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Executive summary
This report describes the status of the groundwater resources within the Western Murray Porous Rock
(WMPR) and Lower Darling Alluvium (LDA) groundwater sources. These sources are located within
the Murray Basin in south-western NSW and cover an area of approximately 7.3 million hectares or
73,000 km2. The sources contain sediments deposited in aeolian, fluvial, marginal marine and marine
environments, with sedimentation commencing some 60 million years ago.
The area is of major spiritual and cultural significance to the Aboriginal people as it contains a large
number of burial sites and artefacts. It includes the Willandra Lakes Region World Heritage Area that
is known for aboriginal occupation dating back to some 50,000 years before present.
The two groundwater sources are now managed under the Water Management Act 2000 following the
introduction of water sharing plans for the NSW Murray-Darling Basin Porous Rock Groundwater
Sources and the Lower Murray-Darling Unregulated and Alluvial Water Sources in January 2012. The
WMPR water source includes all groundwater within the sediments of Tertiary and Quaternary age
whereas the LDA water source consists of a thin lens of unconsolidated fine sand, and clay deposits
of Quaternary age associated with the Darling River.
The estimated average annual recharge at the beginning of the water sharing plan (WSP) was
1,104.0 GL/yr for WMPR groundwater source and 11.7 GL/yr for the LDA groundwater source with
environmental water provisions of 573.5 GL/yr and 9.5 GL/yr respectively. The WSP’s further
establishes annual extractions limits of 530.5 GL/yr for WMPR and 2.2 GL/yr for LDA groundwater
sources.
There are two different categories of access licences (aquifer access licence, special purpose access
licence) within these water sources. There are 16 access licences with total shares of 35,557 ML in
WMPR and 12 access licences with total shares of 1,628 ML in LDA groundwater source.
The shallow aquifer within the WMPR groundwater source is fairly rich in heavy mineral sands (rutile,
zircon and ilmenite), bentonite and gypsum deposits. Currently there are two operational mineral
sands mine, one bentonite mine and two gypsum mines within the WMPR groundwater source. In
addition to this, salt is also harvested commercially from the saline discharge basin at Mourquong.
There is on-going mineral exploration activity within the WMPR groundwater source with good
potential for the development of new mines in the near future.
Three Salt Interception Schemes (SIS’s) are located within the WMPR groundwater source. The NSW
Office of Water (NOW) operates the Buronga and Mallee Cliffs schemes on behalf of MDBA with SA
Water responsible for Rufus River SIS operations. A fourth smaller scheme located within the LDA
groundwater source at Curlwaa is operated by Western Murray Irrigation Limited. These schemes are
designed to intercept saline groundwater before it enters River Murray and dispose it into evaporation
basins located away from the river. These saline groundwater extractions are recognised as salinity
credits in the Murray-Darling Basin Salinity Management Strategy. Some 4,000 to 6,000 ML of saline
groundwater is extracted from these schemes annually.
Groundwater within the WMPR water source is generally of very poor quality and unsuitable for most
irrigation and domestic purposes. Extraction is predominantly for SIS pumping and mining activity. A
usage of 9,703 ML was recorded for 2010/11. The LDA however has a number of irrigation bores that
are permitted to extract groundwater for irrigation during times of no flow (0% surface allocation) in the
Darling River. No such extractions occurred in 2010/11 due to high river flow conditions.
There are some 728 groundwater level monitoring sites within the two water sources, 92 of these
located within the LDA water source. Monitoring of groundwater is targeted largely towards
understanding and measuring the impacts from river regulation, irrigation activity within the flood plain
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areas and salt interception schemes compared to impacts from long-term groundwater extractions for
irrigation commonly seen elsewhere in NSW.
Groundwater and surface water level monitoring indicates that levels in shallow aquifers within the
floodplain areas are generally influenced by activities such as river flows, operations of locks and
weirs, operations of lakes and wetlands and irrigation activity. This also confirms hydraulic connection
between the river and shallow groundwater. Observations show that the interaction between the
Murray River and the shallow aquifers within the floodplain is complex and dynamic. Generally during
periods of high flows fresh river water recharges the shallow aquifer whereas saline groundwater flows
into the river during low flow conditions. The stretch of Murray River between Euston and the South
Australian border can be described as a gaining river except during high flow conditions and in
localised areas impacted by locks and weirs.
Similarly monitoring within the LDA indicates that groundwater levels in the alluvium are generally
influenced by river flows and lake levels confirming hydraulic connectivity between the two. However,
groundwater and surface water elevation data indicates that the Lower Darling River exists under
losing conditions most of the time.
Groundwater levels in shallow aquifers in dryland areas generally show a gently declining trend and
good correlation with rainfall. The wet period over the last 2 years has resulted in a small rise. The
levels in the deeper aquifers are generally fairly stable due mainly to little pumping.
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1. Introduction
This report presents the status of groundwater resources within the Western Murray Porous Rock
(WMPR) and Lower Darling Alluvium (LDA) groundwater sources. It provides an assessment of the
condition of groundwater sources in 2011 with the aim of assisting the management of natural
resources (surface and ground water, vegetation, soils and minerals) within the two groundwater
sources and is the first such report to be prepared.
Groundwater within the various aquifers (shallow and deep) is generally of very poor quality and
unsuitable for most irrigation and domestic purposes. Although there is very little extraction of
groundwater for irrigation it however plays an extremely important environmental role due to the
unique geological setting of the area. Groundwater is a major contributor of salt to the landscape and
the Darling and Murray Rivers that flow through the two water sources. Currently there are four
operational salt interception schemes within the water sources that are used to manage saline
groundwater discharge into the River Murray.
The shallow aquifers within the WMPR groundwater source are known to contain widespread deposits
of heavy minerals sands, bentonite and gypsum. These deposits are currently being mined together
with on-going and active mineral exploration. There is good potential for the development of new
mines within the WMPR groundwater source in the near future.
Water Sharing Plans are being developed for all groundwater sources in New South Wales (NSW)
following the introduction of the Water Management Act 2000. The plans for NSW Murray-Darling
Basin Porous Rock Groundwater Sources and the Lower Murray-Darling Unregulated and Alluvial
Water Sources apply to the WMPR and the LDA groundwater water sources. These commenced on
16 January 2012 and 30 January 2012 respectively.

2. Description of groundwater sources
2.1 Location
The WMPR groundwater source is located within the Murray Basin in south-western NSW, extending
from the boundary with the rocks of Adelaide and Kanmantoo Fold Belts in the north, the Murray River
in the south and the boundaries of Lower Lachlan and Lower Murrumbidgee alluvial groundwater
sources in the east near Balranald. It covers an area of approximately 7.3 million hectares or
73,000 km2 (Figure 1).
The LDA groundwater source is defined as the unconsolidated alluvial deposits associated with the
Darling River extending from the high water mark of Lake Wetherill to the confluence with the Murray
River. It is generally confined to a 2 km wide zone but extends to 5 km in some areas.
The townships of Wentworth, Dareton, Gol Gol, Euston, Menindee and Pooncarie are located within
the WSP area. Wentworth is the largest town located at the junction of Murray and Darling Rivers at
the southern boundary in the south-western corner.

2.2 Definition of groundwater source
The term “groundwater source” as used in the NSW Murray-Darling Basin Porous Rock Plan refers to
all groundwater within the sediments of Tertiary and Quaternary age. This means it includes the
Renmark Group and Calivil Formation in the east which grade into the Murray Group Limestone and
the Loxton-Parilla Sands to the southwest. The sands within these aquifers are weakly cemented and
are therefore defined as a porous rock aquifer.
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The LDA groundwater source consists of a thin lens of unconsolidated fine sand, and clay deposits of
Quaternary age associated with the Darling River. The thickness of the alluvium is generally less than
35 m but varies across the water source.
Figure 1 Location of groundwater sources

2.3 Topography and climate
The area is generally flat, covered mainly by gently undulating hills, low relief flood plains and flat
plains. Ground elevation varies from around 56 m AHD in the east near Balranald to 43 m west of
Lake Victoria with higher elevations exceeding 100 m in the central part of the region and around 70 m
along the northern and north-eastern margins.
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The area experiences a semi arid to arid climate with slightly higher rainfall during months of May
June and October (Figure 2). The variation in temperatures during summer and winter seasons for
two stations is summarised in Table 1 below.
Figure 2 Average monthly rainfall
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Average annual rainfall over the area covered by the groundwater sources varies between
245-325 mm/year. The minimum and maximum rainfall for the four stations range 52-122 mm/year
and 604-739 mm/year respectively. Figure 3 shows the variation in average annual rainfall at the four
stations. Annual evaporation rates vary between 2,000-2,400 mm/year.
Table 1 Summer and winter temperatures
Season

Month

summer

December
January
February
average
June
July
August
average

winter

Menindee
average daily average daily
maximum
minimum
temperature
temperature
32.66
16.41
34.68
19.17
34.00
18.69
33.78
18.09
17.76
5.51
17.08
4.68
16.00
5.85
16.95
5.35

Balranald
average daily
average daily
maximum
minimum
temperature
temperature
30.90
24.5
33.00
29.5
32.50
28.6
32.13
27.53
20.00
13.20
20.80
12.40
25.40
14.70
22.06
17.50

