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Summary
A coordinated approach to water use across the Basin states has been adopted through the implementation
of the Murray-Darling Basin Plan 2012 (Basin Plan). The Basin Plan (developed under the Commonwealth Water
Act 2007) ensures that water is shared between all users in the Murray Darling Basin including the environment.
One key component of the Basin Plan is the requirement for Basin states to develop water resource plans
(WRPs) for identified WRP areas. A WRP sets out the management and planning arrangements for Basin water
resources, taking into consideration connected resources. The first step in developing a WRP for a WRP area is
the identification and assessment of risks to the condition or continued availability of Basin water resources.
The risk assessment will inform the WRP development to ensure the WRP measures are fit for purpose and
commensurate with risk levels.
This risk assessment was undertaken for one of South Australia’s three WRP areas: the SA Murray Region WRP
area. As defined under the Basin Plan, the SA Murray Region WRP area incorporates all surface water and
groundwater resources within the South Australian Murray-Darling Basin, excluding the surface water of the
Lower Lakes and River Murray, and the surface water and groundwater of the Eastern Mount Lofty Ranges and
Marne Saunders Prescribed Water Resources Areas. Given the large extent and diverse nature of the SA Murray
Region WRP area, the area was subdivided into smaller sub-areas to assist in ensuring risks were adequately
defined and assessed. In total 11 sub-areas were defined based on similar characteristics. A risk assessment
process was undertaken using the Australia/New Zealand Risk Management standard (AS/NZS 31000:2009) to
identify, assess and evaluate risks to water resources. Specifically, current and future risks to the condition and
continued availability of the water resources of the water resource plan area over the term of the WRP (ten
years) were assessed taking into consideration potential environmental, social and economic consequences.
A total of 352 provisional risk statements were identified. Initial analysis (phase 1) prioritised 43 risk statements
for subsequent in depth analysis (phase 2). This second phase of the analysis involved a multi-disciplinary
expert elicitation process to identify and evaluate key evidence regarding risk (risk factors) and the effectiveness
and degree of implementation of existing risk controls including key government policy and programs. The
assessment determined that there are two significant risks (i.e. evaluated as medium or high) affecting the SA
Murray Region WRP area. Both significant risks are caused or influenced by management of water resources
outside the SA Murray Region WRP area, as they relate to resources and values that are dependent on water
levels in the River, the Lower Lakes, and flow over the barrages into the Coorong. Management strategies to
address these risks must therefore consider the management of upstream connected water resources.
It was determined that there is a high risk that management of connected water resources will affect water
dependent ecosystems in the Coorong surface water sub-area over the timeframe of the WRP. The Coorong is
highly dependent on flows from the River Murray to maintain its ecological character. Large scale development
of water resources upstream impacts water levels and water quality in the Coorong. Excessively high salinity
and/or inappropriate water levels affects key ecological processes in the Coorong (e.g. growth of the aquatic
plant Ruppia tuberosa) which are important for the Coorong’s ecological character. This risk has state and
national importance because the Coorong (as part of the Lower Lakes, Coorong and Murray Mouth Icon Site)
is listed as a wetland of international significance under the Ramsar Convention.
The medium risk relates to the unconfined groundwater aquifers of the Coorong, Lower Lakes and River Murray
and the potential for climate extremes to cause either an increase in discharge as a result of increased
evaporation from connected surface water or a reduction in recharge. The unconfined aquifers of this sub-area
are shallow and partially reliant on recent rainfall. If groundwater levels change as a result of climate change,
there is a risk that the groundwater-dependent ecosystems (GDEs) of the Coorong and Lower Lakes may be
adversely impacted. More importantly, climate extremes can result in altered surface water levels below Lock 1
(Blanchetown) and can therefore trigger increased discharge from the unconfined aquifers resulting in GDEs
being affected.
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1 Context
1.1 Need for risk assessment – Murray-Darling Basin Plan
The Murray-Darling Basin, located in south-eastern Australia, covers an area over one million square kilometres
and contains one of Australia’s most important river systems (the Murray-Darling). The river system provides
important resources to agriculture and irrigators across the four Basin states (NSW, QLD, Vic, SA) and ACT. It
also provides resources for a variety of ecological processes that support internationally and nationally listed
species.
Due to the importance of the water resources of the Murray-Darling Basin, a coordinated approach to water
use across the Basin States has been adopted through the implementation of the Murray-Darling Basin Plan
2012 (the Basin Plan). The Basin Plan (developed under the Commonwealth Water Act 2007) ensures that water
is shared between all users in the Murray Darling Basin including the environment.
Subsection 22 (1) of the Water Act establishes that the risks to availability of Basin water resources arise from:
a) The taking and use of water (including through interception activities);
b) The effects of climate change;
c)

Changes to land use; and

d) The limitations on the state of knowledge on the basis of which estimates about matters relating to
Basin water resources are made.
Chapter 4 (Section 4.02) of the Basin Plan identifies risks to condition, or continued availability, of Basin water
resources, and consequential risks. These include:


Insufficient water available for the environment



Water being of a quality unsuitable for use; and



Poor health of water-dependent ecosystems.

The following consequences of risk are identified (S4.02 (2)):


That insufficient water is available, or water is not suitable for consumptive and other economic uses
of Basin water resources, and



That insufficient water is available, or water is not suitable to maintain social, cultural, Indigenous or
other public benefit values.

Section 4.03 lists the strategies by which the Basin Plan manages, or addresses, identified risks. These strategies
include implementing the Basin Plan through key elements, which include water resource planning, and
promoting a risk based approach to water resource planning and management. Accordingly, S10.41 of the
Basin Plan requires that “a water resource plan must be prepared having regard to current and future risks to the
condition and continued availability of the water resources of the water resource plan area”. Once prepared,
water resource plans (WRPs) become formal instruments under the Water Act 2007 (the Water Act) when
accredited by the Commonwealth Minister for Water.
The risk assessment documented in this report aims to address these requirements of the Basin Plan for the
WRP area identified as the SA Murray Region (Chapter 3 of the Basin Plan) (Figure 1). This WRP area
incorporates both surface and groundwater (identified as SW5 and GW4 – Figure 2 and Figure 3 respectively).
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1.2 SA Murray Region Water Resource Plan area
The SA Murray Region WRP area covers an area of approximately 63 509 km2. It incorporates all surface water
and groundwater resources in this area excluding the surface water of the South Australian River Murray and
Lower Lakes (Lakes Albert and Alexandrina) identified as South Australian Murray (SS11) in the Basin Plan. It
incorporates the majority of the Murray-Darling Basin in South Australia from the state border in the east, to
the edge of the plains of the Mount Lofty Ranges in the west and south-east to the coast (Figure 1). The area
can be categorised into two different landscapes: the hills zone of the Olary Ranges and Mount Lofty Ranges
(along the north, north-eastern boundary) and the remaining plains region (CSIRO and SKM, 2010). Note that
the groundwater underlying the River Murray and Lower Lakes are also included in the SA Murray Region WRP
area despite the surface water being excluded.
This WRP area incorporates nearly all of the South Australian Murray-Darling Basin (SAMDB) Natural Resources
Management (NRM) Board region and a portion of the South Australian Arid Lands (SAAL) and South East (SE)
NRM Board regions (Figure 1). More than 125,000 people reside in the SAMDB NRM region (SAMDB NRM
Board, 2013a) with the majority of this population located in the townships of Murray Bridge, Burra, Berri,
Renmark, and Goolwa. Smaller populations reside in the portions of the SAAL and SE NRM regions in the WRP
area, which consists of state reserves, pastoral stations and minor townships such as Yunta and Manna Hill.
The SA Murray Region incorporates one of the most ecologically diverse and agriculturally productive areas in
South Australia. The key land uses identified in the region include grazing of modified pastures or natural
vegetation, cropping and nature conservation, with agriculture the dominant employing industry within the
region (SAMDB NRM Board, 2013a; SAAL NRM Board, 2010a).

