bore
60074, Figure 10.15). This suggests the new equilibrium
resulting from landuse change has not yet been
reached in the Broken Catchment.

By contrast in the Deep Lead in the Goulburn catchment
the water levels reflect the rainfall (as shown by the
AMRR) (Bore 92721, Figure 10.16). Recharge from flood
events in the early 1990s is also clearly evident as is the
declines in water level since the mid 1990’s.

Figure 10.15  Bore 60074 Hydrograph

Figure 10.16  Bore 92721 Hydrograph

Figure 10.17  Bore 105936 Hydrograph

Figure 10.18  Bore 48281 Hydrograph

In the irrigation areas the impact of increased
groundwater pumping for irrigation in recent years
is evident, with seasonal variations in groundwater
levels and a declining trend during the last 10 dry
years (Bores 105936 (Figure 10.17) and 48281 (Figure
10.18)). A rising trend is evident since 2002.
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Five year water level declines exceeding 3m are
common in the northern part of the catchment,
where groundwater extractions are concentrated
(Figure 10.19).

10.6 Shepparton Subsystem
The river and lake sediments of the Shepparton
Formation were deposited throughout Quaternary
times and the Riverine Plain is the end result of
these depositional processes. The extent of the
Shepparton Subsystem is shown in Figure 10.20.
These sediments were laid down during fluvial
periods by northerly and westerly flowing prior
stream systems.

Figure 10.19  Water level change 2000-2005 in the Calivil
Subsystem

The sediments of the Shepparton Formation are
dominated by finer grained overbank and flood plain
deposits interspersed with coarse-grained channel
deposits of gravels and sand. They are principally
brown and grey mottled clay and silt with thin beds
of shoestring river channel sands. These sediments
blanket the underlying Calivil and Renmark
Subsystems.
Low salinities are encountered in the aquifer at the
margins of the Basin, but the groundwater quality
on the Riverine Plain itself can be highly variable,
ranging from less than 1,000 mg/L to over 20,000
mg/L. The heterogeneous nature of the aquifer
system appears to be the main reason for the high
degree of variability of groundwater salinity. Highly
permeable continuous sand beds typically exhibit
lower salinities than the heavier clays and silts,
particularly where they occur close to the surface
and are able to receive significant recharge.

Figure 10.20  Extent of Shepparton Subsystem

Irrigation in the Shepparton region has placed
considerable stress on shallow water table levels
in the region, and water tables have exhibited a
generally rising trend since irrigation began in the
early 1900s. Groundwater flow in the Shepparton
Subsystem is shown in Figure 10.21. Since 2000
water levels have stabilised or fallen in most areas.
Water level changes between 2000 and 2005 (Figure
10.22) show that water levels are relatively stable in
the Shepparton Subsystem over that time period,
due mainly to successive dry years, the reduction in
irrigation supply rates and increased groundwater
pumping.
The Shepparton Subsystem shows a strong
recharge response to flood events near creeks

Figure 10.21  Groundwater flow in the Shepparton
Subsystem
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Figure 10.22 Water level change 1990-2000 in the
Shepparton Subsystem

Figure 10.23  Bore 109763 Hydrograph

adjacent to highland areas and a strong
correlation with rainfall elsewhere (Bore 109763
(Figure 10.23) and Bore 98370 (Figure 10.24).
Within the irrigation districts a decreasing water
level trend is evident since the mid 1990’s. (Bore
1249 Figure 10.25). Water levels in discharge
areas (where the water level is constrained
by the proximity of the ground surface) show
limited fluctuation as discharge by capillary rise
dominates the local water balance (Bore 110942,
Figure 10.26).
Figure 10.24  Bore 98370 Hydrograph

Figure 10.25  Bore 1249 Hydrograph

Figure 10.26  Bore 110942 Hydrograph
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11 North East - Vic
11.1

Location

The North East region is located in north eastern
Victoria (Figure 11.1) and includes three river
Catchments:
•

Ovens River Catchment;

•

Kiewa River Catchment;

•

Upper Murray Catchment.

The area extends from the Victorian snowfields in
the south to the River Murray in the north. The area
contains some of the steepest terrain in the MurrayDarling Basin. The area is relatively sparsely populated
with major centres located on the foothills and plains.
Figure 11.1  Location of North East region

The following hydrogeological subsystems occur in the North East region:
• North East Highlands;
• Calivil Subsystem;
• Lachlan Subsystem;
• Cowra Subsystem;
• Shepparton Subsystem.
The Lachlan and Cowra Subsystems are the highland equivalents of the Calivil and Shepparton Subsystems
respectively. Their occurrence is relatively minor in this region. These Subsystems are addressed in the adjacent
Murray CMA region.
The relationships between the major subsystems in this region is shown in the representative cross section in
Figure 11.2.

Figure 11.2  Schematic cross-section for the North East region
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11.2 Groundwater Status in the North East
Subsystem

Description and Status

Groundwater Issues

North East
Highlands

Fractured rock landscapes with local and
intermediate groundwater flow systems. Local flow
systems commonly occur in high relief landscapes
where flow is restricted to individual valleys

• Insufficient data available;
• In areas of native vegetation,
groundwater levels are deep, but
once cleared soil salinity problems
can develop;
• Dryland salinity occurs at base of
valleys at break-of-slope.

Calivil Subsystem

Alluvial sequence of clean channel sands and
gravels resulting from high energy alluvial activity in
the Highland area. Significant groundwater resource
in this area. Hydraulically connected to overlying
Shepparton Subsystem to varying degrees

 etter definition of subsystem
• B
extent in this area required;
• Limited monitoring data available.

Shepparton
Subsystem

Coarse river deposited sands and gravels. Salinities
are low and yields are high, making this aquifer
system a significant resource

 imited monitoring data is
• L
available;
• Groundwater trends have shown
a decline in the high usage areas
since the mid 1990s;
• Rising trends are also evident
further into the Murray Geological
Basin;
• Managing groundwater / stream
interaction is more important due
to the higher level of connection.

11.2.1 Changes since 1990-2000 Groundwater Status Report
Salinity issues identified in 1990-2000 Groundwater Status Report are less significant due to the drought,
however rising trends are still evident in the Shepparton Subsystem. Data availability, particularly in highland
areas is an ongoing issue. Management of groundwater –surface water connectivity is an emerging issue.

11.2.2 Priorities for Further Work
North East Highlands:

establish monitoring networks to evaluate status of groundwater
equilibrium with changed recharge volumes due to changing land uses,
focussing programs on high salinity risk areas;

Shepparton and Calivil Subsystems: developing management strategies for managing groundwater /stream
interaction.
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11.3 North East Highlands
The North East Highlands cover approximately
90% of the North East region including the entire
portion of the Upper Murray Catchment (Figure
11.3). There are no Groundwater Management
Units relating to extractions from North East
Highlands rocks.
The high rainfall and permeable soils have a
flushing effect on salt stores. This, together with
the fact that much of the area retains its natural
vegetation, means that the salinity hazard in this
area is currently low in the upland areas although
higher salinity hazards have been identified in the
plains.
The groundwater flow systems that occur in
this area are shown in Figure 11.4. The most
significant flow systems are local groundwater
flow systems in fractured sedimentary and
metamorphic rocks.

Figure 11.3  Extent of North East Highlands

Local groundwater flow systems in fractured
rocks function in the steeper hilly terrain and are
very common throughout North East Victoria,
although a good deal of the region they occupy
retains native vegetation, and as such does
not pose a secondary dryland salinity threat.
Where the land has been cleared for agriculture,
however, this groundwater flow system poses a
risk of soil salinity, declining water quality and
elevated stream salt loads.
Groundwater usually moves through the fracture
apertures. Water movement through the pore
spaces of the sediments also allows some
permeability, but in general it is extremely small
in comparison to flow through the fractures. A
general depletion in permeability and groundwater
flow with depth is observed, and in most instances
little groundwater flow can be expected to occur at
Figure 11.4  Groundwater Flow Systems in the North East
depths greater than 50 to 100 m.
Highlands

Where there is substantial relief in the landscapes,
perhaps greater than 50 metres, the fractured
sedimentary rock functions locally as an aquifer within each hill or range of hills. This occurs where the relief
in the landscape is greater than the depth of open fractures. Groundwater movement through the steep hills is
restricted by less permeable rock in the core of the hills. Groundwater flow, thus, occurs from the slopes and
crests of steep hills to adjacent foot slopes and valley floors.
In the steeper hilly terrain the fractured rock aquifer is steeply inclined and the hydraulic gradient driving
groundwater flow through the hillslope is substantial. Where the slope of the land surface dramatically
reduces at the toe of the slope the coincident reduction in hydraulic gradient frequently results in groundwater
discharge. This occurs because more groundwater can flow into the break-of-slope, than can flow beyond
it. Dryland salinity occurs where the emerging groundwater is saline, or where prolonged high water table
conditions cause a build up of salt in the soil profile.
Groundwater recharge to local groundwater flow systems in fractured sedimentary rocks occurs seasonally,
over the winter period. The excess of rainfall over evaporation during winter months heightens runoff and
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infiltration. Where infiltration exceeds the water holding
capacity of the soil saturation occurs resulting in deep
percolation to the underlying fractured rock aquifer.
This process tends to operate throughout the landscape
wherever deep-rooted native perennial native vegetation
has been removed, but is often more significant locally
on upper hillslopes and crests where the soils tend to be
much shallower and more permeable.
One of the most common forms of dryland salinity
occurs where the flow of groundwater from the steeper
and more permeable fractured rocks of metamorphic
aureoles encounters less permeable granitic rock in
the lower landscape. This causes groundwater to ‘dam’
Figure 11.5  Bore 119050 Hydrograph
behind the barrier in the contact zone. The increase
in pressure, ultimately, causes saline groundwater
discharge. This form of salinity occurs at Everton in
the granite-metamorphic aureole terrain southeast of
Wangaratta. Groundwater migrating from the fractured
rock aquifer of the aureole encounters a granite barrier,
and the obstruction to flow causes groundwater
pressures to rise behind the barrier, resulting in saline
groundwater discharge immediately up-basin of the
contact zone.
Bore 119050 (Figure 11.5) demonstrates a rising trend
as the aquifer fills in response to above average rainfall
conditions that prevailed during the late 1980s, and a
somewhat lesser fall following the onset of the drought
in 1996.
This general condition measured over some fifteen
years or more suggests a groundwater system that is in
some form of quasi-equilibrium with the climate.

Figure 11.6  Bore 119028 Hydrograph

Bore 119028 (Figure 11.6) is located within the metasediments to the west of Wodonga. The hydrograph
demonstrates this phenomenon and points to a system that has established a balance with the longer term
climate and landuse.
The conclusion from examination of the
hydrographs is that saline discharge from local
fractured rock systems is strongly linked with
climate and land use. The establishment of
landuse and management practices that afford a
lower recharge regime should, within reasonable
timeframes, result in mitigation of rising water
table elevations and salinity benefits.

11.4 Calivil Subsystem
The Calivil Subsystem is the major resource aquifer
in this management area. The Calivil Subsystem
extends into the Ovens River Catchment and the
Kiewa Catchment as deep leads (Figure 11.7).
Renmark Group sediments occur in these
catchments but hydraulically these form part of the
Calivil Subsystem.

Figure 11.7  Extent of the Calivil Subsystem in the North
East region
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The management units (Figure 11.8) in
this catchment include:
• Mullindolingong;
• Barnawartha;
• Murmungee.
The base of the Groundwater Management
Areas are set at 25 m, however the depth
to the Calivil Subsystem varies. These
management area boundaries have not
changed since 2000.
The Ovens River flows north-west,
initially in a narrow confined valley
within the Highlands, but then widens
out downstream of Myrtleford to form a
broad valley, centred on Wangaratta. The
Calivil Formation contains quartz cobbles
and pebbles, and rock fragments that
increase with depth. Commencing deep
within the Highlands, the Ovens Valley
Figure 11.8  Groundwater Management areas for the Calivil
contains a thick valley fill sequence that
Subsystem
was the focus of early gold mining activity.
Groundwater was a major obstacle to mining. Dewatering achieved yields of 5,450 m3/day from each the
Ovens River and Morses Creek workings, upstream from Bright, and some pumping operations yielded
at least 9,000 m3/day.
At Bright the Calivil Formation is 40 m thick with its top at a depth of 35 to 40 m. Near Myrtleford at the end
of the confined tract, the Ovens Valley is about 2 km wide with a total alluvial thickness of 70-90 m. The
sedimentary sequence further thickens on passing down-basin, reaching 130 m at Oxley to the south-east
of Wangaratta, where the Calivil Formation is encountered at 64 m and is 58 m thick. On the plains, between
Wangaratta and Myrtleford, the alluvial sequence comprises mostly river gravel with some clayey gravel
occurring to 50 m, sand from 58-110 m, and sand, gravel and rocks to basement at 125 m, with grey sand and
coal between 95-100 m.
At Wangaratta, bores have been constructed in the Calivil-Renmark aquifer, in order to supplement town water
supply during drought periods. Reported extraction rates are as high as 34 L/sec (2.9 ML/day). The groundwater
levels show no long term change and the only pattern is that of a seasonal fluctuation.
The salinity of the groundwater is good throughout. Upstream of Myrtleford, groundwater is commonly less
than 100 mg/L. Midway between Wangaratta and the Murray River junction, the salinity recorded in the Calivil
Subsystem is only 150 mg/L and it is about 420 mg/L close to the junction with the Murray River.
Bore 86887 (Figure 11.9) exhibits significant fluctuation,
in response to changing river levels, with no significant
long-term trend.
The Kiewa valley is about 5 km wide with 70 m of
valley fill, the basal 20 m sequence being sands and
gravels of the Calivil Formation. Groundwater recharge
occurs on the sides of the valley, with discharge to
the river. Groundwater quality is excellent, mostly
being less than 200 mg/L.

Figure 11.9  Bore 86887 Hydrograph
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11.5 Shepparton Subsystem
The Shepparton Subsystem comprises the
upper river-deposited sediments in the
valleys of the North East. The sediments
are typically coarse sands and gravel in
hydraulic connection with the underlying
Calivil Subsystem.
The Calivil and Shepparton Subsystems
behave essentially as one highly permeable,
low salinity alluvial aquifer system. The
extent of the Shepparton Subsystem is
shown in Figure 11.10.
Groundwater flows in a northerly direction
roughly parallel with the surface water
(Figure 11.11). There is a high degree
of interaction between the Shepparton
Subsystem and the rivers in this area.

Figure 11.10  Extent of the Shepparton Subsystem in the
North East region

Water levels have remained within 0.5m of
their 2000 level during the reporting period.
This reflects the high degree of connection
with surface water bodies and water
courses in this region (Figure 11.12).

Figure 11.11  Groundwater flow in the Shepparton
Subsystem

Figure 11.12  Water level change 2000-2005
in the Shepparton Subsystem
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Bore 82095 (Figure 11.13) is located near the King
River at Moyhu. The connection with the river is
evident in the hydrograph pattern as is the impact
of the drought which has resulted in decreased
recharge. Rainfall at this location since 2003 has
been approximately average or slightly above
resulting in increased recharge since 2003.
Bore 50789 (Figure 11.14) is located on the plains
south west of Rutherglen. The upward trend
in groundwater levels in this area suggest an
emerging high water table problem. Since 2000
water levels have stabilised.
Figure 11.13  Bore 82095 Hydrograph

Figure 11.14  Bore 50789 Hydrograph
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Murray CMA – NSW
12.1 Location
The Murray Catchment Management Authority (CMA)
area covers a narrow section of the Murray Basin from
the boundary upstream of Corryong to the junction of
the Murray and Murrumbidgee Rivers near Balranald
(Figure 12.1). The area includes portions of three
catchments including the Murrumbidgee, Upper
Murray and Murray-Riverina Catchments.

Figure 12.1  Location of Murray CMA area

The hydrogeological subsystems that occur in the Murray CMA include:
• Murray-Murrumbidgee Highlands;
• Renmark Subsystem;
• Calivil Subsystem;
• Parilla-Loxton Subsystem;
• Lachlan Subsystem;
• Shepparton Subsystem;
• Cowra Subsystem;
• Murray Trench Subsystem.
Adjacent to the Highlands the Calivil and Renmark Subsystems are virtually indistinguishable and tend to act
as one aquifer system. Further north onto the Riverine Plain the Renmark Group is clearly divisible into three
members known as the Lower, Middle and Upper Renmark. The Middle Renmark has a high clay content and
tends to act as an aquitard between the Lower and Upper Renmark. The Upper Renmark, however, is still
hydraulically connected to the overlying Calivil Subsystem. For this reason the Calivil Subsystem in these areas
also includes the Upper Renmark Formation. The Lachlan Subsystem is essentially the Highland equivalent of
the Calivil Subsystem and the Cowra Subsystem is the Highland equivalent of the Shepparton Subsystem.
The Parilla-Loxton Subsystem is an approximate lateral equivalent of the Calivil Subsystem that was deposited
under marine rather than fresh water environments. The extent of the Parilla-Loxton Subsystem in this area
is relatively minor and is addressed in detail in sections of this report dealing with areas to the west of the
Murray CMA.
The Murray Trench sediments occur in the far western portion of the Murray CMA. The sediments are
essentially similar to the underlying Shepparton sediments in this area and have not been differentiated from
them for separate evaluation.
The aquifer relationships are illustrated in Figure 12.2.
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Figure 12.2  Schematic cross-section for the Murray CMA area

12.2 Groundwater Status in the Murray CMA

80

Subsystem

Description and Status

Groundwater Issues

MurrayMurrumbidgee
Highlands

Fractured rock landscapes with local and
intermediate groundwater flow systems

Salinity hazards between Holbrook
and Tarcutta;
Upward trends evident in some
hydrographs in alluvial valleys and
fractured rock systems.

Renmark
Subsystem

Basal aquifer system comprising alluvial sands
and gravels with interbedded clayey units and
covering the western part of the catchment area.
Hydraulically connected with overlying Calivil to
varying degrees. Groundwater pumping is minimal
over the western extent of the aquifer because it is
predominantly saline

Pumping in the Deniliquin area has
caused 5 to 10m of drawdown over the
period 2000 to 2005;
Rising trends in groundwater levels
have been reversed inmany areas as
a result of increased pumping and
reduced recharge however increasing
trends remain in places.

Parilla-Loxton
Subsystem

Overlies the Calivil Subsystem in the western extent
of the catchment. Groundwater in the Parilla-Loxton
Subsystem is too saline to use. Major contibutor of
high salt loads to the River Murray

No major groundwater issues;
Little data available.
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Subsystem

Description and Status

Groundwater Issues

Calivil Subsystem

Alluvial sequence of river deposited channel sands

In the Deniliquin area there has
been a decline in groundwater levels
between 2000 and 2005 due to the
impacts of groundwater pumping.

Lachlan Subsystem

Uplands equivalent of the Calivil Subsystem,
comprising coarse alluvial sands and gravels

Insufficient data particularly in
Billabong Ceek part of the catchment.

Shepparton
Subsystem

River and lake deposited sediments forming the
uppermost unconfined aquifer system in basin part
of the catchment. Low usage due to low yields and
high salinities

Mounding beneath irrigation areas is
still occurring in some areas despite
dry seasonal conditions;
Rising groundwater trends in the
eastern part of the catchment are
have by and large been reversed since
2000;
Falling trends in areas where
groundwater is pumped from
underlying subsystems.

Cowra Subsystem

Upland equivalent of the Shepparton Subsystem
comprising alluvial channel sands and floodplain
clays

Induced flows water from river
regulation;
Groundwater resource impacted by
pumping from underlying Lachlan
Subsystem.
More data needed

12.2.1 Changes since 1990-2000 Groundwater Status Report
Historically this is one of the areas of concern relating to dryland salinity. The decline in water table elevation
resulting from the drought has significantly reduced the level of concern relating to this issue during the 20002005 period. Water level declines are evident in all subsystems with the most significant declines noted in
the irrigation aquifers. The availability of data is a significant issue. Water level declines near irrigation areas
appear to be unsustainable.

12.2.2 Priorities for Further Work
Murray-Murrumbidgee Highlands: need to relate bores in existing monitoring network to GFS and landuse to
interpret trends in existing data;
Calivil and Renmark Subsystems: evaluate potential inflows of saline groundwater into irrigation areas;
Shepparton Subsystem:

identify high risk areas where mounding is likely to lead to downward
leakage of saline groundwater into the underlying Calivil Subsystem;

Lachlan and Cowra Subsystems:

monitor water level declines.
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12.3 Murray-Murrumbidgee Highlands
The Murray-Murrumbidgee Highlands extend
from the Victorian Border to the catchment
divide between the Murrumbidgee and Lachlan
catchments. In this are the Highlands cover
approximately the eastern one third of region
(Figure 12.3). The Highlands form the headwaters
for the Murray River.
There are no groundwater management
areas that apply to the Murray-Murrumbidgee
Highlands in the Murray CMA area.
The topography varies, ranging from relatively
subdued landscapes in the west where the
Highland country merges with the alluvial plains,
and elevations of about 250 - 300 m relative to the
Australian Height Datum (AHD) to higher relief
in the core of the Highlands where elevations are
between 500 and 700 m AHD.

Figure 12.3  Extent of the Highlands in the Murray CMA area

The subsystems occur in predominantly Palaeozoic rocks which form the southern NSW parts of the Great
Dividing Range. The major groundwater flow systems in this catchment are shown in Figure 12.4 and include:
• Intermediate and local flow systems in fractured rock aquifers;
• Local flow systems in fractured basalts;
• Local flow systems in granites;
• Local flow systems in upland alluvium;
• Regional to Intermediate flow systems in broad alluvial valleys.

Figure 12.4  Groundwater flow systems
in the Murray-Murrumbidgee Highlands
in the Murray CMA area

Intermediate and local groundwater flow systems in fractured rock aquifers
Local groundwater flow systems are found in a variety of occurrences throughout the Highlands. They can be
further subdivided at the local scale according to the depth of weathering and according to the type of rock
(metasediment or volcanic). The flow systems are small in size, about 1 to 3 km in length. The rocks are usually
highly fractured and soils can vary between shallow and coarsely structured, and thick and well structured.
Where the soil is thin, remnant vegetation may still be dominant.
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The aquifer is unconfined to semi-confined and has
a medium permeability and transmissivity. Bores are
capable of producing up to 2 L/sec of groundwater.
Recharge occurs seasonally and across the landscape,
but locally recharge can be highest on hillcrests and
mid- to upper slopes. Very high recharge rates (>100
mm/yr) are known to occur in some locations. The
response time of groundwater conditions to changed
management may be short (<30 yrs). Salinity occurs
both at break-of-slope and in valley floors and there is
scalding in salinised areas, with loss of productivity.
Intermediate groundwater flow systems are associated
with gently undulating country with more deeply
weathered metasediments in the western parts of the
Highlands. Residual and colluvial sediments and soils
overly the saprolitic layer and fractured rock. The size
of the intermediate systems is in the order of 10,000
Ha with potential flow length of 20-30 km. The land
is successfully used for grazing, cropping and mixed
farming in the 400-500 mm rainfall zone. The fractured
rock aquifer has a moderate hydraulic conductivity and
transmissivity and low specific yield. The groundwater
salinity in bores is moderately high, indicating a high
salt store. Because of this, and low gradients in the
landscape, the response of groundwater levels to
management actions would be slow to moderate.
Groundwater recharge tends to be episodic across the
whole area.

Figure 12.5  Bore LP14892 Hydrograph

Figure 12.6  Bore BA65 Hydrograph
Bore hydrographs show the same variability of trends
between different bores including rising trends (Bore
LP14892, Figure 12.5), constant levels (Bore BA65,
Figure 12.6) and falling trends (Bore MJMANM2, Figure
12.7).

In the areas of local flow (shorter flowpaths), the
hydrographs are usually more fluctuating in their
nature. Generally though, hydrographs showing a
falling trend are more common than those showing a
rising or constant trend, although the bores may not
be representatively distributed through the individual
groundwater flow system.
The proportion of falling bore trends in the
intermediate and local groundwater flow systems is
greater than that for bores allocated to the local flow
system only. This is likely to be an artefact of the scale
of the groundwater flow system coverage used to
allocate bores to flow systems.

Figure 12.7  Bore MJMANM2 Hydrograph

It is unknown whether the trends seen are the result of climate variability or of changes in land use. Bore water
level fluctuations are not great, usually less than 2 or 3 metres over periods of less than ten years, and there
is little evidence of water level fluctuations being related to seasonal conditions. This tends to indicate that
the bores used here are not in specific recharge parts of the individual groundwater flow systems. In fact, the
depth to groundwater levels seems to suggest that they are more closely associated with discharge parts of the
groundwater flow system.
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Local groundwater flow systems in fractured basalts
This groundwater flow system occurs in an undulating landscape with 500-700 mm rainfall where relatively
permeable soils cover fractured rock. The size of the catchments is in the order of 10,000 Ha and flow lengths
are 5-10 km.
The permeability of the unconfined fractured rock is intermediate (2-5 m/day) but the thickness is low, and
transmissivity also small. The salinity of the groundwater is usually very low (300 to 600 mg/L) and the salt
store is also low. While this system has properties related to intermediate systems, the response time to
management actions is considered moderate to fast (in the order of 50 years). Recharge tends to be seasonal,
and across the whole landscape. There are no known outbreaks of salinity and any impact would be in the form
of more saline baseflow. There are no groundwater level measurements from bores in this groundwater flow
system.

Local groundwater flow systems in granites
Granite bodies are found throughout the Highlands and can be divided into unweathered granite terrains and
more deeply weathered terrains – usually distinguished by the local relief. The weathered granites usually have
a deep layer of crumbly granite that will transmit water, whereas the unweathered areas are fractured. The
groundwater flow length is in the order of 0.1 to 2 km, with a catchment size of 20 to 200 Ha. The land is used
for mixed farming in the 500-650 mm rainfall zone.
The aquifer has a moderate to low permeability. The groundwater is usually fresh in the unweathered case,
but can be more saline in the weathered landscapes, though together with the regolith thickness this still
means the salt store is low to moderate. Recharge occurs seasonally, with an episodic overlay, and across the
catchment. Mainly because of the small catchment size the system response time is moderate to fast. There are
no groundwater level measurements from bores in this flow system.

Local groundwater flow systems in upland alluvium
These groundwater flow systems have a typical catchment size in the order of 20,000 Ha. The land has slopes
less than 2% and consists of floodplain sediments and colluvial areas, which may be modified by aeolian
deposits at the surface. The aquifer is semi-confined and consists of alluvial deposits, but there are no major
known gravel and sand layers. Consequently, the hydraulic conductivity averages well below 1 m/day and
transmissivity is low. The groundwater salinity is typically in the order of 3,000 mg/L, but higher values up to
12,000 mg/L have been observed.Recharge is episodic in the lower rainfall zone, and the low relief may cause
this to be concentrated in run-on zones. No major salt loads in run-off have been observed, but there is a
concern that this may become an issue in the future. There are no groundwater level measurements from bores
in this flow system.

Regional to Intermediate groundwater flow systems in broad alluvial valleys
Sediment accumulations associated with the larger Highland valleys of the major rivers act as major aquifers.
As linear features these groundwater flow systems can be very large, causing this to be categorised as an
intermediate system. However, much of the actual flow may be over shorter distances perpendicular to the
river. The flow direction (ie either to of from the river) will depend on the nature of the interconnection between
the river and the aquifer and the relative elevation of water table and river stage. The river may be gaining in
some places, losing in others, and possibly disconnected in yet others. The alluvium tends to consist of lenses
of sands and gravel, with very high transmissivity to considerable depth. Clay layers near the surface may make
this system semi-confined, but in many places an unconfined aquifer may be assumed. Groundwater salinity
increases towards the more remote parts of the aquifers, in wedges, and near discharge locations, which are
not affected by groundwater flow flushing. The salt store in this system is considered low due to the average
salinity being very low.
The recharge by rainfall is insignificant compared to recharge from seasonal/episodic flooding. While this is a
large groundwater flow system with long flow lengths, the distance to the river is never very large, and the high
transmissivity ensures that back drainage to the River occurs relatively quickly. Consequently, the system is
rated as moderate to fast.
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12.4

Renmark Subsystem

The Renmark Subsystem is the basal
sedimentary sequence in this portion of the
Murray Basin and is completely covered by
Calivil and Shepparton Subsystem sediments.
In the Murray CMA the Renmark Subsystem is
located at the western edge of the catchment
(Figure 12.8).
The Renmark Group is characterised by white
quartz sand and fine gravel, grey to dark grey
and black clay, and peat. In the western portion
of the area a three-fold subdivision of the unit
Figure 12.8  Extent of Renmark Subsystem in the Murray
is possible, with an upper layer dominated by
CMA area
sand and gravel, a middle unit in which clay
and peat are more important, and a deeper more sandy layer. Water level differences exist between the upper
and lower sand/gravel units, but there is an apparent interconnection between the upper unit and the overlying
Calivil Formation. For the purposes of this report, therefore, the upper part of the Renmark Group has been
included with the Calivil Formation aquifer and is described under the Calivil Subsystem, whereas the lower two
units are classified as the Renmark Subsystem.
Two Groundwater Management Units
exist covering the Renmark Subsystem
and the overlying Calivil and Shepparton
Subsystems (Figure 12.9). The boundary
between the two management areas
does not precisely follow the catchment
boundary. The Lower Murray Alluvium is
within the Murray Riverina catchment.

Figure 12.9  Groundwater management units for the
Renmark, Calivil and Shepparton
Subsystems in the Murray CMA area

There are several irrigation areas in this
CMA area (Figure 12.10). This is based
on 2000 data. It is understood that other
irrigation areas now exist but an updated
dataset was not available. The source
of the irrigation water is predominantly
surface water, but it is supplemented by
groundwater drawn from the Shepparton,
Calivil and Renmark Subsystems.

The most important aspects of the processes
operating in this part of the groundwater
system are the vertical movement of water
between the aquifers, and the rate of lateral
movement through them. Vertical movement
is important because there is no surface
expression of the aquifer, and all water
entering and leaving it does so via the overlying
formations.

Figure 12.10  Surface Water Irrigation Areas in the Murray
CMA area (2000)
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Horizontal groundwater flow is shown
in Figure 12.11. The interconnection
with the Calivil Subsystem near the
margin of the Murray Geological
Basin is evident in the distortion of the
contours locally due to pumping.
The Renmark Subsystem is utilised
for irrigation around Deniliquin. Water
level declines exceeding 10m have
been reported from 2000-2005 in this
area (Figure 12.12).
Processes and impacts are reflected
in the hydrograph trends.

Figure 12.11  Groundwater flow in the Renmark Subsystem in the
Murray CMA area

This upward trend in Bore
GW036639.4 (Figure 12.13) indicates
that aquifer pressures are rising to
a new equilibrium level, possibly
in response to land management
practices such as land clearing in
the headwaters of the catchment.
This could also be related to river
regulation. This bore is located
near Billabong Creek, and shows a
continuing linear rising trend of about
0.1 m/yr since 1987.
In the same area Bore GW030497.2
(Figure 12.14) showed a similar
trend until about 1995, when there
was a gradual change to a falling
trend clearly related to pumping
effects. Some changes in datum are
suggested around 2002.

Figure 12.12  Water level change 2000-2005 in the Renmark
Subsystem in the Murray CMA area

Figure 12.13  Bore GW036639.4 Hydrograph
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Figure 12.15  Bore GW036211.2 Hydrograph

Figure 12.16  Bore GW036775.4 Hydrograph

East of Deniliquin, observation bores show a pattern of slightly rising water levels reversed by pumping effects
over the past decade as shown in Bore GW036211.2 (Figure 12.15).
The declining trend established in Bore GW036775.4 (Figure 12.16) after the onset of pumping impacts is
smooth, with no seasonal variation. This suggests that the pumping that is impacting these bores is at a
considerable distance, and the impact is a regional pressure response to declining aquifer storage.

12.5 Parilla-Loxton and Calivil
Subsystems
The Parilla-Loxton Subsystem is the western
extent of the Calivil Subsystem. Along the Murray
the Parilla-Loxton Subsystem (deposited in a
marine environment) overlies the Calivil Subsystem
(deposited in fresh water environment). Groundwater
in the Calivil Subsystem in this area is saline due to
inflow from the Parilla-Loxton Subsystem.
Management areas previously described for the
Renmark Subsystem also apply to the Calivil
Subsystem as well as the overlying Shepparton
Subsystem. The extent of the Calivil and Parilla-Loxton
Subsystems is shown in Figure 12.17.

Figure 12.17  Extent of Parilla-Loxton and Calivil
Subsystems in the Murray CMA area

Vertical flow between the Shepparton and the underlying Calivil/Renmark aquifers is an important aspect of
groundwater conditions in this area. Downward movement is enhanced where there is groundwater pumping
from the deeper aquifers. An upward pressure differential, where the deeper Renmark/Calivil aquifer exhibits
pressures greater than the overlying Shepparton Subsystem can lead to salinisation effects. Under these
conditions, the deeper aquifers no longer facilitate
drainage of the Shepparton aquifer, and water tables
rise as a result.
The groundwater flow direction in this aquifer, is
generally to the north-west, and in the main part
of the Murray Geological Basin west of Corowa the
gradient is apparently continuous from the southern
side of the Murray River (Figure 12.18). Recharge to
the aquifer is via the overlying Shepparton Subsystem,
and from outcrops of limited extent around the
eastern margin of the Murray Geological Basin.
Figure 12.18 Groundwater flow in the Calivil and
Parilla-Loxton Subsystems in the Murray CMA area
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The plot of water level change between
2000 and 2005 (Figure 12.19) shows that
the potentiometric surface has generally
risen over this time frame between Corowa
and Jerilderie. There have been significant
declines from west of Finley to Deniliquin,
where groundwater pumping is carried out.
The palaeovalley of the Murray trends
north-west, to the north of Corowa, while the
present river continues to the west before
turning south at the up-faulted barrier
known as the Cadell Tilt Block. There are two
observation bores in the palaeovalley, where
low salinity groundwater has been pumped
for many years.
Figure 12.19  Water level change 2000-2005 in the Calivil
Subsystem in the Murray CMA area

The hydrograph pattern of Bore GW036303.2 (Figure
12.20) is similar to that of the rainfall as reflected in
the Accumulative Monthly Residual Rainfall (AMRR)
until about 1993, despite periodic pumping impacts.
Since then, however, more frequent pumping has
caused a gradual overall decline of water levels with
a seasonal variation of up to 3m.
Further west there is a group of bores all showing an
overall rise. Bore GW036394.3 (Figure 12.21) shows a
slight rising trend until about 1995-97, terminated by
substantial pumping impacts.
Some pumping is apparent from the mid-1980s, but a
fairly sudden and significant increase occurred during
the early to mid-1990s in Bore GW036584.2 (Figure
12.22). The rising trend was reversed at that time and
is still continuing. The overall decline has been up to
about 15 m, with seasonal variations of up to 8 m in
places.

Figure 12.20  Bore GW036303.2 Hydrograph

Figure 12.21  Bore GW036394.3 Hydrograph

Figure 12.22  Bore GW036584.2 Hydrograph
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12.6 Shepparton Subsystem
The Shepparton Subsystem blankets the basinal
areas of the Murray CMA area (Figure 12.23).
Management units covering this area are as
for the Renmark and Calivil Subsystems and
were presented earlier. West of these areas the
groundwater is saline and there is little or no
groundwater pumping. Several large irrigation
areas are also present. While irrigation water
is primarily surface water this is supplemented
from groundwater.
The most significant impact of irrigation is the
mounding of water table levels in the Shepparton
Subsystem. Mounding occurs when irrigation
waters that are not consumed by the crops
Figure 12.23  Extent of Shepparton Subsystem in the Murray
reaches the water table. Because the hydraulic
CMA area
gradients are very flat, this seepage cannot be
all accommodated by horizontal flow, so the water tables rise instead. This also results in increased downward
leakage to the Calivil Subsystem.

Figure 12.24  Groundwater flow in the Shepparton Subsystem in the
Murray CMA area

The Murray River is a losing stream
from near Corowa to approximately the
longitude of Deniliquin, with a clearly
defined water table mound aligned along
this section of the river. The groundwater
flow direction on the northern side of
the river is generally north to northnorth-west along the river corridor,
but further north it tends more to the
west as it coalesces with inflow from
the Murrumbidgee (Figure 12.24). Some
disturbance of flow directions has been
caused by the irrigation areas. West of
the longitude of Deniliquin, where the
historical course of the Murray (along the
Edwards River) and the current Murray
(which is in effect the captured Goulburn
River), it is a gaining stream regionally.
Here the groundwater flow direction is
mainly north-west, ie parallel to the river.
Detailed interaction between aquifer and
river will depend on prevailing conditions
of river stage and aquifer head.
The plot of the change in water table
levels between 2000 and 2005 (Figure
12.25) shows that for the most part the
groundwater levels have fallen by on
average 0.8m of their 2000 levels. Some
increases, likely to be due to mounding
from surface water irrigation are also
present.
Figure 12.25  Water Level change 20002005 in the Shepparton Subsystem in the
Murray CMA area
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In the far eastern (upstream) part of the
groundwater management area GWMA016 distinct
rising trends were apparent in Bore GW036306.1
until around 2000 (Figure 12.26), reflecting the
impact of the current drought.
This, in turn, may indicate the impact of changing
land use in that part of the catchment. More detailed
examination of all the data, including pumping
patterns, is needed to sort out which trends are
natural and which ones are induced and thus may
impact on sustainability aspects.
Bore GW036283.1 (Figure 12.27) represents trends
in the upper part of the Shepparton Subsystem.

Figure 12.26  Bore GW036306.1 Hydrograph

The declining trend in the upper part of the
Shepparton Subsystem may reflect increased
downward leakage or alternatively be a reflection of
below average rainfall.
West of Cadell, the hydrograph for Bore GW036582.1
(Figure 12.28) is almost flat, but with a very slight
declining trend, while the rainfall mass curve
indicates average to above average rainfall. This
water level trend is thought to be a natural effect,
with no pumping influence.
Just beyond Yarrawonga Weir, close to the river
the pattern is apparently influenced by short
term variations in river stage. There is a general
similarity to AMRR, but the declining trend since
1993 is steeper than might be expected from the
rainfall plot and suggests it is being influenced
by pumping at a regional level (Bore GW036356.1
Figure 12.29).