Figure 4 shows the cumulative deviation from mean monthly rainfall for the four locations. The slope
of this graph is indicative of wet or dry conditions experienced within the area at the various locations
compared to the average for the period of the record.
The graphs show that the area experienced less than average rainfall during the period 1924-1945,
1963-1973 and 1994-2009. During the period between 1973 and 1994 the area generally experienced
average (Balranald and Lake Victoria) to wetter than average conditions (Menindee and Pooncarie).
The change in slope at the beginning of 2010 is due to the more recent wet conditions.
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Figure 3 Average annual rainfall
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Figure 4 Cumulative deviation from mean monthly rainfall
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2.4 Landuse
The dominant landuse is dryland pasture used for livestock grazing. It also includes irrigated and
dryland cropping, horticulture, water storage (Menindee Lakes, Lake Victoria and Euston Lakes),
mining, tourism, recreation, forestry and nature conservation.
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The plan area includes three very significant national parks, Mungo (east of Pooncarie), Kinchega (at
Menindee) and Mallee Cliffs (Figure 8). These are important places of environment and cultural
significance. The national parks cover some 284,400 ha (approximately 3.9% of total area covered by
the water sources). The Willandra Lakes World Heritage Region (which includes most of Mungo
National Park) contains oldest skeletons of modern humans outside Africa. Scientific evidence shows
that the Aboriginal people have lived at Mungo for at least 45,000 years (Bowler et al., 2003).
Grasses, shrubs, mallee, belah woodlands and riverine woodlands are the dominant vegetation
communities within the area. The riverine woodlands are dominated by river red gums found generally
in a narrow band along the rivers and around lakes and water courses. Mallee shrubland vegetation is
dominated by multi-stemmed eucalyptus commonly occurring along sandy rises and dunefields. Belah
woodlands occur between sandy dunes and most have been heavily grazed (Lewis et al., 2008).
Intense irrigation occurs in the three irrigation districts of Coomealla, Curlwaa and Buronga covering
some 4,000 ha. Grapevines and citrus are the main irrigated crop types. Irrigation also occurs around
Pomona Irrigation Trust district and other smaller areas such as Euston (Figure 5). There are several
market gardens that supply fresh produce (fruit and vegetables) to the local supermarkets.
Figure 5 Vineyard near Euston

The area covered by the groundwater sources is characterised by widespread occurrences of sand
ridges, dunefields and dry and ephemeral lakes (Figure 8) associated mainly with the Murray River,
the Darling River and its Anabranch, and the Willandra Creek. These are also expressions of
groundwater discharge from the regional aquifer and most are currently inactive.
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3. Surface water hydrology
The major hydrological features within the area are the Lower Darling River, the Great Darling
Anabranch, Murray River, Menindee Lakes, Lake Victoria and Euston Lakes. These are briefly
described below.

3.1 Lower Darling River and the Anabranch
The Darling River drains the eastern highlands of the northern NSW and southern Queensland, enters
the area downstream of Wilcannia and flows in a south-westerly direction through the central part of
the WSP area. The Lower Darling River is relatively narrow with small meanders while downstream of
Pooncarie it becomes much straighter. It is highly regulated with flows supplemented from the
Menindee Lakes storages.
The Great Darling Anabranch (Figure 6) is an ephemeral and an ancestral channel of the Lower
Darling River. It is about 460 km long, beginning at about 55 km south of Menindee and ending west
of Wentworth where it joins the Murray River (Figure 7). The Anabranch receives replenishment
releases from Lake Cawndilla and inflows from the Darling River when it exceeds 10,000 ML/day. It
was used to supply stock and domestic water to landholders but is now supplied via a recently
constructed pipeline. There are some 14 lakes associated with the Anabranch covering an area of
approximately 43,000 ha providing an extensive habitat for water birds in the central part of the area.
These lakes can hold water for up to five years and are listed in the directory of important wetlands in
Australia (Green et al, 2012).
Figure 6 Anabranch at Stoney Crossing
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Figure 7 Murray-Darling confluence

3.2 Menindee Lakes
Menindee Lakes comprise seven large natural lakes located adjacent to the Lower Darling River in the
northern part of WSP area. These lakes have been modified for use as storages but also have
significant environment and recreation values. The storages are located near the township of
Menindee approximately 100 km southeast of Broken Hill. The Menindee Lakes Scheme was
completed in 1960 and later upgraded in 1968 and 2007. It can store some 1,730 GL of water within
its four main lakes (Menindee, Cawndilla, Pamamaroo and Wetherell). Water from the lakes is used to
supply the town of Broken Hill, replenish Lower Darling environment, and supplement water supplies
to users in NSW, South Australia and Victoria.
The Menindee Lakes are an important environment asset and provides habitat for native water fowl,
fish, aquatic and riparian vegetation and migratory birds. The lakes are also listed in the directory of
important wetlands in Australia (Green et al, 2012).
The lakes area is of major archaeological value and significance to Aboriginal people and the
landscape contains burial sites and artefacts (DIPNR, 2004).

3.2 Murray River
The Murray River rises near Mount Kosciuszko draining the highlands of southern NSW and Victoria
in a westerly direction along the southern boundary of the plan area. It is one of the most highly
regulated rivers in NSW with flows supplemented from the Snowy Mountains hydro-electric scheme
and Lake Victoria in south-western NSW. The major storages include Hume and Dartmouth dams
located in the upper Murray Valley near Albury.
There are six weirs and Locks between Euston and the South Australian border (Figure 8). These
locks and weirs hold the river to a series of pools with raised and more constant levels to allow for
diversions for irrigation, water supply and navigation in the lower reaches of the Murray River (Figure
9). Construction of these structures dates back to 1920s.
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The alteration of natural flows resulting from river regulation, land clearing and irrigation development
along the floodplains has impacted the health of the riverine environment and significantly contributes
to the current salinity problems.
Figure 8 River regulation structures, lakes and gauging stations
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Figure 9 Wentworth Weir and Lock 10

3.4 Lake Victoria
Lake Victoria (Figure 10) is a naturally occurring fresh water lake located in the western end of the
WSP area close to South Australian and New South Wales state borders, approximately 60 km
downstream of the Murray-Darling confluence. It has been operated as a regulated, off-river storage of
the Murray River System by the Murray Darling Basin Commission (MDBC, now MDBA) since 1928
and is used to supply water to South Australian users. The lake holds some 680 GL of water which is
diverted from Lock 9 along Frenchman’s Creek and later released through Rufus River joining the
Murray River downstream of Lock 7. The lake is also used to manage salinity in River Murray during
brief periods of high salinity water following high rainfall events upstream.
There is extensive evidence of Aboriginal occupation of lake and surrounding areas during the last
18,000 years. The lakes area is of major spiritual and cultural significance to the Aboriginal people
(MDBC, 2002) as it contains a large number of burial sites (over 400) and artefacts.

3.4 Euston Lakes
The Euston Lakes (Dry Lake and Lake Benanee) are located approximately 11 km northeast of
Euston. These lakes are unregulated and water levels are generally influenced by gauge heights at
Euston Weir (Lock 15). A third larger lake (Lake Caringay) located to the southeast of Benanee Lake
is dry as its levee banks isolate it from the Murray.
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Figure 10 Lake Victoria (looking south towards outlet regulator)
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4. Geology and hydrogeology
The WMPR groundwater source lies within the Murray Geologic Basin (MGB), a low-lying saucershaped depression located in the south-western part of the Murray-Darling Basin (MDB). It is a
relatively shallow sedimentary basin extending over 300,000 km2 of south-eastern Australia (Figure
11). Thicknesses range from less than 200 m in north and east to about 600 m in the west near
Wentworth. The MGB is bound on three sides by older fractured rocks of Adelaide, Kanmantoo and
Lachlan Fold belts which also form the basement rocks beneath the WMPR groundwater source. To
the south-west the MGB overlies a shallow concealed bedrock (Padthaway Ridge) separating it from
the southern ocean.

4.1 Geology
The geology of the MGB has been described in detail and reported by Evans & Kellet (1989) and
Brown & Stephenson (1991). A summary is provided here. Figure 12 shows a schematic stratigraphic
section across the MGB.
The MGB experienced three major depositional events in the Tertiary that led to the accumulation of a
complex sequence of marine, coastal and continental sedimentary deposits correlating to periods of
sea level rise and fall. These are briefly described below.
Sedimentation started approximately 60 Ma with the deposition of fluvial Warina Sand and the
Renmark Group and continued to early Oligocene. This period was dominated by floodplain and
swamp environment resulting in the accumulation of carbonaceous non-marine, riverine type
sediments of the Lower Renmark Group. These sediments are found at the base of the entire MGB
and form a major confined aquifer.
The second sequence of deposition occurred during Oligocene to mid-Miocene (32-12 Ma) resulting
from a major marine incursion. This invasion of sea led to the drowning of the river and swamp
environments that formed the Lower Renmark Group of sediments and resulted in the formation of a
thin layer of clay. The deposition of the Ettrick and Winambool formations, the Geera Clay and the
Murray Group limestones followed during a period of invasion by sea and retreat (change from fluvial
to marine environments).
The final depositional cycle took place during late Miocene to Pleistocene (6-2 Ma) during a series of
marine transgressions and regressions resulting in the accumulation of marine quartz sand in the west
(Loxton-Parilla Sands ) grading into fluvio-lacustrine and fluvial quartz sand and gravel deposits
(Calivil Formation) and kaolinitic clay in the east. The multiple transgressive phases also resulted in
the accumulation of Bookpurnong Beds, a thin layer of marine clay. Uplift along the western margin of
the MGB led to the damming of the Murray River and the formation of Lake Bungunnia resulting in the
deposition of Blanchetown Clay. To the east and north fluvial sedimentation continued and resulted in
the accumulation of the Shepparton Formation.
Sedimentation continued intermittently throughout the Quaternary. Deposits resulting from fluviolacustrine processes were deposited mainly in the eastern and northern parts of the WSP plan area
with aeolian dune fields dominating in the central and western areas. The fluvial sedimentation
continued along the floodplains of the modern rivers resulting in the accumulation of Coonambidgal
Formation and Monoman Sands and the alluvium associated with the Darling system.
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Figure 11 Murray Geologic Basin
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Figure 12 Schematic stratigraphic section ( Brown & Stephenson 1991)

