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Executive summary
Billabong Creek Alluvium, GWMA 014 is one of the designated Groundwater Management Areas
(GWMA) of New South Wales, located between the Murrumbidgee and Murray catchments. This is
the first groundwater status report for this aquifer of an ongoing series of status reports on
groundwater resources in the state. It provides information on the current status of the groundwater
resource in GWMA 014 area for resource managers, groundwater users and other interested groups
and individuals. It also provides technical information for policy formulation and to make resource
management decisions in the groundwater management area.
There are three main productive zones (aquifers) within the alluvial formation where groundwater
occurs down to a depth of about 100m. They are mainly located between 10 – 20m (Upper Cowra),
30 – 40m (Lower Cowra) and 60 – 100m (Lachlan) below ground surface. The most productive
aquifer is the deeper Lachlan Formation which can yield up to about 5 ML/day from an efficiently
constructed bore. Generally all these aquifers are hydraulically connected to a varying degree with
vertical water exchange depending on the preferential leakage via sand or light textured sediments.
Therefore GWMA 014 system is managed as one aquifer system with management rules equally
applying to all aquifers.
Three main sources of groundwater recharge can be identified. They are rainfall, Billabong Creek
losses and flood plain recharge during flood events. The creek losses mainly occur downstream of
Walla Walla. Rainfall recharge has been estimated as 12,500 ML/yr assuming three per cent of
rainfall infiltration averaged across the management area. The groundwater flows from east to west.
Groundwater salinity of the shallow Cowra aquifer can vary from 200 S/cm to 12,000 S/cm. Low
salinity groundwater is found mainly in the upper part of the catchment or in sand lenses close to the
creek where direct river recharge occurs. In contrast, salinity in the deeper Lachlan aquifer is
relatively low (300 S/cm – 2000 S/cm) and more consistent and progressively increases along the
groundwater flow path from east to the west.
The total volume of groundwater entitlements in GWMA 014 area is 7,217 ML/yr on 47 licences. The
highest allocated purpose has been irrigation. In late 2005 an embargo was imposed on granting
further groundwater entitlements, as the level of total entitlements was considered to be around the
sustainable limit
Groundwater usage has been relatively low compared to other aquifers in the Murray Valley. The
usage has varied from 18 per cent to 30 per cent of entitlements during the last 10 years; highest use
of 30 per cent occurred in 2002/03, 2006/07, 2008/09 and 2009/10. In early years, the main purpose
of groundwater use was for town water supply. Demand for irrigation has grown since around the mid
to late 1990s. Groundwater pressure levels throughout the GWMA 014 area have been declining in all
aquifers since around the mid 1990s.
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1.

Introduction

The Billabong Creek catchment is located between the Murrumbidgee and Murray catchments in
southern New South Wales as shown in Fig 1. Granites and metasediments such as slate and also
volcanic rocks underlie the catchment. There is an alluvial cover up to 100 metres thick associated
with the Billabong Creek. This alluvial formation is referred to as Billabong Creek Alluvium GWMA
014. The alluvium has been subdivided into two basal sand units. The surface area of GWMA 014
alluvium is 765 km2
Groundwater Management Areas (GWMAs) are generally distinct hydrogeological entities which have
their own hydrogeological and groundwater quality characteristics as well as social, economic and
environmental values. Billabong Creek Alluvium, GWMA 014 is one of the designated Groundwater
Management Areas (GWMA) of New South Wales, which covers an area of alluvium from Little
Billabong (east) to Rand (west). The main source of water supply to Holbrook, Culcairn, Walla Walla
and Walbundrie is groundwater extracted from this aquifer.
This is the first groundwater status report for the Billabong Creek Alluvium groundwater management
area (GWMA 014) of an ongoing series of status reports on groundwater resources in New South
Wales. However there have been four reports written by Williams and Woolley between 1967 and
1983 focusing on groundwater investigations in this aquifer for water supply for Holbrook, Culcairn and
Walla Walla townships. More recently between 1999 and 2005 there have been four reports written
by Alamgir, Williams and Kulatunga for a salt interception scheme at Morgan’s Lookout close to Walla
Walla.
This status report provides information on the groundwater resources in GWMA 014 area for resource
managers, groundwater users and other interested groups and individuals. It also provides technical
information for policy formulation and to make resource management decisions in the groundwater
management area.
In August 1997, the New South Wales government announced the second stage of the
comprehensive Water Reform package in which groundwater was included as a major component.
This was followed by the introduction of new legislation, the Water Management Act 2000, with
comprehensive features to manage water resources and establish water sharing plans for water
sources in the state.
The GWMA 014 groundwater system has been embargoed for further groundwater development since
2005 as the groundwater entitlements reached the estimated sustainable yield.
Groundwater in GWMA 014 is currently regulated under the Water Act 1912. However over time, all
groundwater resources of NSW are to be regulated by the Water Management Act 2000, including
that of GWMA 014. This will be implemented through a macro groundwater sharing plan currently
being developed for this aquifer along with other small to medium inland alluvium aquifer systems in
NSW.
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Figure 1: Groundwater Management Areas in the Murray catchment
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2.