Figure 12.27  Bore GW036283.1 Hydrograph

Figure 12.28  Bore GW036582.1 Hydrograph

Figure 12.29  Bore GW036356.1 Hydrograph

90

100

200

300

400

500

600

700

12 Murray CMA – NSW

12.7 Lachlan Subsystem
The Lachlan Subsystem is the Highlands
equivalent of the Calivil Subsystem and occurs
in the valleys of the Upper Murray River and the
Billabong Creek (Figure 12.30). The extent of the
Lachlan Subsystem is obscured by the overlying
Cowra Subsystem. Both subsystems are managed
together, and for the purposes of this study the
extent of the Lachlan Subsystem is assumed to
be that of the management area which covers
it. A precise map of the extent of the Lachlan
Subsystem in these areas is not available.

Billabong Creek
The alluvial deposits of Billabong Creek upstream Figure 12.30  Extent of Lachlan Subsystem in the Murray
CMA area
from about Walla Walla to about Garryowen,
for about 150 km east have been defined as
GWMA014 (Billabong Creek Alluvium). The deepest part of the paleaovalley is narrow, and has a width of only
a few hundred metres. The alluvial belt is generally less than 3 km wide. Maximum depth of the palaeovalley
ranges from over 100 m at the downstream end to around 50 m at Garryowen. Only the deeper part is occupied
by the Lachlan Formation. The sustainable yield is estimated at approximately 20,000 ML/yr. This figure relates
to the total Cowra and Lachlan Formation, but the water is drawn almost entirely from the Lachlan Formation.
Most of the groundwater used is for town water supply purposes at Holbrook, Culcairn and Walla Walla. This
water is drawn from the deeper Lachlan Subsystem, but livestock and domestic supplies are drawn to a limited
extent from the Cowra Subsystem. Billabong Creek varies between gaining and losing conditions along its
length, largely dependent on river stage conditions.
No bores with a long enough record to be useful yet are recorded as being in the Lachlan Subsystem in this
catchment.

Upper Murray
The alluvial deposits of the Murray Valley upstream from about Corowa, on the NSW side of the River, have been
incorporated into GWMA015 (Upper Murray Alluvium). The Cowra Subsystem forms the bulk of these deposits,
but there is a thin and narrow zone of deeper material referred to the Lachlan Subsystem. Upstream of about
Howlong, there is little use of groundwater from either formation for purposes requiring a high pumping rate,
since neither has particularly high permeability values. The yield capacity increases downstream, and there is
some irrigation use in the downstream part of the GWMA. The downstream limit of the GWMA is used, for the
purposes of this report, as the boundary between the Lachlan Formation and the Calivil Formation.
Most of the area is used for dryland farming, with significant areas of irrigation from surface water diversions and
groundwater pumping. The major inland city of Albury occupies a large area in the upper part of the GWMA, with
light industrial areas and some major industrial enterprises in the vicinity. The Murray River can be a losing or
gaining stream, depending on the river stage and
preceding weather conditions, and there is a considerable
degree of mutual impact between the river and the
aquifers of the Cowra Subsystem. Recharge to the
Lachlan Subsystem is entirely via the Cowra Subsystem,
and long term withdrawal from the Lachlan Subsystem
depends on leakage from the Cowra Subsystem and
hence on induced recharge from the river.
Located near the northern flank of the palaeovalley just
upstream from Howlong and well away from the river
Bore GW036376.3 (Figure 12.31) shows a moderate
correlation with the rainfall mass curve until about 1994,
after which it has a declining trend while the rainfall
mass curve is flat. The water level has fallen by about
Figure 12.31  Bore GW036376.3 Hydrograph
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2.5m after the peak in 1994, possibly reflecting
changing river stages and a general decline in the
resource as a result of regional pumping.
Close to the river Bore GW036403.3 (Figure 12.32)
has a similar overall trend, but with a superimposed
pattern of seasonal fluctuations that appear to reflect
river level changes.
Downstream of Howlong and midway between the
river and the northern limit of the alluvial deposits
Bore GW036282.3 (Figure 12.33) shows similar trends
until 1994 (general pattern similar to rainfall mass
curve, with seasonal fluctuations imposed) but since
then the hydrograph shows the impact of pumping.

Figure 12.32  Bore GW036403.3 Hydrograph

This subsystem is recharged by downward leakage
from the overlying Cowra Subsystem.

12.8 Cowra Subsystem
The Cowra Subsystem is the Highland equivalent of
the Shepparton Subsystem and its extent is that which
was adopted for the Lachlan Subsystem (see above).
The management units which apply to the Cowra
Subsystem also apply to the Lachlan Subsystem and
were addressed earlier. The Murray River can be
a losing or gaining stream, depending on the river
stage and preceding weather conditions, and there is
a considerable degree of mutual impact between the
river and the aquifers of the Cowra Formation.

Billabong Creek trends

Figure 12.33  Bore GW036282.3 Hydrograph

There is little use of groundwater in the area, and
few observation bores. Most of these remain from
early investigation of the Garryowen dam site and of
potential sources for Culcairn and Walla Walla water
supply. Several bores have been constructed recently
but the record is not yet long enough to enable
constructive use of hydrographs.
At the abandoned Garryowen dam site, Bore
GW025350.1 (Figure 12.34) is located in relatively
shallow alluvium with no underlying Lachlan
Formation. The hydrograph shows the impact
of recharge from river flows, but not apparently
correlated with the rainfall pattern. It shows a distinct
declining pattern during recent years.
Figure 12.34  Bore GW025350.1 Hydrograph
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Billabong Creek Bore GW025133.2 (Figure 12.35)
exhibits a water level rising at an increasing rate
from 1979 until 1994, since when the pattern of the
hydrograph is similar to the pattern of the rainfall
mass curve with a level about 9 m below ground level.
The rise of water level is thought to have been caused
by increased recharge associated with changed land
use practices.

Upper Murray trends
Within the Albury city limits Bore GW025206.1 (Figure
12.36) exhibits a long term trend dominated by river
conditions, with recharge events more or less subdued
and no correlation with the rainfall mass curve.
Further downstream, just west of Howlong, Bore
GW036282.1 (Figure 12.37) shows a reasonable
correlation with the rainfall mass curve until 1994.
After that it appears to have been influenced by
pumping although the trend has been flat, overall,
since 1997 with only slight declines since the
commencement of the drought

Figure 12.35  Bore GW025133.2 Hydrograph

Figure 12.36  Bore GW025206.1 Hydrograph

Figure 12.37  Bore GW036282.1 Hydrograph
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13 Murrumbidgee CMA and A.C.T. - NSW
13.1

Location

The Murrumbidgee Catchment Management
Authority (CMA) and ACT area includes
environments, processes and impacts representative
of the Murray Basin from the Highlands through to
the Riverine Plain (Figure 13.1).

Figure 13.1  
Location of Murrumbidgee CMA and ACT regions

The hydrogeological subsystems that occur in the Murrumbidgee and ACT Catchment are:
• Murray-Murrumbidgee Highlands;
• Renmark Subsystem;
• Calivil Subsystem;
• Lachlan Subsystem;
• Shepparton Subsystem;
• Cowra Subsystem;
• Murray Trench Subsystem.
The northern boundary of the Murrumbidgee CMA region corresponds with the northern Murrumbidgee
Catchment boundary however the southern management boundary lies to the north of the catchment boundary
west of Holbrook. The ACT region lies within the Murrumbidgee Catchment.
The Lachlan Subsystem is essentially the Highland equivalent of the Calivil Subsystem and the Cowra
Subsystem is the Highland equivalent of the Shepparton Subsystem. The Murray Trench sediments occur in the
far western portion of the Murrumbidgee Catchment. The sediments are essentially similar to the underlying
Shepparton sediments in this area and have not been differentiated from them for separate evaluation. The
relationships between the various subsystems is illustrated in Figure 13.2.

Figure 13.2  Schematic cross-section for the Murrumbidgee CMA area
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13.2 Groundwater Status in the Murrumbidgee CMA and ACT
Subsystem

Description and Status

Groundwater Issues

MurrayMurrumbidgee
Highlands

Fractured rock landscapes with local and
intermediate groundwater flow systems

• High salinity hazards;
• Upward trends evident in
hydrographs in alluvial valleys and
fractured rock aquifers;
• Virtually no groundwater quality
data and water level data is sparse.

Renmark
Subsystem

Basal aquifer system comprising alluvial sands and
• Water levels have declined in the
last 10 years especially in the
gravels with interbedded clayey units and covering
Darlington Point area;
the western part of the catchment area. Hydraulically
continuous with overlying Calivil Subsystem near the • Upward trends reported in the
margin of the Murray Geological Basin
1990-2000 Status report have
largely been reversed from 20002005;
• Virtually no groundwater quality
data.

Calivil Subsystem

Alluvial sequence of channel sands and gravels
located in the western portion of the catchment area
overlying the Renmark Subsystem and in hydraulic
connection with it. Major groundwater resource for
irrigation

 eneral decline in the resource
• G
over last 10 years especially in the
Darlington Point area;
• Rising trends have been reversed in
high usage areas due to pumping;
• Virtually no groundwater quality
data;
• Water level data after 2000 is
sparse in many areas making it
difficult to draw long term trends.

Lachlan Subsystem

Highlands equivalent of the Calivil Subsystem,
comprising coarse alluvial sands and gravels. Major
groundwater resource in Highland areas

 roundwater levels have generally
• G
declined over the 5 year period
between 2000 and 2005;
• Potential for inflow of saline
groundwater from adjacent
Highland areas;
• Virtually no groundwater quality
data.
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Subsystem

Description and Status

Groundwater Issues

Cowra Subsystem

Upland equivalent of the Shepparton Subsystem
comprising alluvial channel sands and floodplain
clays

• Induced flows water from river
regulation;
• Groundwater resource impacted by
pumping from underlying Lachlan
Subsystem.

Shepparton
Subsystem

River and lake deposited sediments forming the
uppermost unconfined aquifer system in basin part
of the catchment. Low usage due to low yields and
high salinities.

 ounding beneath irrigation areas
• M
is still occurring in some areas
despite dry seasonal conditions;
• Rising groundwater trends in the
eastern part of the catchment are
have by and large been reversed
since 2000;
• Falling trends in areas where
groundwater is pumped from
underlying subsystems

13.2.1 Changes since 1990-2000 Groundwater Status Report
This catchment has seen the most significant decrease in rainfall across the Basin. Water levels in the irrigation
subsystems (predominantly Renmark and Calivil) are showing very significant declines suggesting current
extraction levels are not sustainable. Data availability continues to be an ongoing issue, especially in Highland
areas. The priorities for further work are the same as those for the 1990-2000 Groundwater Status Report.

13.2.2 Priorities for Further Work
Murray-Murrumbidgee Highlands:

establish monitoring networks to evaluate status of groundwater
equilibrium with changed recharge volumes due to changing landuses;

Renmark and Calivil Subsystem:

establish water quality monitoring network to monitor lateral inflow of
saline water towards areas of high extraction;

Lachlan Subsystem:

investigate potential saline inflows from adjacent Highland areas;

Shepparton and Cowra Subsystems: evaluate potential for downward leakage of saline groundwater to
irrigation aquifers.
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13.3 Murray-Murrumbidgee Highlands
The Highlands cover approximately half of the
Murrumbidgee Catchment and form the headwaters
for the Murrumbidgee River (Figure 13.3).
The subsystems occur in predominantly Palaeozoic
rocks of the Great Dividing Range. Groundwater
management areas relating to Highland
groundwater flow systems in this catchment are
shown in Figure 13.4.
Salinity hazard extends mainly in a band from Young
in the Lachlan Catchment, through Wagga Wagga
to Holbrook in the Murray Catchment (Figure 13.5).
Since the onset of the drought water level trends
have been declining and hence this hazard is
considered to be less immediate.

Figure 13.3  Extent of Murray-Murrumbidgee Highlands

The major groundwater flow systems in this
catchment include:
• Local flow systems in fractured rock aquifers;
• Intermediate and local flow systems in fractured
rock aquifers;
• Local flow systems in fractured basalts;
• Local flow systems in granites;
• Local flow systems in upland alluvium;
• Regional to Intermediate flow systems in broad
alluvial valleys.
The distribution of these groundwater flow systems is
shown in Figure 13.6:

Figure 13.5  Salinity hazard or risk in 2000 for the
Murrumbidgee Highlands

Figure 13.4  Groundwater management units in the
Murrumbidgee Highlands

Figure 13.6  Groundwater flow systems in the
Murrumbidgee Highlands

Local groundwater flow systems in fractured rock aquifers
These groundwater flow systems are small in size, with flow paths of about 1 to 3 km in length. The rocks are
usually highly fractured and soils can vary from shallow and coarsely structured, to thick and well structured.
Where the soil is thin, remnant vegetation may still be dominant.
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The aquifer is unconfined to semi-confined and has a medium permeability and transmissivity. Bores are
capable of producing up to 2 L/sec of groundwater. Recharge occurs seasonally and across the landscape, but
locally recharge can be highest on hillcrests and mid to upper slopes. Very high recharge rates (>100 mm/yr)
are known to occur in some locations. The response time of groundwater conditions to changed management
may be rapid (<30 yrs). Salinity occurs at both break-of-slope and in valley floors, and there is scalding in
salinised areas, with loss of productivity.

Intermediate and local groundwater flow systems in fractured rock aquifers
These groundwater flow systems are associated with gently undulating country with more deeply weathered
metasediments in the western parts of the Highlands. The size of the intermediate flow systems is in the order
of 10,000 Ha with potential flow path length of 20-30 km. The land is successfully used for grazing, cropping
and mixed farming in the 400-500 mm rainfall zone. The fractured rock aquifer has a moderate hydraulic
conductivity and transmissivity and low specific yield. The groundwater salinity is moderately high, indicating a
high salt store. Because of this, and low gradients in the landscape, the response time of groundwater levels to
management actions would be slow to moderate. Groundwater recharge tends to be episodic across the whole
area.
Hydrographs presented below are from both local and intermediate groundwater flow system categories.
Data is sparse and there are few readings between 2000 and 2005.
Bore GW009416.1 (Figure 13.7) shows a declining trend
over the 1990s until the present. While the rainfall has
been generally about average.
Other bores show a generally constant hydrograph
trend such as Bore GW045998.1 (Figure 13.8).
The proportion of falling water level trends in the
intermediate and local flow systems is greater than
that for bores allocated to the local flow system only.
The observed trends are likely to be the result of
climate variability and / or changes in landuse. Bore
fluctuations are not great, usually less than 2 or 3
metres over periods of less than ten years, and there is
little evidence of water level fluctuations being related
to seasonal conditions. However given the scarcity
of data it is difficult to draw specific conclusions
regarding water level trends between 2000 and 2005.

Figure 13.7  Bore GW009416.1 Hydrograph

Local groundwater flow systems in fractured
basalts
This groundwater flow system occurs in an undulating
landscape with 500-700 mm rainfall. Relatively
permeable soils cover fractured rock. The size of
the catchments is in the order of 10,000 Ha and flow
lengths are 5-10 km.
The permeability of the unconfined fractured rock
is intermediate (2-5 m/day) but the thickness is low,
and transmissivity also small. The salinity of the
groundwater is usually very low (300 to 600 mg/L Total Figure 13.8  Bore GW045998.1 Hydrograph
Dissolved Solids) and the salt store is also low. Whilst
this system has properties related to intermediate systems, the response time to management actions is
considered likely to be moderate to fast (in the order of 50 years).
Recharge tends to be seasonal, and across the whole landscape. There are no known outbreaks of salinity and
any impact would be in the form of more saline baseflow. There are no groundwater level measurements from
bores in this groundwater flow system.
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Local groundwater flow systems in granites
Granite bodies are found throughout the catchment area and can be locally divided into unweathered granite
terrains and more deeply weathered terrains – usually distinguished by the local relief. The weathered granites
usually have a deep layer of crumbly granite that will transmit water, whereas the unweathered areas are
fractured. The groundwater flow length is in the order of 0.1 to 2 km, with catchment size 20-200 Ha. The land is
used for mixed farming in a 500-650 mm rainfall zone.
The aquifer has a moderate to low permeability. The groundwater salinity is usually fresh in the unweathered
case, but can be more saline in the weathered landscapes, though together with the regolith thickness this
still means the salt store is low to moderate. Recharge occurs seasonally and across the catchment. Because
of the small catchment size, the system response time is moderate to fast. There are no groundwater level
measurements from bores in this flow system.

Local groundwater flow systems in upland alluvium
These local to intermediate size groundwater flow systems have a typical catchment size in the order of 20,000
Ha. The land has slopes less than 2% and consists of floodplain sediments and colluvial areas, which may be
modified by wind blown deposits at the surface.
The aquifer is semi-confined and consists of alluvial deposits, but there are no major known gravel and sand
layers. Consequently, the hydraulic conductivity averages well below 1 m/day and transmissivity is low. The
response time as an intermediate system is slow. However, where transmissivity is very low, the surface layers
of a sub-catchment may act as a more responsive local flow system. The groundwater salinity typically is in the
order of 300 mg/L, but higher values up to 70,000 mg/L have been observed.
Recharge is episodic in the lower rainfall zone, and the low relief may cause this to be concentrated in runon zones. There is limited land salinisation, which tends to occur at the valley floor. No major salt loads have
been observed in run-off, but there is a concern that this may become an issue in the future. Because of the
uncertainty regarding the status of this groundwater flow system it was not possible to assign a salinity risk
rating. There are no groundwater level measurements from bores in this flow system.

Regional to Intermediate groundwater flow systems in broad alluvial valleys
Sediment accumulations associated with the larger Highland valleys of the major rivers act as major aquifers.
An example is the mid-Murrumbidgee River Valley. These groundwater flow systems can be very large, when
measured in the direction of the river, and could thus be categorised as an intermediate system. However,
much of the actual flow may be over shorter distances perpendicular to the river. The direction of flow
perpendicular to the river will depend on the nature of the interconnection between the river and the aquifer
and the relative elevation of the water table and the river level. The river may be gaining in some places, losing
in others, and possibly disconnected in yet others. The connection may also vary with time. The alluvium tends
to consist of layers of sands and gravels to considerable depth, with very high transmissivity, interlayered with
less transmissive silty and clayey layers. Clay layers near the surface may make this system semi-confined,
but in many places an unconfined aquifer may be assumed. Groundwater salinity increases towards the more
remote parts of the aquifers, in wedges, and near discharge locations, which are not affected by groundwater
flow flushing. The salt store in this groundwater flow system is considered low due to the average salinity being
very low.
The recharge by rainfall is insignificant compared to
recharge from seasonal/episodic flooding. Whilst this is
a large groundwater flow system with long flow lengths,
the distance to the river is never very large, and the
high transmissivity ensures that some back drainage
to the river occurs relatively quickly. Consequently,
the system is rated as moderate to fast. There is no
salinity occurrence, and any impacts would be off-site as
groundwater flow.
The hydrograph for Bore GW026175 (Figure 13.9)
shows a sustained increase in water levels over a
30 year period. The graph also shows little fluctuation

Figure 13.9  Bore GW026175.1 Hydrograph
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on shorter timeframes and does not vary with the varying rainfall record as shown by the Accumulative Monthly
Residual Rainfall (AMRR). This indicates that water level is responding to a constant external recharge stimulus,
and that the responsiveness of the system (measured by its ability to drain) is limited.

13.4 Renmark Subsystem
The Renmark Subsystem is the basal sedimentary sequence in this portion of the Murray Geological Basin and
is completely covered by Calivil and Shepparton Subsystem sediments. In the Murrumbidgee catchment the
Renmark subsystem is located at the western edge of the catchment (Figure 13.10).
It is characterised by white quartz sand and
fine gravel, grey to dark grey and black clay,
and peat. West of about Hay a three-fold
subdivision of the unit is possible, with an
upper layer dominated by sand and gravel, a
middle unit in which clay and peat are more
important, and a deeper more sandy
layer. Water level differences between the
upper and lower sand/gravel units, and an
apparent interconnection between the upper
unit and the overlying Calivil Formation. For
the purposes of this report, therefore, the
upper part of the Renmark Group has been
included with the Calivil Formation aquifer
and is described under the Calivil Subsystem,
whereas the lower two units are classified as
the Renmark Subsystem.

Figure 13.10  Extent of Renmark Subsystem in the Murrumbidgee
CMA area

The Lower Murrumbidgee Alluvium
management area (GWMA002) covers virtually
the entire extent of the Renmark Subsystem
in this catchment (Figure 13.11). There is a
small area within the Mid-Murrumbidgee
Alluvium (GWMA013) near Narrandera. The
management units cover the Renmark, Calivil
and Shepparton Subsystem sediments. The
Figure 13.11  Groundwater management units in the Renmark
Calivil Subsystem is an equally important
Subsystem in the Murrumbidgee CMA area
resource aquifer and management initiatives
for the Renmark Subsystem are discussed
below in the section on that aquifer.
The most important aspects of the processes
operating in this part of the groundwater
system are the vertical movement of water
between the aquifers, and the rate of
lateral movement through them. Vertical
movement is important because there is no
surface expression of the aquifer, and all
water entering and leaving it does so via the
overlying formations. Horizontal groundwater
flow is shown in Figure 13.12.
The connection with the overlying Calivil
Subsystem is evident in the distortion of the
groundwater contours.

Figure 13.12  Groundwater flow in the Renmark Subsystem in the
Murrumbidgee CMA area

Water level declines in the last 5 years (Figure 13.13) are commonly between 2 and 10 m in the main irrigation area
west of Narrandera. West of Hay where the Renmark Subsystem is less connected to the Calivil Subsystem and
pumpage from the Renmark aquifer has been less these declines are not evident and there are some rises.
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Figure 13.13  
Water level change 2000-2005 in the Renmark
Subsystem in the Murrumbidgee CMA area

The most concentrated pumping area is in
the Murrumbidgee area, downstream from
Narrandera. North of Darlington Point Bore
GW036359.3 (Figure 13.14) is within the main
pumping zone, and shows an overall steady
or slightly declining trend from 1979 to 1995,

with a seasonal pumping variation of about 5 m. Since
then, the seasonal variation has increased and a more
strongly declining trend has been established.
Outside the main pumping area north of Darlington
Point, Bore GW036267.4 (Figure 13.15) is subject to
recharge from the Murrumbidgee Irrigation Area by
drainage through the overlying formations possibly
related to river regulation. The hydrograph reflects
this recharge with a linear rise at about 0.25 m/yr from
1978 to 1994. The rising trend then gradually changed
to a flat, and then to a falling trend. This is presumably
a reflection of storage depletion in the aquifer resulting
from pumping.

Figure 13.14  Bore GW036359.3 Hydrograph

Within the main pumping area south of the river the
impact of the pumping has increased gradually, until
in recent years the seasonal variation has been some
20 m. Until 2002 the long term overall trend has been
nearly flat when non-pumping water levels were
compared with 1973 levels however in recent years
a declining trend is evident. The hydrograph for Bore
GW030341.1 is shown in Figure 13.16.
West from Hay, and thus outside the main pumping
area and north of the river, Bore GW036721.3 (Figure
13.17) shows an almost linear rise of about 0.01 m/yr
since commencement of record until 1995 when water
levels stabilised. This is likely to reflect pumping
influences in neighbouring areas.
Figure 13.15  Bore GW036267.4 Hydrograph

Figure 13.16  Bore GW030341.1 Hydrograph

Figure 13.17  Bore GW036721.3 Hydrograph
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13.5

Calivil Subsystem

The Calivil Subsystem is located in the western
portion of the Murrumbidgee catchment in the
north-eastern portion of the basinal area of the
Murray Basin (Figure 13.18). The Calivil Subsystem
overlies the Renmark Subsystem and close to
the Highlands is hydraulically continuous with it.
The two are managed as one unit. West of Hay
the Renmark and Calivil Subsystems are discreet
subsystems.
A large part of this area is occupied by the Lower
Murrumbidgee Alluvium GWMA002; the extent of
which was determined by the westerly extent of the
Calivil Subsystem, from which most of the pumped
water is drawn. GWMA002 is shown in the previous
section on the Renmark Subsystem.
Figure 13.18  Extent of the Calivil Subsystem in the
Recharge arises from rainfall, irrigation, floods and
river leakage and in nearly all these the interface
at or near the land surface is with the overlying
Shepparton Formation. An understanding of how
this aquifer is responding to recharge, and to
pumping from the deeper aquifers, is therefore
an essential starting point for groundwater
management.

Murrumbidgee CMA area

Large parts of the area are occupied by formal
irrigation areas (Figure 13.19) that are serviced by
an extensive network of canals and channels. Large
tracts of country are also irrigated by private river
water diverters, and by groundwater pumpers.
Investigations are continuing in regard to the
sustainable yield in the deeper Calivil and Renmark
aquifers. There is limited pumping from the
Figure 13.19  Irrigation areas in the Murrumbidgee CMA 
Shepparton aquifer apart from small livestock
area (2000)
and domestic users and supplementary irrigation
bores.
A Water Sharing Plan for GWMA002
was gazetted on 1 October 2006. It is
based on adopting a figure of 65,000
ML/yr as average annual recharge
to the Shepparton Formation, of
which 55,000 ML/yr is reserved for
environmental needs. Average annual
recharge to the Calivil and Renmark
aquifers combined is assessed at
335,000 ML/yr, (65,000 ML/yr for
environmental needs). The long term
annual extraction rate may, however,
be changed after 4 years, within
Figure 13.20  Groundwater flow in the Calivil Subsystem in the
limits specified by the NSW Minister, if Murrumbidgee CMA area
warranted by new information. Water
level contours for the Calivil Subsystem
show the impact of downward leakage though
the Shepparton Subsystem in the irrigation areas
(Figure 13.20).
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Figure 13.21  
Water level change 2000-2005 in the Calivil
Subsystem in the Murrumbidgee CMA area

The change in potentiometric levels between 1990 and
2000 (Figure 13.21) indicates a general decline in the
resource over that time period.
Near the margin of the Murray Basin, there is a
common pattern of rising water levels that is quite
extensive (Bore GW036643.2 Figure 13.22). In no
case is the pattern similar to that of the rainfall mass
curve (AMRR), and it seems most probable that the
rising trend is due to the effects of land clearing and
changing equilibrium due to river regulation.
A similar rising trend was reversed by pumping
impacts commencing in about 1992 in Bore
GW030323.1 (Figure 13. 23). The seasonal variation is
about 5 m.

Figure 13.22  Bore GW036643.2 Hydrograph

Bore GW036770.1 (Figure 13.24) displays a flat trend,
with seasonal variations of up to 20m, followed by a
period of overall declining levels and greater seasonal
fluctuations. There are few water level readings after
2001 in the NSW State database so evaluation of
recent trends is difficult.

Figure 13.23  Bore GW030323.1 Hydrograph

Figure 13.24  Bore GW036770.1 Hydrograph
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13.6

Lachlan Subsystem

The Lachlan Subsystem is the uplands equivalent
of the Calivil Subsystem and occurs in the valley of
the Murrumbidgee River upstream from Narrandera
to Gundagai. The extent of the Lachlan Subsystem
is obscured by the overlying Cowra Subsystem.
Both subsystems are managed together, and
for the purposes of this study the extent of the
Lachlan Subsystem is assumed to be that of the
management area which covers it. The actual extent
of the Subsystem is confined to a relatively narrow
palaeovalley, and time constraints have prevented
its delineation for this report. The extent assumed in
this study is shown in Figure 13.25.
The Lachlan Subsystem in the Murrumbidgee
Catchment is incorporated into GWMA013 which
is subdivided into five zones. The sustainable
yield for the entire aquifer system in this GWMA
depends on the volume of induced recharge from
the Murrumbidgee River that is included in the
estimate. Wagga Wagga occupies a significant area
within Zone 2 of the GWMA. It is where there is the
most concentrated use of groundwater in the midMurrumbidgee valley. Groundwater, mainly drawn
from the Lachlan Subsystem, is used for Wagga
Wagga municipal water supply and for regional
water supply schemes servicing large areas to the
north and south of the river.

Figure 13.25  Extent of the Lachlan Subsystem in the
Murrumbidgee CMA area

Figure 13.26  Water level change 2000-2005 in the Lachlan
Subsystem in the Murrumbidgee CMA area

The change in groundwater levels between 2000 and 2005 (Figure 13.26) shows that in many areas groundwater
levels have dropped between 2 and 10 m over the 5 year timeframe.
The far upstream areas are represented by Bore GW030385.3 near Tarcutta Creek (Figure 13.27). This bore
shows a reasonable correlation with the rainfall mass curve until about 1995, after which there is a declining
trend clearly related to nearby pumping.
Bores in the Gumly Gumly area are used as a source for a regional water supply system that delivers water for
farming and town water supply purposes on the northern side of the Murrumbidgee river as far as Temora and
West Wyalong. Impacts are evident in Bore GW030032.3 (Figure 13.28).
Large volumes of groundwater are used for Wagga Wagga city water supply and for a regional water supply
scheme. Bore GW025176.3 (Figure 13.29) is located near the margin of the palaeovalley and close to the river. It
shows a good reflection of river behaviour until about 1994, after which there has been a declining trend.

Figure 13.27  Bore GW030385.3 Hydrograph
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Figure 13.29  Bore GW025176.3 Hydrograph

Figure 13.30  Bore GW030263.1 Hydrograph

Downstream of Pomingalana Gap the hydrograph for Bore GW030263.1 (Figure 13.30) shows some evidence of
local pumping. The pumping effects are superimposed on the declining trend from 1993.

13.7 Shepparton Subsystem
There is little or no high rate pumping of groundwater from the Shepparton aquifers, due to low yields and poor
water quality. There is considerable usage, however, from lower yielding bores (up to 1ML/day). The unit is of
considerable significance, however, as it is the conduit for recharge water to the important deeper aquifers.
Recharge to the main aquifers arises from rainfall, irrigation, floods and river leakage and, in nearly all of these,
the interface at or near the land surface is the Shepparton Formation. An understanding of how this aquifer is
responding to recharge, and to pumping from the deeper aquifers, is therefore an essential starting point for
groundwater management.
Figure 13.31 shows the extent of the Shepparton
Subsystem and the location of surface water
irrigation areas that are serviced by an extensive
network of canals and channels. There are also
large tracts of country irrigated by private river
water diverters, and by groundwater pumpers.
The Murrumbidgee catchment spans virtually the
entire width of the Shepparton Subsystem.
The Murrumbidgee River is a losing stream
across most of this Formation, extending west
past Balranald and probably for some distance
downstream. Water lost from the river recharges
the Shepparton Subsystem, and in the immediate
vicinity of the river the groundwater flows to the
Figure 13.31  Extent of the Shepparton Subsystem in the
north or south. These directions are maintained
for only a short distance, as the regional westerly Murrumbidgee CMA area
flow direction is imposed (Figure 13.32).

Figure 13.32  
Groundwater flow in the Shepparton Subsystem
in the Murrumbidgee CMA area
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Figure 13.33  
Water level change 2000-2005 in the Shepparton
Subsystem in the Murrumbidgee CMA area

The change in water table levels between
2000 and 2005 (Figure 13.33) shows that the
groundwater levels have risen in some parts of
the area, particularly close to the Murrumbidgee
River and the irrigation area, in other areas
levels have declined. This is particularly evident in the Darlington Point area where groundwater pumping from
deeper aquifer systems has caused a decline in excess of 7 m over the 10 year period.
Hydrographs show the impacts of the processes occurring in the Shepparton Subsystem.
Bore GW036438.1 (Figure 13.34) is near the eastern
margin of the Murray Basin, just north of the Murray
Catchment, and shows a long term rising trend from the
early 1980s until the present. The rise has been about
2 m, essentially uninterrupted.
There was a sharp rise in Bore GW030321.1 (Figure
13.35) from 1972 to 1976 at a time of major flooding in
the Murray Basin. This is followed by a flat trend until
1985, and for this period there is an apparently good
correlation with the rainfall mass curve, until a reversal
in trend in 2000, correlating with below average rainfall
conditions. Rainfall recharge appears to be an important,
if not dominant, factor in recharge to the Shepparton
Figure 13.34  Bore GW036438.1 Hydrograph
Subsystem in this area. This could also be due to
pumping in neighbouring areas
Bore GW036053.1 (Figure 13.36) shows a regular falling
trend from 1974 to 1990 (total fall of just over 1 m). This
steady decline in levels may indicate a gradual return
to equilibrium conditions following the flood events of
1973 and 1974 that caused groundwater levels to rise
dramatically across the Murray Basin.
Bore GW041177.1 (Figure 13.37) is south of Darlington
Point and there was a slightly rising trend from 1980 to
1990, with a slight seasonal variation due to pumping
effects. After a period with an essentially flat trend,
but with increasing seasonal variation, a falling trend
commenced in about 1998 with seasonal variations of
about 5 m.

Figure 13.35  Bore GW030321.1 Hydrograph

13.8 Cowra Subsystem
The Cowra Subsystem is the upland equivalent of the Shepparton Subsystem and its extent is that which was
adopted for the Lachlan Subsystem (see above). The Cowra Subsystem in the Murrumbidgee Catchment is
incorporated into GWMA013 which is subdivided into five zones. The management areas were initially created to
assist with the management of groundwater in the Lachlan Subsystem, but the dynamics of the aquifer system
in this part of the valley are such that there is considerable inter-relationship between the two aquifers and the
river. It is necessary to manage all of them as an integrated system. The sustainable yield for the entire aquifer
system in this GWMA depends on the volume of induced recharge from the Murrumbidgee River that is included
in the estimate.
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Figure 13.36  Bore GW036053.1 Hydrograph

Figure 13.37  Bore GW041177.1 Hydrograph

Areas of alluvial deposits roughly correlated with the Cowra Subsystem occur in a number of areas, but are not
included in any groundwater management area. Groundwater usage in these areas is generally negligible. They
fall under the heading of upland alluvium which is one of the groundwater flow systems of the Highlands.
Water use based on withdrawal from the Cowra Formation is quite small, and is probably less now than it has
been in the past. Much of the early agricultural activity along the alluvial plains used groundwater drawn from
wells and shallow bores in the Cowra Formation, for livestock watering and domestic use. This is less the case
now, with lower population density in the rural sections and a greater concentration of population in the urban
areas where there is a reticulated supply.
The interaction of the river and the Cowra
Subsystem is important however, and more
recently, the interaction between the Lachlan
and Cowra Subsystem and consequential
impacts on the river.
The plot the water table level change between
2000 and 2005 (Figure 13.38) shows that the
water table has remained within 2m of its 2000
level although declines from 2-10m are evident
where there is a high incidence of groundwater
extraction bores.

Figure 13.38  Water level change 2000-2005 in the Cowra
Subsystem in the Murrumbidgee CMA area

In upstream areas most of the hydrographs in
these areas show a pattern reflecting recharge
events followed by a period of regression such as that shown in Bore GW025424.1 (Figure 13.39).

Near Wagga Wagga the hydrograph pattern in this area is recharge followed by a distinct regression (Bore
GW030031.1 Figure 13.40). This trend is reversed by pumping effects manifest in a continuing decline of level
with little or no impact from recharge events.

Figure 13.39  Bore GW025424.1 Hydrograph

Figure 13.40  Bore GW030031.1 Hydrograph

107

0

100

200

300

Murray-Darling Basin Commission – Introducing Groundwater in your Catchment

Bores downstream of Wagga Wagga have a pattern
dominated by recharge events followed by regression
(Bore GW030337.1 Figure 13.41). This is an expected
pattern in alluvial deposits close to a major river
and subject to periodic flooding. The decline is likely
to be due to pumping from the underlying Lachlan
Subsystem.

Figure 13.41  Bore GW030337.1 Hydrograph
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14 Lachlan CMA - NSW
14.1

Location

The Lachlan Catchment Management Authority
area is located in the north-eastern corner of
the Murray Geological Basin (Figure 14.1). The
management area covers the entire Lachlan
Catchment.

Figure 14.1  Location of Lachlan CMA

The hydrogeological Subsystems that occur in the Lachlan Catchment include:
• Central West Highlands;
• Renmark Subsystem;
• Calivil Subsystem;
• Lachlan Subsystem;
• Shepparton Subsystem;
• Cowra Subsystem;
• Murray Trench Subsystem.
The Central West Highlands cover approximately half the Lachlan CMA area. The Highlands rocks almost
completely encircle the Upper Lachlan Catchment making it one of the largest Highlands systems in the
Murray-Darling Basin. The Lachlan Subsystem is essentially the upland equivalent of the Calivil Subsystem and
the Cowra Subsystem is the highland equivalent of the Shepparton Subsystem. The extent of the Murray Trench
Subsystem in this catchment is relatively minor and is discussed in detail in the report on the Lower MurrayDarling CMA.
The relationships between the various subsystems in the Lachlan CMA are illustrated in Figure 14.2.

Figure 14.2  Schematic cross-section for the Lachlan CMA area    
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14.2 Groundwater Status in the Lachlan CMA

110

Subsystem

Description

Groundwater Issues

Central West
Highlands

Fractured rock landscapes with local and
intermediate groundwater flow systems

• H
 igh salinity hazards in local
groundwater flow systems in
fractured rock;
• Downward trends evident in
hydrographs in alluvial valleys and
fractured rock aquifers;
• Increasing pressures evident where
confined by basinal subsystems
• Virtually no groundwater quality
data.

Renmark
Subsystem

Basal aquifer system comprising alluvial sands and
• Water levels have declined in the
gravels with interbedded clayey units and covering
last 10 years;
the western part of the catchment area. Hydraulically • Adjacent to Highlands and in the
continuous with overlying Calivil Subsystem near the
western part of the area water
margin of the Murray Geological Basin
levels continue to increase;
• Irrigation impacts evident near
pumping areas
• Virtually no groundwater quality
data.

Calivil Subsystem

Alluvial sequence of channel sands and gravels
located in the western portion of the catchment area
overlying the Renmark Subsystem and in hydraulic
connection with it. Major groundwater resource in
basinal areas for irrigation. Receives direct recharge
from river

 eneral decline in the resource
• G
over last 10 years away from
river and no longer reflect the
Accumulative Monthly Residual
Rainfall, current extraction levels
may not be sustainable;
• Rising trends have been reversed in
high usage areas due to pumping;
• Virtually no groundwater quality
data.