4.1.1 Pre-Tertiary basement
The rocks of Adelaide, Kanmantoo and Lachlan Fold belts form a variable relief basement surface
beneath the tertiary sediments within the plan area. It consists of a faulted and uplifted concealed
ridge complex described as the Ivanhoe Block and is defined by two parallel fault-bounded basement
ridges, described as the Iona and Neckarboo ridges which extend south southwest towards the
Murray River (Odins et al, 1991).
These basement structures influence the flow of groundwater within the overlying Tertiary sediments.
The Iona and Neckarboo ridges (Figure 13) force groundwater to flow towards the south in the deeper
Renmark aquifers and has been described as the major cause of outflow of saline groundwater to the
land surface and rivers within the WSP area.
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Figure 13 Structural contours of pre Tertiary basement on the Ivanhoe Block (Kellet 1989)

4.2 Mineral deposits
Within the WMPR groundwater source there are widespread deposits of heavy mineral sands (rutile,
zircon and ilmenite), bentonite and gypsum principally within the Pliocene Sands Aquifer (LoxtonParilla Sands), Calivil and Shepparton Formations and the Quaternary alluvium.
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The information on minerals described below has been sourced from the Department of Primary
Industries website at http://www.dpi.nsw.gov.au/minerals/geological/industrial-mineral-opportunities.
Figure 14 Mineral deposits and existing mines

4.2.1 Mineral Sands
Large resources of fine-grained heavy minerals (mainly rutile, zircon and ilmenite) occur within the
WMPR groundwater source. The heavy mineral deposits are found along ancient shorelines. These
occur within the Parilla Sands which accumulated in early Pliocene during periods of multiple sea level
fluctuations. The deposits occur as single or multiple deposits commonly 5-10 m thick at depths
ranging from near surface to more than 50 m.
The known significant deposits within the area are located near Pooncarie, Prungle, 12 Mile, Balranald
and Euston (Figure 14). These deposits contain rutile, ilmenite, leucoxene and zircon mainly.
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Although there are several deposits of commercial potential, the thick alluvium deposits that overlie it
and the shallow groundwater levels pose a challenge to the development of mines.
Mineral sands mining by Bemax Resources NL at the Ginko Mine near Pooncarie commenced in late
2005. A second neighbouring mine (Snapper, Figure 15) commenced operations in December 2009.
Figure 15 Snapper Mine near Pooncarie

4.2.2 Bentonite
Bentonite deposit is irregularly developed within the WMPR groundwater source but principally occurs
within the Loxton-Parilla Sands and in younger sediments to a lesser extent. It forms in-situ by
alteration of volcanic ash or tuff. The states largest know bentonite deposit is located at Arumpo 40 km
southeast of Pooncarie. It contains 70 Mt of sodium-magnesium bentonite. The deposit contains
several layers of bentonite with individual thicknesses of 5 m to 10 m or more and appears to have
been developed in a coastal back-barrier environment fed by several volcanic eruptions.

4.2.3 Gypsum
There are widespread occurrences of gypsum deposits within the WMPR groundwater source but
mainly within the Quaternary alluvium with minor deposits associated with Blanchetown Clay. Gypsum
deposits form generally by the precipitation from seawater, or from brines in evaporation basins or salt
flats. They also occur in shallow inland depressions or lagoons in arid or semi-arid areas, and are
derived from saline groundwater.
The known significant deposits are located near Balranald, Ivanhoe, Menindee and Wentworth. It is
mined at various locations but the main source being near Balranald (White Plains Mine) and Hatfield
(Paxton’s Mine).

4.2.4 Quartz sand
Quartz (silica) sand deposits are found within the aeolian sand dunes (Quaternary alluvium), the
fluvial and marine units of the Loxton-Parilla Sands Aquifer, in ancient fluvial sequences (Riverine
Plain) and in the Coonambidgal Formation along modern drainage courses.

4.2.4 Salt
There are large volumes of very saline groundwater within the WMPR groundwater source with a huge
potential for salt harvesting particularly from existing salt interception schemes (section 5). Salt is
commercially harvested from the Mourquong saline groundwater disposal basin near Buronga since
2002 (Figure 16) with some 23,000 tonnes harvested annually.
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Figure 16 Salt harvesting at Mourquong

4.3 Hydrogeology
The major hydrogeological units (oldest to youngest) within the WMPR groundwater source can be
broadly grouped into the following (see also Figure 12):


Renmark Group



Lower confining layer



Mid-Tertiary low permeability barrier



Murray Group



Upper confining Layer



Pliocene Sands Aquifer



Blanchetown Clay



Quaternary sediments (including the Shepparton Formation)

The Renmark Group and the Pliocene Sands Aquifer form the two main regional aquifers within the
WMPR groundwater source. Data from departmental monitoring bores indicate the thickness of the
sediments to range 90-500 m.

4.3.1 Renmark Group
The Renmark Group within the WMPR groundwater source is an accumulation of riverine sediments
deposited in a tropical environment some 30 to 50 million years ago. These sediments are found at
the base and form a major confined aquifer over the entire WSP plan area. There are no outcrops of
this Formation and is overlain by the Calivil Formation in the east and the Parilla Sands Aquifer or the
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Bookpurnong Beds (upper confining layer) in the west. It consists of intercalations of lignite, peat,
carbonaceous clay and medium to coarse grained quartz sand. The thickness of the Group is variable
and ranges 10-330 m with its maximum in the eastern part of WSP area near Balranald (i.e. the
approximate geographic centre of the MGB)
Groundwater flows from recharge areas along the northern and eastern margins of the MGB towards
the central western region (Figure 62).
Groundwater quality is relatively fresher along the northern margins of the WSP area and becomes
increasingly saline down gradient. Salinities range 2,000-36,000 ppm. Vertical stratification in
groundwater salinity is commonly observed.

4.3.2 Lower confining layer
This layer is a continuation from the south-western part of the MGB and separates the Lower Renmark
from the overlying Murray Group of limestones and consists of thin calcareous clays of the Ettrick
Formation. This layer is only present at western margin of the WSP area.

4.3.3 Mid-Tertiary low permeability barrier
The thin basal lower confining layer that exists beneath the western margin of the WSP area merges
into a much thicker low permeability barrier. The low permeability barrier consists of calcareous and
glauconitic clays and silts of Ettrick and Winnambool Formations and Geera Clay. The unit
hydraulically separates the Murray Group sediments from the underlying Lower Renmark sediments
and laterally from the middle and upper Renmark Group and the Pliocene Sands Aquifer. It is
important hydrogeologically as it acts as a barrier to lateral throughflow within the Renmark Group
(forcing deep groundwater towards the surface), is a source or a sink for salts and provides a barrier
to vertical leakage between the Pliocene Sands Aquifer and the underlying Murray Group sediments.

4.3.4 Murray Group
The Murray Group of limestones form an important aquifer in the western parts of the MGB (Victoria &
South Australia) whereas within the WMPR area it is the Renmark Group of sediments. It is less well
developed within the WMPR groundwater source and may only be present in areas to the west of the
Lower Darling River (or the western half of the plan area) and consists of calcarenite and limestones
that become finer grained and grade into clays and marl of the Winnambool Formation and Geera
Clay of the mid-Tertiary low-permeability barrier within the water source. It is low yielding and contains
saline groundwater (based on limited data from monitoring bores). The Murray Group limestone
aquifer lies mainly to the south of the Murray River (Kellet 1989).

4.3.5 Upper confining layer
This is a thin layer of fine grained sediments of the Bookpurnong Beds overlying the sediments of the
Murray Group. In places it directly overlies the mid-Tertiary low permeability barrier that separates the
Upper Renmark from the Pliocene Sands Aquifer.

4.3.6 Pliocene Sands Aquifer
The Pliocene Sands Aquifer is the major shallow aquifer within the WMPR source and consists of the
Parilla Sands and the Calivil Formation which occurs mainly in the northern parts of WSP area along
the margins of the MGB. The Parilla Sands interfingers with the Calivil and Shepparton Formations
and overlie the Upper Renmark Group in the northern, central and eastern parts of WSP area.
Towards the west it overlies the mid-tertiary low permeability barrier (Geera Clay and Bookpurnong
Beds). The thickness of this aquifer is variable and ranges 10-80 m.
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Recharge occurs via downward leakage from rainfall, irrigation and river over most of the plan area
and from through flows from other aquifers. Groundwater flows in the Pliocene Sands Aquifer is in a
southerly direction towards the centre of WSP area (Figure 61). In the western part of area the aquifer
(Parilla Sands) discharges into the Murray River. It generally contains highly saline groundwater with
salinities ranging 1,000 – 82,000 mg/l Total Dissolved Solids (TDS).

4.3.7 Blanchetown Clay
The Blanchetown Clay overlies the Pliocene Sands Aquifer in the western parts of WSP area forming
a low permeability horizon at the base of Quaternary deposits. It consists of variegated sandy clay with
a thickness of up to 40 m and grades into the Shepparton Formation towards the north-eastern and
eastern margins of the WSP area.