Hydrogeology

2.1

Geology

Granites and metasediments such as slate and also volcanic rocks form the basement of the
catchment. Overlying this is the alluvium cover associated with Billabong creek which consists of
unconsolidated sediments up to 100m thick

2.1.1 Palaeozoic basement rocks
Metamorphosed sediments and other crystalline rocks form the uplands of the Billabong Creek
catchment. There are three dominant rock types (Williams, 1976).


Slates and phyllite are dominantly Ordovician age. They consist of strongly jointed rocks that
have a weathering profile of up to 40m



Devonian age rocks from two distinct types. The older rocks consist of quarts feldspar porphyry.
The younger rocks are upward fining sedimentary sequence commencing with a basal
conglomerate. These rocks are highly resistive to weathering and as such tend to form the more
topographically prominent features in the valley.



The granites are of indeterminate age. They are either fine grained or have large feldspar
phenocrysts.

2.1.2 Unconsolidated sediments
It is the alluvium cover that forms the GWMA 014. It consists of two units (Figures 2 and 3).


The Lachlan Formation is a late Miocene to Pliocene alluvial deposit that does not out crop within
the catchment. It consists predominantly of quartoze sand and fine gravel that can be
interbedded with greyish clays. It forms the channel lag deposits that infill the palaeochannel at
depths generally deeper than 50m. This formation is locally known as Lachlan Palaeochannel. It
is about 1 km wide and is continuous from upstream of Ralvana Gap in the east to Rand in the
west. Further west the Formation is hydraulically connected with the Calivil Sand and
Shepparton Formation of the Murray Geological basin to the west.



The Cowra Formation unconformably overlies the Lachlan Formation and the basement hard
rocks. The Formation consists of shoestring deposits of poorly sorted polymictic sand and gravel
that are interbedded with yellow to brown clay

There are also colluvial deposits that infill the upland valley floors which consists of country rock that
has been weathered to varying degrees.
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Figure 2: Extent of Cowra Formation and Lachlan Palaeochannel
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Figure 3: Lithological section – Morgan’s Lookout – Walla Walla (after Williams and Kulatunga, 2001)

6

|

NSW Office of Water, January 2013

Billabong Creek Alluvium - Groundwater Status Report 2012

2.2

Groundwater occurrence

There are 3 main productive zones (aquifers) where groundwater occurs down to a depth of about
100m in the geological formations discussed in the Section 2.1. They are mainly located between 10
– 20m (Upper Cowra), 30 – 40m (Lower Cowra) and 50 – 100m (Lachlan Palaeochannel) below
surface.

2.2.1 Lachlan Palaeochannel Formation
The most productive aquifer is in the deeper Lachlan Palaeochannel Formation which can yield up to
about 5 ML/day from an efficiently constructed bore. The palaeochannel is deeper than 50m from the
ground surface. It has steep edges and is up to about 1 km wide. Layers of grey coarse sand and
fine gravel, which forms the main aquifer, can be found within the palaeochannel any where between
50 – 100m below the ground surface. The sand and gravel layers are intercalated with grey clay
layers. The maximum thickness of the sand and gravel aquifer is about 10m. The extent of the
palaeochannel was mapped using the data from existing bores and is shown in the Fig. 2. All town
water supply bores and the majority of irrigation bores obtain groundwater from this aquifer.
Transmissivity of the aquifer can be as high as 640 m2/d in some places. Groundwater salinity varies
from about 300 S/cm at the eastern end to about 2000 S/cm at the western end (Fig 4).

2.2.2 Cowra Formation
Upper and Lower Cowra aquifers are less productive than the Lachlan aquifer and almost all stock
and domestic bores access Cowra aquifers. Yields are generally less than ½ ML/day from a bore.
However there are some instances where bores yielding over 1 ML/day from the Lower Cowra aquifer
east of Culcairn. The main drawback with Cowra aquifer is the elevated groundwater salinity where it
can be as high as 12,000 S/cm (Fig 4).
The aquifers are generally hydraulically connected to a varying degree with vertical water exchange
depending on the preferential leakage via sand or light textured sediments.