Lachlan Subsystem

Highlands equivalent of the Calivil Subsystem,
comprising coarse alluvial sands and gravels. Major
groundwater resource in Highland areas

 etter definition of the extent of the
• B
Lachlan Subsystem is needed;
• Upstream groundwater levels
continuing to rise;
• Groundwater levels have generally
declined near the river over the 10
year period between 1990 and 2000;
• Potential for inflow of saline
groundwater from adjacent
Highland areas;
• ‘Cone of depression’ on Bland Plain
possibly due to rising water levels
in adjacent Highlands, infiltration of
water from a downstream irrigation
area and river regulation;
• Virtually no groundwater quality
data.
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Subsystem

Description

Groundwater Issues

Shepparton
Subsystem

River and lake deposited sediments forming the
uppermost unconfined aquifer system. Low usage
due to low yields and high salinities

 irtually no groundwater quality
• V
data;
• High water tables have developed
beneath irrigation areas but dry
seasonal conditions have resulted
in decreasing trends in recent
years;
• Likely to have increased downward
leakage to Calivil Subsystem.

Cowra Subsystem

Upland equivalent of the Shepparton Subsystem
comprising alluvial channel sands and floodplain
clays. Low yields

 irtually no groundwater quality
• V
data
• Decline in water levels in five year
period 2000 to 2005;
• Groundwater resource impacted
by pumping from both Cowra and
underlying Lachlan subsystems;
• Apparent cone of depression on
dryland area at Bland Plain likely to
be a significant issue in future.

14.2.1 Changes since 1990-2000 Groundwater Status Report
Significant declines in the Lachlan Subsystem in this area between 2000 and 2005 suggest the current level of
extraction is not sustainable. While a decreasing trend was previously evident the magnitude has increased.
Water level declines in the Renmark and Calivil Subsystems are less significant but still a concern. Data
availability in general and specifically around irrigation areas is inadequate. The priorities for further work have
not changed from the 1990-2000 Groundwater Status Report. Need to supplement/establish regular monitoring
in all subsystems.

14.2.2 Priorities for Further Work
Central West Highlands:

establish monitoring networks to evaluate status of groundwater equilibrium
with changed recharge volumes due to changing landuses, focus on
groundwater flow systems with potentially high salinity impacts;

Renmark and Calivil Subsystem: establish water quality monitoring network to monitor lateral inflow of saline
water towards areas of high extraction; evaluate sustainability of current
levels of extraction;
Lachlan and Cowra Subsystems: investigate potential saline inflows from adjacent Highland areas, especially
in Bland Plain area;
Shepparton Subsystem:

evaluate potential for downward leakage of saline groundwater to irrigation
aquifers.

14.3 Central West Highlands
The Central West Highlands extend over the hydrogeological divide between the catchments of the Murray and
Darling Rivers and their tributaries. The Highlands form the headwaters for the Lachlan River (Figure 14.3).
The landscape ranges from relatively subdued in the west where the Highlands merge with the alluvial plains
and averaging about 250-300 m above the Australian Height Datum (AHD), to an area with higher relief in the
core of the Highlands, with elevations of 500-700 m AHD.
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Figure 14.3  
Extent of Central West Highlands in the Lachlan
CMA area

The major landuse of the Central West
Highlands region is grazing in the eastern
higher parts and cropping in the lower and
flatter terrains to the west. There is a zone
of mixed farming in the central parts. Minor
(though locally extensive) areas are under
native forests, plantation forests and national
parks. There are several management
areas exist within the Highlands portion of
the Lachlan Catchment of the Central West
Highlands as shown in Figure 14.4.
Outcropping Highland rocks surround
the Upper Lachlan catchment. Increasing
extractions from the alluvium in this subcatchment may impact on the Highland
systems at the perimeter of the Basin as
is observed elsewhere (eg Upper Namoi
Catchment).

Figure 14.4  Groundwater Management Areas in the Central
West Highlands

The water resources have been significantly
altered by landuse change occurring since
European settlement. The changes to the
water resources in the Highlands are best
understood in terms of groundwater flow
systems (GFS) which take into consideration
geology and geomorphology.

This report presents an overview of the
GFS based on the 1:1M basinwide coverage
prepared for the Murray-Darling Basin
(Figure 14.5). At this overview scale the most
significant GFS in the Lachlan CMA area
include:
• Local flow systems in fractured rock
aquifers;
• Intermediate and local flow systems in
fractured rock aquifers;
• Local flow systems in fractured basalts;
• Local flow systems in granites;
• Local flow systems in upland alluvium;
• Regional to Intermediate flow systems in
broad alluvial valleys.

Figure 14.5  Groundwater flow systems in the Central West
Highlands in the Lachlan CMA area

Local Flow Systems in Fractured Rock Aquifers
These flow systems occur predominantly along the eastern margin of the catchment. They are widespread
and are typically found in a variety of fractured and folded hard rock terrains, ranging from undulating lower
relief areas to higher relief mountainous terrain. The systems are local to intermediate with flow lines up to 30
kilometres in length. The main system type is fractured Palaeozoic bedrock not belonging to other groundwater
flow systems. These flow systems are usually unconfined close to the surface, but are confined to semiconfined at depth. Generally, the permeability of this groundwater flow system is low but can be moderate to
high where secondary permeability has been developed by intense fracturing of hard rocks, or dissolution in
limestone belts.
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The major source of recharge is seasonal
rainfall. Recharge to the fractured bedrock
occurs on hilltops and slopes, particularly
on the mid-slopes where the soil, saprolite
and colluvium are thin or non-existent.
Recharge to the colluvium occurs diffusely
across the slopes.
Groundwater discharge typically occurs
in localised areas and is linked to breakof-slope, changes in lithology, lateral
changes in texture of the saprolite and
colluvium, structural geological controls,
and low positions in the landscape.
Ephemeral and perennial stream
networks receive discharge as baseflow
and washoff.
Figure 14.6  Salinity hazard in the Lachlan CMA area (2000)

The response of this groundwater flow
system to changes in the water balance
is variable. It may take decades or longer to reach equilibrium conditions. Salt storage in these systems is
moderate to high, and is greatest in weathered zones and the colluvium. Groundwater salinities are also variable
but are generally moderate to high.
This system has a high salinity risk ranking (Figure 14.6). This is due to the high salt storages in the landscape,
generally shallow water tables at low points, and to the relatively saline groundwater. Areas of high salinity
hazard occur in the east of the Upper Lachlan Sub-catchment in a band from Young to Parkes.

Water levels in monitoring show that a range of processes is occurring.
The Begalia study catchment in the very upper reaches
of the Lachlan River has yielded useful information. Bore
GW036760.1 (Figure 14.7) is representative of typical
recharge conditions in the higher relief country. Water
levels since 2003 show the impact of decreased rainfall.
The Wattle Retreat study catchment north of
Cootamundra has a similar pattern. Bore GW036755.1
(Figure 14.8) is closely associated with the recharge
area and shows a general decline in water level over
the period of measurement – despite a rising trend in
rainfall for the same period.
Bore GW036748.2 (Figure 14.9) is in a lower slope region.
The water level for the shallow aquifer is at the ground Figure 14.7  Bore GW036760.1 Hydrograph
surface, but the deeper aquifer water level is still some
metres below ground surface. This tends to suggest
that there is some vertical disconnection, and could
be interpreted as indicative of transmission zone (ie
intermediate between recharge and discharge areas)
conditions. However the absence of flood events is
evident in recent years suggests that there is connection.
Bore GW036802.4 (Figure 14.10) lies in the extreme
west of the region, in the Lachlan Catchment. It is
classified as a broad alluvial valley flow system, but
its position indicates it is more likely to be tapping the
fractured rock beneath the Murray Geological Basin
sequence. The water levels show a constant trend over
time, consistent with the bore being controlled by the
hydraulic conditions of the overlying sediments.

Figure 14.8  Bore GW036755.1 Hydrograph
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Figure 14.9  Bore GW036748.2 Hydrograph

Figure 14.10  Bore GW036802.4 Hydrograph

Intermediate and local flow systems in fractured rock aquifers
These groundwater flow systems are associated with gently undulating country with more deeply weathered
metasediments in the western parts of the Highlands. Residual and colluvial sediments and soils overly the
saprolitic layer and fractured rock. The size of the intermediate groundwater flow systems is in the order of
10,000 Ha with potential flow length of 20-30 km.
The fractured rock aquifer has a moderate hydraulic conductivity and transmissivity and low specific yield. The
groundwater salinity in bores is moderately high, indicating a high salt store. Because of this, and low gradients
in the landscape, the response time of groundwater levels to management actions would be slow to moderate.
Groundwater recharge tends to be episodic, but across the whole area. The only bores in this groundwater flow
system for which there are any data have been described in the preceding section.

Local flow systems in fractured basalts
Local groundwater systems are commonly present in basaltic flows, sills, dykes, laccoliths, and plugs. These
systems occur as areas with higher elevation than the surrounding terrain, or as low profile sheet flows and
sills. Groundwater flow paths in these systems seldom exceed five kilometres.
Horizontal and vertical groundwater movement occurs easily through fractures in the rock, although some
groundwater flow may occur through weathered horizons that are sometimes present between successive lava
flows. These systems are largely unconfined and in general have high permeability. These characteristics result
in a relatively rapid response to changes in the water balance.
Recharge to this system occurs throughout the landscape. The overlying soils are generally well structured and
highly permeable. High recharge (in Highland areas) combined with high permeability, results in considerable
flushing of this system and removal of salts before they can concentrate. Accordingly, this groundwater flow
system has a low salt store, which is reflected in its relatively low groundwater salinity.
Locally, groundwater discharges as seepages where structural and stratigraphic changes interrupt the
flow path. This typically occurs where there are rapid changes in permeability such as the contact with the
underlying low permeability rocks. Local stream networks receive low salinity groundwater through baseflow
where they have incised the basalt. Consequently the contribution to regional salt-loads from these systems is
very small and they have a diluting effect. These systems are generally fresher than other flow systems in the
Central West, and have a low salinity risk.

Local flow systems in granites
The landscape characteristics range from gently undulating hills and valleys with minor granitic outcrops, to
tors and other larger granitic outcrops. The flow systems in these areas are small in size, with flow lines of
less than 5 km in length. These systems are unconfined with groundwater flow through fractures in bedrock,
through pores in weathered bedrock (saprolite), and through colluvium and soil. Permeabilities and yields in
this groundwater flow system tend to be low to moderate.
The major source of recharge to these systems is from seasonal rainfall. Intense episodic rainfall events also
provide some recharge. Recharge to the fractured granite bedrock occurs mainly on the hilltops and slopes
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where the saprolite/colluvium is thin or non-existent. Recharge to associated colluvium occurs diffusely across
the slopes.
Groundwater discharge typically occurs in localised areas and is linked to break-of-slope, lateral changes in the
soil/colluvium/saprolite texture, and to valley locations where positive head conditions may exist. Ephemeral
and perennial stream networks receive discharge as baseflow and runoff.
After a change to the water balance, the response of these systems can be very rapid (less than 5 years). Salt
storage is low with most salts located in the solodic soils of the lower slopes. Even with these characteristics, a
long history of clearing has resulted in shallow water tables in these systems, and in with moderate symptoms
of salinisation in many parts of the landscape. The groundwater salinity of these systems ranges from fresh to
saline, and weathered zones may contain productive quantities of lower salinity groundwater. The salinity risk
for this system is moderate.

Local flow systems in upland alluvium
These flow systems are typically found within unconsolidated sediments located on the valley floors and
terraced floodplains of the Highlands. The systems are local in scale, with flow lines typically less than 5 km in
length. These systems are composed of sands, silts, clays and gravels in alluvial, colluvial and aeolian deposits.
These systems are generally unconfined to semi-confined, with some minor confined areas, and have low
to moderate permeability and low to moderately high yields. Finer-grained sedimentary units are found
predominantly in higher order stream catchments, while coarser-grained sedimentary units dominate lower
order catchments.
Recharge is seasonal and episodic in nature. The amount of recharge into the system depends on the nature of
soils and weathered rock above the water table, and on the frequency and intensity of flood events. Recharge
occurs across the whole landscape surface of these systems.
Groundwater discharges typically occur along drainage lines and in localised areas at changes in soil texture,
break-of-slope, and at the base of terraces. Ephemeral and perennial streams receive saline water from the
discharge areas as surface wash-off and as baseflow.
Salt storage in the finer-grained units of this system is high and groundwater salinity is variable from fresh
to hypersaline with lower salinity levels being characteristic of the coarser sediments. Higher permeability
areas are better drained and are not so predisposed to salinisation. Locally, the response of these systems to a
change in the water balance can be relatively fast, while regional water table equilibrium conditions may take
decades to establish.
The salinity risk in this system is moderate to high. If regional water tables are shallow, salinisation is
associated with impeded groundwater drainage in the finer-grained sediments. Waterlogging due to poor
irrigation practices may also cause groundwater mounding and salinisation. Saline contamination of
deeper, more permeable sections of these systems is possible where groundwater extraction induces saline
groundwater inflow from adjacent more saline systems.

Regional to Intermediate flow systems in broad alluvial valleys
Unconsolidated sediment accumulations associated with the larger Highland valleys of the major rivers are
important aquifers. When considered as an elongate system parallel to the Lachlan River, these flow systems
can be very large and would be classified as an intermediate groundwater flow system. However, much of
the actual flow may be over shorter distances perpendicular to the Lachlan River. The direction of this flow
perpendicular to the river will depend on the nature of the interconnection between the river and the aquifer,
and on the relative elevation of the water table and the river. The river may be gaining in some places, losing in
others, and possibly disconnected in yet others, and the connection may not always be the same at a specific
point on the river. The alluvium tends to contain layers of sands and gravels to considerable depth, with very
high transmissivity. Clay layers near the surface may make this system semi-confined, but in many places an
unconfined aquifer may be assumed. Groundwater salinity increases towards the more remote parts of the
aquifers, in wedges, and near discharge locations, which are not affected by groundwater flow flushing. The salt
store in this groundwater flow system is low because the average salinity of the groundwater is usually low.
The recharge by rainfall is insignificant compared to recharge from seasonal/episodic flooding. While this is a
large groundwater flow system with long flow lengths, the distance to the river is seldom very large, and the
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high transmissivity ensures that back drainage to the river occurs relatively quickly along most of its length.
Consequently, the system is rated as moderate to fast. There is no salinity occurrence, and any impacts would
be off-site as groundwater flow.

14.4 Renmark Subsystem
The Renmark Subsystem is the basal sedimentary sequence in this portion of the Murray Geological Basin and
is completely covered by Calivil and Shepparton Subsystem sediments. In the Lachlan Catchment the Renmark
Subsystem is located at the western edge of the catchment (Figure 14.11).
From a groundwater management viewpoint,
the Renmark Subsystem has been divided
into 3 Zones. The Lachlan catchment is part
of the East Zone which includes the nonmarine sediments of the Riverine Plain.
It is characterised by monominerallic white
quartz sand and fine gravel, grey to dark
grey and black clay, and peat. West of about
Hay a three-fold subdivision of the unit is
possible, with an upper layer dominated
by sand and gravel, a middle unit in which
clay and peat are more predominant, and a
deeper more sandy layer. Head differences
between the upper and lower sand/gravel
units, and an apparent interconnection
between the upper unit and the overlying
Calivil Formation, suggest that a subdivision
Figure 14.11  Extent of the Renmark Subsystem in the Lachlan
on hydrogeological grounds would be more
CMA area
appropriate. For the purposes of this report,
therefore, the upper part of the Renmark Group has been included with the Calivil Formation aquifer and is
described under the Calivil Subsystem.
The Groundwater Management Units established over the Lower Lachlan area relate to all groundwater use in
these areas independent of the aquifer (Figure 14.12). Water Sharing Plans for the GWMA012 (Lower Lachlan)
and GWMA002 (Lower Murrumbidgee) have been prepared the WSP for GWMA002 was gazetted on 1 October
2006 and the WSP for GWNA012 is due to be gazetted on 1 December 2006. Management procedures for these
areas are described later, in the discussion of the Calivil Subsystem.
The Renmark subsystem is highly productive, and in the areas where the groundwater is of sufficiently low
salinity it is being used to obtain substantial volumes of water for irrigation. Outside the GWMA the Renmark
Subsystem is subject mainly
to stock watering withdrawals.
The most important aspects of
the processes operating in this
part of the groundwater system
are the vertical movement of
water between the aquifers, and
the rate of lateral movement
through them. Vertical movement
is important because there is
no surface expression of the
aquifer, and all water entering
and leaving it does so via the
overlying formations.

Figure 14.12  Groundwater Management Units for the Renmark, Calivil and
Shepparton Subsystems in the Lachlan CMA
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Figure 14.13  Groundwater flow in the Renmark
Subsystem in the Lachlan CMA area

The potentiometric surface contours for the
Renmark Subsystem show north-westerly
groundwater flow (Figure 14.13).
The bores tapping the Renmark Subsystem
beneath the Riverine Plain generally indicate a
decline in potentiometric level over the period
2000-2005 (Figure 14.14) with the greatest
declines in the southern areas, indicating the
influence of groundwater pumping and the dry
seasons since the late 1990s.
Seasonal water level change in the Renmark
Subsystem is less than 1 m in the Lower
Lachlan.
Figure 14.14  Water level change 2000-2005 in
the Renmark Subsystem

Bore GW036561.2 (Figure 14.15) is in the main
Willandra Creek palaeovalley north of Hillston, and
shows a linear rise since 1985 of about 0.3 m.
The hydrograph of Bore GW036802.3 (Figure 14.16)
shows the gradual increase in potentiometric
pressures, however the increase has been minimal
since 2000.
Most of the bores in this area, however, have a flat or
gently rising trend terminated by pumping effects in
the mid- to late-1990s as shown in the hydrograph for
Bore GW030407.3 (Figure 14.17).
Figure 14.15  Bore GW03651.2 Hydrograph

Figure 14.16  Bore GW036802.3 Hydrograph
Figure 14.17  Bore GW030407.3 Hydrograph
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14.5 Calivil Subsystem
The Calivil Subsystem is located in the western
portion of the Lachlan Catchment in the northeastern portion of the basinal area of the Murray
Geological Basin (Figure 14.18). The Calivil
Subsystem overlies the Renmark Subsystem and
close to the Highlands is hydraulically continuous
with it. The two are managed as one unit.
A large part of this area is occupied by the Lower
Lachlan Alluvium GWMA012. The extent of the
GWMA was determined by the westerly extent of the
Calivil and Renmark aquifers, from which the bulk
of pumped water is drawn. Location of GWMA012
is shown in the previous section on the Renmark
Subsystem.

Figure 14.18  Extent of Calivil Subsystem in the Lachlan
CMA area

There is little or no high rate pumping of groundwater from the overlying Shepparton Subsystem, due to low
yields and indifferent water quality. In fact much of that Formation is dry in the western part of the Lachlan
CMA area, being entirely above the water table in large areas. Consequently, the water table in these areas is
in the Calivil Formation. Recharge arises from rainfall, irrigation, floods and river leakage and in all these the
interface at or near the land surface is with Shepparton Formation.
Groundwater pumping for irrigation purposes commenced in the 1960s. Investigations regarding usage,
entitlements and sustainable yield figures are continuing. Note that these figures relate essentially to the
deeper Calivil and Renmark aquifers, and that there is very little pumpage from the Shepparton aquifer apart
from small livestock and domestic users.
A Water Supply Plan (WSP) has been prepared for GWMA012 and will have a duration of 10 years when gazetted
(expected in December 2006). Average annual recharge has been assessed as 120,000ML/yr, of which 20% has
been reserved for environmental needs. The long term annual extraction rate may, however, be changed after
4 years, within specified limits by the NSW Minister, if warranted by new information. The aquifers in GWMA012
will be managed in such a way that entitlements and usage are within the limits imposed by these figures.
There are no formal irrigation areas in this
catchment, but a significant amount of irrigation
by private river diverters, and use of groundwater.
Recharge to the aquifer system is via rainfall and
irrigation, overland flood events, and to some
extent from the Lachlan River and its distributaries.
Because the Calivil Subsystem is the water table
unit over a significant part of the area, it receives
recharge water direct from the Lachlan River. The
general direction of groundwater flow is to the west
and south-west (Figure 14.19).
Figure 14.19  Groundwater flow in the Calivil
Subsystem in the Lachlan CMA area

The changes in potentiometric levels
between 2000 and 2005 (Figure 14.20) shows
a general decline in the resource in the main
irrigation areas with declines commonly
between 2 and 10 m.
Figure 14.20  Water level change 2000-2005 in
the Calivil Subsystem in the Lachlan CMA area
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Figure 14.21  Seasonal water level change in
the Calivil Subsystem in the Lachlan CMA area

Seasonally, groundwater levels show
significant drawdowns of up to 10 m in the
area of the sub-catchment populated with
the highest density of groundwater extraction
bores (Figure 14.21).
Upstream from Hillston in the valley tract
of the Lachlan drainage system, the pattern
close to the river is dominated by recharge
from the river, in short sharp upward steps
followed by gradual recessions as shown in
Bore GW036169.1 (Figure 14.22).
Near the outlet of the palaeovalley, in this bore prior to
1996 water level trends can probably be attributed to
river conditions and flood events. From 1996 until the
present there has been a decline that is continuing,
with significant pumping that has varied from year to
year as shown in Bore GW025403.1 (Figure 14.23).
Close to the margin of the Murray Geological
Basin and within the influence of discharge from
the underlying bedrock or from river regulation,
bores show a slight rising trend as shown in Bore
GW030022.1 (Figure 14.24). The trend is almost linear
and there might be a correlation with rainfall.
Figure 14.22  Bore GW036169.1 Hydrograph

From 1971 to 1990 Bore GW030172.2 (Figure 14.25)
showed a slight decline (total about 0.2 m), with
intermittent pumping effects causing short-term
drawdown of 2-3 m. There was no pumping from 1991
to1995, and the water level rose by about 1 m. Pumping
recommenced in the 1990’s and since 2000 a distinct
decreasing trend is evident. Seasonal variations are up
to 4m.
Figure 14.23  Bore GW025403.1 Hydrograph

Figure 14.24  Bore GW030022.1 Hydrograph

Figure 14.25  Bore GW030172.2 Hydrograph
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14.6 Lachlan Subsystem
The Lachlan Subsystem is the Highlands
equivalent of the Calivil Subsystem
and occurs in the Upper Lachlan Subcatchment. The extent of the Lachlan
Subsystem is obscured by the overlying
Cowra Subsystem. Both subsystems are
managed together, and for the purposes
of this study the extent of the Lachlan
Subsystem is assumed to be that of the
management area which covers it (Figure
14.26). This is an overstatement of the
extent of this unit, but a more precise
definition of its extent is not available for
this report.

Figure 14.26  Assumed extent of Lachlan Subsystem in the Lachlan
CMA area

Two groundwater management units that apply to the Lachlan and Cowra Subsystems have been declared
in the Upper Lachlan Sub-catchment (Figure 14.27). The occurrence of the overlying Cowra Formation
deposits is quite extensive, but the Lachlan
Formation is restricted to the deeper parts
of the palaeovalley system. The thickness of
the Lachlan Formation reaches about 100m
in places, but is mostly less than this and
decreases to zero around the margins of its
area. Most of the groundwater used comes
from the Lachlan Subsystem.
A Groundwater Management Plan was gazetted
for the Groundwater Management Area (GWMA)
on 1 October 2006. It will provide a framework
for groundwater use and management for the
next ten years.
Most of the area is used for dryland farming,
and irrigation is generally restricted to a
narrow zone along the Lachlan River where
Figure 14.27  Groundwater management units for the Lachlan
private irrigators divert water directly from
Subsystem in the Lachlan CMA area
the river. There is also significant irrigation
using groundwater, mainly from the Lachlan
Formation. There are several important inland towns in the GWMA, the main ones being Cowra, Forbes,
Grenfell, Condobolin, Lake Cargelligo and Canowindra. Some of these towns use groundwater, and in all cases
it comes from the deeper Lachlan Formation aquifers. Groundwater from the Lachlan Formation is also used
for the town water supply at Parkes, and
for mining operations near Parkes, sourced
from a borefield near Forbes.
The potentiometric contours for the Lachlan
Catchment indicate a westerly groundwater
flow grading from an elevation of 270 m
relative to the Australian Height Datum
(AHD) at Cowra to less than 150 m AHD at
Lake Cargelligo (Figure 14.28). Groundwater
pumping is carried out primarily along
the river. River regulation along the main
Lachlan River is likely to have increased
recharge from the river causing flow
away from the river against the previous
Figure 14.28  Groundwater flow in the Lachlan Subsystem in the
natural gradient. Apart from some deviation of
Lachlan CMA
groundwater flow in that area, flow is generally
to the west.
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Figure 14.29  Water level change 2000-2005 in the
Lachlan Subsystem in the Lachlan CMA area

The change in potentiometric levels between
2000 and 2005 shows that significant declines in
groundwater levels of between 1 m and 8 m have
occurred in the heavily pumped areas (Figure
14.29).
Seasonal drawdowns show the most marked
seasonal change attributable to pumping is
apparent exceeding 10m in places (Figure 14.30).
Seasonal variations of 2-3 m are apparent
in the upstream parts of the valley. Further
downstream, closer to Forbes, the variation is
commonly up to 4 m and reaches 6 m in places.
Examples of the processes and impacts are
evident in the hydrographs.
Long term rising trends are apparent in the area
to the immediate south and west of Grenfell,
in the far upstream extent of the Subsystem’s
distribution as shown in Bore GW036628.2
(Figure 14.31).

Figure 14.30  Seasonal water level change in the Lachlan
Subsystem in the Lachlan CMA area

In the northern part of the area the water levels
suggest a reaction to pumping. Correlation with
rainfall is not clear - variations in the rainfall

pattern are not matched in the water levels (Bore
GW036604.1, Figure 14.32).
Close to the river, the water level behaviour is apparently
largely controlled by river effects, but there is also
a reasonable correlation with the rainfall, with a
divergence from this correlation from the early 1990s.
Prior to 2000 water levels in Bore GW036079.5 (Figure
14.33) seem to have been more dependent on river
behaviour than on rainfall. Since 2000 pumping is the
dominant factor influencing water levels.
Figure 14.31  Bore GW036628.2 Hydrograph

Figure 14.32  Bore GW036604.1 Hydrograph

Figure 14.33  Bore GW036079.5 Hydrograph
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Figure 14.34  Bore GW021165.2 Hydrograph

Figure 14.35  Bore GW030359.3 Hydrograph

Bore GW021165.2 (Figure 14.34) is the furthest downstream. The site is close to the river, and the pattern of
the hydrograph is dominated by river behaviour with no similarity to the rainfall mass curve. The decline from a
high point in 1990 has been interrupted by some small short term rises. Since 2000 water levels have declined,
most likely due to decreases in lateral inflow from up-basin. The salinity of groundwater in this part of the
Lachlan Valley is too high for irrigation use.
Downstream of Cowra the hydrograph pattern for Bore GW030359.3 (Figure 14.35) is similar to rainfall from
1974-1990. After that, while the rainfall exhibits a rising trend, the water level declines, with a clear seasonal
pumping pattern superimposed on it. Since 2000 waterlevels have exhibited a distinct decreasing trend.

14.7 Shepparton Subsystem
There is little or no high rate pumping of
groundwater from the Shepparton aquifers, due
to low yields and indifferent water quality. Much
of the Formation is dry, being entirely above
the water table over much of the area. The unit
is significant, however, as it is the conduit for
recharge water to the important deeper aquifers.
The extent of the Shepparton Subsystem is shown
in Figure 14.36.
Recharge arises from rainfall, irrigation, floods
and river leakage and in all these the interface at
or near the land surface is with the Shepparton
Formation. An understanding of how this aquifer
is responding to recharge, and to pumping from
the deeper aquifers, is therefore an essential
starting point for groundwater management.

Figure 14.36  Extent of Shepparton Subsystem in
the Lachlan CMA area

Groundwater pumping for irrigation purposes commenced in the 1960s. Licensing requirements at that time
were minimal. The rice industry was very tightly controlled then and the annual crop was limited by the amount
of water allocated for it. Surface water licences included a clause about whether the water could be used for
rice, so an unrestricted groundwater licence was a means of growing rice outside the quota. It was not long
before such a condition was also included in groundwater licences.
There are no formal irrigation areas in this catchment, but a significant amount of irrigation occurs by private
river diverters, and with groundwater. Recharge to the aquifer system is via rainfall and irrigation, overland
flood events, and to some extent from the Lachlan River and its distributaries. The pattern of groundwater flow
is assumed to be to the south-west, parallel to the river direction.
Data downstream of Lake Ballyrogan is sparse. A number of bores in the main valley section between Lake
Ballyrogan and the downstream limit of the Upper Lachlan GWMA011 were reviewed. All show a strong
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interaction with the Lachlan River similar to that shown
in Bore GW025381.1 (Figure 14.37). The rate of decline
in waterlevels since 2000 has not been as great as in the
period from 1995 to 2000. The event in 1993 was a very
major flood event. The decline in water levels represents
the decay of the mound induced by the flood.

14.8 Cowra Subsystem
The Cowra Subsystem is the Highland equivalent of
the Shepparton Subsystem and its extent is that which
was adopted for the Lachlan Subsystem. The entire
area of occurrence of the Cowra Formation in the
Lachlan Valley upstream from Lake Cargelligo is by
Figure 14.37  Bore GW025381.1 Hydrograph
definition within Groundwater Management Area
011(GWMA011), with the exception of the occurrence
in the tributary Belubula Valley that has been defined as a separate management area GWMA021. The
downstream limit of the GWMA is its boundary with the Lower Lachlan GWMA at Lake Cargelligo and for the
purposes of this report this boundary can also be regarded as a surrogate boundary of the Cowra Formation.

Figure 14.38  Groundwater flow in the Cowra Subsystem in
the Lachlan CMA area

Eight management zones have been defined
within the GWMA, but while the occurrence of
Cowra Formation deposits is quite extensive,
the useful water resources in them are
quite limited. The thickness of the Cowra
Formation does not exceed about 40m, and
is mostly less than this. The unit is dry over
much of the area, with shallow deposits
resting directly on bedrock. The management
areas have been established primarily to
deal with the underlying Lachlan Formation
aquifers, but this unit is essentially restricted
to narrow palaeovalleys. A Groundwater
Management Plan was gazetted for the
GWMA on 1 October 2006. It will provide
a framework for groundwater use and
management for the next ten years.

Most of the area is used for dryland farming, and irrigation is generally restricted to a narrow zone along the
Lachlan River where private irrigators divert water directly from the river. There is also significant irrigation
using groundwater, but the source is the underlying Lachlan Formation and these areas are restricted to those
parts of the palaeovalley where the Lachlan Formation contains low salinity water.
Little information is available in the
southern part of the Upper Lachlan
Catchment. Inferred groundwater flow is
directed in a north-westerly and westerly
direction, parallel with the river and its
tributaries (Figure 14.38).
The water table level change between
2000 and 2005 (Figure 14.39) shows that
significant watertable declines have
occurred in the last five years.
Figure 14.39  Water level change
2000-2005 in the Cowra Subsystem in
the Lachlan CMA area
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Figure 14.40  Seasonal water level
change in the Cowra Subsystem in the
Lachlan CMA area

Seasonal water level changes resulting from the impact of pumping are apparent, but are generally quite
small (Figure 14.40). In the remainder the annual seasonal variation is negligible, or swamped by other effects
such as river recharge and long term regression as water drains back to the river. The largest declines are
immediately upstream from Forbes where the town supplies are being drawn from the underlying Lachlan
Subsystem.
Processes and impacts are reflected in the water level
trends.
Near the upstream limit of the Cowra Formation the
unit is thin and rests directly on Palaeozoic bedrock.
Bore GW036776.1 (Figure 14.41) is characteristic of
areas subject to water level rise as a result of dryland
farming operations, and suggests that discharge from
the increased recharge from river regulation exceeds
the capacity of the alluvial aquifer to transmit the water
laterally at this location.
Bores in the main valley alluvial deposits downstream
from Cowra show distinct recharge events followed
by a regression, as shown in Bore GW030369.1 (Figure
14.42). A declining trend is evident since 2000.

Figure 14.41  Bore GW036776.1 Hydrograph

A rising trend that has been truncated by pumping,
is shown in Bore GW036500.1 (Figure 14.43). The
occurrence of this pattern suggests that Cowra
Subsystem water levels are being impacted by pumping
from the deeper Lachlan Subsystem.

Figure 14.42  Bore GW030369.1 Hydrograph

Figure 14.43  Bore GW036500.1 Hydrograph
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Near Eugowra most of the observation bores show
a trend reflecting recharge followed by a distinct
regression such as that shown in Bore GW030359.1
(Figure 14.44). As in other areas a decline in water
levels is evident since approximately 1995.

Figure 14.44  Bore GW030359.1 Hydrograph

The main issues in this catchment are to ensure that
usage does not exceed the estimated sustainable
yield, and to confirm that current estimates of
sustainable yield are within an acceptable range of
precision. An administrative challenge is to reduce the
total entitlements to a level at or below the estimated
sustainable yield. The proposed Water Management
Plan has these objectives.
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15 Lower Murray Darling CMA - NSW
15.1

Location

The Lower Murray Darling Catchment Management
Authority area is located in arid south-western NSW
(Figure 15.1). The area includes the Darling River,
the Menindee Lakes and the River Murray which
forms the southern boundary to the area. There are
three surface water catchments in this area:
• Benanee Catchment;
• Darling River Catchment;
• Lower Murray Darling Catchment.

Figure 15.1  Location of Lower Murray Darling CMA area

The area is close to the junction of the Murray and Darling River Drainage Basins. Most of the groundwater in
the various aquifers is saline and thus usage, and consequently data, is limited.
The following hydrogeological subsystems occur within the Lower Murray Darling CMA from oldest to youngest:
• Barrier Highlands;
• Renmark Subsystem;
• Murray Group Subsystem;
• Calivil Subsystem;
• Parilla-Loxton Subsystem;
• Shepparton Subsystem;
• Quaternary Subsystem;
• Murray Trench Subsystem.
The relationships between these subsystems is illustrated in the representative cross sections shown below:

Figure 15.2  Schematic cross-sections for the Lower Murray Darling CMA area
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15.2

Groundwater Status in the Lower Murray Darling CMA

Subsystem

Description and Status

Groundwater Issues

Barrier Highlands

Ancient fractured rock landscapes with local
groundwater flow systems. Groundwater generally
saline

 o monitoring bores with year 2005
• N
data;
• No major groundwater issues.

Renmark
Subsystem

Basal aquifer system in the Murray Basin.
Comprises alluvial sands and gravels with
interbedded clayey units. Groundwater too deep and
salinity too high to use (10,000 mg/L)

• No major groundwater issues.
• Water levels steady or slightly
falling

Murray Group
Subsystem

Occurring in south-western portion of the catchment
area, this aquifer comprises clayey limestones and
marls

 ittle groundwater data and no
• L
usable resource;
• No major groundwater issues.

Calivil Subsystem

Alluvial sequence of channel sands and clays
occurring in eastern part of catchment. Groundwater
too saline to use

 imited groundwater data available
• L
no values in 2005;
• Water levels deep with declining
trends in most hydrographs.
• Limited data available along Darling
River.

Parilla-Loxton
Subsystem

Marine sands containing saline groundwater.
Salinities typically 30,000 to 40,000 mg/L. Major
source of salt loads in the Murray and Darling Rivers

• Declining water level trends;

Shepparton
Subsystem

River and lake deposited sediments in the Murray
Basin. Equivalent to the Narrabri in the Darling
Basin. Mostly fine-grained sedimentds in this area.
Limited stock supplies Little useable groundwater
because of low yields and high salinities

 ittle groundwater data and limited
• L
usable resource;
• No major groundwater issues.
• Declining water level trends

Quaternary
Subsystem

Alluvial deposits in the Barrier Ranges. Limited yield
and variable quality

• No major groundwater issues.

Murray Trench
Subsystem

Alluvial deposits of previous channels of the Murray
and Darling Rivers

 imited borehole information
• L
available in this area.

15.2.1 Changes since 1990-2000 Groundwater Status Report
The major issue in this area continues to be data availability for this geologically complex area. Little usable
groundwater water is present, so the major concerns continue to focus on the prevention of saline inflows into
the Murray and Darling Rivers.
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15.2.2 Priorities for Further Work
Parilla-Loxton and Murray Trench Subsystems: further work is needed to obtain an understanding of
saline flows into the Darling River from the Parilla-Loxton
Subsystem via the Murray Trench Subsystem;
Barrier Highlands, Murray Group,
Calivil, Shepparton and Quaternary Subsystems: establishment of monitoring networks (low priority);
Renmark Subsystem:

ongoing monitoring, no additional recommendations.

15.3 Far West (Barrier) Highlands
The Far West Highlands are exposed as isolated
hills rising through the flat alluvial plains (Figure
15.3). The most significant outcrops occur in the
hills around Broken Hill known as the Barrier
Ranges. There is little groundwater data in the
Barrier Highlands.
Other small outcrops occur in an arc extending
from Ivanhoe in the north-east to the Mildura
– Robinvale area along the River Murray known
as the Neckaboo Ridge. This arc forms the divide
between the non-marine sediments deposited in
the eastern portion of the Murray Basin and the
marine sediments in the western areas.
The following analysis is limited to a brief summary
of the groundwater flow systems (GFS) that exist
in the area, as there has been no detailed study
Figure 15.3  Extent of Far West Highland areas in the Lower
of groundwater occurrence. The area comprises
Murray Darling CMA area
a range of groundwater flow systems that can be
divided into three main categories.
• Firstly, the bedrock where it outcrops, is usually fractured and faulted and hosts a range of local fractured
rock flow systems where there is sufficent relief. Intermediate groundwater flow systems are found in
areas of low relief. These flow systems have the same character as similar flow systems in the other
Highland areas. Groundwater yields are usually low, and groundwater salinity is high.
• Secondly, there are local flow systems developed in the residual and windblown sediments that overlie
these fractured rock systems. Typically, these sediments are thin and lie on the longer slopes of the
subdued hills. The distribution of saturated aquifer conditions is sporadic, groundwater flow is intermittent,
sometimes perched, and flow paths are very short. Salinities are usually higher than for the fractured rock.
• Thirdly, there are areas of upland alluvium that contain coarser material which support local groundwater
flow systems, and areas of thicker sediment accumulation leading out onto the plains which may host
more regional groundwater flow systems. Both these flow systems are usually intimately associated
with ephemeral rivers and streams. Groundwater yields are highly variable, and salinity is also high.
Groundwater resources are extremely limited, with all use being associated with livestock and domestic
supply. Groundwater salinity is the main control on resource use.