2
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Figure 1. South Australian Murray Region Water Resource Plan area
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Figure 2. South Australian Murray Region surface water Sustainable Diversion Limit (SDL) resource units
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Figure 3. South Australian Murray Region groundwater SDL resource units
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1.3 Risk assessment sub-areas
The SA Murray Region WRP area is large and diverse. To promote consistent identification and analysis of risk,
the risk assessment considered smaller spatial extents likely to have similar characteristics with respect to risk
sources, events and consequences. A total of 11 sub-areas (Table 1) were defined according to a number of
attributes including:


Alignment to Basin Plan SDL units



Groundwater versus surface water



Confined versus unconfined groundwater



Prescription status under the NRM Act (SA) 2004



Climatic and landscape properties for surface water sub-areas.

1.3.1
Groundwater sub-areas
The Murray Basin contains a multi-layered regional groundwater system through which groundwater flows
under low hydraulic gradients from the basin margins toward the River Murray. This acts as a drain and is
consequently the focus for groundwater discharge. There are four main regional aquifers which contain
groundwater of varying yields and salinities:


Quaternary Limestone – an unconfined aquifer on the low-lying coastal plain in the south-west margin
of the basin in South Australia. It is connected with the underlying Murray Group Limestone and
contains groundwater of varying quality which flows toward the Coorong and Lower Lakes under low
gradients



Pliocene Sands – an unconfined aquifer saturated only in the north-east SA portion of the Basin. Salinity
is generally over 20 000 mg/L



Murray Group Limestone – a mostly unconfined aquifer containing low salinity water over large areas.
This aquifer has been developed for stock, domestic, irrigation and town water supplies



Renmark Group – a confined aquifer with salinities mostly in the range of 10 000 to 20 000 mg/L. It
has been developed for stock and domestic supplies around the basin margins where it is shallower
and fresher.

Barnett (2015) presents a detailed description of the hydrogeology of these aquifers. The following text
describes the groundwater sub-areas which are the focus of this risk assessment.
The prescribed groundwater resources sub-area (PGR) incorporate three areas where groundwater is
prescribed, or was formerly prescribed, under the NRM Act (Figure 4). Two of these three areas cover aquifers
having good quality groundwater which have been developed for stock, domestic, irrigation, mining and town
water supplies. These include:


Mallee PWA (GS3 SDL unit)



Peake, Roby and Sherlock PWA (GS5)

For the purposes of this assessment, the area of the formerly prescribed Noora Groundwater Management
Area (GMA) which sits outside the SA Murray Salt Interception Scheme SDL unit is also included in the PGR
sub-area.
A license is required for all groundwater extraction from the PWAs with the exception of water used for stock,
domestic, dryland crop spraying and firefighting purposes. The management approach and history, together
with more detailed descriptions of the hydrogeology are presented in Water Allocation Plans (WAPs) prepared
for each of the PWAs by the SAMDB NRM Board (SAMBD NRM 2010, 2012 and 2013c). Take from the Noora

6
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GMA is limited by the rules in the SAMDB NRM Plan (SAMDB NRM 2013b). For the purposes of this risk
assessment, the PGR sub-area has been partitioned into two sub-areas to differentiate between the risks to
unconfined and confined aquifers (Sections 1.3.1.1 and 1.3.1.2 respectively).
Non-prescribed groundwater (NPG) resources correspond to most of the SDL unit GS6 (Figure 5), with the
exception of the groundwater resources within the boundaries of the Coorong, Lower Lakes and River Murray
and the prescribed groundwater resources within GS6 (Figure 5). These resources cover an area of
approximately 45 998 km2 and cover most of the Murray-Darling Basin within South Australia. They includes
the sedimentary plains which extend from the state border in the east, to the Mount Lofty and Olary Ranges
which form highlands around the western and north-western margins of the basin. In the southwest, a lowlying coastal plain occurs.
There is limited extraction of groundwater in these non-prescribed areas. This is largely due to the high salinity
of the groundwater in the region. Stock and domestic use has been estimated at approximately 1.8 GL/y (S.
Barnett (DFW) 2010, pers. comm. 13 January, cited in CSIRO and SKM, 2010), and as extraction for these
purposes does not require a water license, it is unmetered. As with the prescribed groundwater sub-areas, nonprescribed groundwater has been partitioned into two sub-areas to differentiate between risks to unconfined
and confined aquifers (Sections 1.3.1.3 and 1.3.1.4 respectively).
The SA Murray Salt Interception Scheme (SAMSIS) corresponds to most of the SDL unit GS7 (Figure 6). It covers
an area of approximately 3986 km2 incorporating groundwater of the River Murray floodplain and adjacent
areas extending from the South Australian/Victorian border east of Morgan. The River Murray and its floodplain
are the focus for the discharge from the regional aquifers of the Murray Basin in SA, with the groundwater
systems near to the river holding more than 100 000 million tonnes of salt (MDBA, 2011a). Land clearing and
irrigation have increased the natural discharge processes.
Salt interception schemes are large-scale pumping operations that divert saline groundwater and drainage
water from entering the river or floodplain with disposal to a salt management basin some distance from the
river. These schemes, together with other actions such as improved irrigation practices and river dilution flows,
have reduced average annual salinity in the River Murray by approximately 120 mg/L (MDBA, 2011a). Subareas for the unconfined and confined aquifers of SAMSIS are defined (Sections 1.3.1.5 and 1.3.1.6 respectively).
Groundwaters associated with the Coorong, Lower Lakes and River Murray also form part of the SA Murray
Region WRP area. While the surface water resources of the SA River Murray WRP area (SS11), are outside the
scope of this risk assessment, the groundwater beneath this area is considered to be part of the regional
groundwater SDL resource unit GS6. The groundwaters area associated with the Coorong, Lower Lakes and
River Murray incorporates groundwaters up to the boundary of the SA Murray SIS SDL resource unit (Figure
7). Subareas for the unconfined and confined aquifers underlying the Coorong, Lower Lakes and River Murray
are defined (Sections 1.3.1.7 and 1.3.1.8 respectively).
1.3.1.1
PGR (unconfined) sub-area
Three unconfined aquifers make up the PGR (unconfined) sub-area. To the north-east, the Pliocene Sands
aquifer contains mostly saline groundwater and is virtually unused. In the central part of the Mallee PWA, the
unconfined Murray Group Limestone aquifer contains good quality groundwater used for stock, domestic,
irrigation and town water supplies (Figure 4). To the south-west, in the Peake, Roby and Sherlock PWA, the
Quaternary Limestone aquifer contains groundwater that is too saline even for stock use (Barnett, 2015).
In the Mallee PWA, a management decision was made to allow controlled depletion of the Murray Group
Limestone aquifer (both confined and unconfined), due to its robust nature and the large amount of storage
within the aquifer. The rate of extraction at the set limits for the different management zones totals 61 300
ML/y. This is predicted to result in a 15% depletion of the total resource volume after 300 years (Barnett, 2015).
1.3.1.2
PGR (confined) sub-area
Two confined aquifers make up the PGR (confined) sub-area. The deepest is the Renmark Group confined
aquifer which underlies the entire PGR area and contains usable groundwater. However this aquifer is only
used for stock, domestic, irrigation, and town water supplies in the Peake, Roby and Sherlock PWA where the
DEWNR Report 2017/20
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overlying Quaternary Limestone aquifer contains saline groundwater. The aquifer is not used in the Mallee
PWA due to its depth and unreliable yield (Barnett, 2015).
The capacity of the confined aquifer in the Peake, Roby and Sherlock PWA is limited by the potential for
degradation of the aquifer by two processes:


Excessive reduction in groundwater pressure levels resulting in depressurisation of the confined
aquifer and possible collapse of the overlying confining layer. This results in downward leakage of
higher salinity groundwater from the overlying unconfined aquifer.



Reversal of flow direction through concentrated extraction. Currently salinity of the resource
increases from east to west in the direction of flow. If a reversal in flow occurred this would result in
higher salinity water to the west flowing back towards the lower salinity water of the east (Barnett &
Yan, 2008).