2.3

Groundwater resources investigations

Investigative drilling in the area first commenced around Ralvana Gap (a dam site investigation) in the
early 1960’s and then in search of groundwater for townships of Holbrook, Culcairn and Walla Walla
(Williams, 1976) and continued until late 1970’s. More recently the drilling program recommenced in
1999 and continued under specific projects either to investigate groundwater or install monitoring
bores. Some of the investigation bores have been converted to monitoring bores. Most of these sites
have multiple bores (nested sites), penetrating different aquifers at various depths. This enables the
measurement of groundwater pressure levels and water quality in those aquifers. The current
monitoring bore network consisting of 16 sites is shown in the Fig. 5.
The groundwater levels in monitoring bores are measured quarterly and entered into the NSW Office
of water corporate groundwater database (GDS). Some of the nested sites have been equipped with
automatic data loggers for specific projects to record continuous water levels. Data gathered during
drilling projects along with observed data on water levels and water quality have been used to
evaluate the groundwater resource potential, and to measure the impact of groundwater use and
changes to recharge patterns.
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Figure 4: Groundwater salinity
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Figure 5: Location of bores and their purposes
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2.4

Groundwater recharge

Three main sources of groundwater recharge can be identified in GWMA 014. They are direct rainfall
infiltration, Billabong Creek losses and flood plain recharge during flood events. The creek losses to
aquifers occur mainly downstream of Walla Walla. Groundwater recharge was first estimated by Ross
(1999), considering rainfall and creek loss (to aquifers) components, and again in 2005. These
estimates were done in absence of a numerical groundwater model, and considered only the rainfall
component in the latter estimate. The rainfall recharge was estimated as 12,500 ML/yr assuming 3
per cent infiltration averaged across the aquifer. Recharge figures can be reviewed in the future when
a numerical groundwater model is developed.
Groundwater flow in both the Cowra and Lachlan formation aquifers are generally from the east to the
west, in the same direction as the Billabong Creek flow.

2.5

Groundwater salinity

Groundwater salinity of the Cowra aquifer can vary from 200 S/cm to 12,000 S/cm. Low salinity
groundwater is found mainly in the upper part of the catchment or in sand lenses close to the creek
where direct river recharge takes place. Generally in the middle and the lower part of the catchment,
the salinities are medium to high due to low hydraulic conductivities, low hydraulic gradients and
evapotranspiration effects.
In contrast, salinity in the deeper palaeochannel (Lachlan Formation aquifer) is relatively low (300
S/cm – 2000 S/cm) and consistent. The increase of salinity is from east to the west as groundwater
progressively flows west. The salinity of the aquifer can rise slightly (locally) with pumping by town
water supply and irrigation bores but improves within few weeks of the cessation of pumping.
Williams (1976) reported on groundwater quality of GWMA 014 aquifer in detail for different localities.
The Riverina Water County Council and Greater Hume Shire (Culcairn) carry out regular water quality
sampling of their pumping bores.
Further to groundwater salinity, the information available on groundwater contamination is less
extensive. There are no reported groundwater contaminated sites in the area but there are few
industrial sites including feedlots and a tannery where there is potential for groundwater
contamination.

2.6

Groundwater level trends

Following the construction of the regional monitoring bore network in late 1960’s, it has been possible
to observe the behaviour of groundwater levels in regional aquifers. Maintenance of the network of
monitoring bores and continuous monitoring of water level/pressure levels are extremely important for
resource evaluation decision making process and efficient management.
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Plate 1 Groundwater monitoring bores recording water levels of three aquifers