4.3.8 Quaternary sediments
Quaternary deposits, mainly aeolian sand dunes (reworked Parilla Sands), cover almost the entire
surface of the WSP area forming much of the current landscape. These deposits are known as the
Woorinen Formation. At the eastern and northern margins of the area these include the fluviolacustrine deposits of the Shepparton Formation and the Coonambidgal Formation and other deposits
of the entrenched modern river systems. In the western part of the WSP area Blanchetown clay
underlies a thin veneer of aeolian and associated saline lacustrine deposits.
The alluvial sediments along the Lower Darling River and its Anabranch and the Murray River
floodplains form shallow deposits consisting of clays, silts and sands that may be up to 40 m thick.
Along the Lower Darling River these deposits form the LDA groundwater source.
The alluvial deposits of the River Murray and its ancestors are often referred to as the sediments of
“the Murray Trench” and form part of the WMPR groundwater source. Its thickness ranges 10-38 m
with an average of approximately 16 m (based on limited bore data). It consists of a fine grained flood
plain sequence (Coonambidgal Formation, average thickness 12 m) underlain by a lower channel
sand sequence (Monoman Sand, average thickness 9 m). In some locations it is hydraulically
connected to the Pliocene Sands Aquifer especially where the Murray has eroded the Blanchetown
Clay. The Coonambidgal Formation is very important as it is in direct hydraulic connection with the
Murray and Darling rivers.
A summary of the description of the two major regional aquifers within the WMPR source and the LDA
groundwater source is provided in Table 2.
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Table 2 Aquifer characteristics
Description

Renmark Group

Geological age of aquifer material

Eocene to Miocene

Thickness (m)

highly variable
10-330
0.3 -4.0

Hydraulic conductivity (m/d)
(estimate only)
Specific Yield/Storage Coefficient
(estimate only)
Depth to groundwater (m below
surface)
Groundwater flow direction

Yields (L/s)

Water quality (mg/l TDS)
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Lower Darling
Alluvium
Quaternary

1 x 10-5 – 1 x 10-7

Pliocene Sands
Aquifer
Pliocene to
Pleistocene
variable
10-80
typically in the range
of 1-5 but can be as
high as 30
1 x 10-3 – 1 x 10-5

-6 (flowing) to 50

0.5-61

0.5-20

from eastern and
northern boundary of
WSP area to the
western boundary
variable
0.5-50, commonly
exceeds 5 and
occasionally greater
than 50
variable
2,000 -36,000

from eastern and
northern boundary of
WSP area to the
western boundary
highly variable
0.5-100, commonly
exceeds10

south westerly (along
the line of floodplain)

highly variable
1,000 - 82,000
can be as low as 500

variable
150-7,000
salinity increases
downstream
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variable
5-40
0.2-2.0
0.03-0.10
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5. Groundwater-surface water interactions
Interactions between groundwater and surface water systems within the water sources are discussed
under separate sections below.
Groundwater level or head measurements in monitoring bores are normally measured directly as
heights against a specified datum. The use of hydraulic head measurements in layered or stacked
aquifers with variable density groundwater is a lot more complicated than in aquifers under invariant
density conditions. Within the WMPR groundwater source the salinity variation between the river and
within the various aquifers is such that density corrections are necessary to understand the
groundwater flow dynamics. Therefore, density corrections were applied to data from some eight
monitoring bores located mainly in the vicinity of surface water storages, river regulation structures
and salt interception schemes. The method described by Post et al (2007) was used for corrections.

5.1 Lower Darling River
Saline groundwater naturally discharged into the Darling River and its Anabranch system before river
regulation was introduced in 1960s, mainly during periods of low river flows (Williams 1991a).
Recharge to shallow groundwater would have only occurred during floods or periods of high river
flows. With the regulation of flows in the Darling River, levels have generally remained higher for
longer periods than under natural conditions. This resulted in the recharge of the shallow groundwater
system and led to the development of a fresh to brackish groundwater lens along the Darling River
(Williams1991b).The construction of a recent pipeline for stock and domestic supply along the
Anabranch means that less water will now leak into the shallow aquifer. Overtime it is likely that saline
groundwater may flow into the Anabranch highlighting the need for regular flushing with surface water.
Large scale irrigation activities around Pomona (near the confluence with Murray River) have also
contributed to a rise in water tables inducing groundwater flow to the river.
The shallow aquifer (Lower Darling Alluvium) is hydraulically connected to the river. Its connectivity
varies and is dependant on the lithology of the underlying Quaternary sediments (i.e. Shepparton or
Coonambidgal Formations and Blanchetown Clay). The shallow aquifer is recharged during high river
flows. Some groundwater may flow back to the river shortly after river levels have declined.
The locations of monitoring sites within the Lower Darling Alluvium are shown on Figure 17.
Groundwater elevation data within the Lower Darling Alluvium show that the Darling River at
Menindee, Burtundy and Pomona (north of Wentworth) is under losing conditions. Figure 18 shows
that river regulation structures near Menindee including the storages have contributed to the formation
of a groundwater mound. Figures 19 and 20 show a very gentle gradient away from the river.
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Figure 17 Location of Bores within Lower Darling Alluvium
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Figure 18 Section across Darling River u/s of Menindee

Figure 19 Section across Darling River at Burtundy
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Figure 20 Section across Darling River at Pomona

Groundwater hydrographs (Figures 21 and 22) show that levels in the shallow aquifer are influenced
by river levels indicating hydraulic connection between the two. The hydrographs in general show a
gradual decline in groundwater levels until late 2010. The rainfall events leading to high river flows at
the end of 2010 and during the early part of 2012 caused groundwater levels to rise (ranged
0.4-2.4 m). Monitoring site GW87805 is located close to Lake Pamamaroo near the Menindee Main
Weir. Groundwater level at this site is strongly influenced by the levels in the storages and weir pool
(Figure 21).The lack of response in Pipe 1 to high river levels during 2010 and 2011 is possibly due to
poor connection (clogging of screens) with the shallow aquifer. Bores located further away from the
storages and regulation structures show a more subdued response (Figure 22).
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Figure 21 Groundwater and surface water levels at Darling River near Menindee Main Weir
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Figure 22 Groundwater and surface water levels at Darling River near Burtundy

GW036810 Darling River at Burtundy)
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5.2 Menindee Lakes
The area in the vicinity of the lakes is underlain by sediments belonging to the Upper Renmark Group,
Geera Clay (mid-tertiary Barrier), Pliocene Sands and alluvium. The Pliocene Sands aquifer includes
marine sediments of the Parilla Sand and fluvio-lacustrine sediments of the Calivil and Shepparton
Formations. These aquifers overlie the Upper Renmark Group in the area and the Geera Clay to the
south. In some areas the Pliocene Sands is overlain by Blanchetown Clay.
Groundwater level data from the Menindee area suggests that the Lakes have a significant influence
on shallow groundwater in its vicinity. Figure 23 shows the variations in the groundwater levels in the
two main shallow aquifers with lake level fluctuations. Groundwater levels beneath Lake Menindee
continued to decline since 2005 until early 2010 when the lake levels increased significantly. The lake
and groundwater elevation indicate a downward leakage from the lake to the Shepparton Formation
and to the underlying Calivil Formation. It also suggests that the shallow groundwater may flow into
the lake when it is dry.
Figure 23 Groundwater and surface water levels at Lake Menindee
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5.3 Murray River
The alluvial deposits (or the sediments of the “Murray Trench”) form a continuous aquifer along the
present river system. In some stretches the Murray has eroded into the underlying sediments and is in
direct contact with the Pliocene Sands aquifer (e.g. Mallee Cliffs) where as in other areas it is indirectly
connected through the alluvial deposits overlying the Pliocene Sands aquifer.
The interaction between the Murray River and the aquifers is considered to be complex and dynamic.
During periods of high flows fresh river water recharges the shallow aquifer where as saline
groundwater flows into the river during low flow conditions. Groundwater and surface water level data
indicate that the river stretch between Euston and the South Australian border alternates from losing
to gaining conditions. This depends on river levels, groundwater heads in the alluvial aquifers
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(Monoman Sand or Coonambidgal Formation) and the underlying Parilla Sands. Groundwater
recharge or discharge to the River is not simple and is further controlled by the presence or absence
of aquitards (e.g. Blanchetown Clay) separating the two aquifers, locations of locks and weirs and
underlying basement structures (e.g. Iona and Neckarboo ridges). Irrigation activity along the
floodplain (Curlwaa, Coomealla and Buronga) has also contributed towards increased saline inflows
into the Murray.
Locations of monitoring bores along the Murray River are shown on Figure 24. Groundwater level
data (compensated for density) for bores GW500589 and GW500586 (Figures 25 and 26) show the
impact of the operations of Lock 8 on levels in shallow aquifer in its vicinity. When the levels at the
weir pool are high, the head (or pressure) in the shallow aquifers also increase due to the pressure
exerted by the volume of water held at the weir pool. It is during this period the river recharges the
shallow aquifer. When the levels are lowered the groundwater head (or pressure) remains above the
river levels and the river changes from losing to gaining condition.
Figure 24 Location of bores along the Murray River
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Figure 25 Groundwater and surface water levels at Murray River d/s Lock 8
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Figure 26 Groundwater and surface water levels at Murray River u/s Lock 8
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A similar response is seen at monitoring site GW088464 near Buronga (see also Section 6.2, Figure
38). Groundwater levels in the shallow aquifers are influenced by the operations of the weir.
Groundwater elevation data (Figure 27) show that losing river conditions at Mildura in late 2010 under
high flows. Groundwater gradient in the shallow alluvial aquifer is towards the river from the Victorian
side and this is the normal groundwater flow direction. The impact of SIS pumping is also evident and
indicates a reversal in gradient (i.e. flow towards the SIS pumping bores on the NSW side).
Figure 27 Section across Murray River at Mildura Weir (downstream)

Figure 28 shows that further upstream at Euston the observed groundwater levels in the
Coonambidgal Formation during 2007-2010 was significantly higher than the river levels thus
indicating that the Murray River at Euston gained flows from groundwater. The dynamics changed
under high river flow conditions observed during the mid 2010 to 2012 when recharge to groundwater
occurred. Density corrections were not undertaken as the quality of shallow groundwater (from
GW087091) is fresh. Groundwater elevation data (Figure 29) indicates that groundwater gradient
within the flood plain is flat or gently towards the river. Outside the floodplain the gradient is away from
the river. There is some mounding from the lakes.
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Figure 28 Groundwater and surface water levels at Murray River near Euston
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Figure 29 Section across Murray River at Euston
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5.4 Lake Victoria
The operation of the Lake Victoria by the Murray Darling Basin Authority (MDBA) requires compliance
with the National Parks and Wildlife Act 1974 section 90 consent conditions. A report on groundwater
levels and salinity in the vicinity of the lakes describing any damage, destruction or defacement of
Aboriginal objects is prepared annually (NSW Office of Water, 2011).
The area in the vicinity of Lake Victoria is underlain by sediments belonging to the Parilla Sands,
Blanchetown Clay, Monoman Formation and Coonambidgal Formations. The Monoman and
Coonambidgal Formations are the fluvial deposits associated with River Murray. The Blanchetown
Clay aquitard separates these from the underlying marine sediments.
Figures 30 shows the variation in the groundwater levels in the two main shallow aquifers with lake
level fluctuations. The level in the lake has a strong and direct influence on groundwater levels within
the Coonambidgal and Parilla Sands aquifers. It also indicates that the hydraulic load caused by the
high lake levels prevents upward leakage of saline groundwater from the Parilla Sands aquifer into the
lake via the Coonambidgal Formation. Further, saline groundwater may flow into the lake when it is
dry. The development of groundwater mound (Figure 31) formed by the lake does not cause
groundwater to flow directly into the River Murray. Rather, it discharges into the Murray via the
alluvium within the floodplain also causing land salinity.
In areas that are not influenced by the operations of the lake there is an upward pressure gradient
from the Parilla Sands aquifer into the overlying fluvial aquifer. Closer to the river the influence of the
lake diminishes and the impact on groundwater levels is dominated by levels in the river maintained
through the operations of the locks and weirs (Figure 32) and inundation of the floodplain during high
rainfall events. The observed rise in water levels during 2010-11 is indicative of this.
Figure 30 Groundwater and surface water levels at Lake Victoria
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Figure 31 N-S Section Lake Victoria