Taking these factors into account, the capacity of the confined aquifer within the Peake, Roby and Sherlock
PWA has been assessed as 2168 ML/y (SAMDB NRM Board, 2010).
The second confined aquifer is the Murray Group Limestone aquifer, which is confined in the eastern half of
the PGR area (Figure 4). This is where most of the licenced extraction for irrigation occurs and where the salinity
is lowest. A salinity risk assessment for the Murray Group Limestone aquifer for the Mallee PWA (Barnett, 2007)
found that all salinity risks (due to inter-aquifer leakage and lateral inflows) are long-term with changes likely
over timeframes of decades to hundreds of years. Groundwater modelling (Barnett and Osei-bonsu, 2006)
found that in the area of maximum drawdown (and greatest potential for downward leakage), small increases
of 40 mg/L (which is 4% of current salinity levels) were predicted after 25 years. This level of increase is less
than the variation among observed values.
1.3.1.3
NPG resources (unconfined) sub-area
Beneath the plains region, there are three main unconfined aquifers. The Murray Group Limestone aquifer
covers most of the NPG area and contains groundwater with salinities generally between 3000 and 14 000 mg/L
and considered too high for irrigation but suitable for stock (Barnett, 2015). To the northeast, it is downwarped
below ground level and is confined and overlain by the Pliocene Sands which then becomes the unconfined
aquifer (Figure 5). The salinity of the Pliocene Sands aquifer is mostly within the range of 14 000 to 35 000
mg/L, but is higher in some areas. Consequently, there is no known use from this aquifer, with the exception
of a small area in the north-west where stock quality groundwater occurs which has been recharged by surface
water (Figure 5). Beneath the coastal plain to the south-west, the Quaternary Limestone aquifer contains
groundwater with variable salinities and is mainly used for stock watering.
The highland zone of the Northern Mount Lofty Ranges and the Olary Ranges is characterised by fractured
rock aquifers with varying yields and salinities (Barnett, 2015). Stock watering is the highest value use in this
area. The regional flow of groundwater within this sub-area is toward the Coorong, Lower Lakes and River
Murray sub-area and ultimately contributes flows to the water-dependent ecosystems within this sub-area.
1.3.1.4
NPG resources (confined) sub-area
The Renmark Group confined aquifer extends over most of the area on the plains, except in areas of shallow
or outcropping basement. It has been developed for stock and domestic purposes around the basin margin
where the overlying unconfined aquifer is too saline for such uses (Barnett, 2015). As mentioned previously,
the Murray Group Limestone aquifer is confined to the north of the River Murray (in the east of the sub-area)
where the Pliocene Sands aquifer forms the unconfined aquifer (Figure 5).

8
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Figure 4. Prescribed groundwater resources confined and unconfined sub-areas
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Figure 5. Non-prescribed groundwater resources confined and unconfined sub-areas
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1.3.1.5
SAMSIS (unconfined) sub-area
Unconfined aquifers within the SAMSIS occur both regionally and within the River Murray floodplain. The
watertable aquifer within the floodplain of the River Murray comprises the Monoman Sands which consists of
fine to coarse-grained, fluvial sands that are hydraulically connected to both the regional groundwater flow
system and the river (CSIRO and SKM, 2010). For the regional groundwater systems, the watertable is located
within the Murray Group Limestone aquifer in the western half of the area. This aquifer has an average thickness
of about 100 m. However to the east of Overland Corner, the Murray Group Limestone aquifer is downwarped
below ground level and is confined and overlain by the Pliocene Sands and then becomes the unconfined
aquifer. It thickens to the east to a maximum of about 50 m at the state border (Barnett, 2015). Most of the
groundwater within both unconfined aquifers is saline, ranging from 14 000 mg/L to 90 000 mg/L and is
therefore unusable for typical agricultural practices (RMCWMB, 2001; CSIRO and SKM, 2010).
The total volume of water extracted by the salt interception schemes in 2012–13 was approximately 9023 ML
with disposal by concentration and seepage back into the already highly saline regional aquifer. The time lag
between disposal and return to the river is sufficiently long that the benefits of interception are not affected
(MDBA, 2011a).
Within this sub-area, there are groundwater-dependent ecosystems some of which are located within the
Banrock Station and Riverland Ramsar Sites. However, while some of the water that supports these wetlands is
very likely to be from localised fresher groundwater resources within the floodplain, these ecosystems are
highly reliant on receiving surface water flows of adequate water quality to maintain the ecosystems that they
support.
1.3.1.6
SAMSIS (confined) sub-area
The main confined aquifer within the SAMSIS is the Renmark Group aquifer (Evans and Kennett, 1989). Within
a small portion of the sub-area to the east of Loxton, the Murray Group Limestone aquifer is also confined as
shown in Figure 4. The confined aquifers within the boundary of the SAMSIS are not currently accessed for any
purpose. The salinities of these aquifers tend to range between 14 000 and 35 000 mg/L. Groundwater
extraction is unlikely to occur due to these high salinity levels, the depth to the aquifers and the proximity of
the much fresher River Murray.
1.3.1.7
Coorong, Lower Lakes and River Murray (unconfined) sub-area
The boundary of the Coorong, Lower Lakes and River Murray unconfined groundwater (CLLRMUG) sub-area
underlies the River Murray from Morgan, down to and including the Lower Lakes and the Coorong. It covers
an area of about 1932 km2 (Figure 7). The unconfined aquifers in this sub-area have been described earlier in
this report, namely the Monoman Sands in the river floodplain, the Murray Group Limestone aquifer and the
Quaternary Limestone aquifer in the southwest in the vicinity of the Lower Lakes and Coorong. The regional
Murray Group Limestone and Quaternary Limestone aquifers contain stock quality water which discharge to
the surface water resources. Some low-lying saline areas around the lakes are below sea level and are
consequently the focus for regional groundwater discharge in preference to the lakes and Coorong. They
contain highly saline groundwater typically over 100 000 mg/L resulting from strong evaporative discharge
(Barnett, 2015).
1.3.1.8
Coorong, Lower Lakes and River Murray (confined) sub-area
The Renmark group is the only confined aquifer beneath the Coorong, Lower Lakes and River Murray and has
been described earlier in this report. It contains stock quality groundwater and is little used.
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Figure 6. SA Murray Salt Interception Scheme confined and unconfined sub-areas
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Figure 7. Coorong, Lower Lakes and River Murray surface water and groundwater sub-areas