The area is traditionally a dryland farming area and groundwater development for irrigation started
only in late 1990s. However town water supply bores have been active for over two decades. The
groundwater bores for town water supply are spread out therefore no noticeable pressure level decline
had been observed prior to the mid 1990s. Groundwater pressure levels throughout the GWMA 014
area in all aquifers are falling at about 10 cm/yr on average since the mid nineties (Figures 6 and 8).
Pressure levels are falling at a faster rate (up to 35 cm/yr) locally in areas where groundwater
development is taking place, particularly north of Holbrook. The hydrograph in Figure 7 shows clearly
the commencement of groundwater development in the area north of Holbrook from 1998. Pressure
level fluctuations as high as 15m are been observed during the pumping season in those areas
Long term trend of hydrographs are also related to climatic variation (Figure 9). This trend can be
noticed in Figure 8 where falling hydrograph from mid 1990s is due to dryer than normal climatic
condition prevailed from mid 1990s to 2010.
Similarities in pressure heads and pattern of pressure level fluctuations in hydrographs show that in
general the middle and lower (deeper) aquifers are hydraulically connected while the shallow aquifer is
not directly connected to the middle and lower (deeper) aquifers. Although a direct hydraulic
connection is not shown between the shallow and deep aquifers, the rising or declining pressure level
trend in the medium to long term in the shallow aquifer is similar to that of deeper aquifers.
Additional hydrographs prepared for other monitoring bores in the management area are shown in the
Appendix.
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Figure 6 Groundwater pressure levels – Garryowen area
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Figure 9: Cumulative difference from mean monthly rainfall (falling trend indicates drier than average
rainfall condition)
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3.

Groundwater licensing, entitlement and usage

3.1

Groundwater licensing

Groundwater access in GWMA 014 is regulated under the Water Act 1912 and is administered by the
NSW Office of Water. All bores must be licensed. Groundwater licences are issued for a range of
purposes including irrigation, town water supply, industry, recreation, stock domestic, investigation and
monitoring. High yielding bores (non stock and domestic purposes) are issued with ‘renewable
licences for five years, are limited by a volumetric entitlement, and are metered.

3.2

Resource allocation

Prior to 1984, groundwater for irrigation was authorised based on the irrigation area (and crops) and a
volume wasn’t specified in the licence. This practice was adapted from the surface water entitlement
rules at that time. These licences were converted to volumetric entitlements in 1984. Since 1984, all
bore licences issued have volumetric entitlements.
Volumetric entitlements were determined on the basis of property area for groundwater irrigators while
for the other uses such as town water, recreation and industry were determined based on the
requirement.
Stock and domestic users were allocated small volumes (in most cases 2 ML for domestic and 3 ML
for stock), and were not subjected to a licence fee (under the old Water Act), and there was no
metering and renewal requirement. However when the Water Management Act comes to effect (see
Section 4), this will change to basic landholder right category without specific volumes, and will be
covered under reasonable use guidelines.

3.3

Groundwater entitlements and usage

The total volume of groundwater entitlements in GWMA 014 area is 7,217 ML/yr on 47 licences. The
highest allocated purpose has been irrigation (Table 1). The aquifer was embargoed for new
entitlements (except stock and domestic use) in 2005.
Table 1

Groundwater entitlements (ML/year) for different purposes

Purpose

Entitlement (ML)

% of Total

No. of Licences

% of Total

Irrigation

3655

50%

23

50%

Industrial

494

7%

7

15%

Recreation

63

1%

4

8%

Town Water

1505

21%

12

25%

Salt Interception

1500

21%

1

2%

Groundwater usage has been relatively low (Fig. 10) compared to other aquifers in the Murray Valley.
It has been varying from 10 per cent to 30 per cent of the total entitlement during the last 10 years
with highest use in 2006/07, 2008/09 and 2009/10.
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Figure 10: Groundwater entitlements and usage
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4.

Groundwater management, policy and planning

4.1

Sustainable management

Until the 1990s, management of the state’s groundwater resources was generally focused on
investigation and subsequent development. Little attention was paid on the impacts that extraction
might have on its continuing availability and the possible impacts on the environment. Community and
government attitudes to natural resources and their management have matured over the last decade
or two. Concepts such as intergenerational equity (future resource availability), protection of biodiversity and maintenance of essential ecological processes are now explicit in groundwater
management planning.
The ‘NSW State Groundwater Policy Framework Document’, which was released as part of the 1997
Water Reforms, provides a clear NSW government policy direction on the ecological sustainable
management of the state’s groundwater resources. There are three component policies specified
under the framework document. They are groundwater quantity management, groundwater quality
protection and groundwater dependent ecosystems.
The ‘NSW groundwater quantity management policy’ highlights the need to manage the access to
groundwater within the sustainable yield of a system so that the availability of the resource is
sustained for all consumptive uses as well as the dependent ecological processes. For the purposes
of groundwater management in NSW, sustainable yield is defined as “the groundwater extraction
regime, measured over a specific planning timeframe that allows acceptable levels of stress and
protects the higher value uses that have a dependency on water”.