Figure 32 Groundwater and surface water levels south of Lake Victoria
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5.5 Lake Euston
The area in the vicinity of Euston lakes is underlain by sediments belonging to the Renmark Group,
Geera Clay, Pliocene Sands and Coonambidgal Formation. The sediments of the Coonambidgal
Formations are the fluvial deposits associated with River Murray. The Geera Clay aquitard separates
the sediments of Upper and Lower Renmark Group.
The Euston Weir (Lock 15) located some 10 km to the southwest raises the water level in the Murray
to a level so that it fills the Euston Lakes (Benanee & Dry Lake). Figure 33 shows that the shallow
groundwater is influenced by river regulation and lake levels. The fluctuation in groundwater levels
observed during 2001-2008 is mainly due to the varying lake levels as the river level remained fairly
constant around 47.6 m AHD. The marked decline in groundwater level observed after August 2007 is
due to the drying out of lake as part of a program for drought water recovery. Filling of the lake
commenced in November 2009 and explains the significant rise in levels observed after March 2010.
This behaviour demonstrates the connectivity between the lake and the shallow aquifer at the site.
Figure 33 Groundwater and surface water levels at Euston Lakes
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6. Salt interception schemes
The configuration of the MGB is such that there is little groundwater discharge to sea or other
groundwater systems. The main mechanism for salt discharge therefore is via flow to the Murray
River. Over the years, irrigation development and clearing of vegetation have led to an increase in
saline groundwater discharges into the River. Salt interception schemes (SIS’s) are used to manage
salinity in River Murray associated with groundwater mounds developed under irrigation areas
(Curlwaa), operations of large storages (Lake Victoria) and natural saline groundwater discharges
(Mallee Cliffs and Buronga). It involves groundwater pumping and drainage to intercept saline water
and disposal into evaporation basins that are located away from the river.
One of the key targets of the Murray Darling Basin Salinity Management Strategy is to maintain
salinity in River Murray at Morgan at 800 EC’s or below for at least 95% of the time. In line with this
strategy and in partnership with the MDBA the NSW Office of Water operates and maintains two of the
schemes (Mallee Cliffs and Buronga). The Rufus River SIS and Curlwaa Tubewell system is operated
and maintained by SA Water and Western Murray Irrigation respectively. Under current legislative
framework reporting on the performance of these SIS’s are required annually and with a five-yearly
review.
A brief description of the four SIS’s within the two groundwater sources are provided below with details
summarised in Table 3.

6.1 Mallee Cliffs
The SIS is located in the south-western corner of the WSP area between the towns of Buronga and
Euston, some 25 km upstream of Buronga on the northern side of River Murray. The hydrogeolgical
setting at Mallee Cliffs (Figure 34) has been previously described by Williams and Hamilton (1990).
The area within the floodplain at the interception site is underlain by sediments belonging to Geera
Clay, Upper Renmark Group, Parilla Sands and the Coonambidgal Formation. The Geera Clay is the
oldest deposit of interest with respect to salinity at the interception site. It is of marine origin and forms
an impermeable base and is overlain by some 30-50 m of fine to medium grained Parilla Sands that
form the semi-confined aquifer at the site and is also the main regional shallow aquifer away from the
river. Alluvial deposits associated with the present Murray River (Coonambidgal Formation) overlie the
Parilla Sands. These were deposited in a trench eroded into the older lacustrine and marine deposits
(Blanchetown Clay and Parilla Sands). The Coonambidgal Formation is in direct hydraulic connection
with the river.
Groundwater in the Parilla Sands aquifer is saline and discharges naturally into the River Murray via
the alluvial aquifer through upward leakage. It is therefore the target aquifer for saline interception.
The scheme was opened in 1994 and consists of a borefield of seven production bores. It intercepts
saline groundwater from entering the Murray River and pumps it to an evaporation basin complex
located 15 km to the northeast via a delivery pipeline. It consists of a main disposal basin and a small
leakage enhancement pond (Figure 35). The leakage pond allows the saline groundwater to seep
slowly back into the Parilla Sands Aquifer. Water levels and salinity from 12 dedicated monitoring
bores are measured regularly together with pumped volumes.
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Figure 34 Conceptual N-S hydrogeological section (after Williams and Hamilton, 1990)

Figure 35 Leakage enhancement pond at Mallee Cliffs disposal basin
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Figure 36 shows groundwater level fluctuations (compensated for density) within the Coonambidgal
and Parilla Sands aquifers and the Murray River. It indicates that a vertically upward gradient thus
indicating flow of saline groundwater into River Murray via the alluvial aquifer (Coonambidgal
Formation). This is reversed during periods of high flow (2001 and 2010-11) when the river recharges
the shallow Coonambidgal aquifer.
Figure 36 Hydrograph for groundwater monitoring site GW500541
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6.2 Buronga
The SIS is located in the south-western corner of the WMPR WSP area along the banks of the River
Murray between Mildura Weir and Mourquong. The area at the interception site is underlain by
sediments belonging to Bookpurnong Beds, Parilla Sands, Coonambidgal and Monoman Formations.
The hydrogeological setting at Buronga (Figure 37) has been described by Williams and Erny (2001).
The Bookpurnong Beds is the oldest deposit of interest with respect to salinity at the interception site.
It is of marine origin and forms an impermeable base. It is overlain by some 30-50 m of fine to medium
grained Parilla Sands that form the semi-confined aquifer at the site and is also the main regional
shallow aquifer. Alluvial deposits associated with the present Murray River (Coonambidgal and
Monoman Formation) overlie the Parilla Sands. These were deposited in a trench eroded into the
older marine deposits (Parilla Sands). The Coonambidgal and Monoman Formations are in direct
hydraulic connection with the river.
Irrigation activity within Mildura-Merbein areas in Victoria, Buronga and Coomealla areas in NSW have
led to the establishment of a groundwater mound beneath these areas causing saline discharge to the
river (see also Section 5.3, Figure 27). This is exacerbated by the operations of the Mildura Weir and
Lock 11. The hydraulic loading due to the weir pool has increased pressures in the Parilla Sands

42

|

NSW Office of Water, January 2013

Western Murray Porous Rock and Lower Darling Alluvium Groundwater Sources

aquifer forcing saline groundwater discharge via the alluvial aquifer through upward leakage on the
downstream side of the Weir. The Parilla Sand is therefore the target aquifer for saline interception.
This scheme was commissioned in 1979 and consists of a borefield of nine production bores. These
intercept saline groundwater from entering the river and pump it to the Mourquong Lake, a discharge
complex that is used as a disposal basin and located approximately 7 km to the north of the borefield.
Similarly on the Victorian side of the river between Mildura and Merbein there are 12-17 bores that
also pump saline groundwater into a nearby disposal basin.
Sunsalt has a licence to commercially harvest salt that crystallizes in the Mourquong disposal basin
(Figure 16).
Figure 37 Conceptual model for groundwater inflow (after Williams & Erny, 2001)