DEWNR Report 2017/20

13

1.3.2
Surface water sub-areas
The surface waters covered by the WRP area are not prescribed under the NRM Act. For ease of analysis, most
of the South Australian surface waters of the SDL unit SS10 were divided into three sub-areas: the Northern
Mount Lofty Ranges (NMLR) sub-area, the non-prescribed surface water sub-area and the Coorong surface
water sub-area (Figure 8, Figure 9 and Figure 7 respectively). The major watercourses within these sub-areas
include Burra Creek, Olary Creek, Yunta Creek and Manunda Creek. Surface water resources of the SS10 SDL
unit that corresponds with the Ramsar Reserve boundary for the Coorong wetlands are included in a separate
sub-area as detailed in Section 1.2.1.4.
1.3.2.1
Northern Mount Lofty Ranges surface water sub-area
The Northern Mount Lofty Ranges (NMLR) sub-area is about 13 687 km2 and is bound by the Burra Creek
catchment and ‘pastoral paddocks’ (as defined by the pastoral paddocks spatial layer, available through the
DEWNR corporate databases) (Figure 8) (DEH, 2007). Aside from Burra Creek, this sub-area includes other
locally important surface water features, which are typically ephemeral and terminate as they fan out onto the
plains, especially near the northern border of the sub-area. These watercourses include Yunta Creek and part
of Manunda Creek. Other minor watercourses include Baldina and Newikie Creeks. There are a number of
water-dependent ecosystem features within the NMLR sub-area, some of which support flora and fauna
protected under State and National legislation as well as international agreements. Mallett Reservoir and
Gordon Lagoon are two of the main surface water bodies identified through mapping work undertaken for the
SA Murray Region.
Burra Creek receives flows from a catchment of approximately 934 km2. While the creek is within the MurrayDarling Basin, the surface water flows from the catchment to the River Murray are rare as the lower reaches are
flood plains that lack defined drainage (Deane et al., 2008). The last known record of this occurrence was in
1941(Deane et al., 2008).
The surface runoff generated within the catchment is very unreliable and the average total is highly influenced
by extreme events. In effect there is no ‘typical’ year in regard to generated stream flow. The predominant wet
period is during winter–spring, however summer storms can deliver large volumes of water during short
periods of time. As a result of such storms there have been extreme flood events during summer. The estimated
mean annual rainfall for the catchment is 417 mm (based on modelled data from 1884 to 2004) (Deane et al.,
2008).
Modelling suggests that farm dams are having a major impact on the stream flow of Burra Creek in all but
extreme rainfall years. Analysis of adjusted runoff based on observed stream flow suggests that dams intercept
up to 70% of total surface runoff during low rainfall years, although more recent analysis indicated that this
figure may be closer to 80% (Deane et al., 2008; AWE, 2011). The total dam storage was estimated to be 985
ML with 609 dams identified, 95% of which are under 5 ML, but 23% of the estimated storage is contained
within the remaining 5% of dams (Deane et al., 2008). Most of these dams are for stock water purposes, with
no irrigation dams identified within the catchment during field surveys or desktop analyses, although aerial
photography indicates that some flood irrigation of paddocks may be carried out in the central catchment
(Deane et al., 2008).
In the Olary Ranges stream flows are typically irregular Yunta Creek catchment is located within the Olary
Ranges and has a catchment area of approximately 680 km2 (McIntosh, 2001). The topography of this area is
typically flat to undulating. Annual rainfall averages 254 mm, evaporation averages 2500 mm and flows in the
creek are irregular due to the rainfall being highly variable (McIntosh, 2001). A low weir was constructed across
the streambed to divert flows to off-stream storages, with a combined capacity of about 48 ML (McIntosh,
2001). This was for the purpose of providing water to the ‘railway’ township of Yunta (McIntosh, 2001). The
salinity of the water is acceptable provided the weir gates are operated to preclude higher salinity flows. Based
on the most recent information SA Water now operates this scheme to provide Yunta’s town water supply
(McIntosh, 2001).
Manunda Creek is also located within the Olary Ranges. It is approximately 123 km in length, with the upper
catchment located outside of the Murray Basin and the mid and lower catchments straddling the NMLR sub-
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area and the non-prescribed surface water sub-area. Within the NMLR sub-area this ephemeral watercourse is
reliant on surface water runoff (Harding and O’Connor, 2012). It could be assumed that Manunda Creek
experiences similar rainfall to Yunta Creek, given its proximity with the closest weather station (station number
20021) reporting an annual average rainfall of 230 mm based on data recorded from 1880 to July 2014 (BOM,
2014b). It also supports one of the conservation priorities identified by the SAAL NRM Board as it has been
identified as one of the drainage lines that supports River Red Gums (SAAL NRM Board, 2010b).
1.3.2.2
Non-prescribed surface water sub-area
The non-prescribed surface water sub-area covers an area of 46 935 km2 and encompasses most of the South
Australian non-prescribed areas of the SS10 SDL resource unit, with the exception of the Coorong and NMLR
sub-areas. As shown in Figure 9 there are few surface water features throughout this area. The only creeks of
note are the lower reaches of Manunda Creek and Olary Creek. Olary Creek begins as Wiawera Creek, and
includes surface water-reliant wetlands that support at least two native plant species of state and national
significance. Olary Creek is also known to support River Red Gums and therefore is a conservation priority of
the SAAL NRM Board (SAAL NRM Board, 2014b).
These ephemeral creeks are primarily reliant on surface water runoff and potentially some groundwater
discharge (Harding and O’Connor, 2012). Although these creeks are located in a low rainfall (approximately
200 mm/y) and dry climate area typical of this region in South Australia, there can be episodes of extreme
flood. For example Olary Creek is believed to have experienced floods (of various magnitudes) in 1921, 1950,
1989 and 1997 (Westbrooke and Florentine, 2005). Further south the rainfall is slightly higher near the River
Murray at Loxton (greater than 260 mm/y) and the average annual rainfall continues to increase from the River
Murray towards the southern coast (greater than 450 mm/y at Meningie).
The water-dependent ecosystems (WDEs) shown on Figure 9 include the Noora Evaporation Lakes and Waltoa
Swamp near Lake Albert, and both are reliant on groundwater resources. Both of these WDEs support species
of state, national and international significance and while partially reliant on groundwater, these water
resources would also receive surface water runoff. The water-dependent ecosystems shown to the north of the
River Murray are all reliant on surface water runoff and some are artificial watering points such as dams.
1.3.2.3
Coorong surface water sub-area
The Coorong surface water sub-area incorporates the Coorong component of the Coorong and Lower Lakes
Ramsar Reserve. However, the surface waters in Lake Alexandrina, Lake Albert and the River Murray main
channel are not included in this sub-area (nor this risk assessment) as they form part of the SA River Murray
WRP area (as defined by the Basin Plan (Figure 7).
The Coorong surface water sub-area is approximately 630 km2 and forms a small but significant part of the
SDL unit SS10 (South Australian Non-Prescribed Areas) (Figure 7). The surface water of the Coorong Lagoon is
not taken for economic purposes due to its saline nature and location within a state reserve. The Coorong is
part of a Ramsar Convention-listed Wetland of International Importance. Modifications to the flow regime of
the River Murray have caused changes in the ecological character of this sub-area since its listing as a Ramsar
wetland in 1985 (Brookes et al., 2009).
The key feature of this sub-area is a shallow, brackish to hypersaline lagoon approximately 110 km long,
currently separated from the Southern Ocean by a narrow sand dune peninsula (Brookes et al., 2009). Between
1935 and 1940 five barrages were constructed between Lake Alexandrina, the Coorong and Goolwa Channel,
separating the River Murray from the sea and establishing a reservoir of fresh water in the Lower Lakes as
shown in Figure 7 (MDBA, 2011b). The Coorong has a single connection to the Southern Ocean near its
northern end through the Murray Mouth. The freshwater flows from the barrages located near the Murray
Mouth make the Coorong an inverse estuary (Wolanski, 1987, cited in Lester et al., 2009). There is a natural
gradient from estuarine conditions around the Murray Mouth to hypersaline conditions in the South Lagoon,
where the salinity is above normal seawater levels due to the low mixing with freshwater and high net
evaporation. The South Lagoon occasionally receives freshwater inflows from Salt Creek via the Morella Basin
and through groundwater base flow (EPA, 2008; Lester et al., 2009).
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Figure 8. Northern Mount Lofty Ranges surface water sub-area
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Figure 9. Non-prescribed surface water sub-area
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Before the construction of weirs, drains, dams or barrages, when the river, lakes and lagoons of this sub-area
functioned under natural conditions, the Coorong received significant freshwater inputs from the River Murray
via Lake Alexandrina, watercourses from the south-east and regional groundwater flows (MDBC, 2006). This
resulted in a regular flushing process that would reset the estuarine conditions and replenish the supplies of
nutrient and organic matter (MDBC, 2006). With infrastructure development along the River Murray and within
the Lower Lakes and Coorong, the River Murray flows are now the predominant freshwater source to the
Coorong due to the extensive drainage in the South East NRM region (indicated on Figure 7); this has altered
the regional groundwater system and reduced the volume of surface water runoff to the South Lagoon (MDBC,
2006; Montazeri et al., 2011).
Consumptive use of water throughout the Murray-Darling Basin has significantly reduced the average annual
stream flow at the Murray Mouth, by 61% since the Coorong, Lower Lakes and Murray Mouth was listed as a
Ramsar wetland (Brookes et al., 2009). High consumptive use combined with the Millennium Drought caused
there to be no inflows to the Coorong via the barrages during 2006 and 2009. This led to the closing of the
Murray Mouth and hypersaline conditions in the Coorong South Lagoon, where salinity levels reached four
times the concentration of seawater (Brookes et al., 2009). These extreme conditions were linked to a decline
in the abundance of fish and waterbird species and water plants (Ruppia spp) in the sub-area. This is one of the
reasons why the Basin Plan has a number of items under Chapter 8, Part 2 that are designed to protect and
restore the ecosystem functions of water-dependent ecosystems, in particular the Coorong and the associated
Lower Lakes and Murray Mouth system. In particular, the Basin Plan requires that:


The Murray Mouth remains open at frequencies, and for durations, sufficient to ensure that the tidal
exchanges maintain the Coorong’s water quality (in particular salinity levels) within the tolerance of
the Coorong ecosystem’s resilience; and



The levels of the Lower Lakes are managed to ensure sufficient discharge to the Coorong and Murray
Mouth and help prevent river bank collapse and acidification of wetlands below Lock 1, and to avoid
acidification and allow connection between Lakes Alexandrina and Albert, by:
o

maintaining levels above 0.4 metres Australian Height Datum (AHD) for 95% of the time, as
far as practicable; and

o

maintaining levels above 0.0 metres AHD all of the time.