15.4 Renmark Subsystem
The Renmark Subsystem in this area consists of the Lower and Middle Renmark Group sediments. The Upper
Renmark Group sediments are hydraulically continuous with the Calivil Formation and are therefore grouped
together in the Calivil Subsystem. The extent of the Renmark Subsystem is shown in Figure 15.4.
North of the River Murray salinities in all aquifers are high. The Renmark Subsystem contains the best quality
(about 10,000 mg/L), but there are few operational livestock bores in existence because of its depth (about 180
m). Not surprisingly, limited monitoring shows no discernible trends due to the minimal development.
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An extensive monitoring network was put in place a number of years ago which provides data on water levels in
the Renmark Subsystem. There are at least 25 bores in the Renmark Subsystem within this area however none
have readings in 2005. The hydrographs indicate similar hydraulic responses across the area.
Bore GW036818.2 (Figure 15.5) is located
approximately 80 km north of Wentworth
and shows water levels that are generally
static to slightly falling.
Similarly Bore GW036815.2 (Figure 15.6),
located 50 km south-west of Menindee also
shows no trends other than perhaps a very
damped rainfall correlation.
Water level trends in the eastern areas are
also flat as shown by Bore GW036671.3
(Figure 15.7). The early spike is likely to be
unrepresentative.
Bore GW036875.3 (Figure 15.8) is
representative of the gradual decline in
water levels in the centre of the Murray
Basin.
Figure 15.4  Extent of Renmark Subsystem in the Lower
Murray Darling CMA area

Figure 15.5  Bore GW036818.2 Hydrograph

Figure 15.6  Bore GW036815.2 Hydrograph

Figure 15.7  Bore GW036671.3 Hydrograph

Figure 15.8  Bore GW036875.3 Hydrograph
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15.5 Murray Group Subsystem
The Murray Group Subsystem occurs in the southwestern portion of the Lower Murray Darling CMA
area (Figure 15.9). The aquifer here is marginal
with a relatively high clay content and a high salinity
groundwater and is therefore not utilised.
The Murray Group Subsystem is overlain by the ParillaLoxton Subsystem which has a more significant impact
on surface water resources.

15.6 Calivil Subsystem
The Calivil Subsystem exists in the eastern portion of
the Lower Murray Darling CMA area (Figure 15.10).
The aquifer in this area is largely unusable due to
salinity and no specific management regime has
been implemented in this area apart from the
normal licensing procedures applied to livestock and
domestic bores.

Figure 15.9  Extent of Murray Group Subsystem in the
Lower Murray Darling CMA area

Recharge to the Calivil aquifer is via the overlying
Shepparton aquifer, and by underflow from
surrounding areas. Although there are 21 bores
monitoring the Calivil subsystem in this region there
are no water level readings in 2005. The groundwater
contours from 2000 indicate groundwater flows in a
westerly direction (Figure 15.11).
The hydrographs from bores in the Calivil Subsystem
are consistent with a slight downward trend. Bore
GW036862.2 (Figure 15.12) is located approximately
60 km north east of Balranald.
Figure 15.10  Extent of the Calivil Subsystem in the
Lower Murray Darling CMA area

In the northern part of the area the story is
similar. Bore GW036805.2 (Figure 15.13) is located
approximately 100 km north east of Robinvale.

Figure 15.11  Groundwater flow in the Calivil
Subsystem in the Lower Murray-Darling CMA area

Figure 15.12  Bore GW036862.2 Hydrograph
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15.7

Parilla-Loxton Subsystem

The Parilla-Loxton Subsystem is a lateral equivalent
of the Calivil. The Parilla Sands were deposited under
shallow marine conditions at the same time as the
river and lake-deposited sediments of the Calivil were
laid down in an adjacent terrestrial environment.

Figure 15.13  Bore GW036805.2 Hydrograph

The Parilla-Loxton Subsystem contains highly saline
groundwater, typically 30,000–40,000 mg/L Total
Dissolved Solids. The Subsystem is a significant
hydrogeological unit because it is the major contributor
of salt to the Murray–Darling River system, and
therefore the biggest threat to surface water quality in
the Basin.

It is up to 50 m thick, and consists mainly of
fine to medium-grained sand, tending to be
clayey towards the base and with some clay
layers within it. It is overlain across most of its
extent by the Blanchetown Clay which, with
more recent near-surface units, forms the land
surface in that area. The sand layers are highly
permeable and the unit is a regional aquifer.
Much of the aquifer is unconfined but where the
water table is in the overlying Blanchetown Clay
the Parilla-Loxton Subsystem is confined.
Groundwater flow is generally towards the
west, but there is also a component of flow
towards the River Murray that acts as a regional
drain (Figure 15.15). The direction of flow of
Figure 15.14  Extent of the Parilla-Loxton Subsystem in the
groundwater and river water across the aquifer
Lower Murray Darling CMA area
boundary is determined by the relative height of
water in the river and the aquifer, so that groundwater enters the river during times of low flow. The aquifer is
recharged with water from the river at times of high river stage.

Figure 15.15  Groundwater flow in the Parilla-Loxton
Subsystem in the Lower Murray

Since the construction of the weirs along the
River Murray, the River has been held at an
almost constant high stage, with the result that a
groundwater mound has developed along the River.
The mound is continuous along both the River
Murray and the Darling River for a considerable
distance upstream from their confluence,
thus forming a barrier to the regional westerly
groundwater flow. A consequence of this is that
water levels are rising in this area and causing
widespread land salinisation in low topographic
areas close to the River. An additional effect of the
raised water levels caused by the weir pools is the
reactivation of many of the dry lakes in the area.
While originally fresh water lakes, that dried out as
the climate changed, they are becoming flooded with
salt water as the rising water table reaches the floor
of the lakes.
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Figure 15.16  Bore GW036813.1 Hydrograph

Figure 15.17  Bore GW036967.1 Hydrograph

Bore GW036813.1 (Figure 15.16) is located near
Menindee Lakes, but also close to the Darling
River. The hydrograph appears to reflect short
term variations in the lake level but the levels in
2002 were almost the same as the levels in 1989
when records commenced. The variation is more
pronounced in the deeper aquifers in this bore than
in the shallowest aquifer. In recent years the impact
of decreased flows in the Darling River is evident.
Bore GW036967.1 (Figure 15.17) is about 10 km
south-west of the end of the Menindee lake system.
Prior to 2000 an overall increasing trend was
evident however since 2000 a decreasing trend has
occurred.
Bore GW040373.1 (Figure 15.18) is located
approximately 25 km to the south-east of the
eastern extremity of the Menindee Lake system,
and the record since 1981 shows an almost linear
decline of just under 1 m from 1981 to 2004. There is
no apparent correlation with the rainfall.

Figure 15.18  Bore GW040473.1 Hydrograph

The water level near the lakes is controlled by the
lake level, but elsewhere the water levels appear to
reflect only major flood recharge events. In general
the system seems to be in equilibrium, apart from
some possible rising trends to the south of the lake
system.
Bore GW036858.1 (Figure 15.19) shows the pumping
effects from the Mallee Cliffs Salt Interception
Scheme along the Mallee Cliffs reach.
Figure 15.19  Bore GW036858.1 Hydrograph
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Figure 15.20  Extent of Shepparton
Subsystem in the Lower Murray Darling
CMA area

15.8 Shepparton Subsystem
The Shepparton Subsystem is the Murray Basin
equivalent of the Narrabri Subsystem, the Central
Darling Upper Alluvium and the West Darling Alluvium
and these are depositionally, lithologically and
chronologically identical. It occurs along the eastern
margin of the Lower Murray Darling CMA and extends
down along the Darling River from the north.
In this area there is little or no useful groundwater
because of low yields and/or high salinity except in
a few areas where special circumstances apply. Any
groundwater use is generally for livestock watering
purposes.
Recharge is mainly via rainfall infiltration to the
Shepparton Subsystem, with some resulting from
periodic overland flooding. Water table levels are
generally greater than 10 m deep, and grade from an
elevation of 50-40 m relative to the Australian Height
Datum (AHD) at Menindee. Groundwater flow is to the
north-west.

Figure 15.21  Bore GW036862.1 Hydrograph

Water levels recorded since 1990 indicate a decline
of between 0-1 m in that period. Seasonal water level
change is also within plus or minus 1 m.
Bore GW036862.1 (Figure 15.21) is located in the
south-east corner of the Pooncarie mapsheet, and
shows a very slight falling trend since the record
started in 1990 with a total fall of almost 2m.
Bore GW036806.1 (Figure 15.22) is in the Wilcannia
mapsheet area, and is close to the Darling River.
It shows a gradual rise of about 0.1 m from 1988
to 1990, followed by a long slow decline of about
0.3 m and is continuing. The rise of 1988 to 1990 is
presumably a reflection of flood conditions, but the
response is very subdued.

Figure 15.22  Bore GW036806.1 Hydrograph
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15.9 Quaternary Subsystem
This Subsystem includes sediments deposited over
the last million years or so in old river valleys within
the Barrier Range (Figure 15.23). No bores with data
in the reference year of 2000 were identified in this
area. The unit in this area is similar to the Central
Darling Upper Alluvium Subsystem. Further work
is required to clarify the stratigraphic relationships
between the Quaternary aged sediments of the
Murray and Darling Basins in this area.

Figure 15.23  Extent of the Quaternary Subsystem in
the Lower Murray Darling CMA area

Figure 15.24  Extent of the Murray Trench Subsystem in the lower
Murray Darling CMA area

15.10 Murray Trench Subsystem
The Murray Trench sediments deposited by
ancestors of the Murray and Darling Rivers
extending along the Murray channel along the
southern boundary of the area and also along
the Darling River and Darling Anabranch (Figure
15.24). Ongoing monitoring continues around the
interception schemes along the Murray but this
data merely reflects the interception scheme
processes rather than the background processes.
No statements can therefore be made about the
status of the Murray Trench (outside the interception
schemes) in this area.
Bore GW087729.1 (Figure 15.25) is located just
northeast of Lake Victoria. Water levels are
essentially constant.

134

Figure 15.25  Bore GW087729.1 Hydrograph
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16.1

Location

The Western Catchment Management Authority
(CMA) area covers approximately a quarter of the
Darling Basin (Figure 16.1). Within its boundaries
are portions of the following catchments:
• Warrego River Catchment;
• Macquarie-Bogan River Catchment;
• Condamine-Culgoa River Catchment;
• Paroo River Catchment;
• Darling River Catchment.

Figure 16.1  Location of Western CMA

Despite its size there is very little groundwater data available. This area is the most arid and remote area from
major towns in the Murray-Darling Basin. Rainfall is low with a strong west to east increasing gradient in
average annual rainfall, ranging from below 400 mm in the east to below 250 mm in the west.
The area also encompasses the junction of the Murray and Darling Basins. The following hydrogeological
subsystems occur in this management area:
• Far West Highlands;
• Great Artesian Basin Subsystem;
• Central Darling Lower Alluvium;
• Central Darling Upper Alluvium;
• West Darling Alluvium;
• Renmark Subsystem;
• Calivil Subsystem;
• Shepparton Subsystem;
• Murray Trench Subsystem.
The relationship between these Subsystems is illustrated in the schematic cross section in Figure 16.2.

Figure 16.2  Schematic cross-section of the Western CMA area    
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16.2
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Groundwater Status in Western CMA

Subsystem

Description and Status

Groundwater Issues

Far West Highlands

Ancient fractured rock landscapes with local
groundwater flow systems. Groundwater generally
saline

 imited usable groundwater
• L
resources, no major groundwater
issues;
• Groundwater systems static.

Great Artesian
Basin

Extensive fractured sandstone aquifer underlying
• Historic declining pressures as a
result of leakage and uncontrolled
Murray-Darling Basin in northern NSW and southern
discharge;
Qld. Major resource aquifer
• Bore Capping and Piping Program
is decreasing pressure loss.

Renmark
Subsystem

Basal aquifer system in the Murray Geological
Basin. Comprises alluvial sands and gravels with
interbedded clayey units. Groundwater too saline to
be a usable resource

 imited groundwater data available;
• L
• No trends evident; no major
groundwater issues.

Calivil Subsystem

Alluvial sequence of channel sands and gravels.
Groundwater too saline to be a usable resource

 imited groundwater data available;
• L
• No trends evident; no major
groundwater issues.

Central Darling
Lower Alluvium
Subsystem

North-east to southwest trending feature occupying
a trench feature eroded into the older basement
rocks of the GAB
Coarse grained alluvial sequence containing saline
water

 imited groundwater information
• L
available
• Extent inferred in this area.

Central Darling
Upper Alluvium
Subsystem

Shallow alluvial fan deposits forming discontinuous
minor aquifers in the Darling River Drainage Basin.
Strong connection with surface water, saline away
from rivers

 imited groundwater data available;
• L
• No trends evident; no major
groundwater issues.

West Darling
Alluvium
Subsystem

Lithologically and chronologically similar to Central
Darling Upper Alluvium and Narrabri Subsystems.

 o groundwater data in Western
• N
CMA area

Shepparton
Subsystem

River and lake deposited sediments in the Murray
Geological Basin. Equivalent to the Central Darling
Upper Alluvium in the Darling River Drainage Basin.
Mostly fine-grained sediments in this area. Little
usable groundwater because of low yields and high
salinities

 imited groundwater data available;
• L
• No trends evident; no major
groundwater issues.

Murray Trench
Subsystem

Alluvial deposits of previous channels of the Darling
River

 o borehole information available
• N
in this area.
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16.2.1 Changes since 1990-2000 Groundwater Status Report
Groundwater status remains largely unchanged but a greater level of understanding of the hydrogeological
configuration is now available. The Narrabri Subsystem in the 1990-2000 Groundwater Status Report has been
subdivided into a number of subsystems based initially on new work undertaken in southwestern Queensland.
This has been extrapolated into New South Wales. The area is remote and arid and little information is available
on the new subsystems.

16.2.2 Priorities for Further Work
Great Artesian Basin:

Attention should focus on continuation of the Capping and Piping Program;

Far West Highlands, Renmark,
Calivil, Narrabri, Shepparton and
Murray Trench Subsystems:
Establish monitoring networks (low priority).

16.3 Far West (Barrier) Highlands
The area defined as the Far West Highlands (commonly referred to as the Barrier Range) in the Western CMA
area covers a number of discrete Highland areas that border the sedimentary deposits of the Murray Geological
Basin and the Darling River Drainage Basin (Figure 16.3). In many instances, the groundwater flow systems
defined below are part of both basins. The
area is sparsely settled, with very little
groundwater development other than for
livestock water.
Groundwater resources are extremely
limited, with all use being associated with
stock and domestic supply. Groundwater
salinity is the main control on resource use.
The Barrier Range comprises ancient
Precambrian and Cambrian rocks. The
landscape is generally of low relief and
lies at elevations of 400–500 m above sea
level. Further to the east, the large area to
the south of Cobar comprises a complex
assemblage of deeply weathered Cambrian
to Devonian sediments and volcanics, with
occasional granite intrusions.

Figure 16.3  Extent of Far West Highlands in the Western CMA area

There is little groundwater information available for
the area, and there are no monitoring data that provide
a good record of time series groundwater level data.
Bore GW001080.1 has two readings one in 1923 and the
other in 2003. The water levels vary by approximately
1m suggesting that there has been little change in
the groundwater systems in the last 80 years. The
following analysis is limited to a brief summary of
the groundwater flow systems that exist in the area,
as there has been no detailed study of groundwater
occurrence. The location of the groundwater flow
systems is shown in Figure 16.4.

Figure 16.4  Groundwater flow systems
in Highland areas
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The area comprises several groundwater flow systems that can be divided into three main categories.
Firstly, the bedrock where it outcrops is usually fractured and faulted and hosts a range of local fractured rock
groundwater flow systems where there is sufficent relief. Intermediate groundwater flow systems are found in
areas of low relief. These groundwater flow systems have the same character as similar flow systems in the
other Highland areas. Groundwater yields are usually low, and groundwater salinity is high.
Secondly, there are local groundwater flow systems developed in the residual and aeolian sediments that
overlie these fractured rock systems. Typically, these sediments are thin and lie on the longer slopes of the
subdued hills. The distribution of saturated aquifer conditions is sporadic, groundwater flow is intermittent,
sometimes perched, and flow paths are very short. Salinities are usually higher than for the fractured rock.
Thirdly, there are areas of upland alluvium that contain coarser material which support local groundwater flow
systems, and areas of thicker sediment accumulation leading out onto the plains which may host more regional
groundwater flow systems. Both these flow systems are usually intimately associated with ephemeral rivers
and streams. Groundwater yields are highly variable, and salinity is also high.

16.4 Great Artesian Basin Subsystem
Great Artesian Basin (GAB) Subsystem,
comprises fractured sandstone rocks of 80
million years of age. The GAB is overlain
by the Central Darling Lower and Upper
Alluvium Subsystem sediments that were
deposited during the Tertiary period, which
began approximately 50 million years ago.
The extent of the GAB Subsystem in the
Western CMA is shown in Figure 16.5.
The aquifers of the GAB are recharged from
rainfall and surface water infiltration along
the western side of the Great Dividing Range.
The GAB consists of a complex multilayered system of water-bearing sandstones
separated by mostly shale and mudstone
confining beds. Most rock units crop out near
the eastern margins of the Darling River
Drainage Basin, and dip to the west.

Figure 16.5  Extent of the GAB Subsystem in the Western
CMA area

Early development led to large bores
supplying many properties, with water
distributed via channels known as bores
drains. Bores flowed uncontrolled into bore
pools which fed the drains. Recognition in
the 1980s of the impact of poor management
practices led to the introduction of better
maintenance and distribution arrangements,
and establishment of management
zones. There is a GAB-wide program in
place to ensure that all flowing bores can
be controlled and that bore drains are
progressively replaced by piping and troughs.

Figure 16.6  Management areas in the GAB Subsystem in the
Western CMA area
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Two management units relate to the
GAB in these catchments as shown in
Figure 16.6. No new licences are being issued
and a prospective new user must purchase an
existing licence. No new extraction licences
are being issued in the GAB. A prospective
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new user must purchase an existing licence. A
Water Sharing Plan is planned. It is proposed
that prospective users will either purchase
entitlements from existing users within the
same zone, or obtain a new entitlement by
generating savings by implementation of a
local cap and piping program at existing bores.

Figure 16.7  Groundwater flow in the GAB Subsystem in the
Western CMA area (2000 model output)

Part of such savings will revert to a central
water savings register, the proportion available
to the user being larger if the cap and pipe
works are self-funded. There will be no
separation of aquifers in terms of management
procedures, but there will be separation
rules in relation to mound springs, other
groundwater dependent ecosystems, and
irrigation bores.

A computer model has been developed to model
groundwater flow through the various aquifers that
comprise the GAB Subsystem. The groundwater flow as
modelled for 2000 is shown in Figure 16.7.
Groundwater discharge is the major process occurring in
the GAB in this region. A number of artesian springs are
located in the north-western part (Figure 16.7).
The main aquifers generally contain water dominated
by sodium bicarbonate with some chloride and minor
sulphate. Water salinity generally increases with distance
from the recharge area. Within the Murray-Darling
Basin, Total Dissolved Solids values are usually less than Figure 16.8  Bore GW012215.1 Hydrograph
1,000 mg/L in the upper, used aquifers, with the deeper
aquifers having more saline water.

Surat Sub-basin
In the northern area close to the Queensland border,
water levels maintain a downward trend, but remain
about 40 m above ground level at this time as shown in
Bore GW012215.1 (Figure 16.8).
Further to the south, stabilisation and water level
recovery is occurring (Figure 16.9).

Figure 16.9  Bore GW008372.1 Hydrograph

Eromanga Sub-basin
Bore 14013 is located just over the border in Queensland
(Figure 16.10) and shows a declining trend. No recent
data is available so it is not possible to determine
whether water level recovery is occurring here.
Figure 16.10  Bore 14013 Hydrograph
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Figure 16.11  Bore GW004676.1 Hydrograph

Figure 16.12  Bore GW004555.1 Hydrograph

Bore GW004676.1 (Figure 16.11) near the eastern boundary of the Eromanga Sub-basin has shown a fall from
1960 to 1979, but remained steady at about 2.2 m to the mid-1990s and has risen about 1 m since then.
Near the Darling River water levels in the Great Artesian Basin are continuing to decline (Bore GW004555.1
Figure 16.12).

16.5 Renmark Subsystem
The Renmark Subsystem is the basal
aquifer system in the Murray Geological
Basin and extends through South
Australia, Victoria and New South Wales.
It comprises the non-marine deposits of
the Lower and Middle Renmark Formation.
Its northernmost known extent of the
Renmark Subsystem occurs in this area
(Figure 16.14). The Subsystem may extend
further north, however, its extent has not
been defined.
It is characterised by white quartz sand
and fine gravel, grey to dark grey and black
clay, and peat. There are no groundwater
management units covering the Renmark
Subsystem in this area.

Figure 16.13  Extent of Renmark Subsystem in the
Western CMA area

Water levels indicate that conditions in the Renmark
Subsystem are constant and that the subsystem is
isolated from surface processes as shown in the
hydrograph for Bore GW036891.2 (Figure 16.14).

Figure 16.14  Bore GW036891.2 Hydrograph
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16.6 Calivil Subsystem
Throughout the Miocene period, marine conditions
prevailed in the western portion of the Murray
Basin. A period of erosion and valley incision
occurred around the eastern and southern
margins of the Murray Basin. These eroded
areas were subsequently filled with the alluvial
sediments comprising gravels and sands of the
Calivil Formation, while marine sands of the Parilla
Sand / Loxton Formation were deposited to the
west. The northernmost known extent of the Calivil
Subsystem occurs in this area (Figure 16.15).
Bore GW036836.2 (Figure 16.16) is located close
to the Darling River. Water levels since 1990 show
Figure 16.15  Extent of the Calivil Subsystem in the Western
a slight decline. The flat trend suggests that
CMA area
the Calivil Subsystem in this area is not directly
connected with surface processes such as recharge
from rainfall or flood events.

Figure 16.16  Bore GW036836.2 Hydrograph

Figure 16.17  Bore GW036879.2 Hydrograph

Bore GW036879.2 (Figure 16.17) is located near the
eastern edge of the Calivil Subsystem in this area.
No trends are evident. Little information is available
since 2000.

16.7 Central Darling Lower
Alluvium Subsystem
The Upper and Lower Alluvium have been
described in some detail in the Lower Balonne
region of Queensland but in this area the extent
is inferred from geological maps and bore
data. The aquifer in this region is comprised
of possible late Tertiary alluvial sediments
occupying a trench feature eroded into the
older basement rocks of the GAB. The Lower
Alluvium is confined to the trench and is
generally coarser grained. Together with the
Central Darling Upper Alluvium, the two alluvial
units attain thicknesses of up to 170 m. The
Upper Alluvium is about 40 to 50 metres thick,
but thickness can vary substantially.

Figure 16.18  Extent of the Central Darling Lower Alluvium
Subsystem in the Western CMA area

The Lower Alluvium is semi-confined and salinity us usually very high. The recharge and discharge processes
associated with the two aquifers is not well understood. Recharge is via leakage from surface water systems,
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Figure 16.19  Bore GW036839.3 Hydrograph

Figure 16.20  Bore GW036853.3 Hydrograph

generally from major overbank flood events. The aquifer is not well understood in the Western CMA region.
Recharge processes are probably heavily weighted towards leakage from stream flow from the regulated
Darling River. Groundwater is extracted from the Lower Alluvium from isolated bores along the Darling River in
NSW.
Bore GW036839.3 is located near Wilcannia. Water levels exhibit a stable to slightly falling trend (Figure 16.19).
Bore GW036853.3 is located near Bourke. Water levels have been relatively constant since the early 1990’s
(Figure 16.20).

16.8 Central Darling Upper Alluvium Subsystem
The Central Darling Upper Alluvium is the uppermost unit in this part of the Darling River Drainage Basin. The
Subsystem comprises alluvial sediments of the Darling River and its tributaries of the Culgoa River and the
Barwon River (Figure 16.21) probably of late Tertiary/Quaternary age.
The Subsystem has been
described in some detail in
the Lower Balonne region of
Queensland but in this area little
is known. The Upper Alluvium is
about 40 to 50 metres thick, but
thickness can vary substantially.

Figure 16.21  Extent of the Central Darling Upper Alluvium Subsystem in the
Western CMA area

The Upper Alluvium is
unconfined, however the
recharge and discharge
processes are not well
understood. Recharge is via
leakage from surface water
systems, generally from major
overbank flood events. Some
recharge from rainfall also
probably occurs. Recharge
processes are probably heavily
weighted towards leakage from
stream flow from the regulated
Darling River.

Generally, depth to watertable varies depending on proximity to the local surface water feature and whether the
surface water is regulated or not. In unregulated sections of the Subsystem, depth to watertable can be as deep
as 30 metres. In the areas adjacent to the Darling River downstream from Bourke depth to watertable is about
10 to 15 metres. Groundwater salinity is usually very high except immediately adjacent to the regulated Darling
River in NSW.
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Figure 16.22  Bore GW036853.1 Hydrograph

Figure 16.23  Bore GW036839.1 Hydrograph

Groundwater is rarely extracted from the
Upper Alluvium except from bores immediately
adjacent to streams.
Bore GW036853.1 is located near Bourke. The
water levels show a clear response to flood
events as monitoring frequency increases
(Figure 16.22).
The dependence on flood events is less
apparent at Wilcannia (Figure 16.23: Bore
GW036839.1). Water level trends are similar to
those seen in the underlying Central Darling
Lower Alluvium at this location (Figure 19)
suggesting a high level of connection between
upper and lower alluvium at this location. The
relative heads suggest the Lower Alluvium
is recharged by downward leakage from the
Upper Alluvium.

Figure 16.24  Extent of the West Darling Alluvium in the
Western CMA area

16.9 West Darling Alluvium
Subsystem
The West Darling Alluvium occurs in only a
small area near the Queensland border (Figure
16.24) north of Bourke. No bores have been
identified in the NSW portion of the subsystem
extent with data between 2000 and 2005. A
more comprehensive discussion of the West
Darling Alluvium Subsystem is contained in the
Warrego-Paroo catchment report.

16.10 Shepparton Subsystem
The river and lake deposited sediments of
the Shepparton Formation were deposited
throughout Quaternary times. In this area the
Shepparton Subsystem exists as the Murray
Basin equivalent of the Central Darling Upper
Alluvium Subsystem and the extent is shown in
Figure 16.25.

Figure 16.25  Extent of the Shepparton Subsystem and
Central Darling Upper Alluvium Subsystem in the Western
CMA area
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The sediments of the Shepparton Formation are dominated by finer-grained floodplain deposits interspersed
with coarse-grained channel deposits of gravels and sand. They are principally brown and grey mottled clay and
silt with the thin beds of fluvial shoestring channel sands.
Minimal management effort is required for this area, where there is little or no useful groundwater because of
low yield and/or high salinity except in a few areas where special circumstances apply. Any groundwater use is
generally for livestock watering purposes.
The area is used for grazing and there is no irrigation. There are some large National Parks. Recharge is mainly
via rainfall infiltration to the Shepparton Subsystem, with some resulting from periodic overland flooding. Water
table levels are generally greater than 10 m deep.
The hydrograph for Bore GW036806.1 (Figure 16.26)
shows a gradual rise of about 0.1m from 1988 to
1990, followed by a long slow decline of about 0.3m
which is continuing. The rise from 1988 to 1990 is
presumably a reflection of flood conditions, but the
response is very subdued.

Figure 16.26  Bore GW036806.1 Hydrograph

The Shepparton aquifer in this part of the Basin has
apparently been draining slowly during the 1990s.
Although there is no apparent correlation with
rainfall mass curves, and the connection between
Darling River and aquifer is at best subdued, the
downward trend of water level suggests that levels
are declining in a regression from a widespread and
diffuse recharge event or period.

16.11 Murray Trench
The Murray Trench sediments
extend northwards along the
Darling River from Wentworth to
just north of Menindee (Figure
16.27). No information is available
on the Murray Trench sediments in
this area.
It is likely that it extends further
north into the Darling River
Drainage Basin but it has not been
differentiated from the Central
Darling Upper Alluvium Subsystem
in this area.

Figure 16.27  Extent of Murray Trench Subsystem in the Western
CMA area
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17 Central West CMA - NSW
17.1

Location

The Central West Catchment Management Authority
is located in central NSW and consists of the
Castlereagh and Macquarie-Bogan River catchments
(Figure 17.1). The hydrogeological Subsystems that
occur in the Central West catchment include:
•

Central West Highlands;

•

Great Artesian Basin;

•

Gunnedah Subsystem;

•

Narrabri Subsystem.

This catchment is the southernmost catchment of the
Darling River Drainage Basin draining west the Great
Dividing Range.
Figure 17.1  Location of Central West CMA

The Central West Highlands form the eastern, southern and western boundary of this catchment. The Great
Artesian Basin (GAB) extends beyond the Murray-Darling Basin into Queensland, South Australia and Northern
Territory and in much of this area the aquifer is the only reliable water resource. The GAB rocks cropping out in
this catchment are part of the recharge area for this important resource aquifer.
The Narrabri and Gunnedah Subsystems are sedimentary in origin and were deposited from streams draining
the ranges. The Gunnedah Subsystem sediments tend to be cleaner and coarser-grained than those of the
Narrabri Subsystem. Groundwater is of good quality especially near the creeks from which the aquifer is
recharged. The Gunnedah Subsystem is a major resource aquifer in this catchment. The Narrabri Subsystem
has a higher clay content and groundwater, which is contained in discontinuous sand lenses, is variable in both
quality and yield. The relationships between the various Subsystems in the Central West CMA are illustrated in
Figure 17.2.

Figure 17.2  Schematic cross section of the Central West CMA area      
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17.2 Groundwater Status in the Central West CMA
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Subsystem

Description

Groundwater Issues

Central West
Highlands

Fractured Palaeozoic and Mesozoic bedrock, basalts
and Highland alluvium

Declining levels in areas due to
irrigation pumping in adjacent alluvial
aquifers and seasonal influences;
Insufficient data available;
Groundwater flow to sediments under
pumping influences.

Great Artesian
Basin

Complex multi-layered system of water-bearing
sandstones confined by shales and mudstones. Up to
2000 m deep at its western extent

Uncontrolled discharge from artesian
bores over the last 100 years has
reduced pressure levels significantly;
Groundwater pressures are now
levelling off reflecting the capping and
rehabilitation initiatives;
Decrease in recharge through
diversion of surface water.

Gunnedah
Subsystem

Coarse-grained river gravels and sands, limited
water supply for irrigated agriculture. Lower yields.

Extent of Gunnedah Subsystem is
poorly known;
Development of pumping has
in places arrested an otherwise
increasing water level trend;
Virtually no water quality data;
Potential to draw in saline water due
towards pumping bores.
Water level declines evident from
2000-2005

Narrabri
Subsystem

Shallow alluvial fan deposits

Strong connection between surface
water and groundwater, an issue for
recharge if surface water diversions
occur;
Virtually no water quality data;
In areas remote from pumping,
groundwater levels in some bores
exhibit a flat to rising trend.
Water level declines evident from
2000-2005
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17.2.1 Changes since 1990-2000 Groundwater Status Report
Dryland salinity in the Highlands was a major issue in the 1990-2000 Groundwater Status Report. The drought
has reduced this concern during the 2000-2005 with generally declining water levels in all subsystems. Water
supplies are now the priority issue. New management areas have been established in a number of areas
including the Castlereagh catchement. Data availability (water level and quality) is an ongoing issue.

17.2.2 Priorities for Further Work
Central West Highlands:

establish monitoring networks to evaluate status of groundwater
equilibrium with changed recharge volumes due to changing landuses,
focus on potential high salinity risk areas;

Great Artesian Basin:

quantification of the volume of decreased recharge to GAB and
evaluation of resultant impacts;

Gunnedah and Narrabri Subsystems: establish water quality monitoring network to evaluate groundwater flow
in the area of high extraction. Regular water level monitoring is needed.

17.3 Central West Highlands
The Central West Highlands extend across the
hydrogeological divide between the Murray and
Darling Basins (Figure 17.3). The Highlands form
the headwaters for the Castlereagh, Macquarie and
Bogan Rivers.
The landscape varies, with elevations between
250-500 m AHD (Australian Height Datum) in the
west where it merges with the alluvial plains and
averaging about 250 - 300 m AHD in height, to areas
with higher relief in the core of the Highlands, and
average elevations between 500-700 m AHD.
The major landuse of the Central West Highlands
region is grazing in the eastern higher parts and
cropping in the lower and flatter terrains to the
west. There is a zone of mixed farming in the
central parts. Minor (though locally extensive)
areas are under native forests, plantation forests
and national parks.

Figure 17.3  Extent of the Central West Highlands in the
Central West CMA area

There are several management areas within the
Macquarie-Bogan catchment of the Central West
Highlands as shown in Figure 17.4.
The water resources have been significantly altered
by landuse change occurring since European
settlement. The changes to the water resources
in the Highlands are best understood in terms of
groundwater flow systems (GFS) which take into
consideration geology and geomorphology. This
report presents an overview of the GFS based on the
1:1M basinwide coverage prepared for the MurrayDarling Basin (Figure 17.4).
Figure 17.4  Groundwater Management areas in the
Central West Highlands
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At this overview scale the most significant GFS
include:
• Local flow systems in fractured rock aquifers;
• Intermediate and local flow systems in fractured
rock aquifers;
• Local flow systems in fractured basalts;
• Local flow systems in granites;
• Local flow systems in upland alluvium;
• Regional to Intermediate flow systems in broad
alluvial valleys.

Local Flow Systems in Fractured Rock Aquifers
These groundwater flow systems occur
predominantly along the eastern margin of the
catchment. They are widespread and are typically
found in a variety of fractured and folded hard rock
terrains, ranging from undulating lower relief areas
to higher relief mountainous terrain. The systems
Figure 17.5  Groundwater flow systems in the Central
are local to intermediate with flow lines up to 30
West Highlands
kilometres in length. These flow systems are usually
unconfined close to the surface, but are confined to
semi-confined at depth. Generally, the permeability
of this system is low but can be moderate to high
where secondary permeability has been developed
due to intense fracturing of hard rocks, or dissolution
in limestone belts. The major source of recharge is
seasonal rainfall. Recharge to the fractured bedrock
occurs on hilltops and slopes, particularly on the midslopes where the soil, saprolite and colluvium are thin or
non-existent. Recharge to the colluvium occurs diffusely
across the slopes.
Groundwater discharge typically occurs in localised
areas and is linked to break-of-slope, changes in
lithology, lateral changes in texture of the saprolite
and colluvium, structural geological controls, and low
positions in the landscape. Ephemeral and perennial
stream networks receive discharge as baseflow and
washoff. The response of this system to changes in
the water balance is variable. It may take decades or
longer to reach equilibrium conditions. Salt storage
in these systems is moderate to high, and is greatest
in weathered zones and the colluvium. Groundwater
salinities are also variable but are generally moderate
to high.
Bore GW033097.1 (Figure 17.6) is situated in the
flat-lying sediments around Dubbo, or in local alluvial/
colluvial deposits closely associated with the flat-lying
sediments. It shows a correlation with rainfall, with a
slight increase in water level over time mirroring the
increasing trend in rainfall. This is indicative of local
flow systems.

Figure 17.6  Bore GW033097.1 Hydrograph

Figure 17.7  Bore GW021498.2 Hydrograph

Bore GW021498.2 (Figure 17.7) is located close to the Macquarie River floodplain and shows a general fall over
time until the mid 1990’s. This may be linked to groundwater extraction from the floodplain sediments. These
bores probably reflect conditions some distance from recharge areas.
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Bore GW002327.1 (Figure 17.8) lies north of
Narromine on the Macquarie floodplain; probably
tapping fractured rock underneath the plain. There
is a general trend of increasing water level over
time that is consistent with the increasing trend in
rainfall, but may also reflect the commencement of
irrigation with water diverted from the Macquarie
River following the completion of a major storage on
this river.

Intermediate and local flow systems in fractured
rock aquifers
These groundwater flow systems are associated with
gently undulating country with more deeply weathered
metasediments in the western parts of the Highlands.
Residual and colluvial sediments and soils overlie the saprolitic layer and fractured rock. The size of the
intermediate systems is in the order of 10,000 Ha with potential flow length of 20-30 km.
Figure 17.8  Bore GW002327.1 Hydrograph

The fractured rock aquifer has a moderate hydraulic conductivity and transmissivity and low specific yield. The
groundwater salinity in bores is moderately high, indicating a high salt store. Because of this, and low gradients
in the landscape, the response of groundwater levels to management actions would be slow to moderate.
Groundwater recharge tends to be episodic, but across the whole area. Bores in this flow system have been
described in the preceding section.