Figure 38 shows fluctuations in surface and groundwater levels (compensated for density) at Buronga
near the Mildura Weir. The levels fluctuate with river flows indicating hydraulic connection. Further, the
levels in the Parilla Sands aquifer are generally higher than the levels in the shallow aquifer and the
river except during high flows. This is indicating that saline groundwater normally flows in to the River
except during very high flows as seen during late 2010 and early 2011.
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Figure 38 Groundwater and surface water levels near Mildura Weir
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6.3 Curlwaa
The Curlwaa SIS is located within the Curlwaa Irrigation District (established in 1890) on the Murray
River floodplain. It is bound by the Murray River in the south and Tuckers Creek to the north. The
operation of Lock 10 (Wentworth Weir) maintains the river to a fairly constant level in the vicinity of
Curlwaa. The local area is underlain by alluvial sediments of the Coonambidgal and Monoman
Formations with a combined thickness of approximately 15 m. The Monoman Formation is the alluvial
aquifer and is in hydraulic connection with the river and overlies some 25 m of Parilla Sands of
marginal marine to fluvial origin.
Long term irrigation activity in the Curlwaa irrigation area has led to the establishment of a
groundwater mound causing saline discharge to the river through the shallow alluvial aquifer. Tile
drains were installed in the area to provide some drainage from irrigation. In addition, there are four
shallow bores (or tubewells) initially installed in 1971 and 1974 and later replaced in1983, that are
used for water table management and salinity reduction. The pumped water is discharged into open
drains and then into an evaporative basin. This is recognised as a salinity credit in the Basin Salinity
Management Strategy.
Figure 39 shows groundwater level fluctuations in the alluvial aquifer at Curlwaa. Monitoring of water
levels in GW087399 is managed by Western Murray Irrigation. This site is located close to tubewell 4
(SIS pumping site) and the fluctuating levels are indicative of SIS pumping and irrigation activity in the
area. In general groundwater levels have declined from about 2 m below surface in early 70s to about
6 m in 2006 due to reduced surface water availability and irrigation drainage and SIS pumping. This
trend continued with rises in 2006 and late 2010 due to wet conditions leading to high river flows.
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Figure 39 Hydrograph for groundwater monitoring site GW087399
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6.4 Rufus River
The SIS is located in the south western corner of NSW near Lake Victoria and is operated by SA
Water. The area in the vicinity of Rufus River is underlain by sediments belonging to the Bookpurnong
Beds, Parilla Sands, Monoman and Coonambidgal Formations. Figure 40 shows the hydrogeological
setting at Rufus River.
The Bookpurnong Beds is the oldest deposit of interest with respect to salinity at the interception site.
It is of marine origin and forms an impermeable base. It is overlain by some 40-50 m of medium to
coarse grained Parilla Sands that form the semi-confined aquifer at the site and is also the main
regional shallow aquifer away from the river and Lake Victoria. Alluvial deposits, 10-12 m thick,
associated with the present Murray River (Coonambidgal and Monoman Formation) overlie the Parilla
Sands. The Coonambidgal and Monoman Formation are in direct hydraulic connection with the river
and Lake Victoria.
The hydraulic loading from water stored in Lake Victoria is forcing saline groundwater within the Parilla
Sands to flow into the Monoman Formation before discharging into Rufus River which is used to return
water to River Murray. It is also influenced by river levels through the operations of Locks 7 and 8.
This scheme consists of some 178 groundwater interception wellpoints (Figure 41) located along both
sides of Rufus River, extending from the Lake Victoria outlet to near River Murray. These wellpoints
are connected to four pumping stations which pump saline groundwater into Brilka Creek and
Meander Loop. A major pumping station at Meander Loop then diverts saline groundwater into
evaporation basin located approximately four km northeast of the wellfield (Figure 42).
Figure 43 shows groundwater level fluctuations in the alluvial aquifer (Monoman Formation). This is a
site managed by SA Water. Groundwater levels at this site have generally remained below 4 m from
ground surface during 2002-2009. The high river flows towards the end of 2010 together with little to
no SIS pumping show a marked rise in shallow groundwater levels.
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Figure 40 Schematic section (after Australian Water Environments, 2005)

Figure 41 Line of spearpoints (Rufus River SIS)
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Figure 42 Disposal basin for Rufus River SIS

Figure 43 Hydrograph for groundwater monitoring site 3L
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Table 3 Summary of existing SI schemes
Date Commissioned
Operator

Type of scheme

Current design
capacity
Water Source
Licensed volume
Pumping method

Pumping conditions
Aquifer
Aquifer Type
Salinity of pumped
water
Intercepted salt load
Impact on river
salinity at Morgan

Mallee Cliffs SIS
1994

Buronga SIS
1979, upgraded
1988
NSW Govt on
behalf of the
MDBA
Groundwater
interception &
disposal to
evaporation basis

Rufus River SIS
1984

Curlwaa SIS
1973

SA Water on
behalf of the
MDBA
Groundwater
interception &
disposal to
evaporation basin

Western Murray
Irrigation Ltd

15 ML/d

9 ML/d

1.9 ML/d

Western Murray
Porous Rock
5,900 ML/yr
8 bores with
submersible
pumps

Western Murray
Porous Rock
4,800 ML/yr
9 bores with
submersible
pumps

Lower Darling
Alluvium
700 ML/yr
4 bores with
submersible
pumps

at river flows less
than 20,000 ML/d
deep Parilla Sands

at river flows less
20,000 ML/d?
Parilla Sands

semi-confined
35,000 mg/L

semi-unconfined
>30,000 mg/L

Western Murray
Porous Rock
3,285 ML/yr
4 pumping stations
with centrifugal
pumps each
connected to a line
of some 40
wellpoints
at river flows less
than 25,000 ML/d
Monoman
Formation
unconfined
1,000-50,000 mg/L

Monoman
Formation
unconfined
1,000-14,000 mg/L

120 tonnes/day
Reduces average
salinity by 13 ECs

200 tonnes/day
Reduces average
salinity by 33 ECs

200 tonnes/day
Reduces average
salinity by 43 ECs

9 tonnes/day
Reduces average
salinity by 1.7 ECs

NSW Govt on
behalf of the
MDBA
Groundwater
interception &
disposal to
evaporation basin
with leakage to
groundwater
8 ML/d

Agricultural
drainage and
disposal to
evaporation basin

n/a

Table 4 Annual groundwater extractions and diverted saltloads
Year

2001/02
2002/03
2003/04
2004/05
2005/06
2006/07
2007/08
2008/09
2009/10
2010/11
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Mallee Cliffs
volume
saltload
(ML)
(tonnes)
2,160
88,000
2,223
79,171
2,555
82,000
2,667
85,131
2,199
75,476
1,830
62,074
2,416
81,951
2,216
72,390
2,059
67,800
1,650
47,150

Buronga
volume
(ML)
2,170
1,979
2,355
1,547
2,824
2,880
2,630
2,590
2,602
2,390

NSW Office of Water, January 2013

saltload
(tonnes)
80,500
70,962
70,000
41,769
86,753
87,930
78.201
75,490
74,000
60,540

Rufus River
volume
saltload
(ML)
(tonnes)
572
11,035
613
16,000
572
13,981
827
19,163
1,014
14,667
1,082
22,577
619
15,185
933
18,674
764
15,172
402
10,133

Curlwaa
volume
(ML)
299
319
247
226
145
46
0
0
2
1

saltload
(tonnes)
889
977
621
471
260
106
0
0
5
3
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7. Groundwater management
7.1 Background
Groundwater quality in the Lower Murray-Darling catchment is generally saline with the exception of
narrow shallow lenses of freshwater along the Darling (including the Anabranch) and the Murray
rivers. During droughts and periods of low surface water availability there was growing demand from
surface water users to access this fresh groundwater. This led to the issuing of a very limited number
of groundwater licences in 2003 to those surface water users with established permanent plantings
along the Darling River. Extraction was only permitted during periods of no flow in the Lower Darling
river (i.e. zero surface water allocation) and was managed through annual allocation announcements.
Further, pumping was restricted to groundwater with electrical conductivity (EC) of less than 3,000.
In areas outside the alluvium (now WMPR) licences were issued based mainly on its purpose (i.e.
stock, industrial, or mining).
An embargo on licences within the Lower Darling Alluvium was introduced in January 2004 and later
revoked in November 2006. This was followed by a state-wide embargo on the issue of new
groundwater licences in July 2008 which included the current LDA and WMPR sources. An exemption
was provided for licences where the salinity of groundwater to be used exceeded 14,000 ppm (or
mg/L). The embargo was current until it was replaced by the relevant plans in January 2012.
In August 2009 a state wide groundwater trading policy for the inland aquifers was introduced allowing
trading within the two groundwater sources.

7.2 Current management framework
The macro planning process in NSW was initiated in 2004 to expedite the development of
groundwater sharing plans. Initial assessments of groundwater sources were undertaken in 2005 but
have been refined over time as the plans evolved and with the development of Murray Darling Basin
Authority’s Basin Plan. The plans for NSW Murray-Darling Basin Porous Rock Groundwater Sources
and the Lower Murray-Darling Unregulated and Alluvial Water Sources were implemented in January
2012. It means that the WMPR and the LDA groundwater sources are now managed under the Water
Management Act 2000 (WMA 2000). These plans provide a legislative basis for the sharing of water
between the environment and consumptive users within the two sources. A copy of the relevant plan
can be viewed on the NSW legislation website www.legislation.nsw.gov.au.
This change in management means that groundwater access licences are now held under separate
title to the land and are issued in perpetuity. Under this arrangement groundwater may be extracted
for domestic and stock purposes (basic landholder rights) without an access licence. However, an
approval for a bore is required from the NSW Office of Water.
The plans define access rules for period of ten years (duration of plan). Groundwater extraction is now
managed to the long-term average annual extraction limit (LTAAEL) of the relevant groundwater
source as defined by the plans.

7.3 Plan provisions
The water sharing plan uses long term average annual recharge as the basis for all water sharing. The
recharge, environmental water, extraction requirements and limits for the two sources at the beginning
of the plan are summarised in Table 5.
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Table 5 WSP provisions

Average annual rainfall recharge over areas that
are not of high environmental value
Average annual rainfall recharge over areas that
are of high environmental value
Average annual rainfall recharge over water
source
Amount of annual recharge set aside as
environmental water
Basic landholder rights
Native titles rights
Domestic and stock access licences4
Access licence shares
Local water utility access licences
Special purposes access licence shares (salinity
and water table management)
Long term average annual extraction limit
(LTAAEL)3

Western Murray
Porous Rock (ML/yr)

Lower Darling
Alluvium (ML/yr

1,060,971

10,963

42,994

760

1,103,965

11,723

573,4801

9,4942

26,747
0
0
21,7804
0
14,5824

739
0
424
7484
0
7004

530,486

2,229

1. The amount of average annual recharge set aside as environmental water for WMPR is made up of 50% of average annual
recharge generated over areas that are not of high environmental value plus 100% of average annual recharge generated over
areas of high environmental value.
2. The amount of average annual recharge set aside as environmental water for LDA is made up of long-term average annual
recharge generated over the water source minus LTAAEL.
3. The LTAAEL for WMPR is set at 50% of average annual recharge generated over areas that are not of high environmental
value. For LDA it is the sum of existing access licence shares and BLR estimates at the beginning of the plan.
4. Plan estimates.

Groundwater sources generally store large volumes of water and the amount of annual recharge is
often relatively small compared to the stored volume. The existing plan does not allow access to the
storage component of the WMPR groundwater source over the long-term thus protecting its depletion
due to extraction.

7.4 Available water determinations (AWD’s)
Available water determination (commonly know as announced allocation) under the WSP’s will be
triggered if average annual usage over a three year period in a water source exceeds the LTAAEL by
more than the amounts specified below:
o

average annual extraction averaged over the preceding three water years have exceeded the
LTAAEL by 5% or more for the WMPR source, and

o

where average annual extraction averaged over the preceding three water years have
exceeded the LTAAEL by 10% or more for the LDA source.