1.4 South Australia’s water planning and management instruments
South Australia has a range of legislation, plans and policies addressing water planning and management
issues within the state. Collectively, these interventions address risks to water resources arising from multiple
sources and covering different scales.
Most importantly the Natural Resources Management Act 2004 (NRM Act) provides the legislative framework
for the sustainable management, planning and allocation of surface water and groundwater resources in South
Australia. Under this legislation, water resources can be prescribed, which requires them to be managed
through a water allocation plan and a water licensing system. In instances where a water resource is not
prescribed it is managed according to the policies of regional NRM Plans and the South Australian Environment
Protection (Water Quality) Policy 2003 (SA Water Quality Policy).
In accordance with the directions of the Agreement on a National Water Initiative 2004 (the NWI), South
Australia is moving towards risk based management of the state’s water resources. The Department of
Environment, Water and Natural Resources (DEWNR) has developed and published the Risk Management
Framework for Water Management and Planning (DEWNR, 2012a) and the Risk Management Policy and
Guidelines for Water Allocation Plans (DEWNR, 2012b). These frameworks adopt the principles and processes
of the AS/NZS 31000:2009 risk management standard for assessing and managing water resources risk in South
Australia.
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Table 1. SA Murray Region WRP risk assessment sub-areas
Resource

Resource type

Abbreviation

NRM regions

Corresponding SDL units

Unconfined groundwater

PGR unconfined

SAMDB

Mallee (Pliocene Sands) (GS3), Mallee (Murray Group Limestone)
(GS3), Peake, Roby and Sherlock (unconfined) (GS5)

Confined groundwater

PGR confined

SAMDB

Mallee (Murray Group Limestone) (GS3), Mallee (Renmark Group)
(GS3), Peake, Roby and Sherlock (confined) (GS5)

Non-prescribed
groundwater

Unconfined groundwater

NPG unconfined

SAMDB, SAAL, SE

Most of SA Murray (GS6) except the Coorong, River Murray and
Lower Lakes unconfined groundwater resources

Non-prescribed
groundwater

Confined groundwater

NPG confined

SAMDB, SAAL, SE

Most of SA Murray (GS6) except the Coorong, River Murray and
Lower Lakes confined groundwater resources

Unconfined groundwater

SAMSIS unconfined

SAMDB

Most of SA Murray Salt Interception Scheme (GS7)

Confined groundwater

SAMSIS confined

SAMDB

Most of SA Murray Salt Interception Scheme (GS7)

SAMDB, SE

Part of the Basin Plan SDL unit SA Murray (GS6). Incorporates
unconfined aquifers of the Coorong and Lower Lakes Ramsar Reserve
and the SA River Murray WRP area up to the SA Murray Salt
Interception Scheme SDL Unit

Prescribed
groundwater
resources
Prescribed
groundwater
resources

SA Murray Salt
Interception Scheme
SA Murray Salt
Interception Scheme
Coorong, Lower
Lakes and River
Murray

Unconfined groundwater

CLLRMUG

Coorong, Lower
Lakes and River
Murray

Confined groundwater

CLLRMCG

SAMDB

Part of the Basin Plan SDL unit SA Murray (GS6). Incorporates the
confined aquifers within the Coorong and Lower Lakes Ramsar
Reserve and the SA River Murray WRP area up to SA Murray Salt
Interception Scheme SDL Unit.

Northern Mount
Lofty Ranges

Surface water

NMLR

SAMDB, SAAL

The part of the South Australian Non-Prescribed Areas (SS10)
covering the Northern Mount Lofty Ranges. Incorporates the Burra
Creek catchment as well as other surface water resources.

Non-prescribed
surface water

Surface water

Surface water

SAMDB, SAAL, SE

Most of the South Australian Non-Prescribed Areas (SS10) except the
Coorong and Northern Mount Lofty Ranges sub-areas identified in
this report

Coorong

Surface water

Coorong SW

SAMDB, SE

Part of Basin Plan SDL units South Australian Non-Prescribed Areas
(SS10) incorporating the Coorong component of the Coorong and
Lower Lakes Ramsar Reserve
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2 Risk assessment methodology
2.1 AS/NZS ISO 3100:2009 risk management process
The WRP risk assessment methodology is based on the principles and processes of the AS/NZS 31000:2009
risk management standard (Joint Technical Committee OB-007, Risk Management, 2009) in accordance with
the requirements of the Basin Plan and DEWNR’s Risk Management Framework for Water Planning and
Management (DEWNR, 2012a). Under this standard, the risk management process is defined as the following
steps:
1) Establish context, which involves determining the internal and external parameters to be taken into
account when managing risk and setting the risk criteria
2) Risk assessment, involving:
a.

Risk identification, whereby risks are identified, recognised and described

b. Risk analysis, which involves comprehending the risk and determining the risk level, and
c.

Risk evaluation, whereby the results of the risk analysis are compared with criteria to
determine the acceptability or tolerability of the risk level

3) Risk treatment, involving decisions regarding management response to intolerable risks (e.g.
mitigation of likelihood or consequences, avoidance, transfer to another party, retain and accept)
This section provides an overview of the methodology and criteria adopted for the risk assessment.

2.2 Establishing context
The context for this risk assessment was developed through workshops with internal stakeholders including
DEWNR staff representing policy and science functions, and regional staff representing the three NRM regions
covered by the SA Murray Region WRP area (SAMDB, SAAL and SE). This established the purpose of the risk
assessment, spatial scales relevant for assessing and reporting risks and key state water planning and
management instruments (documented in Section 1.4).
The context setting process also established a set of principles underpinning the assessment scope and
methodology. Principles identified include the following:


Risk identification and analysis to determine risk level is to be a participatory process involving
representation from key stakeholders



Risks should, as far as possible, be assessed according to quantitative criteria.



Criteria for rating the level of the risk should be configured such that they are relevant given the
spatial and temporal scales addressed by the WRP, thus:
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o

The time period over which risks are assessed and reported is the 10 year timeframe of a
water resource plan (in this case, 2017–27)

o

Risk statements describe aggregate consequences at the scale of sub-areas

The scope of the risks assessed covers the following themes:
o

All water resource events potentially impacting the availability, quality, quantity and timing
of water

o

All potential sources of risk causing water resource events, including sources of risk outside
the sub-area being assessed, or outside the WRP area (Basin and non-Basin areas)

o

Environmental, social and economic consequences consistent with Basin Plan requirements,
state legislation and policy and regional planning
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The assessment is to draw on existing data and knowledge. No new investigations or monitoring
programs were initiated to inform the risk analysis

The scope of the present assessment excludes impacts to cultural values caused by water resource risks.
To ensure that the risk assessment was both sufficiently comprehensive while providing an adequately rigorous
assessment for potentially significant risks, it was agreed to undertake the risk assessment in two phases:


Phase 1: comprehensive identification and prioritization of inherent risks



Phase 2: in depth and participatory analysis of the priority risks identified through phase 1.

Phase 1 focuses on inherent risks, while phase 2 also addresses the effectiveness and implementation of
existing controls for identified risks such as state government policy and planning arrangements. Sections 2.3
and 2.4 below describe the methodologies for each phase of the risk assessment.