Local flow systems in fractured basalts
Local groundwater systems are commonly present within basaltic flows, sills, dykes, laccoliths, and plugs of
the Central West Region. These systems occur as areas that are higher than the surrounding terrain (basalts
at Orange /Warrumbungles /Coolah, Tongbong, and trachytes in the Toongi catchment), or as low profile sheet
flows and sills (Dubbo area). Groundwater flow in these systems is local and flow paths seldom exceed 5
kilometres.
Horizontal and vertical groundwater movement occurs easily through fractures in the rock and pores in
brecciated units, although some groundwater flow may occur through weathered horizons that are sometimes
present between successive lava flows. These systems are largely unconfined and in general have high
permeability. These characteristics result in a relatively rapid response to changes in the water balance.
Recharge to this system occurs throughout the landscape. The overlying soils are generally well structured and
highly permeable. High recharge rates (in upland areas) combined with high permeability, cause considerable
flushing of this system and removal of salts before they can concentrate. Consequently, this flow system has a
low salt store, which is reflected in its relatively low groundwater salinity.
Locally, groundwater discharges as seepages where structural and stratigraphic changes interrupt the flow
path. This typically occurs at contrasts in unit permeability such as with the underlying low permeability rocks.
Local stream networks receive low salinity groundwater through baseflow where they incise into the basalt.
Consequently the contribution to regional salt-loads from these systems is very small and they have a diluting
effect. These systems are generally fresher compared to other flow systems in the Central West, and have a low
salinity risk.

Local flow systems in granites
The landscape characteristics range from gently undulating hills and valleys with minor granitic outcrops, to
tors and other granitic outcrops. The flow systems in these areas are small, with flow lines of less than 5 km in
length. These systems are unconfined with groundwater flow through fractures in bedrock, and through pores
in weathered bedrock (saprolite), colluvium and soil. Permeabilities and yields in this system tend to be low to
moderate.
The major source of recharge to these systems is seasonal rainfall. Intense episodic rainfall events also provide
some recharge. Recharge to the fractured granite bedrock occurs mainly on the hilltops and slopes where the
saprolite/colluvium is thin or non-existent. Recharge to associated colluvium occurs diffusely across the slopes.
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Groundwater discharge typically occurs in localised areas and is linked to break-of-slope, lateral changes in the
soil/colluvium/saprolite texture, and to valley locations where positive head conditions may exist. Ephemeral
and perennial stream networks receive discharge as baseflow and runoff.
After a change to the water balance, the response of these systems can be very rapid (less than 5 years). Salt
storage is low with most salts located in the solodic soils of the lower slopes. Even with these characteristics,
a long history of clearing has resulted in shallow water tables in these systems, and in salinity manifested by
moderate symptoms in many parts of the landscape. The groundwater salinity of these systems ranges from
fresh to saline, and weathered zones may contain productive quantities of lower salinity groundwater. The
salinity risk for this system is moderate.

Local flow systems in upland alluvium
These flow systems are typically found within unconsolidated sediments located on the valley floors and
terraced floodplains of the upland. The systems are local in scale, with flow lines typically less than 5 km in
length. They are composed of sands, silts, clays and gravels in alluvial, colluvial and aeolian deposits.
These systems are generally unconfined to semi-confined, with some minor confined areas, and have low
to moderate permeability and low to moderately high yields. Finer-grained sedimentary units are found
predominantly in higher order stream catchments, while coarser-grained sedimentary units dominate lower
order catchments.
Recharge is seasonal and episodic in nature. The amount of recharge into the system depends on the nature of
soils and weathered rock above the water table, and on the frequency and intensity of flood events. Recharge
occurs across the whole landscape surface of these systems.
Groundwater discharges typically occur in drainage lines and in localised areas at changes in soil texture,
break-of-slope, and at the base of terraces. Ephemeral and perennial streams receive saline water from the
discharge areas as surface washoff and as baseflow.
Salt storage in the finer-grained units of this system
is high and groundwater salinity ranges from fresh
to hypersaline with lower salinity levels being
characteristic of the coarser sediments. Higher
permeability areas are better drained and are not so
predisposed to salinisation. Locally, the response of
these systems to a change in the water balance can be
relatively fast, while regional water table equilibrium
conditions may take decades to establish.
The salinity risk in this system is moderate to high.
If regional water tables are shallow, salinisation is
associated with impeded groundwater drainage in
Figure 17.9  Bore GW036103.1 Hydrograph
the finer-grained sediments. Waterlogging due to
poor irrigation practices may also cause groundwater
mounding and salinisation. Saline contamination of
lower, more permeable sections of these systems is
possible where groundwater extraction induces saline
groundwater inflow from adjacent more saline systems.
In the upper parts of the Region near Mudgee, bores
show a fluctuating water level response, with no
increase or decrease over time (Bore GW036103.1,
Figure 17.9). This type of trend relates closely to the
amount of water transmitted via the River, and does not
correlate well with the long term rainfall trend.
On the Macquarie River floodplain north-west of
Wellington water levels are similar to the other valley
sites (Bore GW036380.3, Figure 17.10). Water levels
from the various depths show that there is little vertical Figure 17.10  Bore GW036380.3 Hydrograph
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gradient. The graphs also show that water levels are not
fluctuating, except for the occassional water level rise
(such as in the early 1990s). This is consistent with a
highly connected groundwater- surface water system.
North of Dubbo on the Macquarie River floodplain
water levels show a constant trend with no increase or
decrease over time (Bore GW036135.1, Figure 17.11).
This contrasts with the increasing rainfall tend for the
same period. These bores appear to lie in a groundwater
flow system that is highly damped, and are probably
closely related to hydraulic conditions in nearby
sedimentary bodies. No recent data is available for this
bore.

Figure 17.11  Bore GW036135.1 Hydrograph

Regional to Intermediate flow systems in broad
alluvial valleys
Sediment accumulations associated with the larger upland valleys of the major rivers act as major aquifers
(for instance the mid-Macquarie River Valley). If the overall flow direction is taken to be parallel to the River,
the flow lines will be long, so these groundwater flow systems can be very large, and categorised as an
intermediate flow system. However, much of the actual flow may be over shorter distances perpendicular to
the River. This flow direction will depend on the nature of the interconnection between the River and the aquifer,
gaining in some places, losing in others, and possibly disconnected in yet others. The alluvium tends to consist
of sands and gravels within silty clay and sandy clay layers to considerable depth, with very high transmissivity
in the sand layers. Clay layers near the surface may make this system semi-confined, but in many places
an unconfined aquifer may be assumed over a moderate to long time scale. Groundwater salinity increases
towards the more remote parts of the aquifers, in wedges, and near discharge locations which are not affected
by groundwater flow flushing. The salt store in this system is considered low due to the average groundwater
salinity being very low.
The recharge by rainfall is insignificant compared to recharge from seasonal/episodic flooding. Whilst this is
a large groundwater flow system with long flow lengths, the distance to the River is never very large, and the
high transmissivity ensures that back drainage to the River occurs relatively quickly. Consequently, the system
is rated as moderate to fast. There is no salinity occurrence, and any impacts would be off-site as groundwater
flow. Bores in this flow system have been described in the preceding section.

17.4 Great Artesian Basin Subsystem
Great Artesian Basin (GAB) sediments underlie the
sedimentary portion of the Macquarie-Bogan and
Castlereagh catchments. The rocks are lower to
middle Mesozoic in age and are overlain by upper
Mesozoic aged rocks which form a confining layer
over the GAB sediments. These are in turn overlain
by the Tertiary aged Gunnedah and Narrabri
Subsystem sediments.
This area is an important recharge area for the
aquifers that extend beyond the Murray-Darling
Basin and into South Australia, Northern Territory
and northern Queensland. The GAB consists of a
complex multi-layered system of water-bearing
sandstones separated by mostly shale and mudstone
confining beds. The portion of the GAB that is within
the Macquarie-Bogan and Castlereagh catchments
lies within the Surat Sub-basin.
Figure 17.12  Extent of GAB Subsystem in the Central
West CMA area
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The Surat and Eromanga Sub-basins are
separated by a basement high that extends from
just east of Bourke to just west of Mitchell and
is known as the Nebine Ridge. Although some
facies changes occur as sediments drape over
the ridges, there is hydraulic continuity between
the Sub-basins. Sediments in the Surat Subbasin extend to depths of over 2000 m.
Most water is extracted from the uppermost
aquifer in the GAB - the Hooray Sandstone and
its equivalents including the Pilliga Sandstone.
In this multi-layered system, deeper aquifers
have not been subject to the same development
pressures and over large areas remain little
used. The Hooray Sandstone is generally
accepted as being representative of the GAB
Subsystem.
Figure 17.13  GAB Management Areas in the Central
West CMA area

Early development led to large bores supplying
many properties, with water distributed via
channels known as bore drains. Bores flowed
uncontrolled into bore pools that fed the drains. Recognition in the 1980s of the impact of poor management
practices led to the introduction of better maintenance and distribution arrangements, and the establishment of
management zones (Figure 17.13). There is a GAB wide program in place to ensure that all flowing bores can be
controlled and that bore drains are progressively replaced by piping and troughs.
Two management units relate to the GAB in these catchments as shown. No new licences are being issued and
a prospective new user must purchase an existing licence.
A Water Management Plan is being prepared for implementation in mid-2004. It is proposed that prospective
users will either purchase entitlements from existing users within the same Zone, or obtain a new entitlement
by generating savings by implementation of a local cap and pipe program at existing bores. Part of such savings
will revert to a central water savings
register, the proportion available to the user
being larger if the cap and pipe works are
self-funded. There will be no separation
of aquifers in terms of management
procedures, but there will be separation
rules in relation to mound springs, other
groundwater dependent ecosystems, and
irrigation bores in the North Star area.
Groundwater flow has been extensively
modelled in the GAB. The model output
for 2000 has been used to determine flow
directions within the main aquifer, the
Hooray Sandstone and equivalents (Figure
17.14). Flow is generally westerly from
the recharge areas in the east then northwesterly.
Land use ranges from dryland cropping
(mostly grains) to broad scale grazing. Some
irrigation is carried out from water sourced
from overlying systems or surface.
A number of artesian springs are located in
the north-western part of the region.
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Figure 17.14  Groundwater flow in the GAB in the Central West
CMA area
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There is a lack of time series groundwater quality
information for the GAB in recent times. This is partly
caused by the recognition that in an aquifer system
as large as this, changes in quality are unlikely to be
noticed in current management time frames. Within the
GAB there are virtually no dedicated monitoring bores.
Because the bores are deep and expensive to drill,
existing production bores are used to monitor water
levels and quality.
The main aquifers generally contain water dominated by
sodium bicarbonate with some chloride and, within the
Murray-Darling Basin, minor sulphate. Water salinity
generally increases with distance from the recharge
area. Within the Murray-Darling Basin, Total Dissolved Figure 17.15  Bore GW008232.1 Hydrograph
Solids (TDS) values are usually less than 1,000 mg/L in
the upper, used aquifers, with the deeper aquifers having more saline water.
Near the southern limit of the GAB, water levels are near ground level. Bore GW008232.1 (Figure 17.15) shows
water levels stabilising at about 2 m above ground level over the last 20 years (positive pressure head).

17.5 Gunnedah Subsystem
The Gunnedah Subsystem sediments were deposited from streams draining the surrounding Highlands areas.
The extent of the Gunnedah subsystem has not been defined. In this catchment the Gunnedah is completely
overlain by Narrabri Subsystem sediments and is restricted to an area considerably smaller than the Narrabri
Subsystem deposits. For the purposes of this study, however, the eastern and southern extents have been
assumed to be that of the Narrabri. It is known that the Gunnedah sediments lens out to the north-west and the
extent assumed is as shown (Figure 17.16). Further work to establish the extent of the Gunnedah subsystem in
the Macquarie-Bogan and Castlereagh catchments is needed.
The alluvial deposits along the Castlereagh Valley are narrow and relatively shallow. The Gunnedah Subsystem
aquifer is not extensively developed, and at most occurs for a few tens of kilometres in the vicinity of Gilgandra.
There are very few, if any, places where there is a sufficient yield for irrigation purposes, but some use is made
of groundwater for Gilgandra
town water supply. No closely
monitored management
arrangements apply, beyond the
standard licensing conditions.
The Gunnedah Subsystem is
composed of two units. The
older and coarser-grained
Cubbaroo Formation tends to
occur in palaeovalleys – deep
subsurface channels. The
younger Gunnedah Formation
is more extensive and of a
finer grain size. The Gunnedah
Subsystem tends to be thickest
in the east against the western
side of the Great Dividing Range
and then gradually lens out
further west. Groundwater
quality also tends to deteriorate
to the west and hence there is
less information in this area.
Figure 17.16  Extent of Gunnedah Subsystem in the Central West CMA
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Two groundwater management areas (GWMAs)
have been established in the Macquarie Valley
(Figure 17.17). GWMA009 covers the alluvial
areas upstream of Narromine apart from
the Bell River, where the alluvial aquifers
have been defined as GWMA020. The area
downstream form Narromine includes a large
area of alluvial sediments, including a palaeovalley system, but also includes the underlying
GAB sandstone aquifer that is the main source
of groundwater in much of this area. It has
been defined as GWMA008. The western limit
of GWMA008 is an arbitrary line, along a major
road, adopted for administrative purposes.
GWMA008 is much more complex because
of the variety of aquifers being used and the
relative positions of the aquifers and the
Macquarie River. A Water Sharing Plan took
Figure 17.17  Groundwater management areas for the
effect from 1 October 2006. The Plan allows for
Gunnedah Subsystem
15% of the estimated long term average annual
recharge to be reserved for environmental requirements, and the allowable water use is based on the estimate
of average annual recharge to each of six zones within the management area.
The volumes calculated are total volumes from all aquifers, and do not relate to specific aquifers. Very little of
the water will be drawn from the Narrabri Subsystem aquifer, the bulk coming from the Gunnedah Subsystem
aquifer and the GAB aquifer. An approximate division between the two major aquifers can be made on the basis
of the main aquifer in each zone. Most of the water used in Zones 3 and 4 comes from the GAB sandstone
aquifer, together with some (probably less than half) of the water from Zone 2. The remainder of the water used
is drawn from alluvial aquifers.
Downstream of Narromine the sandstone
aquifers of the GAB form much of the bedrock,
so that there is potential for movement of water
between the alluvial aquifers and the sandstone
aquifers. In addition, there are places where the
regulated river is in direct contact with outcrops
of the sandstone, and where there is only a thin
veneer of alluvium between the river and the
sandstone. Consequently there is the potential
for recharge direct to the sandstone aquifers,
and hydrographs in the area show the impact of
stream regulation in the 1970s.
Groundwater quality deteriorates further from
the Basin margin and consequently there is less
information in these areas. Inferred groundwater
flow is as shown in Figure 17.18.
Irrigation occurs in a 30 km wide band southwest from the Macquarie River downstream to
approximately 40 km north-west of Warren.
Data for 2005 is limited to a small area
northwest of Narromine.
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Figure 17.18  Groundwater flow in the Gunnedah Subsystem
in the Central West CMA

400

500

600

700

17 Central West CMA - NSW 

Figure 17.19  Water level change 2000-2005 Gunnedah
Subsystem in the Central West CMA area

Figure 17.20  Seasonal water level change 2005
Gunnedah Subsystem in the Central West CMA area

Water levels in the irrigated area between 2000-2005
(Figure 17.19) have generally changed by less than 2m.
Seasonal water level change for these catchments
(Figure 17.20) shows water level declines from August
to March in most areas.
Bore GW036536.2 (Figure 17.21) is located close to
Narromine within the irrigation area centred on the
Macquarie River. Water levels prior to 1999 mirrored
rainfall as reflected by the Accumulative Monthly
Residual Rainfall (AMRR), however since this time
water levels have declined.
The development of pumping since 1995/96 is
evident in bores located approximately 20 km west of
Narromine (still within the irrigation area) as shown
in the hydrograph for Bore GW030212.1 (Figure 17.22).
Although this area is some distance from the river,
the rising water level trend from the commencement
of records reflects the use of water diverted from the
Macquarie River after it was regulated.

Figure 17.21  Bore GW036536.2 Hydrograph

Figure 17.22  Bore GW030212.1.2 Hydrograph

Figure 17.23  Bore GW036616.3 Hydrograph

Winter water levels in Bore GW036616.3 (Figure 17.23)
recovered to a level mirroring rainfall as reflected by
the AMRR until 2000. Since this time a declining trend
is evident.
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17.6

Narrabri Subsystem

The Narrabri Subsystem consists of shallow alluvial
fan sediments deposited by creeks draining the
adjacent Highlands (Figure 17.24). Groundwater is
contained in small discontinuous sand lenses and
tends to be of variable quality and yield. The Narrabri
sediments completely overlie the coarser Gunnedah
Subsystem sediments.
Groundwater resources in the Narrabri and Gunnedah
Subsystems are managed as one reflecting the
interactions between these two Subsystems.
With a narrow, and mostly thin, belt of alluvium
such as occurs along the Castlereagh Valley, there
is considerable interplay between the river and the
aquifer. There will be recharge from rainfall, but the
Figure 17.24  Extent of Narrabri Subsystem in the
direction of flow of water between the aquifer and the
Central West CMA
river will depend on prevailing conditions. The stream
will be a gaining one during periods of low flow, but a losing one during periods of high flow.
Processes in the area upstream of Narromine are relatively straightforward, with a regulated river flowing
across alluvial deposits confined laterally and below by essentially impermeable bedrock. Recharge to the
aquifer is from rainfall, irrigation, major flood events and, to some extent by losses from the river. River losses
under natural conditions along much of its length will depend on prevailing conditions, with losing conditions
common during periods of high flow and gaining conditions during periods of low flow. Losing conditions will
be extended in time and space by groundwater pumping that induces additional river losses in areas where the
river is in direct contact with the saturated aquifer.
Downstream of Narromine the processes are more
complex. Sandstone aquifers of the GAB form much of the
bedrock, so that there is potential for movement of water
between the alluvial aquifers and the sandstone aquifers.
In addition, there are places where the regulated river is in
direct contact with outcrops of the sandstone, and where
there is only a thin veneer of alluvium between the river
and the sandstone. Consequently there is the potential for
recharge direct to the sandstone aquifers, and hydrographs
in the area show the impact of stream regulation in the
1970s.

Figure 17.25  Water level change 2000-2005 in
the Narrabri Subsystem

Little information is available in these catchments. Water
quality deteriorates further into the Basin and data
density becomes correspondingly scarce.
The change in winter water levels from 2000 to 2005
indicates water level declines are common (Figure 17.25).
The plot of seasonal water level change from August
to February (Figure 17.26) shows water levels change
seasonally by less than 2m. Given that the majority of
irrigation water is drawn from the underlying Gunnedah
Figure 17.26  Seasonal water level change 2005 in the
Subsystem this is not unexpected.
Narrabri Subsystem
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Representative bores have been selected mainly
through the irrigation area that follows the Macquarie
River. Bore GW036535.1 (Figure 17.27) is located close
to the township of Naromine and the Macquarie River.
The hydrograph reflects the connection between
surface water and groundwater with peaks reflecting
recharge from flood events.
On the edge of the Narrabri alluvium the water levels
are relatively flat with increases and decreases
consistent with rainfall, however since the mid-1990s
the water level has declined while rainfall as reflected
in the AMRR has increased. This is shown in the
hydrograph for Bore GW036614.1 (Figure 17.28).
Approximately 12 km west-north-west of Narromine
and approximately 10 km from the Macquarie River
the water levels reflect rainfall until the mid-1990s
when water levels start to decline as shown in Bore
GW036618.1 (Figure 17.29). The decline is not as great
as that seen in the underlying Gunnedah subsystem in
this vicinity.

Figure 17.27  Bore GW036535.1 Hydrograph

Approximately 25 km north-north-east of Tottenham
close to the sedimentary basin margin and outside the
irrigation area water levels show flat to rising trends
and show little correlation with rainfall as shown in
Bore GW036968.1 (Figure 17.30).

Figure 17.28  Bore GW036614.1 Hydrograph

Figure 17.29  Bore GW036618 1 Hydrograph

Figure 17.30  Bore GW036968.1 Hydrograph
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18 Namoi CMA - NSW
18.1

Location

The Namoi Catchment Management Authority
(CMA) area is located in central northern NSW
and consists of the entire Namoi River catchment
(Figure 18.1).
The hydrogeological subsystems that occur in the
Namoi River catchment include:
• Barwon Highlands;
• Great Artesian Basin;
• Gunnedah Subsystem; and
• Narrabri Subsystem
The Namoi Valley is an important agricultural
district in which there is extensive irrigation of
cotton (especially) and other crops, wheat and other grain farming, and sheep and cattle grazing. The Highlands
area of the Namoi CMA is part of a Highlands arc which extends along the eastern margin of the Murray-Darling
Basin from the Queensland border to the Central West region to the south. The Great Artesian Basin (GAB)
extends beyond the Murray-Darling Basin into South Australia and Northern Territory and in much of this area
the aquifer is the only reliable water resource. The GAB rocks cropping out in this catchment are part of the
recharge area for this important resource aquifer.

Figure 18.1  Location of Namoi CMA area

The Narrabri and Gunnedah Subsystems are sedimentary in origin and were deposited as erosion products
from streams draining the ranges. The Gunnedah Subsystem sediments tend to be cleaner and coarser-grained
than the Narrabri Subsystem. Groundwater is of good quality especially near the creeks from which the aquifer
is recharged. The Gunnedah Subsystem is a major resource aquifer in this catchment. The only place where
the Gunnedah Subsystem outcrops is in the Upper Namoi valley. The Narrabri has a higher clay content and
groundwater, which is contained in discontinuous sand lenses, is variable in both quality and yield.
The relationships between the various subsystems in the Namoi River CMA are below (Figure 18.2).

Figure 18.2  Schematic cross-section for the Namoi CMA area       
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18.2 Groundwater Status in the Namoi River CMA
Subsystem

Description and Status

Groundwater Issues

Barwon Highlands

Fractured Palaeozoic and Mesozoic bedrock, basalts
and upland alluvium

Declining groundwater levels in areas
Insufficient data available.

Great Artesian
Basin

Complex multi-layered system of water bearing
sandstones confined by shales and mudstones. Up to
2000 m deep at its western extent

Uncontrolled discharge from artesian
bores over the last 100 years has
reduced pressure levels significantly;
Groundwater pressures are now
levelling off reflecting the capping and
rehabilitation initiatives;
Decrease in recharge through
diversion of surface water.

Gunnedah
Subsystem

Coarse-grained river gravels and sands; major water Extent of Gunnedah Subsystem in
supply for irrigated agriculture
Lower Namoi is poorly known;
Aquifer is showing declining resource
levels as a result of over-extraction in
irrigation areas;
Increased induced downward leakage
from overlying Narrabri Subsystem
due to lower groundwater levels;
Virtually no water quality data;
Potential to draw in saline water due
towards lower groundwater levels.

Narrabri
Subsystem

Shallow alluvial fan deposits

Strong connection between surface
water and groundwater; an issue for
recharge if surface water diversions
occur;
The aquifer shows a declining trend
in levels, corresponding to seasonal
conditions, surface water diversions
and the influence of pumping from the
Gunnedah subsystem;
Virtually no water quality data;
In areas remote from pumping,
groundwater levels in some bores
exhibit a consistent upward trend.
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18.2.1 Changes since 1990-2000 Groundwater Status Report
Declining water levels have historically been an issue of concern in this area. During the 2000-2005 period the
magnitude of the decline in major resource aquifers has increased significantly despite average or slightly
above average rainfall during this period. This continues to be an extremely sensitive issue.

18.2.2 Priorities for Further Work
Barwon Highlands:

establish monitoring networks to evaluate status of groundwater equilibrium with
changed recharge volumes due to changing landuses;

Great Artesian Basin: quantification of the volume of decreased recharge to GAB and evaluation of resultant
impacts;
Gunnedah Subsystem: establish water quality monitoring network to monitor lateral inflow of saline water
towards areas of high extraction;
Narrabri Subsystem:

identify areas of poor quality groundwater which will pose a risk through increased
downward leakage, evaluate status of groundwater equilibrium remote from pumping.

18.3 Barwon Highlands
Approximately half of this catchment is made
up of the Palaeozoic and Mesozoic rocks which
form the Barwon Highlands. The landscape
varies, ranging from relatively subdued with
elevations between 250-500 m relative to the
Australian Height Datum (AHD) where the
subsystem merges with the alluvial plains
and averaging about 250-500 mAHD in height,
to areas with higher relief in the core of the
Highlands, with average elevations over 700
m. Surface runoff drains into the Namoi River,
which flows into the Barwon River to the west.
The Highlands encircle the extensive Upper
Namoi Sub-catchment (Figure 18.3).
The major landuse of the Barwon Highlands
region is for grazing or mixed farming with
limited cropping. Some areas on the lower
slopes are used only for cropping. Minor
(though locally extensive) areas are under
forests and national parks.

Figure 18.3  Extent of Barwon Highlands in the
Namoi CMA area

The most significant groundwater flow
systems (GFS) in this area include:
• Local and intermediate flow systems in
fractured rock aquifers;
• Local flow systems in fractured basalts;
• Local flow systems in granites;
• Local flow systems in upland alluvium;
• Regional to Intermediate flow systems in
broad alluvial valleys.
The distribution of these GFS in the Namoi
River Catchment of the Barwon Highlands
(Figure 18.4) is as follows:
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Figure 18.4  Groundwater flow systems in the Barwon Highlands
in the Namoi CMA area
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Local and Intermediate groundwater flow systems
in fractured rock aquifers
The aquifer comprises folded and fractured
sedimentary and contact metamorphic rocks.
Fractures in the rock are open to depths of 50-100 m
and provide the conduit for groundwater flow from
mid- to upper-slope recharge areas to discharge
areas in adjacent streams, valley floors, and break-ofslope.
The groundwater in these rocks is usually of low to
moderate salinity ranging from about 1,000-4,000
mg/L, and bore yields are most commonly around
1-2 L/sec. Locally, faulting may cause higher yielding
aquifer materials.

Figure 18.5  Bore GW036826.1 Hydrograph

Intermediate groundwater flow systems can occur
in this unit where the slope of the land surface is low
(less than about 3 degrees) and the length of the slope
is long.
The monitoring of groundwater levels in this
groundwater flow system is rare; with few bore
hydrographs available to provide information about
the trend of groundwater levels.
Bore GW036826.1 (Figure 18.5) is located in an
experimental catchment and provides only local
information for that site.
Bore GW036123.1 (Figure 18.6) is located in the
Upper Namoi valley and shows a seasonal fluctuation
superimposed on a general decline in water levels
since the late 1970s. This general trend is in spite of
a slightly increasing rainfall pattern as shown by the
AMRR curve.

Figure 18.6  Bore GW036123.1 Hydrograph

The seasonal fluctuation is most likely in response
to irrigation pumping of nearby alluvial aquifers,
and indicates that there is a reasonable connection
between the fractured rock bores and the adjacent
alluvial aquifer. The long term declining trend
appears to have flattened off in the last two or three
years – possibly indicating a reduction in stress from
irrigation pumping.
Bore GW030140.1 (Figure 18.7) is located in the Peel
River Valley and shows a different pattern to the
previous bore. The pattern is flat, with no noticeable
Figure 18.7  Bore GW030140.1 Hydrograph
decreasing or increasing trend over time, despite the
same increasing trend in rainfall as shown by the
AMRR curve. There are minor fluctuations in the bore hydrograph likely to be caused by seasonal fluctuations.

Local groundwater flow systems in fractured basalts
Local groundwater flow systems are commonly present within basaltic flows of the Barwon Highlands. These
systems occur as areas that are higher than the surrounding terrain or as low profile sheet flows.
Groundwater movement occurs through fractures in the rock and pores and through weathered horizons that
are sometimes present between successive lava flows. These systems are largely unconfined and in general
have high permeability. These characteristics result in a relatively rapid response to changes in the water
balance.
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Recharge to this system occurs throughout the landscape. High recharge combined with high permeability
results in considerable flushing of this system and removal of salts before they can concentrate and
groundwater salinity is consequently low.
Groundwater discharges as seepages where barriers to lateral flow occur and local stream networks receive
low salinity groundwater through baseflow where the basalt has been incised. Consequently the contribution to
regional salt-loads from these systems is very small and they have a diluting effect.

Local groundwater flow systems in granites
The landscape characteristics range from gently undulating hills and valleys with minor granitic outcrops,
to tors and other granitic outcrops. The groundwater flow systems in these areas are small in size, with flow
lines of less than 5 km in length. These systems are unconfined with groundwater flow through fractures, and
through weathered material when present.
The major source of recharge to these groundwater flow systems is from seasonal rainfall. Recharge to the
fractured granite bedrock occurs mainly on the hilltops and slopes where the hillwash is thin or non-existent.
Groundwater discharge typically occurs in localised areas and is linked to break-of-slope, lateral changes in
the soil/hillwash texture, and to valley locations where artesian conditions may exist. Ephemeral and perennial
stream networks receive discharge as baseflow and runoff.

Local groundwater flow systems in upland alluvium and Regional to Intermediate flow systems in broad
alluvial valleys
The Highland groundwater flow systems are typically found within unconsolidated sediments located on the
valley floors and terraced floodplains. The systems are local in scale, with flow lines typically less than 5 km in
length. There are also areas where broad alluvial valleys occur adjacent to the better-defined alluvial sediments
of the plains. These systems are generally unconfined to semi-confined, with some minor confined areas, and
have low to moderate permeability and low to moderately high yields.
Recharge may be both seasonal and/or episodic
in nature. The amount of recharge into the system
depends on the nature of soils and weathered rock
above the water table, and on the frequency and
intensity of flood events. Recharge occurs across the
whole landscape surface of these systems.
Groundwater discharges typically occur in drainage
lines and in localised areas at changes in soil texture,
break-of-slope, and at the base of terraces. Salt
storage in the finer-grained units of this system is
high and groundwater salinity is variable from fresh
to saline with lower salinity levels being characteristic
of the coarser sediments. Locally, the response of
these systems to a change in the water balance can be
relatively fast, while regional water table equilibrium
conditions may take decades to establish.

Figure 18.8  Bore GW030272.2 Hydrograph

Bore GW030272.2 (Figure 18.8) shows a combination
of effects, with seasonal fluctuations in levels resulting
from irrigation pumping superimposed on regional
climatic influences and changes in storage of the
resource. The influence of rainfall in the 1970s and the
gradual influence of a seasonal drawdown effect taking
over in the mid-1980s are evident. Groundwater levels
fall exhibited a declining trend until the mid-1990s with
a major step down in 1995 and then again in 2002.
Bore GW030152.2 (Figure 18.9) shows the impact of
recharge corresponding to periods of high rainfall
against an overall slight downward trend.
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Figure 18.9  Bore GW030152.2 Hydrograph
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18.4 Great Artesian Basin Subsystem
The Great Artesian Basin aquifer, comprising
fractured sandstone rocks of 80 million years of
age, underlies the Lower Namoi Sub-catchment
of the Namoi River Catchment (Figure 18.10).
The aquifer is not present in the Upper Namoi
Sub-catchment. The GAB is overlain by the
Gunnedah and Narrabri Subsystem sediments
that were deposited during the Tertiary period
which began 50 million years ago.
The aquifers of the GAB are recharged from
rainfall and surface water infiltration along the
western side of the Great Dividing Range.
The GAB consists of a complex multi-layered
system of water bearing sandstones separated
by mostly shale and mudstone confining beds. Figure 18.10  Extent of the GAB Subsystem in the Namoi
Most rock units crop out near the eastern
CMA area
margins of the Murray-Darling Basin, and dip
to the west. The portion of the GAB that is within the Namoi River Catchment lies within the Surat Sub-basin,
which is up to 2,000 m deep at its western extent.
Early development led to large bores supplying
many properties, with water distributed
via channels known as bore drains. Bores
flowed uncontrolled into bore pools which fed
the drains. Recognition in the 1980s of the
impact of poor management practices led to
the introduction of better maintenance and
distribution arrangements, and establishment
of management zones (Figure 18.11). There is
a GAB-wide program in place to ensure that all
flowing bores are controlled and that bore drains
are progressively replaced by piping and troughs.

Figure 18.11  Management areas for the GAB Subsystem
in the Namoi CMA area

No new extraction licences are being issued in
the GAB. A prospective new user must purchase
an existing licence. A Water Management Plan
is being prepared for implementation in mid2004. It is proposed that prospective users will

either purchase entitlements from existing users
within the same zone, or obtain a new entitlement
by generating savings by implementation of a local
cap and pipe program at existing bores. Part of
such savings will revert to a central water savings
register, the proportion available to the user being
larger if the cap and pipe works are self-funded.
There will be no separation of aquifers in terms
of management procedures, but there will be
separation rules in relation to mound springs, other
groundwater dependent ecosystems, and irrigation
bores in the North Star area.
Groundwater flow is generally westerly from the
recharge areas in the east then south-westerly.
Figure 18.13 shows the potentiometric surface
contours determined from the 2000 GAB model.

Figure 18.13  Groundwater flow in the GAB Subsystem in
the Namoi CMA area
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There is a lack of monitoring records for groundwater
quality in the GAB in recent times. This is partly caused
by the recognition that in an aquifer system that is
as large as this, changes in quality are unlikely to be
noticed in current management time frames. Within the
GAB there are virtually no dedicated monitoring bores.
Because the bores are deep and expensive to drill,
existing production bores are used to monitor water
levels and quality.
The main aquifers generally contain water dominated by
sodium bicarbonate with some chloride and, within the
Murray-Darling Basin, minor sulphate. Water salinity
generally increases with distance from the recharge
area. Within the Murray-Darling Basin, Total Dissolved Figure 18.14  Bore GW004442.1 Hydrograph
Solids concentrations for aquifers in the GAB are usually
less than 1,000 mg/L in the upper, used aquifers, with
the deeper aquifers having more saline water.
Bore GW004442.1 (Figure 18.14) is located in Pilliga.
The head has declined from 60 m above ground level to
approximately 10 m above ground level in the last 100
years. Water levels have remained relatively constant
since the mid-1980s.
North of Pilliga water levels in the GAB have remained
relatively constant over the last 20 years (Bore
GW004091.1 Figure 18.15).

18.5 Gunnedah Subsystem

Figure 18.15  Bore GW025325.7 Hydrograph

Groundwater has been a major source of water
for irrigation in this area since the 1970s and most
groundwater has been extracted from the Gunnedah Subsystem. Early attempts to regulate the use of
groundwater did not gain the approval or acceptance of irrigators and the prevailing opinion at that time was
that the groundwater resource significantly exceeded the demands that were likely to be placed on it.
The Gunnedah Subsystem sediments were deposited from streams draining the Highlands area to the east.
In this catchment the Gunnedah Subsystem is overlain by Narrabri Subsystem sediments and in the two
subsystems are hydraulically connected.
Further work to establish the extent of the
Gunnedah Subsystem in the Lower Namoi
is needed. Management areas are shown in
Figure 18.16.

Figure 18.16  Groundwater management areas for the Gunnedah
and Narrabri Subsystems in the Namoi CMA area
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The Gunnedah Subsystem comprises
two units. The older and coarser-grained
Cubbaroo Formation tends to occur in
palaeovalleys – deep subsurface channels.
The younger Gunnedah Formation is more
extensive and of a finer grainsize. The
Gunnedah Subsystem tends to be thickest in
the east against the western side of the Great
Dividing Range and then gradually thins out
to the west. Groundwater quality also tends
to deteriorate to the west and hence there is
less information in that area.
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GWMA001 (Lower Namoi) and GWMA004 (Upper Namoi) were declared as groundwater management areas in
the 1980s as a first step in developing a closer approach to groundwater management in these areas. GWMA004
is subdivided into 12 zones, but GWMA001 is operated as a single entity.
The need to reduce entrenched high levels of use was evident when it became clear that total pumping was
approaching long term average annual recharge rates, or exceeding them in places. This has led to a long
period of consultation and negotiation with local stakeholders leading to the gazettal of a Water Sharing Plan,
which took effect on 1 October 2006. The Plan covers the whole of the Namoi Valley within GWMA001 and
GWMA004. It is based on an adopted figure for long term average annual recharge of 86,000 ML/yr in the Lower
Namoi, and a total of 122,000 ML/yr divided between the 12 zones of the Upper Namoi. The entitlements in
place at the commencement of the Plan are 172,000 ML/yr and 302,000 ML/yr for the Lower and Upper Namoi
respectively. The limit on annual extraction for the Upper and Lower Namoi has been set at 100% of the adopted
estimate of long term average annual recharge. The NSW Minister may vary the extraction limits within a
specified range, if this is warranted by new information gained since the commencement of the Plan.
A prime objective of the Plan is to bring usage and entitlements to a level within the estimated long term
average annual recharge. The pumpage limits used in the Plan apply to total water taken from both the
Narrabri and Gunnedah Subsystems. No attempt is made to nominate a separate amount for each aquifer.
Recharge to the aquifer system is mainly by rainfall, major overland flood events and the irrigation that takes
place extensively in the area. Some recharge derives from normal river flows, and the volume and rate of
this recharge is itself influenced by the pattern of groundwater pumping and the degree to which it induces
additional losses from the river. Recharge is directly to the Upper Narrabri Subsystem, and only indirectly to the
deeper Gunnedah Subsystem.
The groundwater elevation contours (Figure 18.17)
range from 330 mAHD in the headwaters of the
Catchment in the Upper Namoi, to 200 mAHD at
Narrabri. In the Lower Namoi zone, the potentiometric
surface grades from 200 mAHD at Narrabri to 120
mAHD at the Barwon River junction. In the Upper
Namoi, the contours show a significant distortion
due to the high concentration of irrigation bores. This
impact is not as marked in the Lower Namoi.
The plot of water level change between 2000 and 2005
(Figure 18.18) suggests that there has been a general
decline in the resource over that time, although the
degree of change is variable and in some areas water
levels have actually increased.
The plot of seasonal water level change (Figure 18.19)
shows drawdowns exceeding 5 m are commonplace in
both the Upper and Lower Namoi.