Growth in extraction (or usage) will be managed through a reduction (from 100 per cent) in the AWD
for aquifer access licences in the water source. It will be reduced by an amount necessary to return
total water extractions within the water sources to their relevant LTAAEL’s.
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7.5 Existing licences
The existing licences within the two groundwater sources are summarised in Table 6.
Table 6 Existing access licences
Licence Purpose
Access Licences
Special Purpose Access Licence
(salinity and water table
management)*
Town Water Supply
Total

Western Murray Porous Rock
Number
Volume
(ML/yr)
13
21,572

Lower Darling Alluvium
Number
Volume
(ML/yr)
11
928

3

13,985

1

700

0
16

0
35,557

0
12

0
1,628

* Licenses are in the process of being issued

The WMPR groundwater source has a significantly large volume of unassigned water which may be
made available to existing and new users through the term of the plan via controlled allocation.
Unassigned water is the portion of LTAAEL that is currently not allocated and potentially available for
extraction.

7.6 Access licence accounts and trades
The rules for managing access licence accounts within the two water sources are summarised in
Table 7.

Table 7 Account management and trade rules
Trades

WMPR groundwater source
Trade between access licences
within the water source is permitted.

LDA groundwater source
Trade between access licences within water source
that nominates works that include a ‘drought
contingency’ condition is permitted.
Cannot trade from a special purpose access licence
(salinity and water table management).

Carryover1

Take Limit2

Permitted only for aquifer access
licences and is limited to 25% of
share component.
Carryover is not permitted for
domestic and stock, local water
utility or special purpose access
licences.
Limited to accrued access licence
3
account water (i.e. allocation for
the year) plus permitted carryover
plus volume traded in minus volume
traded out.

Not permitted.

Limited to accrued access licence account water for
that water year (i.e. allocation for the water year4).

1. Carryover is the maximum amount of unused allocation that can be carried over from one water year to another. Zero share
access licences do not have any provisions for carryover.
2. Take Limit is the volume of account water that can be extracted or traded out if available in access licence account.
3. Access licence account water is the balance in an access licence account at a particular time. An access licence account
records water accrued, taken, assigned or re-credited.
st

th

4. A water year is the period 1 July to 30 June.
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8. Resource monitoring
The salinity of groundwater within the groundwater sources is generally high, both in shallow and deep
aquifers and in some instances higher than seawater. This means that groundwater has very limited
use for irrigation. However, the geometry of the Murray Geologic Basin, presence of low permeability
layers within the aquifer systems, connectivity with surface sources, impacts from river regulation and
impacts from irrigation activity within the flood plain areas are causing saline groundwater to discharge
into the rivers and lakes. This is a major threat to the health of the Murray and Lower Darling river
systems. Groundwater monitoring within the groundwater sources is therefore targeted towards
measuring the impacts from such pressures rather than those from pumping of groundwater for
irrigation purposes very commonly seen in other areas within NSW.

8.1 Groundwater usage
There are a small number of irrigation licences within the two water sources as the bulk of the area is
underlain by aquifers with poor quality groundwater which is unsuitable for most irrigation purposes.
Groundwater is predominantly used for stock and domestic purposes, mining and operations of SIS
schemes with limited use for irrigation. The majority of supply for irrigation and town water comes from
surface water sources. The locations of the irrigation bores and those associated with mines and SIS
schemes are shown on Figure 46.
Groundwater within the WMPR groundwater source was initially extracted predominantly for SIS.
However, larger volumes are now being extracted for mining-related activities commencing in 2005/06
(Figure 44).
Figure 44 Groundwater use within WMPR
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Groundwater extraction for irrigation within the LDA (Figure 45) has declined over the last 3 years.
This is related to the availability of surface water (i.e. flow in the Lower Darling River). Extraction for
SIS (Curlwaa) has been minimal over the last four years due to declining water table depths.
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Figure 45 Groundwater use within LDA
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8.2 Groundwater level monitoring
Groundwater levels within the groundwater sources are monitored regularly for a variety of purposes
that can be broadly grouped into the following:
o

operations of SIS’s;

o

operations of surface water storages and their impact on groundwater;

o

impact on wetlands from river regulation;

o

impacts from irrigation (Buronga, Curlwaa, Coomealla & Pomona districts, floodplain areas);
and

o

regional groundwater levels (includes groundwater-surface water interactions, salinity, etc).

Details of the departments existing network are summarised in Table 8 and locations shown in Figure
46. A description of groundwater level monitoring is given below for each of the following areas:

53

o

Murray River floodplain;

o

Lower Darling Alluvium, and

o

Dryland areas.
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Table 8 Summary of groundwater monitoring network
Purpose

Number of
sites

Mallee Cliffs SIS, includes 15 sites with loggers
at Lambert Island (owned by Goulburn-Murray
Water, Victoria). Some of the manually
monitored bores may also be part of regional
monitoring.
Buronga SIS
operations of Lake Victoria

51

Impacts on wetlands from river regulation

10

Regional groundwater level monitoring including
the irrigation areas and districts, the Murray
floodplain and the Lower Darling Alluvium
total
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8
54

operations of Menindee Lakes

54

151

454
728

Number of
pipes/ bores

Monitoring
frequency

Method

110

variable

manual

75
1
18
20
74
6
69

continuous
monthly
continuous
six monthly
continuous
variable
continuous

loggers
manual
loggers
manual
loggers
manual
loggers

12

continuous

logger

563

six monthly

manual

33
981

continuous

loggers
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Figure 46 Location of monitoring and pumping bores

8.2.1 Murray River floodplain
Water levels in shallow aquifers within the floodplain generally show response to activities such as
river flows, operations of locks and weirs, operations of lakes and wetlands and irrigation activity.
Groundwater-surface water interactions have been described separately in Section 4.4 (see also
figures 26, 27, 29, 31, and 32). Sections 5.1, 5.2 and 5.4 describe the Mallee Cliffs, Buronga and
Rufus River salt interception schemes (see also figures 33, 36, 38 and 40). These include sites that
are located within the Murray floodplain and discuss the impacts of river regulation and saline
groundwater interception. The locations of all the monitoring sites discussed here are provided in
Figure 24.
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Figure 47 shows a hydrograph from monitoring site GW088217 (uncompensated for density) located
downstream of Lock 7 at the western end of the GMA (Figure 24). Groundwater level within the alluvial
aquifer (Coonambidgal Formation) is influenced by river levels (higher river levels corresponding to
shallow groundwater levels).
Monitoring sites GW500589, GW500586 (Lock 8) and GW088223 (south of lake Victoria) show that
groundwater levels within the shallow aquifers (Parilla Sands and the Coonambidgal Formation) are
influenced by levels in Lake Victoria and River Murray (Figures 25, 26 and 32). The levels are fairly
static with minor fluctuations until late in 2010 when significant rise occurred. This is due to recharge
of the shallow aquifers from high river flows and lake levels. Groundwater levels in the shallow aquifer
along this stretch of the river generally range between 1-5 m below ground surface with observed
fluctuations of up to 2.5 m.
The hydrographs also indicate that the heads in the Parilla Sands Aquifer are higher than the
Coonambidgal Formation particularly during low river flows suggesting upward leakage of saline
groundwater.
Figure 48 and 49 show hydrographs (uncompensated for density) from monitoring site located within
the floodplain between of Locks 9.and 10. Again these show that the levels in the Murray River have a
significant influence on shallow groundwater levels. The fluctuations are more pronounced closer to
the locks. The levels are fairly stable or declining with minor fluctuations until late in 2010 when
significant rise occurred. Water levels in the shallow aquifers generally range 2-7 m below ground
surface with fluctuations of up to 2.6 m.
The hydrographs also indicate that the heads in the Parilla Sands Aquifer are generally higher than
the Coonambidgal Formation particularly suggesting upward leakage of saline groundwater during
periods of low river flows.
Figures 50 and 51 show hydrographs (uncompensated for density) from monitoring sites located
within the floodplain between Dareton and Gol Gol. Water levels in the shallow aquifers have generally
been pretty stable since 2004 most likely due to dry conditions and with fairly constant river levels
during the period. The wet period in late 2010 resulted in higher river flows and a marked rise in
groundwater levels. Figure 51 also shows good correlation between observed groundwater levels and
climate. The groundwater levels at Buronga near Mildura Weir have been discussed earlier in Section
6.2 (see also Figure 38).
Figures 52 shows hydrographs (uncompensated for density) from monitoring site located at Gol Gol.
Water level in the shallow aquifer has generally been declining since late 1990s due to dry conditions
and with fairly constant river levels during the period. The wet period in late 2010 resulted in higher
river flows. As a result groundwater levels would have risen although recent data from this site is not
available. There is good correlation between observed levels and climate. Groundwater levels at
Mallee Cliffs have been discussed earlier in Section 6.1 (see Figure 36). Similarly the levels at Euston
are described in Section 5.5 (see also Figure 33).
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Figure 47 Hydrograph for groundwater monitoring site GW088217

Hydrograph GW088217 - Kulkurna Station (West of L Victoria)
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Figure 48 Hydrograph for groundwater monitoring site GW088218
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Figure 49 Hydrograph for groundwater monitoring site GW088273

GW088273 (wetland, west of Lock 10))
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Figure 50 Hydrograph for groundwater monitoring site GW088267

GW088267 (Dareton, upstream Coomealla Boat Ramp)
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Figure 51 Hydrograph for groundwater monitoring site GW087526

GW087526 Gol Gol
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Figure 52 hydrograph for groundwater monitoring site GW087122