2.3 Phase 1 – Risk identification and prioritisation
2.3.1
Risk identification
Risk identification, which is the first of the three risk assessment steps, is the process of finding, recognising
and describing risks. It sets the scope of risk to be addressed by the subsequent risk analysis and evaluation
steps. To inform water resource planning, risk identification must address the scope of risks identified by the
Basin Plan (Section 1.1).
Descriptions of risk pathways (risk statements) were structured as follows:
‘There is the potential that [RISK SOURCE] leads to [EVENT] which results in [CONSEQUENCE]’.




Where a risk source is an element which alone or in combination has the intrinsic potential to give
rise to risk
An event is an occurrence or change of a particular set of circumstances
A consequence is the outcome of an event affecting objectives and may be expressed quantitatively
or qualitatively.

Consistent with the risk assessment context, an event was defined as a change in water quality and/or quantity:


Change in water quality – A change in the quality of the resource attributes outside the bounds of
what can be reasonably expected. Water quality attributes may include salinity, sediment load,
temperature, pH, pollutants, toxicants, nutrients and dissolved oxygen



Change in water quantity – A change in the amount of water available, outside the bounds of what
can be reasonably expected including either an increase or decrease in the amount available

A bow-tie diagram was used as a tool for engaging experts and stakeholders through the risk identification
process. The bow-tie diagram represents a chain of cause and effect in a timeline starting at risk sources
progressing to the event and then consequences. Sources of risk fan in from the left side of the diagram,
consequences fan out on the right side and events are represented by the “knot” at the centre (e.g. Figure 10).
They show that water resource events may be caused by multiple sources of risk, and may in turn lead to
multiple consequences.
When finalised, the bow-tie model provides a template for generating descriptions of risk consistent with the
generic risk statement (above). Provisional risk statements were produced by assembling all combinations of
risk sources and consequences for each of the 11 sub-areas defined in Section 1.3.1 and 1.3.2. Each risk
statement was assigned a unique identifier and recorded in the provisional and phase 1 risk register (Appendix
B).
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2.3.2
Risk analysis
The aim of risk analysis is to comprehend the nature of risk and determine the level of risk for each of the risk
statements produced through the risk identification process. Risk level is defined as the magnitude of a risk, or
combination of risks, as a function of consequences and their likelihood.
A challenge facing this assessment is the broad scope of risks identified combined with the large area to be
covered. To address this challenge, the analysis proceeded in two phases, with Phase 1 configured as a “broad
but shallow” desktop prioritisation process designed to short-list risks for a more rigorous and participatory
analysis process (phase 2). The phase 1 analysis method employed a review of literature, DEWNR corporate
databases and engagement with experts on an individual basis.
Likelihood was assessed as the probability that a source of risk causes an event (a change in water quantity
and/or quality) in the sub-area over a 10 year period (from 2017). Consequence was assessed as the severity
of impact for the relevant consequence category should an event occur in the sub-area. The criteria for
likelihood and consequence categories (Table 2 and Table 3 respectively) are intentionally high level and
generic in nature. Consequence criteria are linked to environmental, social and economic objectives consistent
with the outputs of the risk identification process. Further documentation of criteria is presented in Appendix
A.
To facilitate rapid prioritisation, complete risk statements were not analysed on an individual basis by the phase
1 assessment process. Instead likelihood and consequence levels were determined on a sub-area basis for each
risk source and consequence category of the bow-tie model respectively. These ratings were subsequently
combined using a risk matrix to produce risk ratings for all risk statements. This approach substantially reduced
the total number of assessments undertaken compared to assessing completed risk statements on an
individual basis.
2.3.3
Risk evaluation
Evaluation criteria are based on likelihood and consequence. The phase 1 analysis was followed by a risk
evaluation process to prioritise risk statements for further in-depth analysis. Criteria for this evaluation are set
out in a risk matrix of likelihood and consequence (Table 4). Additionally, confidence was graded for each risk
rating based on criteria from DEWNR (2012a) (Table 5).
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Table 2. Likelihood criteria used for phase 1 risk assessment
Category

Very likely (5)

Likely (4)

Description

Key

The estimated use or interception of water is higher than what is sustainable (current take). The data available indicates that the take over the next
10 years may increase above what is sustainable for the whole sub-area (potential take).

DfW

Adverse changes in water quantity and/or quality are largely the result of the infrastructure within this sub-area altering the natural water regime and
this impacts on the whole sub-area. There are no plans or measures currently in place to address this issue.

IaNF

The extraction or diversion of water resources in significant hydrologically connected WRP areas or the management of flow-controlling
infrastructure, outside of the sub-area resulted in significant detrimental impacts to the water resources of the sub-area in the past and/or are
currently occurring and preventative measures currently in place need to be improved or there are none.

CWR

A surface water resource or unconfined aquifer that is completely reliant on current rainfall and could experience an immediate and extreme
response to dry climatic conditions.

CC

Groundwater: Most of the sub-area is used for either ‘intensive uses’ or ‘irrigated agriculture and plantations’ and represents an unconfined aquifer
with a shallow water table.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is classified as ‘intensive uses’ or ‘irrigated agriculture and plantations’
and the sub-area generally receives high rainfall such that runoff would be likely to wash pollutants into the surface water features.

LRP

Most of the land within the sub-area has been affected by gully erosion and is highly susceptible to water erosion.

SE

Most of the sub-area is identified as having a high potential for acid sulfate soil development (i.e. sulfidic material is present throughout the subarea) and/or the soils contain sulfuric material (i.e. oxidations of the soils has occurred and been recorded).

AS

Almost all of the sub-area is likely to be susceptible to flooding.

Fl

The estimated use or interception of water is higher than what is sustainable (current take). The data available indicates that the take over the next 10
years will remain stable or decline (potential take).

DfW

Adverse changes in water quantity and/or quality partially due to infrastructure within this sub-area altering the natural water regime have been
observed and this impacts on the whole sub-area. There are plans or measures in place to address this.

IaNF

The extraction or diversion of water resources in significant hydrologically connected WRP areas or the management of flow-controlling
infrastructure, outside of the sub-area have occurred in the past but is not currently an issue; however the preventative measures planned or in place
need to be improved.

CWR

An unconfined aquifer with a shallow water table which has a direct relationship to climatic conditions and could experience an extreme response
over a short period of time.
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Category

Possible (3)

Unlikely (2)
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Description

Key

Groundwater: Most of the sub-area is used for either ‘intensive uses’ or ‘irrigated agriculture and plantations’ and represents an unconfined aquifer
with a deep water table.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is classified as ‘intensive uses’ or ‘irrigated agriculture and plantations’
and the sub-area generally experiences low rainfall.

LRP

The sub-area has been partially affected by gully erosion and is highly susceptible to water erosion.

SE

Most of the sub-area is identified as having a high potential for acid sulfate soil development.

AS

Most of the sub-area is likely to be susceptible to flooding.

Fl

The estimated use or interception of water is considered equivalent or just less than what is sustainable (current take). The data available indicates
that the take over the next 10 years may increase above the sustainable limit, even at a localised level (potential take).

DfW

Evidence suggests that the level of infrastructure in the sub-area is altering the natural flow regime but that adverse impacts to water quality or
quantity have not been recorded.

IaNF

The extraction or diversion of water resources in significant hydrologically connected WRP areas or the management of flow-controlling
infrastructure, outside of the sub-area have occurred in the past but is not currently an issue and preventative measures are planned or in place.

CWR

An unconfined aquifer with a shallow water table which is reliant on modern rainfall (i.e. receives minimal recharge from modern rainfall) and will
experience higher levels of extraction during dry climatic conditions that will impact on the long term sustainability of the aquifer.

CC

Groundwater: Most of the sub-area is used for either ‘production from dryland agriculture’ or ‘production from relatively natural environments’ and
represents an unconfined aquifer with a shallow water table.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is classified as ‘production from dryland agriculture’ or ‘production
from relatively natural environments’ and the sub-area generally receives high rainfall such that runoff would be likely to wash pollutants into the
surface water features.

LRP

The sub-area has been partially affected by gully erosion and is moderately susceptible to water erosion.

SE

Most of the sub-area is identified as having a low potential for acid sulfate soil development (i.e. localised occurrences).

AS

A significance portion of the sub-area is likely to be susceptible to flooding.