Figure 18.19  Seasonal water level change 2005 in the
Gunnedah Subsystem in the Namoi CMA area

Figure 18.17  Groundwater flow in the Gunnedah
Subsystem in the Namoi CMA area

Figure 18.18  Water level change 2000-2005 in the
Gunnedah Subsystem in the Namoi CMA area
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Figure 18.20  Bore GW030092.4 Hydrograph

Figure 18.21  Bore GW025325.7 Hydrograph

Lower Namoi Hydrographs
Pumping impacts have been apparent near Narrabri
(Bore GW030092.4 Figure 18.20) since commencement
of the record, but the seasonal variation indicating
the intensity of pumping increased markedly during
the 1980s to about 40 m. The non-pumping levels
declined by only about 2 m from 1970 to 1992, and
were consistently at a steady level from 1998 to 2001
but have declined since then.
There was a period of several years however, from
1993 to 1997, corresponding to serious drought
conditions, when recovery levels were much lower. This
trend was reversed by a period of renewed high rainfall
and floods. Drought conditions comparable to those of Figure 18.22  Bore GW030222.2 Hydrograph
the mid-1990s have again caused a decline in levels.
Bore GW025325.7 (Figure 18.21) is 30 km north-west of
Narrabri and the record here also commenced in 1970,
with pumping impacts apparent from the start. The
seasonal variation is between 30 and 40 m, and there
has been an overall decline in the non-pumping level
of about 5 m.
Pumping impacts are apparent 30 km west of Narrabri
(Bore GW030222.2 Figure 18.22) with seasonal
variations of 20-40 m during the 1980s. Lack of
recovery during the non-pumping season from the
late 1980s to the mid-1990s has reduced the seasonal
variation, but the non-pumping water level during
this period was much deeper. Levels recovered
substantially during the late 1990s, but the overall
decline of non-pumping water level since 1970 is about
25 m. Another period of decline is evident in 20002001 followed by a period of recovery similar to rainfall
patterns.

Figure 18.23  Bore GW025340.3 Hydrograph

Bore GW025340.3 (Figure 18.23) is located between the two previous bores. The seasonal variation prior to 1980
was 6-8 m, but the non-pumping water levels were fairly steady. The seasonal variation gradually declined,
however, mainly because of lack of recovery and a lowering of the non-pumping water level. The trend suggests
this bore may have become unconfined. From about 1989 the seasonal variation has been only 1-2 m, and the
pumping season water level has been quite steady. This suggests that the aquifer may have reached a new
equilibrium condition.
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Figure 18.24  Bore GW036022.3 Hydrograph

Figure 18.25  Bore GW030242.4 Hydrograph

Further west there is a reasonable similarity between
the hydrograph for Bore GW036022.3 (Figure 18.24)
and the AMRR despite pumping impacts. Non-pumping
water levels were the same in 2002 as they were in 1979
however since this time water levels have not recovered
despite increasing rainfall.

Upper Namoi Hydrographs
Upstream of Narrabri (Bore GW030242.4 Figure 18.25)
there is an almost linear decline of water level from
1972 to 2002, with a total fall of some 3 m. Pumping
impacts are apparent for the whole period, with
seasonal variations of 2-3 m.
Figure 18.26  Bore GW030446.2 Hydrograph

There was a short period in the mid-1990s when
recovery levels did not reach the long term trend
line, but full recovery (to the declining trend line)
recommenced in 1998. Since then, the seasonal
variation has been greater (10-15 m), indicating more
pumping, but it is not possible to say yet whether a
steeper declining trend has been initiated. A slight
upward trend is evident in the last 3 years.
Bore GW030446.2 (Figure 18.26) shows that pumping
impacts are apparent since 1982, and that the seasonal
variation has been 8-10 m since 1984. There is an
overall similarity between the hydrograph and the
AMRR, but there is no overall decline of water level
while the rainfall curve shows a substantial rise.

Figure 18.27  Bore GW036016.3 Hydrograph

The wetter periods are reflected in the hydrograph
as short term rises on an overall declining trendline.
These rises might be the result of a lower groundwater
pumping rate during wetter periods, rather than an
increase in water accessions to the aquifer.
About 10 km north of Boggabri, the hydrograph for Bore
GW036016.3 (Figure 18.27) is roughly parallel to the
AMRR. There are pumping impacts since about 1992,
with a seasonal variation of 1-2 m, and there has been
an overall declining water level since that period (total
fall about 2 m), with a consequent departure from the
form of the AMRR.
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Figure 18.28  Bore GW030344.3 Hydrograph

Figure 18.29  Bore GW036011.3 Hydrograph

North-east of Gunnedah, there is a very subdued reflection of the rainfall mass curve in Bore GW030344.3
(Figure 18.28) from 1972 to 1987. After that, pumping impacts are apparent with a seasonal variation of 2-3
m until 1995, and then 5-10 m until the present. Since the commencement of the pumping there has been an
almost linear decline of non-pumping season water levels, with a total decline of about 4 m.
Bore GW036011.3 (Figure 18.29) located near the eastern margin of the alluvial aquifer has a hydrograph that
is almost parallel to the AMRR until the mid 1990s. Since this time a downward water level trend is evident
despite generally above average rainfall during this period. The hydrograph shows the influence of the episodic
recharge events associated with larger river flows superimposed on a downward trend due to pumping in the
later years.

18.6 Narrabri Subsystem
The Narrabri Subsystem consists of
shallow alluvial fan sediments deposited
by creeks draining the adjacent
Highlands. Groundwater is contained
in small discontinuous sand lenses and
tends to be of variable quality and yield.
The Narrabri Subsystem is present in
both the Upper and Lower Namoi Subcatchments (Figure 18.30).
The water table contours for the Narrabri
Subsystem (Figure 18.31) in the Namoi
River show heads varying from 350
mAHD at the head of the Namoi Valley to

Figure 18.30  Groundwater management units for
the Narrabri Subsystem in the Namoi CMA area

about 125 mAHD where the Namoi River joins the
Barwon River. Within the constraints of the Upper
Namoi Valley, the water table contours follow the
shape of the valley margins, but downstream of
Narrabri the contours are more regional in their
configuration, trending south-west to north-east.
Groundwater flow is to the north-west in this
area.
Figure 18.31  Groundwater flow in the Narrabri
Subsystem in the Namoi CMA area
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Figure 18.32  Water level
change 2000-2005 in the
Narrabri Subsystem in the
Namoi CMA area

The changes in water table level
between 2000 and 2005 (Figure
18.32) indicates a general decline
in the resource over that time,
although bores closest to the river
exhibit either very little change or
a rise.
Bore GW025419.1 (Figure 18.33)
has a pattern that is common in
both the Lower and Upper Namoi
Catchments, in which there is a general similarity
between the hydrograph pattern and the AMRR until
the mid 1990s. However, there is an overall decline of
about 5 m in water level, while there is a substantial
overall rise in the rainfall curve.
Recharge occurs during flood events associated with
higher than average rainfall periods, with a rapid rise
of water level that is followed by a protracted decline
while the rainfall curve is still flat or rising.
Bore GW025329.1 (Figure 18.34) is close to the Namoi
River, and the influence of the changing river levels
is reflected in the hydrograph. It has a series of steep
rises followed by a period of regression, and the water
level in 2002 was essentially the same as that in 1969
when the record started.

Figure 18.33  Bore GW025419.1 Hydrograph

Near Wee Wah hydrographs have some similarity to
the AMRR (Bore GW036022.2 Figure 18.35), but there is
no overall change in water level while the rainfall curve
shows a substantial rise. The graph shows water levels
are responding to episodic river flows with intervening
decays of head.

Figure 18.34  Bore GW025329.1 Hydrograph

Figure 18.35  Bore GW036022 1 Hydrograph
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Figure 18.36  Bore GW036062.2 Hydrograph

Figure 18.37  Bore GW030446.1 Hydrograph

Around the southern margin of the aquifer system,
bores have a rising water level trend (Bore GW036062.1
Figure 18.36), with reflections of the AMRR in slight
periodic rises. Total rise since the mid-1970s is in the
order of 2-5 m. The rising trend suggests that this area
is remote from pumping, and that the groundwater
level is rising to a new equilibrium as a result of
external factors such as changing land management
practices and river regulation.
In the Upper Namoi Catchment near the confluence
with Maules Creek, but several kilometres from the
Namoi River, the Bore GW030446.1 (Figure 18.38) has
a similar overall form to that of AMRR. The impact
of groundwater pumping is apparent, however, in
the accentuated troughs of the hydrograph, and in
the overall decline of water level despite a period of
generally above average rainfall.

Figure 18.38  Bore GW030050.1 Hydrograph

The impact of pumping is more apparent east of
Boggabri, where the correlation between rainfall mass
curve and hydrograph has been almost obscured
(Bore GW030050.1 Figure 18.38). Seasonal variations
of about 1 m are apparent after about 1982, and
increased to about 5 m in the late 1990s. There is some
indication here that either there is some pumpage
from the Narrabri aquifer or there is very good
connection between the two aquifers.
Near the aquifer margin Bore GW030052.1 (Figure
18.39) exhibits a linear rising trend at about 0.2 m/yr,
with a slight but distinct increase in the slope in 1999.
This pattern is characteristic of, and is presumed to be
due to, river regulation.
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Figure 18.39  Bore GW030052.1 Hydrograph
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19 Gwydir CMA - NSW
19.1

Location

The Gwydir Rivers Catchment Management
Authority area is located in Northern NSW and
consists of the entire Gwydir River Catchment
(Figure 19.1).
The hydrogeological Subsystems that occur in the
Gwydir River Catchment are:
•

Barwon Highlands;

•

Great Artesian Basin

•

Gunnedah Subsystem;

•

Narrabri Subsystem.

The Highlands part of the Gwydir River CMA is
part of a Highlands arc which extends along the
eastern margin of the Murray-Darling Basin from
the Queensland border to the Central West Region to the south. The Great Artesian Basin (GAB) extends beyond
the Murray-Darling Basin into South Australia and Northern Territory and in much of this area the aquifer is the
only reliable water resource. The GAB rocks cropping out in this catchment are part of the recharge area for this
important resource aquifer.
Figure 19.1  Location of Gwydir River CMA

The Narrabri and Gunnedah Subsystems are sedimentary in origin and were deposited as erosion products
from streams draining the Highland areas of the Great Dividing Range. The Gunnedah Subsystem sediments
tend to be cleaner and coarser-grained than those of the Narrabri Subsystem. Groundwater is of good quality
especially near the creeks from which the aquifer is recharged. The Gunnedah Subsystem is a major resource
aquifer in this catchment. The Narrabri Subsystem has a higher clay content and groundwater, which is
contained in discontinuous sand lenses, is variable in both quality and yield.
The relationships between the various subsystems in the Gwydir River CMA are illustrated in Figure 19.2.

Figure 19.2  Schematic cross-section for the Gwydir CMA area
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19.2 Groundwater Status in the Gwydir CMA
Subsystem

Description and Status

Groundwater Issues

Barwon Highlands

Groundwater in fractured metasediments and
alluvial outwash, limited water supplies

Insufficient data available.

Great Artesian
Basin

Extensive fractured sandstone aquifer underlying
Murray-Darling Basin in NSW and QLD

Recharge decreased due to utilisation
of surface water for irrigation;
Declining water level trends still
evident but some rising trends near
Moree.

Gunnedah
Subsystem

Medium to coarse-grained sedimentary aquifer,
major resource aquifer but surface water also used

Extent of Gunnedah Subsystem poorly
defined.
Water level declines of over 5 m
evident adjacent to Highlands.
Recharged by streamflow infiltration
via Narrabri Subsystem. Surface
water extractions may impact long
term recharge.
Virtually no water quality data.

Narrabri
Subsystem

Shallow alluvial fan deposits forming discontinuous
minor aquifers in the Darling River Drainage Basin

In Highland areas supplies are
limited and have a strong reliance on
recharge from surface water;
Increased induced downward leakage
to Gunnedah Subsystem due to
pumping from this subsystem;
Declining water level trends are
evident close to Highlands;
Virtually no water quality data.

19.2.1 Changes since 1990-2000 Groundwater Status Report
New monitoring networks are being established in the Highland areas. The magnitude of the declining trends
has increase since the previous reporting period from 1990-2000. Data availability is an ongoing issue especially
water quality data.

19.2.2 Priorities for Further Work
Barwon Highlands:

continue data collection to evaluate status of groundwater equilibrium with changed
recharge volumes due to changing landuses

Great Artesian Basin:

quantification of the volume of decreased recharge to GAB and evaluation of resultant
impacts

Gunnedah Subsystem: establish water quality monitoring network to monitor lateral inflow of saline water
towards areas of high extraction
Narrabri Subsystem:
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19.3 Barwon Highlands
Approximately half of this catchment is made up of
the Paleozoic and Mesozoic rocks which form the
Barwon Highlands (Figure 19.3). The landscape
varies, ranging from relatively subdued with
elevations between 250-500 m (Australian Height
Datum) AHD in the west (where the subsystem
merges with the alluvial plains), to areas with
higher relief in the core of the Highlands with
average elevations over 700 m. Surface runoff
drains into the Gwydir River that flows into the
Barwon River to the west.
This report presents an overview of the
groundwater flow systems (GFS) based on the
1:1M basinwide coverage prepared for the MurrayDarling Basin.

Figure 19.3  Extent of Barwon Highlands in the Gwydir CMA

At this overview scale the most
significant GFS include:
• Local groundwater flow systems in
fractured rock aquifers;
• Intermediate and local groundwater
flow systems in fractured rock
aquifers;
• Local groundwater flow systems in
fractured basalts;
• Local groundwater flow systems in
granites;
• Local groundwater flow systems in
upland alluvium; and
• Regional to Intermediate
groundwater flow systems in broad
alluvial valleys.

Figure 19.4  Groundwater flow systems in the Gwydir CMA area

The distribution of these groundwater flow systems in the Gwydir River Catchment of the Barwon Highlands is
shown in Figure 19.4.

Local flow systems in fractured rock aquifers and Intermediate and local flow systems in fractured rock
aquifers
Fractured rock aquifers comprise most of the groundwater flow systems of the Barwon Region. They include
the various rock types associated with the New England Fold Belt generally north of Tamworth, except for the
numerous granite bodies scattered across the Region. The aquifer comprises folded and fractured sedimentary
and contact metamorphic rocks of Silurian to Permian age. Fractures in the rock are open to depths of fifty to
a hundred metres. They provide the conduit for groundwater flow from mid- to upper-slope recharge areas to
discharge areas in adjacent streams, valley floors, and at break-of-slope.
The groundwater in these rocks is usually of low to moderate salinity ranging from about 2,000-6,000 uS/cm,
and bore yields are most commonly around 1 to 2 L/sec. Locally, faulting may cause higher yielding aquifer
materials.
Intermediate groundwater flow systems can occur in this unit where the slope of the land surface is low (less
than about 3 degrees) and the length of the slope is long.
The monitoring of groundwater levels in this groundwater flow system is rare; with only limited bore
hydrographs available to provide information about the trend of groundwater levels.
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Bore GW036826.1 (Figure 19.5) is located in the Box
Hill Catchment. It shows a decline in water level in the
early part of the 1990s followed by an increase of about
the same magnitude since about 1996. Unfortunately,
the frequency of water level measurements changes at
this time, and the nature of the latter half of the graph
is not as well defined. In general terms, the hydrograph
tends to respond sympathetically with the long term
trend in rainfall.
Bore GW036831 (Figures 19.6 and 19.7) show water
levels in a nested deep and shallow pair of bores at
the same site. The deeper bore at this site does not
show the later increase in water level, and there is a
continued decreasing trend until the end of the water
level observations.

Figure 19.5  Bore GW036826.1 Hydrograph

Local flow systems in fractured basalts
Local groundwater systems are commonly present
within basaltic flows of the Barwon Region. These
systems occur as areas that are higher than the
surrounding terrain or as low profile sheet flows.
Groundwater movement occurs through fractures in
the rock, although some groundwater flow may occur
through weathered horizons that are sometimes
present between successive lava flows. These
groundwater flow systems are largely unconfined
and in general have high permeability. These
characteristics result in a relatively rapid response to
changes in the water balance.

Figure 19.6  Bore GW036831.1 Hydrograph

Recharge to this system occurs throughout the
landscape. High recharge combined with high
permeability, results in considerable flushing of this
system and removal of salts before they can concentrate
and groundwater salinity is consequently low.
Groundwater discharges as seepages where
structural and stratigraphic changes interrupt the
flow path. Local stream networks receive low salinity
groundwater through baseflow where they have eroded
into the basalt. Consequently the contribution to
regional salt-loads from these systems is very small
and they have a diluting effect.

Figure 19.7  Bore GW036831.2 Hydrograph

Bore GW036828.1 (Figure 19.8) shows a trend that
declines during the early 1990s, and then becomes
constant over the mid- to latter-1990s, despite a
generally increasing rainfall regime. There are large
gaps in the hydrograph measurements, making
definitive assessment difficult.
Figure 19.8  Bore GW036828.1 Hydrograph
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Local flow systems in granites
The landscape characteristics range from gently undulating hills and valleys with minor granitic outcrops, to
tors and other granitic outcrops. The flow systems in these areas are small in size, with flow lines of less than 5
km in length. These systems are unconfined with groundwater flow through fractures, and through weathered
material when present.
The major source of recharge to these systems is from seasonal rainfall. Recharge to the fractured granite
bedrock occurs mainly on the hilltops and slopes where the saprolite/colluvium is thin or non-existent.
Recharge to associated colluvium occurs diffusely across the slopes.
Groundwater discharge typically occurs in localised areas and is linked to break-of-slope, lateral changes in
the soil/colluvium/saprolite texture, and to valley locations where artesian conditions may exist. Ephemeral and
perennial stream networks receive discharge as baseflow and runoff.

Local flow systems in upland alluvium and Regional to Intermediate flow systems in broad alluvial
valleys
These groundwater flow systems are typically found within unconsolidated sediments located on the valley
floors and terraced floodplains. The systems are local in scale, with flow lines typically less than 5 km in length.
There are also areas where broad alluvial valleys occur adjacent to the better-defined alluvial sediments of the
plains. The boundary between the two is usually gradational and therefore blurred.
These systems are generally unconfined to semi-confined, with some minor confined areas. They have low
to moderate permeability and low to moderately high yields. Finer-grained sedimentary units are found
predominantly in higher order stream catchments, while coarser-grained sedimentary units dominate lower
order catchments.
Recharge may be both seasonal and/or episodic in nature. The amount of recharge into the system depends on
the nature of soils and weathered rock above the water table, and on the frequency and intensity of flood events.
Recharge occurs across the whole landscape surface of these systems.
Groundwater discharges typically occurs in drainage lines and in localised areas at changes in soil texture,
break-of-slope, and at the base of terraces. Salt storage in the finer-grained units of this system is high and
groundwater salinity is variable from fresh to saline with lower salinity levels being characteristic of the coarser
sediments. Locally, the response of these systems to a change in the water balance can be relatively fast, while
regional water table equilibrium conditions may take decades to establish.

19.4 Great Artesian Basin Subsystem
Great Artesian Basin sediments underlie
the sedimentary portion of the Gwydir River
Catchment (Figure 19.9). The rocks are lower
to middle Mesozoic in age and are overlain by
upper Mesozoic aged rocks that form a confining
layer over the GAB sediments. These are in turn
overlain by the Tertiary aged Gunnedah and
Narrabri Subsystem sediments.
The aquifers of the GAB are recharged from
rainfall and surface water infiltration along the
western side of the Great Dividing Range.
The GAB consists of a complex multi-layered
system of water-bearing sandstones separated
by mostly shale and mudstone confining beds.
Most rock units have outcrop areas near the
eastern margin of the Murray-Darling Basin,
and dip to the west. The portion of the GAB that
is within the Gwydir River Catchment lies within
the Surat Sub-basin.

Figure 19.9  Extent of GAB Subsystem in the Gwydir
CMA area

175

0

100

200

300

Murray-Darling Basin Commission – Introducing Groundwater in your Catchment

The Surat and Eromanga Sub-basins are
separated by a basement high that lies from
just east of Bourke to just west of Mitchell and
is known as the Nebine Ridge. Although some
facies changes occur as sediments drape over the
ridges, there is hydraulic continuity between the
Sub-basins. Sediments in the Surat Sub-basin
extend to a depth of over 2000 m.

Figure 19.10  Groundwater management units in the GAB
Subsystem

Most water is extracted from the uppermost
aquifer in the GAB - the Hooray Sandstone and its
equivalents including the Pilliga Sandstone. In this
multi-layered system, deeper aquifers have not
been subject to the same development pressures
and over large areas remain little used. The
Hooray Sandstone is generally accepted as being
representative of the GAB Subsystem.

Early development led to large bores supplying many properties, with water distributed via channels known
as bore drains. Bores flowed uncontrolled into bore pools which fed the drains. This practice still exists, but
no new bores have been permitted to distribute water in this manner since 1954 in Queensland. Recognition
in the 1980s of the impact of poor management practices led to the introduction of better maintenance and
distribution arrangements, and establishment of management zones over the area (Figure 19.10). There
is a GAB-wide program in place to ensure that all flowing bores can be controlled and that bore drains are
progressively replaced by piping and troughs.
No new licences are being issued and a prospective new user must purchase an existing licence. A Water
Management Plan is being prepared for implementation in mid-2004. It is proposed that prospective users
will either purchase entitlements from existing users within the same Zone, or obtain a new entitlement by
generating savings from implementation of a local cap and pipe program on existing bores. Part of such savings
will revert to a central water savings register, the proportion available to the user being larger if the cap and
pipe works are self-funded. There will be no separation of aquifers in terms of management procedures, but
there will be separation rules in relation to mound springs, other groundwater dependent ecosystems, and
irrigation bores in the North Star area.
Groundwater flow in the GAB has been extensively modelled. The 2000 model output has been used to
determine flow directions within the main aquifer, the Hooray Sandstone and equivalents (Figure 19.11). Flow in
this part of the GAB is generally westerly from the recharge areas in the east then south-westerly.
Some irrigation is carried out from water sourced
from overlying systems or surface water but has
no influence on the GAB.
There is a lack of time series groundwater quality
information for the GAB in recent times. This is
partly caused by the recognition that in an aquifer
system as large as this, changes in quality are
unlikely to be noticed in current management
timeframes. Within the GAB there are virtually no
dedicated monitoring bores. Because the bores
are deep and expensive to drill, existing production
bores are used to monitor water levels and quality.
The main aquifers generally contain water
dominated by sodium bicarbonate with some
chloride and, minor sulphate. Water salinity
Figure 19.11  Groundwater flow in the GAB Subsystem
generally increases with distance from the recharge
area. Total Dissolved Solids values are usually less
than 1,000 mg/L in the upper, used aquifers, with
the deeper aquifers having more saline water.
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Figure 19.12  Bore GW004088.1 Hydrograph

Figure 19.13  Bore GW004375.1 Hydrograph

Generally in the central area water levels are
near ground level and are now nearly stable (Bore
GW004088.1, Figure 19.12). Since flow would have
significantly reduced as the pressure fell, it is
concluded that a steady state has been reached where
discharge is approaching the ability of the aquifer to
transmit water to the discharge points.
Bore GW004375.1 (Figure 19.13) is located in the
eastern part of the GAB extent. Historically the bore
was artesian, however heads are now sub-artesian. No
recent data is available.
To the west near the Barwon River the downward trend
is continuing as shown in the hydrograph for Bore
Figure 19.14  Bore GW004106.1 Hydrograph
GW004106.1 (Figure 19.14).

19.5 Gunnedah Subsystem
The Gunnedah Subsystem sediments were
deposited from streams draining the Highlands
area to the east.
The extent of the Gunnedah Subsystem has not
been defined. In this catchment the Gunnedah
is completely overlain by Narrabri Subsystem
sediments. It is known that the Gunnedah
sediments lens out to the west and the extent
assumed is shown in Figure 19.15. Further
work to establish the extent of the Gunnedah
Subsystem is needed.
The Gunnedah Subsystem is composed of two
units. The older and coarser-grained Cubbaroo
Formation tends to occur in palaeovalleys
Figure 19.15  Extent of the Gunnedah Subsystem in the Gwydir
– deep subsurface channels. The younger
CMA area
Gunnedah Formation is more extensive and of a
finer-grainsize. The Gunnedah Subsystem tends to be thickest in the east against the western side of the Great
Dividing Range and then gradually lens out further west. Groundwater quality also tends to deteriorate to the
west and hence there is less information in this area.
The Lower Gwydir Groundwater Management Area (GWMA003) shown in Figure 15 occupies essentially all
of the alluvial flats along the Gwydir River from which useful supplies of low salinity water can be obtained
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Figure 19.16  Groundwater flow in the
Gunnedah Subsystem

for irrigation purposes. The Lower
Namoi Alluvium also extends into this
catchment. This management unit also
includes the Narrabri Subsystem.
A Water Sharing Plan for GWMA003
has been gazetted, and took effect
on 1 October 2006. It is based on an
estimated long term annual average
recharge of 38,000 ML/yr, and the
adoption of an extraction limit of 32,300
ML/yr (allowing 15% of recharge to
sustain environmental values). The total
of entitlements on issue is 70,000 ML/yr,
and the estimated recent average annual usage is about 40,000 ML/yr. The NSW Minister may, on assessment
of new information available, vary the extraction limit within specified limits. An objective of the Plan is to bring
usage and entitlements within the limit imposed by the estimated recharge.
Recharge to the aquifer system is mainly by
rainfall, major overland flood events and by
the irrigation that takes place extensively in
the area. Some recharge derives from normal
river flows, and the volume and rate of this
recharge is itself influenced by the pattern
of groundwater pumping and the degree to
which it induces additional losses from the
river. It is also controlled by the relative head
conditions in the aquifer and in the river water.
If the water table is below the riverbed level,
the unsaturated zone between the base of the
riverbed and the water table will place a limit
on the rate of downward infiltration of water.
Recharge is directly to the upper Narrabri
Formation, and only indirectly to the deeper
Figure 19.17  Water level change 2000-2005 for the Gunnedah
Gunnedah Formation aquifer.
Groundwater flows in a generally westerly
direction as shown in Figure 19.16.

Subsystem

The plot of water level change from
2000-2005 for the Gunnedah Subsystem
(Figure 19.17) for the Gwydir River
Catchment shows that groundwater
declines of over 2m are common in
the main irrigation areas suggesting a
depletion of the resource.
Seasonal water level change is
taken from July-September (ie dry
season) through to January-March
(ie wet season). Seasonal water level
fluctuations shown in Figure 19.18.
Figure 19.18  Seasonal water level
change Gunnedah Subsystem
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Figure 19.19  Bore GW036048.3 Hydrograph

Figure 19.20  Bore GW036018.2 Hydrograph

Upstream (east) of Moree there is a general similarity
between the hydrograph for Bore GW036048.3 (Figure
19.19) and rainfall as shown by the Accumulative
Monthly Residual Rainfall (AMRR), but not a precise
one. The amplitude of the water level variation is
about 3 m, and the water level in 2002 was the same
as it had been in 1977. Recent values show a deviation
from the AMRR.
Just downstream of Moree, there is a general
similarity between the hydrograph for Bore
GW036018.2 (Figure 19.20) and rainfall as shown
by the AMRR from 1977-1987. Pumping impacts
became apparent at that time and have continued,
with a seasonal variation of about 8 m. Short term
rises of water level have coincided with higher than
average rainfall periods since then, giving an overall
impression of similarity between hydrograph and
rainfall, but overall the water level has fallen by about
5 m since pumping commenced.

Figure 19.21  Bore GW036161.3 Hydrograph

Bore GW036161.3 (Figure 19.21) located
approximately 40 km further west, is apparently near
the limit of the pumping effects. This bore shows an
almost linear decline of about 3 m from 1977 to 1996,
after which the water level has been steady.
In the far western part of this groundwater area (90
km west of Moree) Bore GW036207.1 (Figure 19.22)
has a record that commenced in 1977. Water level
rose by about 0.5 m from 1977 to 1990, since when it
has been steady.
Figure.19 22  Bore GW036207.1 Hydrograph
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19.6 Narrabri Subsystem
The Narrabri Subsystem consists of shallow alluvial
fan sediments deposited by creeks draining the
adjacent Highlands (Figure 19.23). Groundwater is
contained in small discontinuous sand lenses and
tends to be of variable quality and yield.
The Lower Gwydir Groundwater Management Area
(GWMA003) occupies essentially all of the alluvial flats
along the Gwydir River from which useful supplies
of low salinity water can be obtained for irrigation
purposes.
Management Area also extends into this catchment.
Figure 19.23  Extent of the Narrabri Subsystem in the
Most of the water comes from the deeper Gunnedah
Formation, but a significant proportion comes from the Gwydir CMA area
Narrabri Formation aquifer. No distinction is made as
to the source of the water in determining sustainable
yield as a whole or for individual entitlements.
Recharge to the Subsystem is mainly by rainfall and
by major overland flood events, with some from the
irrigation that takes place extensively in the area.
Some recharge is derived from normal river flows, and
the volume and rate of this recharge is itself influenced
by the pattern of groundwater pumping and the degree
to which it induces additional losses from the river.
It is also controlled by the relative head conditions in
the aquifer and in the river water. If the water table is
below the riverbed level, the unsaturated zone between
the base of the riverbed and the water table will place
a limit on the rate of downward infiltration of water.
Recharge is directly to the upper Narrabri Formation, Figure 19.24  Groundwater flow in the Narrabri
and only indirectly to the deeper Gunnedah Formation Subsystem
aquifer.
The water table contours in the Gwydir River
Catchment (Figure 19.24) show a decline in heads
from 210 mAHD (relative to the Australian Height
Datum) at the Darling Basin margin to 120 mAHD
where the Gwydir joins the Barwon River. Groundwater
in this area generally flows from east to west.

Figure 19.25  Water level change 2000-2005 in the
Narrabri Subsystem

The plot of change in water table level between 2000
and 2005 (Figure 19.25) indicates a decline of generally
less than 2m over the period.
The plot of seasonal water level change (Figure 19.26)
indicates values generally less than 2m.
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Figure 19.27  Bore GW030390.1 Hydrograph

Figure 19.28  Bore GW036018.1 Hydrograph

The hydrograph of the bore furthest upstream
(Bore GW030390.1, Figure 19.27) indicates a strong
influence from the river with periodic recharge events
(presumably floods) followed by a long period of
recession.
Just north of Moree and within the area impacted
by town water supply pumping, the record for Bore
GW036018.1 (Figure 28) starts in 1975. There is a
reasonable correlation with the rainfall mass curve
from then until about 1987, when a long decline of
water level commenced that continued until 1996.
Declines are evident from 2000-2005.
Just east of Moree, the pattern observed in Bore
GW036048.1 (Figure 29) is similar but the decline
during the 1990s is not so pronounced.

Figure 19.29  Bore GW036048.1 Hydrograph

Further west there was a very slight decline in Bore
GW036162.1 (Figure 30) from 1976 to 1986, then a
period of steady levels until 1996 and finally a period
of very slight rise to 2005. There is no correlation with
the rainfall mass curve, and it seems likely that the
hydrograph pattern reflects the subdued effects of
recharge from infrequent recharge events.

Figure 19.30  Bore GW036162.1 Hydrograph
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20 Borders Rivers CMA - NSW
20.1

Location

The Border Rivers Catchment Management
Authority (CMA) comprises the portion of the
Border Rivers catchment that lies south of the
Queensland / NSW border (Figure 20.1).

Figure 20.1  Location of Border Rivers CMA 

The hydrogeological Subsystems that occur in this area include:
• Barwon Highlands;
• Great Artesian Basin;
• Gunnedah Subsystem;
• Narrabri Subsystem.
The Highlands Subsystems in the Barwon Region of NSW form an arc along the eastern margin of the MurrayDarling Basin from the border with Queensland continuing to the south into the Central West region. This
catchment, with others along the Great Dividing Range, is important for the Great Artesian Basin (GAB) since
the aquifer is recharged by rainfall and streamflow infiltration in this area. The GAB Subsystem is a major
resource aquifer especially away from the ranges where groundwater in overlying sediments is saline.
The Narrabri and Gunnedah Subsystems are sedimentary in origin and were deposited as erosion products
from streams draining the ranges. The Gunnedah Subsystem tends to be cleaner and coarser grained than
the Narrabri subsystem. Groundwater is of good quality especially near the creeks from which the aquifer is
recharged. The Gunnedah Subsystem is a major resource aquifer. The Narrabri has a higher clay content and
groundwater, which is contained in discontinuous sand lenses, is variable in both quality and yield.
The relationships between the various subsystems in the Border Rivers Catchment are illustrated in Figure 20.2.

Figure 20.2  Schematic cross section of the Border Rivers CMA area

182

400

500

600

700

20 Borders Rivers CMA - NSW 

20.2 Groundwater Status in the Border Rivers CMA
Subsystem

Description and Status

Groundwater Issues

Barwon Highlands

Groundwater in fractured metasediments and
basalts and alluvial outwash, limited supplies
available

Insufficient data available

Great Artesian
Basin

Extensive fractured sandstone aquifer underlying
Murray-Darling Bain in NSW and QLD

Recharge decreased due to utilisation
of surface water for irrigation
Declining water level trends still
evident

Gunnedah
Subsystem

Medium to coarse-grained sedimentary aquifer, it is
a major resource aquifer but surface water supplies
are also used.

Extent of Gunnedah Subsystem poorly
defined
Recharged by streamflow infiltration
via Narrabri Subsystem. Surface
water extractions may impact long
term recharge.
Virtually no water quality data
Need to manage holistically with
surface water resources and Narrabri
Subsystem

Narrabri
Subsystem

Shallow alluvial fan deposits forming discontinuous
minor aquifers in the Darling River Drainage Basin.

In highland areas supplies are
limited and have a strong reliance
on recharge from surface water.
Potential to draw in saline water from
adjacent Highlands.
Water level declines of over 5 m
evident adjacent to Highlands
Virtually no water quality data
Declining water level trends are
evident close to Highlands


20.2.1 Changes since 1990-2000 Groundwater Status Report
More bores have been added to the Status Report database. Absence of water quality datasets is an ongoing
issue. The need for holistic management of surface water and groundwater resources is now recognised.

20.2.2 Priorities for Further Work
Barwon Highlands:

ongoing data collection needed to evaluate status of groundwater
equilibrium with changed recharge volumes due to changing landuses;

Great Artesian Basin:

quantification of the volume of decreased recharge to GAB and evaluation
of resultant impacts;

Gunnedah and Narrabri Subsystems: better and preferably quantified understanding of surface watergroundwater interactions, regular monitoring of groundwater quality
near areas of high groundwater extraction.
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20.3 Barwon Highlands
This Subsystem occurs in Palaeozoic and
Mesozoic rocks that form the northern
NSW parts of the Great Dividing Range
(Figure 20.3). The landscape varies,
ranging from relatively subdued with
elevations between 250 and 500 m
(relative to the Australian Height Datum
AHD) in the west (where the Highlands
merge with the alluvial plains), to areas
with higher relief in the core of the
Highlands with average elevations over
700m. Surface runoff drains into either
the Dumaresq River to the north or the
MacIntyre River to the west.
The major landuse of the Barwon
Highlands region is for grazing or mixed
farming with limited cropping. Some
areas on the lower slopes are used
only for cropping. Minor (though locally
extensive) areas are under forests and
national parks.

Figure 20.3  Extent of Barwon Highlands

This report presents an overview of the GFS based on the 1:1M basinwide coverage prepared for the MurrayDarling Basin.
At this overview scale the most significant GFS include:
• Local flow systems in fractured rock aquifers;
• Intermediate and local flow systems in fractured rock aquifers
• Local flow systems in fractured basalts
• Local flow systems in granites
• Local flow systems in upland alluvium
• Regional to Intermediate flow systems in broad alluvial valleys
The distribution of these GFS in
the Border Rivers Catchment of
the Barwon Highlands is shown in
Figure 20.4.
The bores which illustrate the
trends in the various groundwater
flow systems are located in the
adjacent Gwydir River Catchment.
The monitoring bores in this
catchment have only recently been
installed and so no time series
data is available as yet.

Figure 20.4  Groundwater flow systems in the Barwon Highlands
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Local flow systems in fractured rock aquifers and intermediate and local flow systems in fractured rock
aquifers
Fractured rock aquifers comprise most of the groundwater flow systems of the Barwon Region. They include
the various rock types associated with the New England Fold Belt generally north of Tamworth, except for the
numerous granite bodies scattered across the Region. The aquifer comprises folded and fractured sedimentary
and contact metamorphic rocks of Silurian to Permian age. Fractures in the rock are open to depths of 50-100
m. They provide the conduit for groundwater flow from mid- to upper slope recharge areas to discharge areas in
adjacent streams, valley floors, and at break-of-slope.
The groundwater in these rocks is usually of low to
moderate salinity ranging from about 2,000-6,000
S/cm, and bore yields are most commonly around
1-2 L/sec. Locally, faulting may cause higher yielding
aquifer materials.
Intermediate groundwater flow systems can occur
in this unit where the slope of the land surface is low
(less than about 3 degrees) and the length of the slope
is long.
The monitoring of groundwater levels in this
groundwater flow system is rare; with only limited bore
hydrographs available to provide information about the
trend of groundwater levels.
Figure 20.5  Bore GW036826.1 Hydrograph
Bore GW036826.1 (Figure 20.5) is located in the Box
Hill catchment. It shows a decline in water level the
early part of the 1990s followed by an increase of about
the same magnitude since about 1996. Unfortunately,
the frequency of water level measurements changes
at this time, and the nature of the latter half of the
graph is not as well defined. In general terms, the
hydrograph tends to respond sympathetically with
the long term trend in rainfall. No recent water level
readings are available.
Bore GW036831 (Figures 20.6 and 20.7) show water
levels in a nested deep and shallow pair of bores at
the same site. The deeper bore at this site does not
show the later increase in water level, but a continued
decreasing trend until the end of the water level
observations.

Figure 20.6  Bore GW036831.1 Hydrograph

Local flow systems in fractured basalts
Local groundwater systems are commonly present
within basaltic flows of the Barwon Region. These
systems occur as areas that are higher than the
surrounding terrain or as low profile sheet flows.
Groundwater movement occurs through fractures
in the rock and pores in brecciated units, although
some groundwater flow may occur through weathered
horizons that are sometimes present between
successive lava flows. These systems are largely
unconfined and in general have high permeability.
These characteristics result in a relatively rapid
response to changes in the water balance.
Figure 20.7  Bore GW036831.2 Hydrograph

185

0

100

200

300

Murray-Darling Basin Commission – Introducing Groundwater in your Catchment

Recharge to this system occurs throughout the
landscape. High recharge combined with high
permeability, results in considerable flushing
of this system and removal of salts before they
can concentrate and groundwater salinity is
consequently low.
Groundwater discharges as seepages where
structural and stratigraphic changes interrupt
the flow path. Local stream networks receive
low salinity groundwater through baseflow
where they have eroded into the basalt.
Consequently the contribution to regional saltloads from these systems is very small and
they have a diluting effect.
Figure 20.8  Location of Inverell Basalt management unit

The Inverell Basalt management area is
located on the southern boundary of this
catchment (Figure 20.8).