4.2

Managing entitlements and usage

Over time, all groundwater sources in NSW, including GWMA 014, will be regulated by the Water
Management Act (2000) and will be managed under a Water Sharing Plan. Until this occurs, the
aquifer will continue to be managed under the Water Act 1912. It is likely that the changeover will take
place during the later part of 2012.
An embargo on new licences has been in place in GWMA 014 since 2005. A new order was made on
4 July 2008 to Embargo any further applications for groundwater licenses in the entire Murray-Darling
Basin portion of NSW (inland), excluding those areas covered by a Water Sharing Plan. The order
replaced all other Embargoes which were in place in parts of the Murray-Darling Basin at the time,
including that in GMMA 014. Additional bores may be constructed to extract groundwater within
existing entitlements. Stock and domestic bores are allowed. This management arrangement is in
place at present because the entitlements for consumptive users are still within the estimated
recharge. All high yielding bores (annual entitlement higher than 20 ML) are required to be fitted with
flow meters to monitor the usage. State Water reads meters on a quarterly basis.
The temporary trade of ‘active water’ in GWMA 014 is permitted, subject to assessment in relation to
local groundwater and environmental impacts. The determination of ‘active water’ has been defined in
the NSW Office of Water Inland Groundwater Trade Policy (2009). Unused entitlement cannot be
carried forward to the following water year, and licensees cannot bring forward or borrow the following
year’s entitlement for the current water year.
These management arrangements are sufficient for the sustainability of the groundwater resource at
present because the total groundwater entitlements are less than the estimated sustainable yield of
the aquifer and also groundwater levels are not declining significantly.
The stock and domestic need (basic landholder rights) for the management area has been estimated
as 650 ML/yr.
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5.

Salt Interception Scheme

One of the features in this Groundwater Management Area is the implementation of a salt interception
scheme. The scheme exploits unique geological and hydrogeological features at Morgan’s Lookout
north of Walla Walla. The Lachlan palaeochannel containing the deeper aquifer is constricted at a
point where the creek changes rapidly from south-west to a westerly direction (Fig 11). These factors
cause the deeper aquifer to pressurise forcing groundwater into the shallower zones which in turn
pushes the shallow saline groundwater to discharge into the Creek (Fig 12). Investigations have
demonstrated that pumping from the deeper Lachlan Formation can control the saline inflow into the
Creek.
Figure 11: Plan view showing geological constriction at the interception site
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Figure 12: Diagram showing deep aquifer pressure pushing shallow saline water into the creek

The scheme consists of a production bore tapping the deeper Lachlan aquifer at 80 metres. It pumps
about 1500 ML/year of groundwater with a salinity less than 930 µS/cm. Groundwater pumping is
required when the creek flow is low. This pumping reduces saline groundwater (about 5,000 S/cm)
inflow from the shallow aquifer along a two kilometre reach of the Billabong Creek by reducing the
pressure levels in the deep aquifer that is pressurised by a reduction in the aquifer width and recharge
pressure. Reduction of pressure level of the deep aquifer enhances downward leakage of saline
water in the shallow aquifer and prevents it from flowing into the creek (Williams & Kulatunga, 2001).
Extracted low salinity groundwater from deep aquifer is discharged into the creek. This also helps
downstream stock users during the very low flow periods of the creek in the summer time. When the
pump is in operation, landholders in the area can also access pumped water from a standpipe located
on the laneway close to the pump site.
The scheme also benefits other local communities in the Billabong catchment. The lowering of the
salt load in the creek will contribute to achieve their catchment targets and water supply requirements
with environmental benefits. Biodiversity enhancement, through improving the quality, quantity and
connectivity of native vegetation, has been identified as one of the key natural resource issues to be
addressed within the Murray Catchment. The scheme is situated between the Walla Swamp and the
Billabong Creek, both of which are important biodiversity ‘hotspots’ in the catchment. A habitat
corridor has been established linking these two ‘hotspots’.
As the scheme has significant local benefits, the NSW government has arranged to lease half of the
salinity credits generated by this scheme to a local industry to cover the costs of operation and
maintenance which is estimated to be between $100,000 and $140,000 per year.
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Plate 2: Salt Interception Scheme pump site
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Plate 3: SIS discharge structure

Plate 4: Stand pipe

20

|

NSW Office of Water, January 2013

Billabong Creek Alluvium - Groundwater Status Report 2012

Plate 5: Pump site and standpipe in the background. Monitoring bores in the foreground

Plate 6:
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Morgan’s Lookout. Billabong Creek in the foreground along the tree line.
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Appendix: Groundwater hydrographs
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Appendix A1 Groundwater Pressure levels
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Appendix A3 Groundwater Pressure Level
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