GW087122 (SE of Gol Gol)
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8.2.2 Lower Darling Alluvium
Figures 53, 54 and 55 show hydrographs from bores located within the LDA near Menindee,
Pooncarie and Wentworth (Figure 17). Figure 53 shows correlation with cumulative rainfall residual
curve for Menindee except for the change in rainfall in September 1992. As discussed earlier, the
water levels in the Darling River would have also influenced the groundwater levels within the LDA.
The periods of high river flows during 1989, 1990, 1996, 1998, 2000, 2010 and 2011 provided
recharge to the alluvium causing groundwater levels to rise. Water levels generally exhibit a declining
trend during period of low flows or below average rainfall conditions. Around Menindee the
groundwater levels in the shallow aquifer (LDA or Shepparton Formation) are also influenced by the
levels in the Menindee Lakes Storages. These have been described earlier in section 5.1.
Groundwater levels within the LDA water source range between1-16 m below ground with shallower
levels observed closer to the Menindee Lakes and the Darling River.
Figure 53 Groundwater and surface water levels at Menindee
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Figure 54 Hydrograph for groundwater monitoring site GW040366
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Figure 55 Hydrograph for groundwater monitoring site GW040349
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8.2.3 Dryland areas
The observed trends in bores in the dryland areas are quite stable as these are not affected by
irrigation activity and floodplain dynamics. The locations of monitoring bores are provided in Figure
46.
Monitoring site GW036782 is located west of Lake Victoria within an area of basement low known as
the “Renmark Trough”. Groundwater levels in all aquifers (Figure 56) are fairly stable and showing a
strong vertically upward gradient.
Figure 56 Hydrograph for groundwater monitoring site GW036782
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Monitoring site GW036723 is located near Lake Benanee just northeast of Euston. Observed
groundwater levels show a slight rise over the last two years indicating recharge resulting from recent
wet conditions. The levels suggest a downward leakage from the Parilla Sands aquifer into the
underlying Upper Renmark aquifer. The deeper Geera Clay has much higher pressure levels with an
upward vertical leakage (Figure 57).
Monitoring site GW036669 is located between the Darling Anabranch and the Lower Darling River in
an area of slightly elevated basement topography known as “Lake Wintlow High”. This bore is located
approximately 5 km south of the Ginko Mine. Groundwater levels are fairly static in all aquifers but
declining gently (Figure 58). The slight fluctuations in water levels observed after 2005 may be due to
groundwater pumping for the operations of the Ginko Mine. The hydrograph shows downward vertical
flow from the Renmark Group into the underlying basement.
Monitoring site GW036786 is located some 90 km east of Menindee towards Ivanhoe in the northeastern part of the WSP area closer towards the edge of the basin. The Shepparton Formation forms
the shallower aquifer in this area. Observations show a gently declining trend with a slight rise at the
end of 2011 due to above average rainfall. Unlike other areas groundwater has a vertically downward
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gradient. Pressure levels in the deeper Renmark and underlying basement suggests little vertical flow
between these deeper systems (Figure 59).
Figure 57 Hydrograph for groundwater monitoring site GW036723
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Figure 58 Hydrograph for groundwater monitoring site GW036669
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Figure 59 Hydrograph for groundwater monitoring site GW036786
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Monitoring site GW036866 is located approximately 40 km north of Balranald. Groundwater levels in
the deeper aquifers are confined with head in the deepest aquifer just above ground surface (i.e.
under flowing conditions). The hydrograph (Figure 60) shows a gently declining trend in the shallow
aquifer (due to the prolonged dry conditions) with a slight rise at the end of 2011 due to wet conditions.
It also shows a strong vertically upward gradient in the deep aquifers.
Figure 60 Hydrograph for groundwater monitoring site GW036866
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8.2.4 Groundwater movement
Contours of groundwater level elevations were generated using ArcGIS to illustrate groundwater flow
directions in the two main regional aquifers within the WMPR groundwater source. The elevations
were not corrected for density.
Figure 61 shows late 2011 groundwater levels in the shallow Pliocene Sands Aquifer. Groundwater
flows east to west and from north to southwest with elevations varying from 60 m AHD in the east and
the north to 20 m AHD in the southwest corner of WSP area.
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Figure 61 Shallow aquifer groundwater elevations and flow directions

Figure 62 shows late 2011 groundwater level elevations in the deep Renmark Group Aquifer.
Groundwater flow paths in the deep aquifer is similar that observed for the shallow Pliocene Sands
Aquifer (Figure 61).
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Figure 62 Deep aquifer groundwater elevations and flow directions
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9. Other groundwater related activities
9.1 Sunraysia salinity modelling and monitoring strategy
The Sunraysia Salt Interception Integration and Optimisation (SSIIO) program was initiated in
2000/2001 to investigate a variety of salinity management works and measures. In 2004 the Sunraysia
Regional Steering Committee was established by the MDBC as part of the initiative to oversee the
establishment of an integrated monitoring program, a review of disposal requirements for the region,
rehabilitation and the augmentation of the Mildura–Merbein Salt Interception Scheme. The committee
is made up of representatives from MDBA (previously MDBC), the Victorian Department of
Sustainability and Environment (DSE), Goulbourn-Murray Water and the New South Wales Office of
Water (NOW). The DSE and NOW have responsibilities under the Murray-Darling Basin Agreement
for the implementation of salinity management works. It is carried out by Goulburn-Murray Water in
Victoria and NOW in NSW.
The NOW, as project manager, contracted Aquaterra to develop a numerical groundwater model and
design an efficient and effective groundwater monitoring network and monitoring program. These
projects commenced in 2010 and are expected to be completed by the end of 2012.
The Eastern Mallee groundwater model (EM2.3) has been developed mainly to:
o

provide better prediction of intercepted salt loads to meet the requirements of the Basin
Salinity Management Strategy;

o

inform SIS design and evaluate the salinity impacts of proposed new schemes;

o

estimate salt load benefits of improved irrigation practices on the pre-1988 irrigated areas of
Sunraysia; and

o

obtain desired benefits of adopted salinity management options.

The Sunraysia groundwater monitoring network and program will assist in the following:
o

five yearly review of EM2.3 model;

o

monitoring the impact and influence of the existing SIS’s on the regional groundwater system;

o

monitoring the relationship between the River Murray and the regional groundwater system;
and

o

assessment of the annual performance of individual SIS’s.

The study recommended a network of 240 bores within the floodplain and dryland areas of Sunraysia
with focus on SIS and irrigation schemes and groundwater surface water interaction (Curlwaa,
Mildura-Merbein, Buronga, Redcliffs and Mallee Cliffs). Twenty sites were identified as requiring a
new or refurbished bore. This work is planned to be completed by the end 2012.

9.2 Broken Hill managed aquifer recharge project
This project aims to reduce evaporation and improve efficiency at Menindee Lakes in order to secure
Broken Hill’s water supply, protect local environment and heritage, and return 200 GL of water to the
environment. It investigates whether surface water from the Menindee lakes could be stored
underground and later extracted to provide supply to Broken Hill during times of drought.
Geoscience Australia undertook the hydrogeological investigations including airborne electromagnetic
survey, drilling of more than 60 boreholes to collect geological information, construction of monitoring
bores, down-hole geophysics and water quality sampling.
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Investigations so far indicate that the aquifers within 20km of the existing Menindee-Broken Hill
pipeline have some 1,200 GL of managed aquifer recharge storage potential. There are seven
potential aquifer targets, at depths that vary from 10m to 150m (DSEWPG, September 2010).
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10. Conclusions
The key conclusions regarding the WMPR and LDA groundwater sources are highlighted below.
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o

Generally the Murray River between Euston and the border can be described as a gaining
river most of the time. However, at high river flows (and as seen recently during 2010 and
2011) the condition changes and the alluvial aquifer receive recharge from the river.

o

The interaction of groundwater and surface water within the Murray floodplain is complex and
dynamic. It is impacted by river regulating structures such as locks, weirs and off-river
storages. The Rufus River SIS was designed to manage the saline discharge into River
Murray due to river regulation.

o

Intense irrigation activity within the floodplain area causes a rise in shallow water table
(development of mound) increasing saline discharge into the river. This can be seen
particularly around Buronga and Wentworth. The Curlwaa SIS was put in place to specifically
manage groundwater accessions resulting from irrigation activity.

o

Saline groundwater naturally discharges into River Murray for example, as seen at Mallee
Cliffs. To manage salinity, saline groundwater is pumped from a number of bores into a
disposal basin some 19 km away.

o

Groundwater and surface water level data indicate the Lower Darling is a losing river. The
levels in the shallow alluvial aquifer are influenced by climate, river flows and the Menindee
Lakes storages. Water level data also indicates that the Calivil aquifer also receives recharge
from the Darling River during high flow events.

o

There are only a small number of licence holders associated with permanent plantings that are
permitted to extract groundwater from the Lower Darling Alluvium. Excessive extraction along
the Lower Darling has potential to cause saline groundwater to flow towards the river reducing
the size of the existing freshwater lens. Management of groundwater extractions is therefore
important for the maintenance of the freshwater lense.

o

The construction of a recent pipeline along the Anabranch (for stock and domestic supply)
means less flow along the river resulting in reduced leakage into the shallow alluvium.
Overtime this could potentially lead to saline groundwater discharge into the Anabranch
indicating the need for regular flows from the storages or the Darling River.

o

The Lower Darling Alluvium is a fully allocated groundwater source (i.e. no unassigned water).
There is some very limited potential for trading.

o

The WMPR groundwater source (in particular the shallow Pliocene Sands Aquifer) is quite rich
in mineral deposits. There are a number of existing mines and good potential for development
of new ones in the near future. This means that there may be large future demand for
groundwater for mining operations.

o

The WMPR has a significant volume of unassigned water under the existing plan. Some of
this could be made available through controlled allocation. Groundwater trading within the
water source is permitted.

o

Studies undertaken for drought proofing Broken Hill’s town water supply by Geoscience
Australia indicate large potential for managed aquifer recharge within the WMPR groundwater
source.

o

Long term groundwater level data is essential to understand the impacts of climate and
landuse changes, irrigation activity, river regulation, mining, groundwater extractions and
effectiveness of SIS’s.

o

Monitoring of salinity is necessary at some locations so that density corrections can be made
to understand the groundwater flow dynamics.
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