Bore GW036828.1 (Figure 20.9) shows a trend that
declines during the early 1990s, and then becomes
constant over the mid to latter 1990s, despite a generally
increasing rainfall regime. There are large gaps in
the hydrograph measurements, making definitive
assessment difficult.

Local flow systems in granites
The landscape characteristics range from gently
undulating hills and valleys with minor granitic outcrops,
to tors and other granitic outcrops. The flow systems
in these areas are small in size, with flow lines of less
than 5 km in length. These systems are unconfined
with groundwater flow through fractures, and through Figure 20.9  Bore GW036828.1 Hydrograph
weathered material when present.
The major source of recharge to these systems is from seasonal rainfall. Recharge to the fractured granite
bedrock occurs mainly on the hilltops and slopes where the saprolite/colluvium is thin or non-existent.
Recharge to associated colluvium occurs diffusely across the slopes.
Groundwater discharge typically occurs in localised areas and is linked to break-of-slope, lateral changes in the
soil/colluvium/saprolite texture, and to valley locations where positive head conditions may exist. Ephemeral
and perennial stream networks receive discharge as baseflow and runoff.
Local flow systems in upland alluvium and Regional to Intermediate flow systems in broad alluvial valleys
These groundwater flow systems are typically found within unconsolidated sediments located on the valley
floors and terraced floodplains. The systems are local in scale, with flow lines typically less than 5 km in length.
There are also areas where broad alluvial valleys occur adjacent to the better-defined alluvial sediments of the
plains. The boundary between the two is usually gradational and therefore blurred.
These systems are generally unconfined to semi-confined, with some minor confined areas. They have low
to moderate permeability and low to moderately high yields. Finer grained sedimentary units are found
predominantly in higher order stream catchments, while coarse-grained sedimentary units dominate lower
order catchments.
Recharge may be both seasonal and/or episodic in nature. The amount of recharge into the system depends on
the nature of soils and weathered rock above the water table, and on the frequency and intensity of flood events.
Recharge occurs across the whole landscape surface of these systems.
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Groundwater discharges typically occur in drainage lines and in localised areas at changes in soil texture,
break-of-slope, and at the base of terraces. Salt storage in the finer grained units of this system is high and
groundwater salinity is variable from fresh to saline with lower salinity levels being characteristic of the coarser
sediments. Locally, the response of these systems to a change in the water balance can be relatively fast, while
regional water table equilibrium conditions may take decades to establish.

20.4 Great Artesian Basin Subsystem
The Great Artesian Basin (GAB) underlies
approximately 22% of the Australian continent, with
mostly arid and semi-arid landscapes to the west of
the Great Dividing Range. The southern part of the
Great Artesian Basin underlies the northern portion
of the Murray-Darling Basin. The extent within this
catchment is shown in Figure 20.10.
The aquifers of the GAB are recharged from rainfall
and surface water infiltration along the western side
of the Great Dividing Range
The GAB aquifers underlie the western two thirds
of the Border Rivers CMA area. These are overlain
by confining beds and, in some places directly by
the Gunnedah and Narrabri Subsystems. The GAB
Figure 20.10  Extent of GAB in the Border Rivers CMA
consists of a complex multi-layered system of waterbearing sandstones separated by mostly shale and
mudstone confining beds. Most rock units crop out near the eastern Basin margins, and dip to the west. The
portion of the GAB that is within the Border Rivers Catchment lies within the Surat Sub-basin.
The Surat and Eromanga Sub-basins are separated by a basement high which extends from just east of Bourke
to just west of Mitchell and is known as the Nebine Ridge. Although some facies changes occur as sediments
drape over the ridges, there is hydraulic continuity between the Sub-basins. Sediments in the Surat Sub-basin
extend to a depth of over 2000 m.
Most water is extracted from the uppermost aquifer in the GAB - the Hooray Sandstone and its equivalents
including the Pilliga Sandstone. In this multi-layered system, deeper aquifers have not been subject to the same
development pressures and over large areas remain little used. The Hooray Sandstone is generally accepted as
being representative of the GAB Subsystem.
Early development led to large bores supplying many properties, with water distributed via channels known as
bore drains. Bores flowed uncontrolled into bore pools that fed the drains.
Recognition in the 1980s of the impact of poor
management practices led to the introduction
of better maintenance and distribution
arrangements, and establishment of management
zones (Figure 20.11). There is a GAB-wide
program in place to ensure that all flowing
bores can be controlled and that bore drains are
progressively replaced by piping and troughs.
Two of the GAB management units are located in
this area.
No new licences are being issued and a
prospective new user must purchase an existing
licence. A Water Management Plan is being
prepared for implementation in mid-2004. It
is proposed that prospective users will either
purchase entitlements from existing users

Figure 20.11  GAB Management units in the Border Rivers
CMA area
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within the same zone, or obtain a new
entitlement by generating savings
from implementation of a local cap and
pipe program on existing bores. Part
of such savings will revert to a central
water savings register, the proportion
available to the user being larger if the
cap and pipe works are self-funded.
There will be no separation of aquifers
in terms of management procedures,
but there will be separation rules
in relation to mound springs, other
groundwater dependent ecosystems,
and irrigation bores in the North Star
area.

Figure 20.12  Groundwater flow in the GAB in the Border Rivers
CMA area

Groundwater flow in the GAB has been
extensively modelled. The model output
for 2000 has been used to determine
flow directions within the main aquifer
in this part of the Basin, the Hooray

Sandstone and equivalents (Figure 20.12). Flow is
generally north-westerly from the recharge areas in the
east then south-westerly.
Landuse ranges from dryland cropping (mostly grains)
to broad scale grazing. Some irrigation is carried out
from water sourced from overlying systems or surface
water but has no influence on the GAB. Irrigation has
been permitted using groundwater from the intake area
near North Star.
There is a lack of time series groundwater quality
information for the GAB in recent times. This is partly
caused by the recognition that in an aquifer system
as large as this, changes in quality are unlikely to be
noticed in current management time frames. Within the Figure 20.13  Bore GW016352 Hydrograph
GAB there are virtually no dedicated monitoring bores.
Because the bores are deep and expensive to drill,
existing production bores are used to monitor water
levels and quality.
The main aquifers generally contain water dominated
by sodium bicarbonate with some chloride and, within
the Murray-Darling Basin, minor sulphate. Water
salinity generally increases with distance from the
recharge area. Within the Murray-Darling Basin, Total
Dissolved Solids values are usually less than 1,000 mg/
L in the upper, used aquifers, with the deeper aquifers
having more saline water.
Bore GW016352.1 (Figure 20.13) is located near the
eastern boundary of the GAB extent and shows a
generally decreasing water level trend. Most bores
show a falling trend, though many in the eastern
section are sub-artesian.

Figure 20.14  Bore GW004413.1 Hydrograph

Towards the southwest, Bore GW004413.1 (Figure 20.14) is still artesian (level about 25 m), but is falling. Falls
this far west are not as dramatic as in the main irrigation area to the east.
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20.5 Gunnedah Subsystem
The Gunnedah Subsystem underlies the plains
of the Darling River Drainage Basin. The
groundwater in the alluvium of the MacIntyre
River valley forms one of the upland alluvium flow
systems in the Barwon Highlands (see above).
The Gunnedah Subsystem is the major resource
aquifer in the Darling River Drainage Basin in
NSW. Its extent is not well defined and in this
catchment.
The Gunnedah Subsystem is composed
of two units. The older and more coarsegrained Cubbaroo Formation tends to occur in
palaeovalleys – deep subsurface channels. The
Figure 20.15  Extent of Gunnedah Subsystem in the Border
younger Gunnedah Formation is more extensive
Rivers CMA area
and of a finer grain size. The Gunnedah Subsystem
tends to be thickest in the east against the western side of the Great Dividing Range and then gradually lenses
out further west. Groundwater quality also tends to deteriorate to the west.
Water level observations indicate that shallow
aquifers leak to the deeper aquifers during
recharge events, suggesting that there is
a degree of interconnectivity between the
aquifers. Surface and groundwater systems
within the area are also closely linked. This is
evident from the similarities between water
chemistry of streams and shallow aquifers.
Bore yields are often in excess of 50 L/sec.

Figure 20.16  Water level change 2000-2005 in the Gunnedah
Subsystem in the Border

Most recharge occurs through streamflow
infiltration to the shallow aquifer and leakage
from the Narrabri Subsystem to the Gunnedah
Subsystem. Minor contributions are also made
from direct infiltration of rain, side-slope
runoff and upward leakage from aquifers of
the Great Artesian Basin. Following flooding
and major rainfall events groundwater is
discharged into streams.

Groundwater development is generally
low due to the relatively high cost of
developing high yielding bores compared
with the low cost of surface water supplies.
Groundwater from the alluvial aquifers is
used for stock, domestic and industrial
purposes, but most is allocated for
irrigation.
The plot of water level change from 20002005 for the Gunnedah Subsystem for the
Border Rivers area (Figure 20.16) shows
constant water levels over this period. This
reflects the lack of significant pumping due
to high salinity in this area.
Seasonally water levels are also static
(Figure 20.17).

Figure 20.17 Seasonal Water level change in the Gunnedah
Subsystem in the Border Rivers CMA area
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Figure 20.18  Bore GW036687.2 Hydrograph

Figure 20.19  Bore GW036957.2 Hydrograph

Bore GW036687.2 (Figure 20.18) is located south of near Goondiwindi. An overall rising trend is evident
corresponding to the generally above average rainfall received in this area.
Bore GW036957.2 (Figure 20.19) is located at the western end of the Border Rivers Catchment area. A rising
trend is evident in this area also.

20.6 Narrabri Subsystem
The Narrabri Subsystem consists of shallow alluvial fan
sediments deposited by creeks draining the adjacent
Highlands (Figure 20.20). Groundwater is contained
in small discontinuous sand lenses and tends to be of
variable quality and yield.
The alluvial deposits within the Dumaresq River valley are
relatively thin and narrow. The deeper sediments within
the Dumaresq River Valley are coarse grained and used for
irrigation.
Figure 20.20  Extent of Narrabri Subsystem in

The Border Rivers Commission oversees management
Border Rivers CMA area
of groundwater sources within the alluvial deposits of the
Border Rivers system. Overall abstraction limits have been determined, and implemented respectively within the
NSW and Queensland parts. There is not yet, however, a Water Sharing Plan prepared under the provisions of
the NSW Water Act 2000. Groundwater withdrawals over a long period and/or at a high rate are likely to impose
losing conditions for the river in the area around that pumping.
Long term maintenance of withdrawals depends heavily on a continuous stream flow and consequential stream
losses. Streams in most of the system within the area where groundwater salinity is low enough for irrigation use
are generally in a losing condition, but this is dependent to some extent on seasonal conditions and river stage.
Groundwater withdrawals over a long period and/or at a
high rate are likely to impose losing conditions in the area
around that pumping. Apart from stream losses, recharge
is by direct infiltration of groundwater and, to some
extent, infiltration of the leaching fraction of irrigation
applications.
Recharge is by direct infiltration of groundwater, stream
losses and, to some extent, infiltration of the leaching
fraction of irrigation applications.
Groundwater flow directions reflect the infiltration of
surface water from the Highlands (Figure 20.21).
Figure 20.21  Groundwater flow in the Narrabri
Subsystem in the Border Rivers CMA
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The 1990-2000 water level change
plot (Figure 20.22) indicates that the
groundwater level has declined in the
Border Rivers area in the Dumaresq
River Valley but on the plains water
levels have remained relatively constant.
The seasonal water level change (Figure
20.23) also shows a significant level of
drawdown occurring from August to
February in the Dumaresq River Valley.
Figure 20.22  Water level change 2000-2005 in the Narrabri
Subsystem in the Border Rivers CMA area

Bore GW040636.1 (Figure 20.24) is
near the limit of the area monitored
and shows the distinctive periodic
recharge event followed by a protracted
regression that is characteristic of
a location where flood recharge is
dominating.
Further from the river, and the
hydrograph for Bore GW036956.1
(Figure 20.25) is almost linear and flat.
There is no correlation between the
hydrograph and the rainfall residual
mass curve which, together with the flat
linear pattern, suggests that water level
here are controlled largely by the river.

Figure 20.23  Seasonal water level change in the Narrabri Subsystem
in the Border Rivers CMA area

Figure 20.24  Bore GW040636.1 Hydrograph

Figure 20.25  Bore GW036956.1 Hydrograph
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The furthest upstream bore in the deeper coarser
grained sediments in the Dumaresq River Valley
(Bore GW040641.1 Figure 20.26) is presented where,
allowing for the short and incomplete record, there
is a general similarity between the shape of the
hydrograph and the shape of the rainfall residual
mass curve. Since about 1999 there has been a
pumping impact in some years, with a seasonal
variation of about 12m.
About 40 km downstream, the hydrograph record is
incomplete but there is no apparent correlation with
the rainfall residual mass curve (Bore GW040771.3
Figure 20.27). Pumping impacts are apparent, with a
seasonal variation of about 5m, and there has been
an overall decline of about 8 m since 1991. A slightly
upward trend is evident since 2004.

Figure 20.26  Bore GW040641.1 Hydrograph

Near Goondiwindi, where monitoring commenced in
1987 there is no correlation between the hydrograph
for Bore GW036697.2 (Figure 20.28) and the rainfall
residual mass curve, and it seems likely that water
level here is largely controlled by river conditions.

Figure 20.27  Bore GW040771.1 Hydrograph

Figure 20.28  Bore GW036697.2 Hydrograph
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21 Border Rivers Catchment - QLD
21.1 Location
The Border Rivers Catchment management
area incorporates the catchments of the Moonie
River and the Queensland portion of the Border
Rivers Catchment (Figure 21.1).
The hydrogeological subsystems that lie within
this management area from oldest to youngest
include:

Figure 21.1  Location of Border Rivers Catchment

•

Queensland Highlands;

•

Great Artesian Basin Subsystem;

•

Gunnedah Subsystem;

•

Narrabri Subsystem;

•

Condamine Subsystem;

•

Central Darling Lower Alluvium;

•

Central Darling Upper Alluvium.

The Queensland Highlands are essentially a fractured rock aquifer which is utilised mainly for stock and
domestic supplies. This catchment also incorporates part of the recharge area for the Great Artesian Basin
(GAB). The GAB Subsystem is a major resource aquifer especially away from the ranges where groundwater in
overlying sediments is saline.
The Narrabri and Gunnedah Subsystems are sedimentary in origin and were deposited by streams draining
the ranges. The Gunnedah Subsystem tends to be cleaner and coarser grained. Groundwater is of good quality
especially near the creeks from which the aquifer is recharged. The Gunnedah Subsystem is a major resource
aquifer. The Narrabri has a higher clay content and aquifers occur as discontinuous sand lenses. As a result
groundwater quality and yield is variable.
Only a small portion of the Condamine Subsystem occurs in this area, and a discussion of this subsystem is
given in the reports for the Condamine Catchment. Similarly only a small portion of the Central Darling Upper
and Lower Alluvium Subsystems occurs in this area so the discussion of these subsystems is given in the report
for the Maranoa-Balonne Catchment.
The relationships between the various subsystems in the Border Rivers Catchment are illustrated in Figure 21.2
below.

Figure 21.2  Schematic cross-section of the Border Rivers Catchment
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21.2 Groundwater Status in the Border Rivers Catchment
Subsystem

Description and Status

Groundwater Issues

Queensland
Highlands

Small area of fractured rock with low resource
potential

No resource issues identified.

Great Artesian
Basin

Extensive fractured sandstone aquifer underlying
MDB in QLD

Virtually no dedicated monitoring
bores;
Recharge decreased due to utilisation
of surface water for irrigation;
Declining water level trends still
evident.

Gunnedah
Subsystem

Medium to coarse grained sedimentary aquifer,
resource aquifer near Highlands but surface water is
also used for irrigation.

Extent of Gunnedah Subsystem poorly
defined;
Little information available;
Need to manage holistically with
surface water resources and Narrabri
Subsystem.

Narrabri
Subsystem

Shallow alluvial fan deposits forming discontinuous
minor aquifers in the Darling River Drainage Basin.

In highland areas supplies are
limited and have a strong reliance on
recharge from surface water;
Localised pumping impacts
evident from 2000 – 2005. Seasonal
drawdowns of up to 20m may cause
local interference impacts;
Potential overextraction issues
emerging, potential to draw in saline
water from adjacent bedrock near
highland areas

21.2.1 Changes since 1990-2000 Groundwater Status Report
Absence of monitoring data in the Highlands continues to be an issue – both quality and level. The need for
holistic management of surface water and groundwater resources is now recognised. This area has received
rainfall significantly below average during the period from 2000-2005 which has resulted in increased pressure
on groundwater resources.

21.2.2 Priorities for Further Work
Queensland Highlands:

establish monitoring networks to evaluate status of groundwater
equilibrium with changed recharge volumes due to changing landuses;

Great Artesian Basin:

quantification of the volume of decreased recharge to GAB and evaluation
of resultant impacts;

Gunnedah and Narrabri Subsystems: better and preferably quantified understanding of surface watergroundwater interactions, monitoring of water quality near areas of high
groundwater extraction.
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21.3 Queensland Highlands
The Queensland Highlands outcrop in the southeastern corner of the Queensland extent of the MurrayDarling Basin north-west of Tenterfield. (Figure 21.3)
The Queensland Highlands have limited resource
potential and given the availability of good surface
water resources few bores tap the Highlands.
Fractured rock aquifers occur in the area around
Stanthorpe within the Granite Belt. The two main
fractured rock aquifers are the Ruby Creek Granite
and the Stanthorpe Adamellite that occur as part of
the New England Batholith. Groundwater saturates
the fractures and weathered zones of these Triassic
intrusive rocks. Groundwater drawn from these
aquifers is of good quality and is used for most
purposes.
Texas Beds provide groundwater in the area west of
the Granite Belt. This formation consists of a complex
Figure 21.3  Extent of Queensland Highlands
alternation of lithic sandstone, mudstone, conglomerate,
schist, jasper, intermediate volcanics and limestone.
Groundwater saturates the porous sandstone layers and fractures within rock with less permeable lithologies.
Groundwater quality from the Texas Beds is variable ranging from fresh to saline in some areas. These aquifers
provide limited groundwater for stock and domestic purposes.
Some reliable groundwater supplies are also being drawn from alluvium associated with the area’s surface
drainage systems. This consists of unconsolidated claybound sands and gravels that have been deposited
in major river and stream valleys. These aquifers tend to be less than 15 m in depth and thicken and widen
downstream. Groundwater quality is variable from these aquifers.
The very localised nature of these water-bearing zones means that there is always the potential to locate
a water supply that has not been previously tapped. This is why even during a prolonged drought, new
groundwater supplies can often be found. Fractures located at depth in granite can often supply quite useful
irrigation supplies. The only bores with 2000 data were located in upland alluvium just to the east of the
Queensland Highlands.

21.4 Great Artesian Basin Subsystem
The Great Artesian Basin (GAB) aquifer
systems occurs to the west of the Queensland
Highlands throughout the Border Rivers
Catchment (Figure 21.4). GAB rocks are
recharged where they outcrop, that is in
the area around and to the north-west of
Inglewood. To the north-east of St George
and to the south-east of Surat the GAB is
covered by clayey confining beds which do not
constitute a significant groundwater resource.
The portion of the GAB that is within the
Border Rivers Catchment lies within the Surat
Sub-basin.

Figure 21.4  Extent of GAB Subsystem in the border Rivers
Catchment

The GAB consists of a complex multilayered system of water-bearing sandstones
separated by mostly shale and mudstone
confining beds. Most rock units outcrop near
the eastern margins of the Darling River
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Drainage Basin and dip to the west. These rocks are of Mesozoic age, and while they do not form part of the
depositional Murray-Darling Basin, they occur immediately beneath this zone. Since recharge occurs in this
area, the GAB is included in the Status Report assessment.
The Surat and Eromanga Sub-basins are separated by a basement high that lies from just east of Bourke to just
west of Mitchell known as the Nebine Ridge. Although some facies changes occur as sediments drape over the
ridges, there is hydraulic continuity of groundwater between the Sub-basins. Sediments in the Surat Sub-basin
extend down over 2000 m.
The Formation from which most water is extracted in the GAB is the Hooray Sandstone and its equivalents. In
the northern Surat Sub-Basin, the Hooray equivalents are the Gubberamunda and Mooga Sandstones. Most
bores obtain water from the uppermost significant aquifer. In this multi-layered system, deeper aquifers have
not been subject to the same development pressures and over large areas remain little used. The Hooray
Sandstone is generally accepted as being representative of the GAB Subsystem.
Early development led to large bores
supplying many properties, with water
distributed via channels or bore drains.
Bores flowed uncontrolled into bore pools
which fed the drains. This practice still exists,
but no new bores have been permitted to
distribute water in this manner since 1954
in Queensland. This led to the establishment
of management zones over the area (Figure
21.5). There is a GAB wide program (the
Sustainability Initiative or the Capping and
Piping Program) in place to ensure that all
flowing bores can be controlled and that bore
drains are progressively replaced by piping
and troughs.
Figure 21.5  GAB Groundwater Management Units

Figure 21.6  GAB Groundwater flow

The Great Artesian Basin Water Resources
Plan has now been released and manage
the issuing of new licences in the eastern
Surat / Clarence – Moreton Sub-basins
where there is a high demand for water for
industrial purposes such as feed lots. The
Mooga Sandstone (the uppermost aquifer)
water is reserved for domestic, stock or
town purposes. Bores for other purposes
have to access deeper aquifers. Bores are
then subject to separation distances to
limit interference and excessive localised
drawdown and the completed bore is subject
to metering and various other conditions.
Under the Great Artesian Basin Water
Resources Plan the Murray-Darling Basin
protion of the Great Artesian Basin is broken
into a number of management zones and
management units. There is a process for
accessing unallocated water in some of
the zones and in specific units with bore
separation rules and spring protection rules.

Groundwater flow has been extensively modelled. The model output from 2000 has been used to determine flow
directions within the main aquifer, the Hooray Sandstone and equivalents. Flow is generally north-south but
with a noticeable inflow from the east (Figure 21.6).
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There is a lack of time series groundwater quality information available for the GAB in recent times. This is
partly caused by the recognition that in an aquifer system that is as large as this, changes in quality are unlikely
to be noticed in current management time frames. Within the GAB there are virtually no dedicated monitoring
bores. Because the bores are deep and expensive to drill, existing production bores are used to monitor water
levels and quality.
The main aquifers generally contain water dominated
by sodium bicarbonate with some chloride and, within
the Murray-Darling Basin, minor sulphate. Water
salinity generally increases with distance from the
recharge area. Within the Murray-Darling Basin, Total
Dissolved Solids values are usually less than 1,000 mg/
L in the upper, used aquifers, with the deeper aquifers
having more saline water.
Bores in the intake area are sub-artesian. Near
Goondiwindi, bores flow, but there is a very apparent
downward trend (Bore 13989, Figure 21.7). This was
initially attributed to groundwater extraction for
irrigation in the North Star area over the border in NSW. Figure 21.7  Bore 13989 Hydrograph
It is now felt that in this area, the Dumaresq and
Macintyre Rivers act as a drain, with the GAB
discharging into the alluvium associated with the rivers.
This currently acts as a boundary for the depression
which is forming in the irrigation area. Part of the cause
of the falling heads in this area can be attributed to the
general recession in the GAB, and anything outside this
to leakage between individual aquifers through bores.
The Goondiwindi fault is a north–south trending feature
near Goondiwindi. Bores to the west of the fault have to
penetrate much deeper (up to 300 m) to encounter the
same aquifer systems. Head falls of about 20 m have
been recorded in the 30 years, but the aquifers still
have heads about 15 m above ground level (Bore 16126,
Figure 21.8  Bore 16126 Hydrograph
Figure 21.8).
The higher heads in this area compared to the east and west are caused by significantly less groundwater use.
The falling trend is consistent with the general trend in the Surat Sub-basin.

21.5 Gunnedah Subsystem
The Gunnedah Subsystem underlies the
eastern portion of the Narrabri subsystem
against the Great Dividing Range in NSW and
southern Queensland.
It is completely obscured by the Narrabri
sediments and the precise extent of the
Gunnedah is poorly understood but it
probably does not extend into the Moonie
River catchment within the Border Rivers
Catchment management area (Figure
21.9). Detailed knowledge is restricted to
those areas where groundwater is present
in sufficient quantity, and with low enough
salinity, to warrant drilling exploration.

Figure 21.9  Extent of Gunnedah Subsystem
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The Gunnedah Subsystem comprises two units. The older and more coarse grained Cubbaroo Formation tends
to occur in palaeovalleys – deep subsurface channels. The younger Gunnedah Formation is more extensive and
of a finer grain size. The Gunnedah Subsystem tends to be thickest in the east against the western side of the
Great Dividing Range and then it gradually thins out further west. Groundwater quality also tends to deteriorate
to the west.
The groundwater resources in the Border Rivers area are contained within a number of unconfined and semiconfined aquifers associated with the Dumaresq River Alluvium. The alluvium consists of unconsolidated to
semi-consolidated gravels and sands with interbeds of clays. These alluvial deposits cover approximately 377
km2 and fall across the Queensland and New South Wales border.
Water level observations indicate that shallow aquifers leak to the deeper aquifers during recharge events,
suggesting that there may be a degree of interconnectivity between the aquifers. Surface and groundwater
systems within the area are also closely linked. This is evident from the similarities between water chemistry of
streams and shallow aquifers. Bore yields are often in excess of 50 L/sec.
Most recharge occurs through streamflow infiltration to the shallow aquifer and leakage from the Narrabri
Subsystem to the Gunnedah Subsystem. Minor contributions are also made from direct infiltration of rain,
side-slope runoff and upward leakage from aquifers of the Great Artesian Basin. Following flooding and major
rainfall events groundwater is discharged into streams.
Groundwater development is generally low due to the
relatively high cost in developing high yielding bores
compared with the low cost of surface water supplies.
Groundwater from the alluvial aquifers is used for
stock, domestic and industrial purposes, but most is
allocated for irrigation.
Most of the upstream area is grazing country and
cropping is mostly improved pasture for own use
or for sale. Further downstream, some grains and
other crops are grown, as well as fodder, much of
which goes to support local feed lots. Much cotton is
grown further downstream, but very little is irrigated
from groundwater. Groundwater tends to be used for
supplementing surface water supplies during droughts. Figure 21.10  Bore 41620002A Hydrograph
As a result, only a small proportion of allocated
groundwater is used.
The Dumaresq River is supplemented by releases
from Glenlyon Dam which is located on Pike Creek,
an upstream tributary. The releases tend to have a
major influence on groundwater use and the volume
in storage. The water levels in 2005 are within 1m of
their 2000 level and seasonal water level changes are
minimal reflecting the low level of use in this area.
Bore 41620002A is located near the township of
Goondiwindi. Water levels reflect the rainfall pattern
indicating it is recharged by downward leakage from the
overlying Narrabri Subsystem (Figure 21.10).
Bore 41640005A (Figure21.11) is located at the eastern
margin of the Gunnedah Subsystem near where the
Dumaresq River emerges from the highlands. Water
levels are showing a constant level.
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21.6 Narrabri Subsystem
The Narrabri Subsystem consists of shallow
alluvial fan sediments deposited by creeks
draining the adjacent highlands and overlies the
Gunnedah Subsystem in the west. Groundwater
is contained in small discontinuous sand lenses
and tends to be of variable quality and yield. The
extent of the Narrabri Subsystem in the Border
Rivers Catchment is shown in Figure 21.12.
Within the Dumeresq River Valley the alluvial
sequence consists of coarser grained
sediments overlain by finer grained sediments
more typical of the Narrabri Subsystem
elsewhere.
The alluvial deposits within the Dumeresq River
valley are relatively thin and narrow, with quite
small storages. Recharge is by direct infiltration
of groundwater, stream losses and, to some
extent, infiltration of the leaching fraction of
irrigation applications.
Groundwater in the Narrabri Subsystem is in
direct hydraulic connection with surface waters
in the upland valleys. Sustained groundwater
pumping relies heavily on a continuous stream
flow and this causes consequential stream
losses. Streams in most of the system within
the area where groundwater salinity is low
enough for irrigation use are generally in a
losing condition, but this is dependent to some
extent on seasonal conditions and river stage.
Groundwater withdrawals over a long period
and/or at a high rate are likely to impose losing
conditions in the area covered by the cone of
depression.

Figure 21.12  Extent of Narrabri Subsystem

Figure 21.13  Narrabri Subsystem Management Units

The Dumaresq-Barwon Border Rivers Commission (DBBRC) oversees groundwater management in the area.
The Border Rivers management unit (Figure 21.13) extends through the highlands along the Dumeresq River
valley. This covers extractions from both the Narrabri and Gunnedah Subsystems.
The lower portion of the Narrabri Subsystem
in the highlands area has a high hydraulic
conductivity (transmissivity) and a steep
gradient. This indicates that the groundwater
throughflow rate is high and therefore the
aquifer is of good quality (ie low salinity)
because of high flushing flows and reduced
residence times.Water quality in the Narrabri
Subsystem deteriorates to the west and little
data is available in this part of the catchment.

Figure 21.14  Narrabri Subsystem Water level change
2000-2005

The 1990-2000 water level change plot (Figure
21.14) indicates that the groundwater level
has declined within the portion of the Narrabri
Subsystem that falls within the highland river
valleys but west of the Divide water levels have
remained relatively constant. The seasonal
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water level change (Figure 21.15) shows a
variable seasonal response.
About 20 m of drawdown occurs during stress
periods when use is high, but recovery is fast,
caused more by the hydrostatic response of the
aquifer rather than recharge. There was full
recovery after the 1995 drought, but there is a
slight downward trend since 1999, suggesting
that the pumping level is now exceeding
the capacity of the system to recover (Bore
41630063A, Figure 21.16).

Figure 21.15  Narrabri Subsystem seasonal water level
change 2005

Further downstream the impact of groundwater
extraction in an area of greater use is more
pronounced (Bore 41630066A, Figure 21.17).
This bore is completed in the deeper coarser

grained unit of the Narrabri Subsystem. Use
commenced in this area about 1992 and the water
level fell about 20 m by early 1995. Full recovery was
not achieved, with water levels remaining at least 4 m
below the pre 1990s level. In 2005, water levels were
25 m below full supply level.
Bore 41630072A (Figure 21.18) is located near
Cunningham Weir. The plot shows constant water
levels before pumping from the deeper aquifer
commenced in 1991. By 1995, this aquifer had drawn
down about 30 m.
Between 1995 and 2000 there was some recovery,
possibly because of reduced use, but now a distinct
downward trend in water levels is evident.

Figure 21.16  Bore 41630063A Hydrograph

Figure 21.17  Bore 41620066A Hydrograph
Figure 21.18  Bore 41630072A Hydrograph

200

400

500

600

700



22 Condamine Catchment
22.1 Location
The Condamine catchment is located immediately west
of the Great Dividing Range to the west of Brisbane
(Figure 22.1).
The following hydrogeological subsystems occur in this
catchment from oldest to youngest:
•

Queensland Highlands;

•

Great Artesian Basin Subsystem;

•

Queensland Basalts Subsystem;

•

Condamine Subsystem.

Figure 22.1  Location of Condamine Catchment

The Queensland Highlands, while part of the catchment, does not form a significant groundwater resource. Its
extent is limited to a small pocket in the south-eastern corner of the catchment.
By contrast the Great Artesian Basin (GAB) is a major groundwater resource both within the Murray Darling
Basin but also further north to the Gulf of Carpentaria and west into the Northern Territory and South Australia.
While strictly speaking the GAB is not a Murray-Darling aquifer system its occurrence within the surface
catchment area is relevant to the Darling Basin and so it is included in this study.
The Queensland Basalts are a series of discrete lava flows occurring in the Great Dividing Range. Groundwater
is discontinuous, variable and of limited extent and, as such, is sensitive to exploitation.
The Condamine Subsystem consists of alluvial outwash from the Great Dividing Range. It is a major resource in
the basinal areas of the Condamine Catchment where it is used extensively for irrigation.
Figure 22.2 illustrates the relationships between the various subsystems in the Condamine Catchment.

Figure 22.2  Schematic cross section for the Condamine Catchment
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22.2 Groundwater Status in the Condamine Catchment
Subsystem

Description and Status

Groundwater Issues

Queensland
Highlands

Small area of fractured rock with low resource
potential

No groundwater monitoring.

Great Artesian
Basin

Extensive fractured sandstone aquifer underlying
MDB in QLD

No dedicated monitoring bores;
Recharge decreased due to utilisation
of surface water for irrigation.

Queensland
Basalts

Fractured/weathered basalt occurring on western
side of Great Dividing Range

Limited supplies, some scope for
further development;;
Water level declines of approximately
2 m from 2000 - 2005;

Condamine
Subsystem

Alluvial outwash deposits in valleys

Over-extraction emerged as an issue
in early 1970’s;
Both allocations and use are well in
excess of the system yield for most of
the area;
Cone of depression evident in the
vicinity of Cecil Plains. Water level
declines of over 2 m common in the
central Condamine area from 20002005;
Water quality not regularly monitored.
Potential to draw in saline water
towards cone of depression;
Water levels stable outside irrigation
areas where dryland farming is
practised.
Condamine tributaries show
dependence on flood events for
recharge – potentially an issue if flood
harvesting is undertaken. Water level
declines are evident


22.2.1 Changes since 1990-2000 Groundwater Status Report
Scarcity of data in the Queensland Highlands and Great Artesian Basin Subsystems is an ongoing issue. Rainfall
in this areas over the reporting period from 2000-2005 has been significantly below average which has placed
additional stress on groundwater resources both from a reduced recharge and an increased usage perspective.
Water levels in the resource aquifers has continued to decline.
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22.2.2 Priorities for Further Work
Queensland Highlands:

establish monitoring networks to evaluate status of groundwater equilibrium
with different recharge volumes due to changing landuses;

Great Artesian Basin Subsystem: quantification of the volume of decreased recharge to GAB and evaluation of
resultant impacts;
Queensland Basalts Subsystem:

evaluation of potential contamination issues; and management of localised
over-extraction;

Condamine Subsystem:

determination of sustainable yield and implementation of management
strategies to ensure usage within sustainable yield; and monitoring potential
saline intrusion around Cecil Plains margin.

22.3 Queensland Highlands
The Queensland Highlands outcrop in the southwestern part of the Condamine Catchment (Figure
22.3).
The main resources within the Queensland Highlands
occur to the west of Stanthorpe in the adjacent Border
Rivers Catchment.
The Queensland Highlands within the Condamine
Catchment has limited resource potential and given
the availability of good surface water resources, few
bores tap the Highlands.

22.4 Great Artesian Basin Subsystem
The Great Artesian Basin (GAB) underlies
approximately 22% of the Australian continent, mostly
arid and semi-arid landscapes to the west of the
Great Dividing Range. The southern part of the GAB
underlies the northern portion of the Murray-Darling
Figure 22.3  Extent of Queensland Highlands
Basin. The extent of the GAB in the Condamine
Catchment is shown in Figure 22.4.
The aquifers of the GAB are recharged from rainfall
and surface water infiltration into sandstone outcrops
mostly along the western side of the Great Dividing
Range – including the Condamine Catchment.
GAB sediments occur throughout the Condamine
Catchment except where the Queensland Highlands
rocks occur. The valleys of the Condamine Catchment
have been filled with alluvial sediments that form the
Narrabri Subsystem.
The GAB rocks that occur in the Condamine
Catchment form part of the Clarence-Moreton Subbasin and are separated from the Surat Sub-basin
to the west by the Kumbarilla Ridge. Although some
facies changes occur as sediments drape over the
ridges, there is hydraulic continuity of groundwater
between the sub-basins. The GAB consists of a
complex multi-layered system of water bearing
sandstones separated by mostly shale and mudstone
confining beds.
Figure 22.4  Extent of GAB in the Condamine Catchment
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The Formation from which most water is extracted in
the GAB is the Hooray Sandstone and its equivalents.
In the Clarence–Moreton Sub-basin most bores are
completed in the uppermost main aquifer which is
the Hutton Sandstone, with the Precipice Sandstone
at depth. Near the Great Dividing Range, these
sediments are subject to some facies change and
are known as the Marburg and Helidon Sandstones
respectively.
Groundwater in the GAB in the Condamine
Catchment falls into the Eastern Recharge C region
which is part of the Eastern Downs Zone (Figure
22.5).
The Great Artesian Basin Water Resources Plan
has now been released and manage the issuing of
new licences in the Clarence–Moreton Sub-basin
where there is a high demand for water for industrial
purposes such as feed lots. The uppermost main
aquifer water is reserved for domestic, stock or
Figure 22.5  GAB Groundwater Management Units in the
town purposes. Bores for other purposes have to
Condamine Catchment
access deeper aquifers and applicants may have to
investigate the bore’s effect on the other bores and the
environment. Under the Great Artesian Basin Water Resources Plan the Murray-Darling Basin protion of the
Great Artesian Basin is broken into a number of management zones and management units. There is a process
for accessing unallocated water in some of the zones and in specific units with bore separation rules and spring
protection rules.
Bores are then subject to separation distances to limit interference and excessive localised drawdown and
the completed bore is subject to metering and various other conditions. There is quite intensive agriculture in
the eastern area, with quite large scale irrigation from both groundwater sourced from aquifers in overlying
groundwater management units (GMUs) and surface water.
Groundwater flow in the GAB has been extensively modelled and the model output has been used to describe
groundwater flow within the Murray-Darling Basin. The model, however, did not include the Clarence-Moreton
Sub-basin.
The main aquifers generally contain water dominated by
sodium bicarbonate with some chloride and, within the
Murray-Darling Basin, minor sulphate. Water salinity
generally increases with distance from the recharge
area. Within the Murray-Darling Basin, Total Dissolved
Solids (TDS) values are usually less than 1,000 mg/L in
the upper, used aquifers, with the deeper aquifers having
more saline water.
Within the GAB there are virtually no dedicated
monitoring bores. Because the bores are deep and
expensive to drill, existing production bores are used to
monitor water levels and quality. There are no GAB bores
in the Condamine Catchment.

22.5 Queensland Basalts
The Queensland Basalts occur along the eastern
margin of the Condamine Catchment (Figure 22.6). The
Main Range Volcanics consist predominantly of basalt
and extend from the northern part of the Condamine
Catchment to the New South Wales border.
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The aquifers usually consist of an upper unconfined
weathered and fractured zone and lower semi–confined
and fractured zones of limited extent which may or may
not be connected hydraulically. The upper zone typically
occurs in gullies and in particular along the main
drainage lines.
Recharge occurs from direct infiltration of rainfall and
infiltration from streams. Many of the streams fluctuate
between gaining and losing modes recharging the
aquifer after significant rainfall and obtaining baseflow
from groundwater in drier times. It is usual, though,
that streams stop flowing in very dry times. Some of the
main streams which drain the Basalt have developed
their own alluvial deposits which form part of the
Narrabri Subsystem.
Most land is used for grazing, dryland cropping
(mainly cereals) and, on the flatter land, the irrigation
of pastures and other crops. There are also some
substantial feed lots established on the Basalts, though
there has been a restriction of new ones for many years
because of the risk of groundwater pollution.

Figure 22.7  Queensland Basalts groundwater
management units

In 2000 there were three management areas for the Queensland Basalts Subsystem, but in 2005 there were
six (Figure 22.7). The Hodgson Creek is a fairly intensely developed area within the main part of the Basalt
Subsystem.
The aquifers occur at depths ranging between 11 m and
41 m with an average thickness of approximately 28
m. As with most fractured rock aquifers, bore supplies
are highly variable due to varying values for aquifer
properties, between 5-50 L/sec. Transmissivity ranges
between 10-1000 m3/d with specific yields of less
than 0.05.
Between 1976 and 1990, groundwater levels began to
steadily rise by up to 4 m. This rise can be attributed to
an extended period of above average rainfall.
Since the early 1990s, groundwater levels have been
Figure 22.8  Bore 42231103A Hydrograph
declining. On average, groundwater levels have fallen
by approximately 8 m, although in some bores, the
decline has been up to 15 m. This decline coincides with
a period of below average rainfall and an increase in
groundwater use.
The Nobby Basalt management unit is an area with
quite high development and several aquifers that
occur at various depths. The hydrographs for Bores
42231103A (Figure 22.8) and 42231455A (Figure
22.9) show water level changes at two depths at the
one location (91 and 55 m deep respectively). The
hydrograph shows that in the late 1970s when irrigation
commenced in this area, seasonal drawdown of up
to 40 m occurred. Controls on drilling new bores and
tight allocations were implemented and the drawdown
was reduced in the 1980s and 1990s, but the system is
extremely dynamic. The shallow bore generally reflects Figure 22.9  Bore 42231455A Hydrograph
the rainfall pattern.
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In the Warwick area water levels show quite a quick
reaction to rainfall. The plot for Bore 42230749A
(Figure 22.10) tends to reflect the rainfall trend.
Water levels recorded in the July to September
period have declined approximately 2 m across
the Condamine Catchment from 2000 - 2005
(Figure 22.11).
Seasonal changes recorded from July–September
through to January-March in 2005 (Figure 22.12)
showed water level change is variable with some bores
showing rises and others falls.
Figure 22.10  Bore 42230749A Hydrograph

The available data indicates that current
management practices appear sustainable. Trends
are declining but this is likely to be due to the
decrease in rainfall during the reporting period.
There is some scope for further development of
water from these aquifers, and this will occur as
demand increases.
Some perched aquifers occur in this area, and these
have the potential to cause some salinity problems
when they intersect the ground surface. Salinity is
evident in some minor areas, but these could expand
in a few successive years of above average rainfall.
Of concern is that there has been no rigorous
sustainable yield analysis undertaken. Groundwater
dependent ecosystems have not been identified, so
no allowance for any water requirement has been
made.

Figure 22.11  Water level change 2000-2005 in the

Queensland Basalts Subsystem
The biggest challenge for water resource
management in this area is the formulation of a water
management plan which embodies the principles
of sustainable yield. Such a plan should cover all
water resources, groundwater and surface water,
and include overland flows if necessary.

22.6

Condamine Subsystem

The Condamine Subsystem consists of the alluvial
outwash sediments from the neighbouring hills
which consist of rocks comprising the Queensland
Basalts, Great Artesian Basin sediments and
Queensland Highlands.
The Condamine River is a main tributary of the
Darling system, draining the north-eastern part of
the basin. It has a broad alluvial plain in the
Figure 22.12  Seasonal Water level change 2005 in
the Queensland Basalts Subsystem
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area between Ellangowan and Macallister (Figure
13), the deeper parts of which are a remnant Tertiary
basin which has had more recent alluvial and hill wash
sediments deposited on them.
The whole of this area has been proclaimed as a subartesian district since the 1965. Extensive expansion of
irrigation from groundwater occurred in the 1960s and
by 1970 it was obvious that use had exceeded natural
recharge. In 1970 an embargo on the issue of further
licences for irrigation was introduced and, with slight
modifications, is still in place.
Management units in the Condamine Subsystem are
shown in Figure 22.14. The Condamine Groundwater
Management Area covers an area of some 359,000 Ha.
The area has fertile black soils and is prime agriculture
country, growing grain, cotton and a wide variety of
other crops. Water for irrigation is obtained from three
sources:- groundwater; surface water from natural
Figure 22.13  Extent of Condamine Subsystem
flows and releases from Leslie Dam (including water
obtained from flood harvesting from the Condamine
River; and from off–stream storages which
harvest overland flows.
Groundwater services about 18,000 Ha
of irrigated land. Both allocations and
use are well in excess of the system yield
for most of the area. This area has been
capped since 1970 when it became obvious
that water levels were on a continuing
downward trend and use must be in excess
of yield.
In order to reduce the over-allocation,
several schemes have been implemented.
Licensees drawing water from the
Condamine River were encouraged to
substitute their groundwater licences
for water harvesting licences from the
river. Regulated supplies were diverted
Figure 22.14  Condamine Subsystem Groundwater Management Units
through the North Branch and substituted
for groundwater. A 30% reduction in allocation was also
negotiated with the landholders (effectively reducing
allocations to 35,546 ML), but despite all these initiatives,
some areas remain substantially over-allocated.
The over-extraction is also evident in the watertable
contours that show a distinct cone of depression in the
vicinity of Cecil Plains (Figure 22.15).

Figure 22.15  Groundwater flow in the Condamine
Subsystem
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Changes in July to August water level in the Condamine
Subsystem from 2000-2005 (Figure 22.16) show declines
are evident across the area with declines of over 3 m
common in the central Condamine area.
Seasonal water level change from August to February
(Figure 22.17) show fluctuations are not large, commonly
plus or minus 1m.

Figure 22.16  Water level change 2000-2005 in the
Condamine Subsystem

Impacts on the natural hydrological balance that have
been caused by agricultural development are reflected
in the groundwater levels.
In the main Condamine Plains area bores show the
result of groundwater development, with falling levels
from the late 1960s to the mid-1970s (Bore 42230054A,
Figure 22.17  Seasonal Water Level change in the
Figure 22.18). Any recharge that occurred during this
Condamine Subsystem
period is over-shadowed by the depletion of the storage
caused by use. A small rise in water level occurred in response to the mid-1970s wet seasons, but the
downward trend resumed until the early 1980s.
From the mid-1980s, various schemes have been
implemented in order to reduce the groundwater use
and levels have tended to stabilise and more closely
reflect the rainfall pattern in some areas.
Bore 42230112A (Figure 22.19) is close to the area of
greatest use and shows a continual downward trend in
water levels. Recharge is not evident in this plot and,
because of its distance from the river and the large
clay layers near the surface, is probably quite muted.

Figure 22.18  Bore 42230054 Hydrograph

The total decline in water level in this bore is about
14 m. Other bores closer to the centre of the main use
area have falls well in excess of 20 m.

Figure 22.19  Bore 42230112A Hydrograph
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Bore 42230190A (Figure 22.20) is located in the same
sediments, but outside the Condamine Groundwater
Management Area. This bore is in an area where
dryland farming is practised. Groundwater quality is
too poor for any irrigation. The hydrograph shows a
continually rising trend over the 30 year period from
1970 to 2000. Since 2000, however the water levels
have stabilised and recent readings show a declining
trend commencing.
Water quality further away from the river (the main
recharge source) is poor, and with a depression
formed in the area of the most intensive use, there is a
gradient set up which will bring the poor quality water
towards areas of use. This will have to be monitored.

Figure 22.20  Bore 42230190A Hydrograph

22.7 Upper Condamine Tributaries
The Upper Condamine Tributaries make up a group of
smaller tributaries that flow from the Great Dividing
Range to the Condamine River. They all have deposits
of Recent aged alluvium associated with them, and this
alluvium contains useable quantities of groundwater.

Condamine River – Killarney to Murray’s Bridge
The water-bearing alluvial deposits occur at an
average depth of approximately 7 m and on average,
the aquifers are 4 m in thickness. As in any alluvial
valley, the deposits are rarely continuous in any
direction for any great distance. They occur in lenses,
and discontinuous deposits. Recharge occurs very
rapidly, from stream flow and overland flooding
in big events, but aquifer depletion is reasonably
rapid as groundwater drains back to the stream and
downstream (Bore 42231069A Figure 22.21).

Figure 22.21  Bore 42231069A Hydrograph

Condamine River – Murray’s Bridge to Cunningham
The average depth of the alluvial sediments is
approximately 8 m and aquifer thickness varies around
7 m. Bore 42230002A (Figure 22.22) shows a more
muted response and a generally downward trend.
Recharge is slow, but this reflects a significant layer of
clay over the water bed and the distance from the river,
the main recharge source.

Figure 22.22  Bore 42230002A Hydrograph
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Condamine River – Cunningham to Ellangowan
The water-bearing alluvial deposits occur at depths
down to 31 m. Aquifer thickness is often greater than
10 m. Deposits are rarely continuous in any direction
for any great distance and occur in lenses. Significant
recharge only occurs in major rainfall events, probably
those that cause overbank flooding (Bore 42230014A
Figure 22.23). Even so, the hydrograph still shows a
slight downward trend over time.

Swan Creek
Swan Creek is a fairly small tributary of the
Condamine. The groundwater supplies are dominantly
obtained from a number of unconfined to semiconfined alluvial aquifers. The water-bearing alluvial
deposits occur at an average depth of 8.6 m with
aquifer thickness around 3.75 m. Aquifer recharge
is from losses from Swan Creek and its tributaries,
infiltration through the alluvial overburden and minor
contributions from the underlying sandstone strata.

Figure 22.23  Bore 42230014A Hydrograph

Glengallan Creek
The water-bearing alluvial deposits generally occur at
depth down to 42 m but can be quite shallow in some
areas. The aquifer can be up to 20 m thick. Bore yields
can be up to 30 L/sec but are more generally around 12
L/sec. Groundwater is of good quality and is suitable
for all purposes excluding drinking water. Aquifer
recharge is due to losses from Glengallan Creek
and its tributaries, infiltration through the alluvial
Figure 22.24  Bore 42230741A Hydrograph
overburden and contributions from the underlying
basaltic strata.
In the lower reaches of Glengallan Creek water levels
show a consistent downward trend from the late 1970s
to 1996 (Bore 42230741A, Figure 22.24). However the
1996 recharge event only served to stabilise the fall,
and since 2000 a declining trend is evident once again.

Dalrymple Creek
The alluvial deposits are up to 42 m deep, but vary
significantly throughout the valley. Aquifer recharge
occurs from losses from Dalrymple Creek and its
tributaries, infiltration through the alluvial overburden
and contributions from the underlying basaltic strata.
Apart from the drought in the early 1990s and in the
current period, the water levels have been relatively
stable (Bore 42230701A Figure 22.25). At the end of
1995, the water level had fallen about 5 m below its
normal level, but the 1996 rainfall event resulted in full
recharge
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Kings Creek
The average depth of the alluvial deposits is
approximately 13.5 m. Aquifer thickness averages 8
m. Bores tapping into the Kings Creek alluvial aquifers
have bore yields averaging 12.6 L/sec.
Recharge is due to direct infiltration of rainfall and
contributions from the underlying basaltic strata.
Downstream of Clifton, there is upward leakage into
the alluvium from the sandstones of the underlying
Walloon Coal Measures.
Bores show reasonable correlation with rainfall until
the mid 1990’s. The most recent water levels are at
record lows (Bore 42230771A Figure 22.26).

Figure 22.26  Bore 42230771A Hydrograph

Oakey Creek
The maximum depth of the alluvium in the Oakey
Creek area is 69 m with the average depth about 25
m. The average depth to the top of the water bearing
strata is approximately 16m. Clays of up to 2 m in
thickness often divide the coarser basal deposits.
Bore 42231301A (Figure 22.27) responded to the
late 1980s rainfall event, but since 1990 has had a
continual decline, falling some 10 m over this period.
This is more due to increased use than other factors,
as the area has experienced a significant increase in
irrigation from groundwater in this period.

Lower Oakey Creek
The Lower Oakey Creek area contains a number
of unconfined/semi-confined aquifers. The aquifer
material is discontinuous making it difficult to obtain
large supplies of groundwater. The average saturated
thickness of the aquifers is approximately 19 m with
the average depth to the top of the water bearing
strata being approximately 29 m. However the deepest
section extends down over 140 m.

Figure 22.27  Bore 42231301A Hydrograph

Aquifer recharge occurs due to losses from Oakey
Creek and its tributaries and infiltration through
the overburden. Recharge due to stream flow
infiltration is more significant upstream of Oakey than
downstream. Treated sewage effluent, discharged
from the Toowoomba City Council’s sewage treatment,
provides significant baseflow to Oakey Creek and
contributes to aquifer recharge.
Local groundwater use has caused a dramatic water
level change in Bore 42231295A (Figure 22.28), but the
general rising trend since 1996 is evident.

Figure 22.28  Bore 42231295A Hydrograph
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Myall Creek
The water-bearing alluvial deposits occur at an
average depth of approximately 16 m with average
aquifer thickness of 7 m. Maximum depth of the
alluvium is about 40 m, with an average depth of
23 m. As in any alluvial valley, the deposits are rarely
continuous in any direction for any great distance.
Recharge is due primarily to direct infiltration of
rainfall through the alluvial overburden and stream
flow losses. Other recharge contributions are made
from the underlying Marburg Sandstone and Walloon
Coal Measures. The chemistry of the resource is
influenced by the groundwater interchange between
the alluvial aquifer and the underlying strata.
Less than 1 m change in water level such as
that observed in Bore 42230882A (Figure 22.29)
emphasises that parts of this area have little
groundwater development.
Figure 22.29  Bore 42230882A Hydrograph

Moola Myall Nth Br. Creeks
The alluvial aquifers of the Moola Creek and Myall
Creek North Branch consists of clay and claybound
sands and gravels. The water-bearing alluvial
deposits occur at an average depth of approximately
13 m, but can be quite shallow at 2 m. Aquifer
thickness on average is 5 m. Recharge is due
primarily to direct infiltration of rainfall through
the alluvial overburden and contributions from the
underlying Marburg Sandstone and Walloon Coal
Measures. Groundwater quality is highly variable
throughout the area.
The groundwater chemistry is influenced by the
interchange between the aquifer and the underlying
strata.

Figure 22.30  Bore 42230896A Hydrograph
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Bore 42230896A (Figure 22.30) shows a rising
trend from 1971 to 1991, a reflection of the lack of
groundwater development in this area at that time.
Since 1991, water levels have fallen over 4 m, with no
significant recharge events occurring in this period.
The trend is now downwards.
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23 Maranoa - Balonne Catchment - QLD
23.1

Location

The Maranoa-Balonne Catchment is located in the
arid central Queensland portion of the MurrayDarling Basin (Figure 23.1). The major rivers include
the Maranoa in the north-west and the Balonne
which receives streamflow downstream from the
Condamine Catchment. Neither is a significant
watercourse.
Four groundwater subsystems occur in the MaranoaBalonne Catchment (from oldest to youngest):
•

Great Artesian Basin;

•

Central Darling Lower Alluvium

•

Central Darling Upper Alluvium.

•

Condamine Alluvium

Figure 23.1  Location of Maranoa-Balonne Management Area

The Great Artesian Basin (GAB) is a major groundwater resource both within the Murray-Darling Basin and
extending further north to the Gulf of Carpentaria and west and south into the Northern Territory, NSW and
South Australia. While the GAB is not a Murray-Darling aquifer system its occurrence within the surface water
catchment area of the Basin is relevant to the Darling Basin and so it is included in this study.
The Central Darling Upper and Lower Alluvium Subsystem and the Condamine Subsystem consists of alluvial
outwash from the Great Dividing Range. Groundwater quality is variable and usually too saline to use, so there
are few monitoring bores available. The Central Darling Upper Alluviums is contained within the south-west
trending Dirranbandi Trough located near St George, and this feature extends almost as far south as Menindee
in NSW. The Condamine has limited extent and is discussed in detail in the Condamine Catchment report.
The relationship between the subsystems is illustrated in the representative cross-section in Figure 23.2.

Figure 23.2  Schematic cross-section for the Maranoa-Balonne Catchment
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23.2 Groundwater Status in the Maranoa–Balonne Catchment
Subsystem

Description

Groundwater Issues

Great Artesian
Basin

Extensive fractured sandstone aquifer underlying
Murray-Darling Basin in QLD

• D
 eclining pressures as a result of
leakage and uncontrolled discharge
• Bore capping and piping program
is decreasing pressure loss but
a declining trend is still evident
throughout this area
• No monitoring data between 20002005

Central Darling
Lower Alluvium

Coarse grained sediments within the Dirranbandi
Trough
Subsystem only recently mapped

• Little data available
• Decreasing water level trends

Central Darling
Upper Alluvium

Shallow alluvial fan deposits forming discontinuous
minor aquifers in the Darling River Drainage Basin

 roundwater typically saline, only
• G
small livestock supplies
• Monitoring data scarce
• Mounding becoming evident in St
George area due to surface water
irrigation

23.2.1 Changes since 1990-2000 Groundwater Status Report
Additional hydrogeological work has been undertaken on the Dirranbandi Trough feature, sufficient to subdivide
the Narrabri Subsystem of the 1990-2000 Groundwater Status Report into a number of individual subsystems
including the Central Darling Upper and Lower Alluvium and West Darling Alluvium. New bores have been
added to the Status Report database monitoring these subsystems but more are needed.

23.2.2 Priorities for Further Work
Great Artesian Basin:		

continue management emphasis on Capping and Piping Program;

Central Darling Lower Alluvium:
Central Darling Upper Alluvium:
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continue monitoring mounding in St George area.
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23.3 Great Artesian Basin (GAB)
The GAB is the major resource aquifer of the MaranoaBalonne Catchment and covers the entire catchment
(Figure 23.3). The Surat Sub-basin of the GAB consists
of a complex multi-layered system of water bearing
sandstones separated by mostly shale and mudstone
confining beds extending to depths of 2,000 m. The
rocks of the GAB are of Mesozoic age, being deposited
about 80 million years ago.
The aquifer is used extensively for livestock, domestic
and town supplies. Urban use for towns such as
Mitchell, Roma, and St George in Queensland
consumes a total of 4,400 ML/yr. In this multi-layered
system, deeper aquifers have not been subject to the
same development pressures and over large areas
remain little used.
Early development led to large bores supplying many
properties, with water distributed via channels or bore
Figure 23.3  Extent of GAB Subsystem
drains as they are known. Bores flowed uncontrolled into
bore pools which fed the drains with up
to 95% of water being lost to evaporation
and seepage. Head loss in bores
tapping the GAB necessitated stricter
management of the resource. This
practice still exists, but no new bores
have been permitted to distribute water
in this manner since 1954 in Queensland.
Currently there is a GAB-wide program
(the Sustainability Initiative or the
Capping and Piping Program) in place
to ensure that all flowing bores can
be controlled and that bore drains are
progressively replaced by piping and
troughs. Management areas are shown
in Figure 23.4.
In October 2000, all relevant States, the
Northern Territory and the Australian
Government jointly signed the Great
Artesian Basin Strategic Management
Plan. This is a broad ranging plan that
attempts to cover all values relating to
the GAB, including water use and waste,
Figure 23.4  GAB Management Areas
economic values, environmental values,
heritage values, and others. At the core
of this plan, though, is improving pressures in the GAB by reducing waste from both bores and distribution
systems. The Capping and Piping Program is integral to this plan and is proceeding in both Qld and NSW.
Over the whole area, applications for bores which require more than usual grazing stock water requirements
are subject to investigation to determine the effects on existing users and regional levels. Where these are
considered excessive, conditions to limit impacts, to monitor impacts and in some cases to rectify impacts are
placed on the licence.
It is the stated intention to manage aquifers as separate entities, but much work needs to be completed to
determine satisfactory yields from the individual aquifers.
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The GAB rocks outcrop in the northern and central parts of
the catchment where the aquifer is recharged from rainfall
and stream infiltration. This area is now recognised as one of
the main recharge areas in the GAB.
A computer model has been developed to model groundwater
flow within the various aquifers of the GAB Subsystem
Groundwater flow is essentially from north to south with flow
bearing a strong relationship with the recharging Maranoa
and Balonne Rivers in the north where the GAB outcrops
(Figure 23.5).
There is also significant discharge of the GAB through the
confining layers.
There is a lack of recent groundwater quality information
available for the GAB. This is partly caused by the recognition
that in an aquifer system that is as large as this, changes in
quality are unlikely to be noticed in current management time
Figure 23.5  GAB Groundwater Flow
frames. The main aquifers generally contain water dominated
(Model output 2000)
by sodium bicarbonate with some chloride and, within
the Murray-Darling Basin, minor sulphate. Water salinity
generally increases with distance from the recharge area. Within the Murray-Darling Basin, Total Dissolved
Solids values are usually less than 1,000 mg/L in the upper, used aquifers, with the deeper aquifers having
more saline water.
The confining layers often contain very poor quality water. Discontinuous sandstone lenses are common in
most of the shaley formations and these are often tapped for livestock water when near the surface. These
formations now appear to have developed some saline discharges, especially at the base of topographic rises.
Within the GAB there are virtually no dedicated monitoring bores. Because the bores are deep and expensive
to drill, existing production bores are used to monitor water levels and quality. Monitoring of water levels in
artesian bores is much more complex than in sub-artesian bores. Because the bores are deep, the temperature
at the bottom of the bore can be quite hot – in excess of 100oC in some deeper parts of the GAB.
None of the Bores monitoring the GAB in this
catchment have waterlevels/pressures recorded
between 2000-2005. In 2000 water levels were
declining.
Bores located in the eastern region, show the general
downward trend apparent over much of the GAB (Bore
13710, Figure 23.6).
In the Roma-Surat area a steep downward trend is
evident and bores located in areas with higher elevation

Figure 23.6  Bore 13710 Hydrograph

are ceasing to flow (Bore 22372, Figure 23.7). The
downward trend can be partially attributed to pumping
for Roma’s town water supply and partially to the
large number of flowing bores to the south. Many of
these bores used to flow at over 4 ML/day.

Figure 23.7  Bore 22372 Hydrograph
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Further south in the St George–Bollon area, there are
a large number of bore water areas where one bore
supplies many properties, historically via bore drains.
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Figure 23.8  Bore 89 Hydrograph

Figure 23.9  Bore 12786 Hydrograph

Bore 89 (Figure 23.8) is located west of St George and
shows a steady fall in pressure head from about 63
m above ground level in 1920 to less than 10 m above
ground level now.
Heads are higher closer to Bollon but also show a
continuing falling trend (Bore 12786, Figure 23.9).
Close to the NSW border the head in Bore 1670 (Figure
23.10) has fallen from about 95 m above ground level in
the 1930s to about 45 m above ground level now.

23.4 Central Darling Lower Alluvium
Subsystem
The upper and lower aquifer subsystems have been
Figure 23.10  Bore 1670 Hydrograph
defined by extensive investigation in the St George
– Dirranbandi region of Queensland, and have been
inferred across a broader region of the Murray Darling Basin based on limited drill hole data.

The aquifer in this region is comprised of
possible late Tertiary alluvial sediments
occupying a trench feature eroded into the
older basement rocks of the GAB (Figure
23.11). The Lower Alluvium is more confined
to the trench and is generally coarser
grained. The Lower Alluvium is completely
covered by the Upper Alluvium.
The Lower Alluvium is semi-confined.
The recharge and discharge processes
associated with the two aquifers is not well
understood. Recharge is via leakage from
surface water systems, generally from major
overbank flood events. Some recharge from
rainfall also probably occurs.

Figure 23.11  Extent of Central Darling Lower Alluvium
Subsystem
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Figure 23.12  Bore 42220094A Hydrograph

Figure 23.13  Bore 42220066A Hydrograph

Bore 42220094A is located just north of Beardmore Reservoir approximately 30 km north of St George. The
hydrograph shows a declining water level trend since 1998 (Figure 23.12).
Bore 42220066A is located west of St George and
also shows a declining trend (Figure 23.13).

23.5 Central Darling Upper
Alluvium Subsystem
The Central Darling Upper Alluvium completely
covers the Lower Alluvium Figure 23.14
shows the extent of the Central Darling Upper
Alluvium. The aquifer in this region is comprised
of possible late Tertiary/ Quaternary alluvial
sediments and is generally finer grained than
the underlying Lower Alluvium.
The Central Darling Upper Alluvium is thought
to correlate with the West Darling Alluvium
Subsystem to the west and the Narrabri
Subsystem to the east, but definitive work on
this topic has yet to be done.

Figure 23.14  Extent of Central Darling Upper
Alluvium Subsystem

Together with the Lower Alluvium, the two units
attain thicknesses of up to 170 m. The Upper
Alluvium is about 40 to 50 metres thick, but
thickness can vary substantially.
Generally, depth to watertable varies depending
on proximity to the local surface water feature and
whether the surface water is regulated or not. In
unregulated sections of the Subsystem, depth to
watertable can be as deep as 30 metres. In the St
George Irrigation area, depth to watertable is about
10 to 15 metres.

Figure 23.15  St George Alluvium Management area
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Groundwater is extracted from the Lower Alluvium
in the St George groundwater management area
(Figure 23.15).

400

500

600

700

23 Maranoa - Balonne Catchment - QLD

Figure 23.16  Landuse in the St George area

Irrigation commenced with the completion of
Beardmore Dam in 1972, but has increased
dramatically in the last 10 to 15 years. Flood
harvesting water from the Balonne River with on
farm storages has provided a greatly increased
volume for primarily cotton irrigation (Figure 23.16).
Infiltration of irrigation water has caused mounding
in some areas (Bore 42220053A, Figure 23.17).
Away from the irrigation areas waterlevels are
relatively constant and possibly reflecting rainfall
(Bore 42220080A, Figure 23.18).

Figure 23.17  Bore 4222053A Hydrograph

There is a need for a regular monitoring program
in this subsystem and the Central Darling Lower
Alluvium particularly given the decreasing water
level trends in that subsystem.

Figure 23.18;  Bore 42220080A Hydrograph
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24 Warrego-Paroo Catchment - QLD

24.1

Location

The Warrego-Paroo Catchment is located in the north-western
corner of the Murray-Darling Basin (Figure 24.1).
The hydrogeological subsystems in this catchment from oldest
to youngest include:
•

Great Artesian Basin;

•

West Darling Alluvium Subsystem.

The largest river is the intermittent Warrego which flows
through the middle of the catchment. The Paroo River (also
intermittent) is located further to the west.

Figure 24.1  Location of Warrego-Paroo Catchment

The Great Artesian Basin (GAB) is the major water resource in this catchment and extends throughout the
catchment. The eastern side of the catchment contains the basement structure known as the Nebine Ridge
which separates the Eromanga and Surat Sub-basins. While aquifers thin over the ridge they are continuous
through the Murray-Darling Basin.
The West Darling Alluvium Subsystem consists of shallow alluvial sediments from the erosion of GAB
sediments exposed along the northern margin of the catchment.
The relationship between the GAB and West Darling Alluvium Subsystems is shown in Figure 24.2 below:

Figure 24.2  Schematic cross-section of the Warrego-Paroo Catchment
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24.2 Groundwater Status in Warrego-Paroo Catchment
Subsystem

Description and Status

Groundwater Issues

Great Artesian
Basin

Extensive fractured sandstone aquifer underlying
Murray-Darling Basin in QLD

• Declining pressures as a result of
leakage and uncontrolled discharge
• Bore capping and piping program is
decreasing pressure loss
• Some head recovery noted around
Cunnamulla

Central Darling
Upper Alluvium

Shallow alluvial fan deposits forming discontinuous
minor aquifers in the Darling Basin.

• Limited data available in this area

West Darling
Alluvium

Shallow alluvial fan deposits forming discontinuous
minor aquifers in the Darling Basin.

• Groundwater typically saline, only
small livestock supplies


24.2.1 Changes since 1990-2000 Groundwater Status Report
Additional hydrogeological work has been undertaken on the Dirranbandi Trough feature, sufficient to subdivide
the Narrabri Subsystem of the 1990-2000 Groundwater Status Report into a number of individual subsystems
including the Central Darling Upper Alluvium and West Darling Alluvium. New bores have been added to the
Status Report database monitoring these subsystems but more are needed.

24.2.2 Priorities for Further Work
Great Artesian Basin:
continue management emphasis on Capping and Piping Program
West Darling Alluvium Subsystem:
establish a monitoring network
Central Darling Upper Alluvium Subsystem: establish a monitoring network

24.3 Great Artesian Basin Subsystem
The GAB in the Warrego-Paroo Catchment (Figure 24.3) is
recharged in the north where it outcrops. Further south it
is covered by confining beds and the sediments of the West
and Central Darling Alluvium Subsystems. The confining
beds outcrop in the area to the west of Cunnamulla and
between the West and Central Darling Alluvium.
The GAB consists of a complex multi-layered system of
water-bearing sandstones separated by mostly shale
and mudstone confining beds. The GAB sediments in the
Eromanga Sub-basin are over 3,000 m thick.

Figure 24.3  Extent of GAB

Most bores obtain water from the uppermost significant
aquifer. The Formation from which most water is extracted
in the GAB is the Hooray Sandstone and its equivalents. In
this multi-layered system, deeper aquifers have not been
subject to the same development pressures and over large
areas remain little used.

Recharge to the GAB occurs by infiltration of rainfall into
the outcrop area of the sandstone aquifers in the north.
Groundwater percolates along the sandstone layers generally towards the south-west. A computer model has
been developed to model groundwater flow in the various aquifers that comprise the GAB Subsystem. The 2000
model output shows groundwater flows south then west into South Australia outside the Murray-Darling Basin
(Figure 24.4). Discharge occurs from mound springs around the western part of the catchment, and from diffuse
discharge over much of the area.
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Figure 24.4  Groundwater flow in the GAB

Early development led to large bores supplying many
properties, with water distributed via channels or bore drains
as they are known. Bores flowed uncontrolled into bore pools
which fed the drains. This practice still exists, but no new
bores have been permitted to distribute water in this manner
since 1954 in Queensland.
Groundwater management measures in the GAB are aimed
at reducing wastage, most of which occurs from uncontrolled
bores and from bore drain distribution systems. New bores
are permitted for livestock use, but water distribution must be
by pipeline to troughs. Other uses are permitted, but impacts
on existing users and the environment have to be determined
and classified as acceptable.
Two management zones lie within the Warrego-Paroo
Catchment covering the area where the GAB is semi-confined
to confined (Figure 24.5).
No assessment of sustainable yield has been attempted for
individual areas in the GAB. Overall, water pressure heads
have fallen up to 100 m in this area since drilling and artesian
discharge, often uncontrolled, commenced in 1887. However,
this is indicative of the wastage of water, and the rate of
decline has very much reduced concurrent with the decrease
in the output from bores as the water level (or pressure head)
has fallen. Although no yield figures have been determined
at this stage, the GAB performance indicates that, if wastage
ceased, there would be some recovery of the pressure heads.

Figure 24.5  Groundwater Management Areas in
the GAB

In general, the climate of the Eromanga Sub-basin is too arid
for broad scale cropping. Grazing of both sheep and cattle
is almost the only agricultural landuse, with some small
irrigation along the Warrego River.

Major towns in this area that use GAB water include Charleville (900 ML/yr), Cunnamulla (1,130 ML/yr),
Augathella (110 ML/yr) and Quilpie (160 ML/yr).
Many bores have stopped flowing in the Charleville area. Bore 2869 is located northwest of Charleville and is
the only bore in this area with data between 2000 – 2005 (Bore 12615, Figure 24.6). The hydrograph shows that
water level recovery is continuing.
East of Cunnamulla the downward trend has been arrested and water levels have slightly risen since the mid1980s (Bore 11315, Figure 24.7).

Figure 24.6  Bore 2869 Hydrograph
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Figure 24.7  Bore 11315 Hydrograph
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South of the Cunnamulla–Bollon Road Bore 13597 (Figure 24.8) has had a 20 m rise since the 1970s.

Figure 24.8  Bore 13597 Hydrograph                                               Figure 24.9  Bore 11795 Hydrograph

Around Cunnamulla nearly all GAB bores monitored
between 2000 and 2005 have shown a recovery of
head indicating that the Capping and Piping
Program is now having an impact in this area as well
(Figure 24.9 Bore 11795).

24.4 Central Darling Lower Alluvium
Subsystem
The sediments of the Central Darling Lower Alluvium
Subsystem have been recently mapped which
allowed the project team to define this as a separate
hydrogeological subsystem Figure 24.10). The Central
Darling Upper Alluvium Subsystem completely covers
the Central Darling Lower Alluvium Subsystem.
Only a small area of this subsystem occurs within
the Warrego-Paroo area so a more comprehensive
discussion is provided in the adjacent catchment area
reports of Maranoa-Balonne and Western CMA.

Figure 24.10  Extent of Central Darling Lower Alluvium
Subsystem

24.5 Central Darling Upper Alluvium
Subsystem
The Central Darling Upper Alluvium Subsystem
occurs at the eastern edge of the Warrego-Paroo area
(Figure 24.11. The Central Darling Upper Alluvium is
the uppermost unit in this part of the Darling River
Drainage Basin. The Subsystem is comprised of alluvial
sediments of the Culgoa River and is probably of late
Tertiary/Quaternary age.
The Upper Alluvium is about 40 to 50 metres thick, but
thickness can vary substantially. Generally, depth to
watertable varies depending on proximity to the local
surface water feature. Depth to watertable can be as
deep as 30 metres. Groundwater salinity is usually
very high.
Figure 24.11  Extent of Central Darling
Upper Alluvium Subsystem           
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The Upper Alluvium is unconfined, however the recharge and discharge processes are not well understood.
Recharge is via leakage from surface water systems, although in the Warrego-Paroo area this is likely to be
limited. Some recharge from rainfall also probably occurs.
Seasonally water levels do not fluctuate (Figure 24.12, Bore 43350011A).Over the longer term a slightly rising
groundwater trend is evident (Figure 24.13, Bore 42250005A).

Figure 24.12  Bore 42250011A Hydrograph                                  Figure 24.13  Bore 42250011A Hydrograph

24.6 West Darling Alluvium Subsystem
The subsystem comprises the probable Tertiary alluvium associated with the Warrego and Paroo River
floodplain of western Queensland. Little is known of this subsystem, with only a few bores constructed into the
aquifer in the late 1960s.
The inferred extent is shown in Figure 24.14.

Figure 24.14
Extent of West Darling Alluvium
Subsystem
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Bore 42320182A is located in the southern part of
the area approximately 60km south of Cunnamulla
(Figure 24.15).
When water level readings were taken more
regularly during the 1970’s a correlation with the
AMRR is apparent. Over the longer term water
levels appear to have remained relatively constant.
Bore 42320166A (Figure 24.15) is located near
Cunnamulla. In this area a slightly increasing trend
is evident, but as the AMRR is also increasing this
may just be a reflection of increased rainfall.
Figure 24.15  Bore 42320182A Hydrograph

Figure 24.15  Bore 42320166A Hydrograph
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25 Limitations
URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and thoroughness of
the consulting profession for the use of the Murray-Darling Basin Commission and only those third parties who
have been authorised in writing by URS to rely on the report. It is based on generally accepted practices and
standards at the time it was prepared. No other warranty, expressed or implied, is made as to the professional
advice included in this report. It is prepared in accordance with the scope of work and for the purpose outlined
in the Proposal dated 11 October 2005.
The methodology adopted and sources of information used by URS are outlined in this report. URS has
made no independent verification of this information beyond the agreed scope of works and URS assumes
no responsibility for any inaccuracies or omissions. No indications were found during our investigations that
information contained in this report as provided to URS was false.
This report was prepared between September and December 2006 and is based on the information reviewed at
the time of preparation. URS disclaims responsibility for any changes that may have occurred after this time.
This report should be read in full. No responsibility is accepted for use of any part of this report in any other
context or for any other purpose or by third parties. This report does not purport to give legal advice. Legal
advice can only be given by qualified legal practitioners.
This product has been developed by URS Australia Pty Ltd for (URS) for and on behalf of the Murray-Darling
Basin Commission. Data for this project was obtained from the relevant State agencies and URS takes no
responsibility for the accuracy of this data. Before relying on information within this package the user should
contact the relevant data supply agency to confirm its accuracy.
URS excludes and disclaims all liability for all claims, expenses, losses, damages and costs, including indirect,
incidental or consequential loss, legal costs, special or exemplary damages and loss of profits, savings
or economic benefit, the user may incur as a direct or indirect result of the product. for any reason, being
inaccurate or incomplete or incapable of being processed on your equipment or systems or failing to achieve a
particular purpose. To the extent permitted by law, URS excludes any warranty, condition, undertaking or term,
whether express or implied, statutory or otherwise, as to the condition, quality, performance, merchantability or
fitness for purpose of the product. URS does not guarantee that the product is free of computer viruses or other
conditions that may damage or interfere with data, hardware or software which which it might be used. The
user absolves URS from any consequences of the user’s or any other person’s use of or reliance on, the product
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