Fl

The estimated use or interception of water is considered equivalent or just less than what is sustainable (current take). The data available indicates
that the take over the next 10 years will remain stable or decline (potential take).
The infrastructure in place has not been observed to have an impact and based on the scale of the infrastructure in relation to the resource, there
may not be.
The extraction or diversion of water resources in significant hydrologically connected WRP areas or the management of flow-controlling
infrastructure, outside of the sub-area have not caused an impact to the water resources of a sub-area previously but current knowledge suggests
that it could.
A confined aquifer which is not recharged by modern rainfall and is a resource that experiences increased extraction during dry periods but is robust
enough to withstand this over a long period of time.

DfW
IaNF
CWR
CC
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Category

Very unlikely
(1)

Description

Key

Groundwater: Most of the sub-area is used for either ‘production from dryland agriculture’ or ‘production from relatively natural environments’ and
represents an unconfined aquifer with a deep water table.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is classified as ‘production from dryland agriculture’ or ‘production
from relatively natural environments’ and the sub-area generally experiences low rainfall.

LRP

The sub-area has been affected by minor gully erosion and is moderately susceptible to water erosion.

SE

Less than half of the sub-area is identified as having a low potential for acid sulfate soil development (i.e. localised occurrences).

AS

A small portion of the sub-area is likely to be susceptible to flooding.

Fl

The estimated use or interception of water is below what is sustainable (current take). The data available indicates that the take over the next 10 years
will remain stable or decline (potential take). There is not take from the water resources of the subarea or results in a positive outcome for the
surrounding environment (overall).

DfW

There is no infrastructure altering the natural flow regime in this sub-area.

IaNF

The water resources of the sub-area do not share a significant hydrological connection with a WRP area outside of the SA Murray Region and
currently there does not appear to be any infrastructure controlling the flow of water resources, outside of the sub-area which could affect the
quantity or quality of the water resources in the sub-area.
A confined aquifer which does not received modern recharge, is recharged outside of the water resource boundary and is at great depth or too saline
to be further extracted from during dry periods.

CWR
CC

Groundwater: Most of the land-use in the area is classified as ‘water’ or ‘conservation and natural environments’ and/or the aquifer is confined.
Surface Water: Most of the land use within 50 m of the watercourses and WDEs is classified as ‘water’ and/or ‘conservation and natural
environments’.

LRP

The sub-area has been affected by minor gully erosion and only has a low susceptibility to water erosion.

SE

Throughout almost all of the sub-area acid sulfate soil potential appears to be negligible.

AS

Almost none of the sub-area is likely to be susceptible to flooding.

Fl

Risk Likelihoods
DfW

Demand for water

IaNF

Infrastructure affecting natural flow regimes

CWR

Management of connected water resources

CC

Climate change and climate extremes

LRP

Land use releasing pollutants

SE

Soil Erosion

AS

Acid sulfate soil potential

Fl

Susceptibility to Flooding
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Table 3. Consequence criteria used for phase 1 risk assessment
Category
Very high
(5)

High (4)

Medium (3)

Minor (2)

Insignificant
(1)

Description
76 – 100% of the WDEs within this area are protected by legislation or policy that may require some form of management.

Key
WDE

The water resources of the sub-area represent the primary source for reticulated town or community water supply.

CHW

The water resources of this sub-area support a significant level of commercial purposes.

EUC

The extraction or diversion of water resources in the sub-area has an immediate and direct impact on the water resources of another WRP area such
that the quantity and quality of these resources are significantly reduced.

CWR

51 – 75% of the WDEs within this area are protected by legislation or policy that may require some form of management.

WDE

The water resources of the sub-area are a supplementary source for reticulated town or community water supply or supply a large number of
individual domestic uses.
The water resources of this sub-area support a high level of commercial enterprise.
The extraction or diversion of water resources in the sub-area has a direct impact on the water resources of another WRP area such that the quantity
and quality of these resources are greatly impacted.

EUC
CWR

26 - 50% of the WDEs within this area are protected by legislation or policy that may require some form of management.

WDE

The water resources provide supplementary non-potable town water supply and there is a medium level of use of water resources within the sub-area
for domestic and stock water supplies.

CHW

There is a moderate level of use of the water resources for commercial purposes.

EUC

The extraction or diversion of water resources in the sub-area has a moderate impact on the water resources of another WRP area in the long-term.

CWR

1 25% of the WDEs within this area are protected by legislation or policy that may require some form of management.

WDE

There is minor use of water resources within the sub-area for domestic and stock water supplies.

CHW

The water resources of this sub-area support a minor level of commercial use.

EUC

$10 000 – $100 000 decline in gross value of production

EUN

The extraction or diversion of water resources in the sub-area has a small impact on the quantity and quality of the WRP area in the long-term.

CWR

No WDEs within this area are protected by legislation or policy

WDE

Water resources in this sub-area are not used for town supply and the stock and domestic use is negligible.

CHW

The water resources of the sub-area are not used for economic purposes, or this use is negligible.

EUC

The level of extraction or diversion of water resources in the sub-area does not adversely impact on the water quantity or quality of another WRP area,
or there is no significant hydrological connection shared by this sub-area and another WRP area.

CWR

Risk Consequences
WDE
Water-dependent ecosystems impacted
CHW
Critical human water needs not met
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CHW

EUC
CWR

Economic use of water impacted (consumptive)
Connected water resources impacted
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Table 4. Risk matrix for water resources risk (after DEWNR, 2012a)
Consequence
Insignificant
(1)

Minor
(2)

Medium
(3)

High
(4)

Very high
(5)

Very likely (5)

L (5)

M (10)

H (15)

H (20)

H (25)

Likely (4)

L (4)

M (8)

M (12)

H (16)

H (20)

Possible (3)

L (3)

L (6)

M (9)

M (12)

H (15)

Unlikely (2)

L (2)

L (4)

L (6)

M (8)

M (10)

Very unlikely (1)

L (1)

L (2)

L (3)

L (4)

L (5)

Likelihood
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Table 5. Confidence criteria
Criteria

Low confidence

Moderate confidence

High confidence

Data/information

Not location specific;
Anecdotal evidence only;
Not tested;

Location specific (regional
scale);
Validated historical or
scientific evidence

Location specific (local
scale);
validated historical or
scientific evidence based on
specific hypothesis testing

Not applicable to the
scope and scale of the
assessment
Agreement

Not on interpretations or
risk levels

Mostly applicable to the
scope and scale of the
assessment
On interpretations or risk
levels

Applicable to the scope and
scale of the assessment
On interpretations and risk
levels

The phase 1 risk evaluation decision framework (Table 6) was configured to consider both the risk level and
risk assessment confidence to determine which risks should be subject to more rigorous investigation through
phase 2 of the analysis.
Table 6. Phase 1 risk evaluation decision framework
Outcome of phase 1 evaluation

Risk assessment confidence

Action

High risk

Any

Further analysis (phase 2)

Medium risk

Any

Further analysis (phase 2)

Low risk

Low

Further analysis (phase 2)

Low risk

Medium or high

Report only

2.4 Phase 2 – Assessment of priority risks
The second phase of the risk assessment was designed as a more rigorous assessment of risk statements
prioritised through the phase 1 analysis. Whereas the phase 1 analysis was a rapid desktop analysis supported
by engagement with individual experts where required, the phase 2 assessment was designed as a
multidisciplinary expert elicitation process involving engagement with a range of technical and policy
disciplines and internal stakeholders.
A key element of the phase 2 assessment process was consideration of the effectiveness and implementation
of existing or planned controls for managing risk. It is anticipated that information regarding controls will be a
line of evidence informing how water resource planning addresses medium and high risks.
The phase 2 assessment process was facilitated by the science and policy functions of DEWNR. Analysis of risks
involved engagement with South Australian government agencies having responsibilities for natural resource
management, conservation, potable water supply, health, environmental protection and economic
development. Participants included those with a role to manage risks related to water resources as well as
those holding relevant data or knowledge. Analysis included participation of staff from the three regional NRM
Boards falling within the SA Murray WRP area (SA Murray-Darling Basin, South East and SA Arid Lands). These
organisations represent community facing elements of NRM in South Australia.
To facilitate effective engagement and information management during the analysis process, the risk
assessment team structured the information relevant to each risk into worksheets. These worksheets then
served as the focus of analysis through workshops and subsequent meetings. Worksheets were designed to
provide a summary of the risk statements, factors and controls affecting risk level. They also included fields for
risk ratings and comments from participants during the analysis process and allowed additional factors and
controls to be identified.
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2.4.1
Risk identification
The phase 2 process commenced with a review of the priority risk statements identified through the first phase
of the assessment (Section 2.3). This review ensures that risk descriptions included sufficient detail to support
consistent analysis of risk at sub-area scales. The following changes or additions to risk statements where
considered:


Additional risk statements were formed where it was determined that the original statement covered
more than one pathway to an event or consequence



Multiple risk statements were combined into a single risk statement where it was determined that
similar sets of circumstances were being covered



Steps or events were added to the risk statement to more accurately represent an understanding of
the chain of cause and effect leading to a consequence



More specific descriptions were identified for risk sources, events and/or consequences relevant to
the context of the sub-area being addressed

Following the review, stakeholders and informants from DEWNR and other agencies were engaged through
workshops and meetings to analyse risks in detail. The analysis involved the following steps:


Identification, description and discussion of factors relevant to the risks to be assessed



Identification and evaluation of existing controls in place reducing risk, where controls are defined as
policies, plans or programs developed and/or implemented by government (state or
Commonwealth) to manage risks.



Assessment of the probability of outcomes of each consequence category to be used for final
derivation of risk level for each risk statement

2.4.2
Risk analysis
Risk analysis involved a series of multi-stakeholder workshops to identify and discuss risk factors, existing
controls and to assign likelihood and confidence for each priority risk.
2.4.2.1
Risk factors and controls
For each risk, participants collectively identified and discussed factors believed to be critical in determining
likelihood and consequence. Factors may affect the source of risk, event, or consequences of a risk statement.
Risk factors are recorded as a list against each risk statement. Also recorded are notes regarding the verifiability
of a factor such as references to technical reports, corporate databases or other sources of information.
An example of a factor affecting a risk source is current and future levels of take of water relative to sustainable
extraction limits. Factors affecting events may consider data or belief regarding the current trend and condition
(quantity, quality or regime) of the water resource. Factors relevant for consequences relate to the
environmental, social and economic values dependent on the resource and their vulnerability to changes in
resource condition. It is also relevant to consider the extent or frequency with which the chain of circumstances
described by the risk statement has occurred in the past.
A workshop with internal stakeholders was held to identify existing controls (government legislation, policy,
plans and programs) that could influence the likelihood of an event from occurring (preventative control
measures) or the consequences of an event should it occur (mitigation or recovery control measures). Controls
were recorded against all priority risks in the risk register.
Controls were evaluated during the risk analysis process. Participants discussed and evaluated controls against
each risk according to their implementation and effectiveness. Criteria for these attributes was drawn from
DEWNR, 2012a (Table 7 and Table 8 respectively).
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Table 7. Evaluation of control – level of implementation (after DEWNR, 2012a)
Level of implementation

Percentage completion

Complete implementation

>95% implemented

Mostly complete

75 – 95% implemented

Partially complete

30 – 75% implement

Mostly incomplete

5 – 30% implemented

Not implemented

< 5% implemented

Table 8. Evaluation of control – effectiveness of control (after DEWNR, 2012a)
Level of control
Controlled
Mostly controlled
Partially controlled
Mostly uncontrolled
Not controlled

Effectiveness
Total control or mitigation of risk
Risk is controlled in most
circumstances
Risk is controlled in some
circumstances
Risk is mostly uncontrolled by
measures
Controls do not mitigate the
impacts of the risk

Percent effective
>95% effective
75 – 95% effective
30 – 75% effective
5 – 30% effective
< 5% effective

2.4.2.2
Rating risks (likelihood and consequence)
Participants were asked to record individual judgements on the likelihood and consequence of each risk
informed by the collective deliberation on risk factors and controls (Sections 2.3.2 and 2.3.3). Risk level was
recorded as a probability distribution of consequences for each risk, with likelihood of between 0 and 100%
assigned against all five levels of consequence severity. Total likelihood for all consequence was required to
sum 100%, since consequence criteria describe all possible outcomes (i.e. from insignificant through the worst
conceivable consequence). This probabilistic approach to representing risk level allowed participants to express
uncertainty through the spread of likelihoods between consequence levels.
To support the phase 2 risk rating process, phase 1 consequence criteria were reviewed so that they describe
level of impact as opposed to likelihood of impact or the total current value under threat (Table 9). Likelihood
is defined as the probability that a given consequence level is the worst outcome observed over the risk
assessment timeframe.
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Table 9. Consequence criteria used for phase 2 risk assessment
Category

Very High (5)

High (4)

Description

Key

Significant loss of water-dependent ecosystem values having international, national or state importance. Recovery of environmental values not
feasible over timeframe of WRP (10 years).

WDE

Interruption to primary source for reticulated town or community water supply.

CHW

> 10 000 ML of water intended for consumptive use for commercial purposes no longer available.

EUC

> $10 million decline in gross value of production.

EUN

Water quantity and/or quality effects on connected water resources having very high impact on the environmental and/or beneficial use vales of
that resource.

CWR

Significant loss of water-dependent ecosystem values having regional or local importance. Recovery of environmental values not feasible over
timeframe of WRP.

WDE

Interruption to supplementary source for reticulated town or community water or interruption to a large number (>1000) domestic users.

CHW

1000 – 10 000 ML of water intended for consumptive use for commercial purposes no longer available.

EUC

$1 – $10 million decline in gross value of production.

EUN

Water quantity and/or quality effects on connected water resources having high impact on the environmental and/or beneficial use vales of that
resource.
Some loss of water-dependent ecosystem values having international, national or state importance. Recovery of environmental values is feasible
over timeframe of WRP.

Medium (3)

CWR
WDE

Interruption to supplementary non-potable town water supply, or interruption to a medium number (100–1000) domestic users.

CHW

100 – 1000 ML of water intended for consumptive use for commercial purposes no longer available.

EUC

$100 000 - $1 million decline in gross value of production.

EUN

Water quantity and/or quality effects on connected water resources having medium impact on the environmental and/or beneficial use vales of
that resource.

CWR
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Category

Minor (2)

Insignificant (1)

Description

Key

Some loss of water-dependent ecosystem values having regional or local importance. Recovery of environmental values is feasible over
timeframe of WRP.

WDE

Interruption to small number (<100) of domestic users.

CHW

10 – 100 ML of water intended for consumptive use for commercial purposes no longer available.

EUC

$10 000 - $100 000 decline in gross value of production.

EUN

Water quantity and/or quality effects on connected water resources having minor or negligible impact on the environmental and/or beneficial
use vales of that resource.

CWR

Any loss of water-dependent ecosystem values is minimal. Recovery possible without management intervention over timeframe of WRP.

WDE

Negligible impacts observed.

CHW

< 10 ML of water intended for consumptive use for commercial purposes no longer available.

EUC

<$10 000 decline in gross value of production.

EUN

Insignificant effect on environmental and/or beneficial use values of connected water resources.

CWR

Risk Consequences
CHW

Critical human water needs not met

WDE

Water‐dependent ecosystems impacted

EUN

Economic use of water impacted (non‐consumptive)

EUC

Economic use of water impacted (consumptive)

CWR

Connected water resources impacted
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2.4.3
Risk evaluation
Risk evaluation compares the results of the risk analysis with the risk matrix to determine risk level as a function
of likelihood and consequence. The following principles governing risk evaluation criteria were incorporated
into the risk matrix (Table 10):






Three possible levels of risk consistent with Basin Plan requirements – low, medium and high
Lowest likelihood (i.e. rare) always returns low risk. This is the desired outcome for any positive
consequence (i.e. minor and above)
Lowest consequence (i.e. insignificant) always returns low risk. This is the desired outcome for any
positive likelihood (i.e. unlikely and above)
Likelihoods of “likely” and “almost certain” always return significant risk (i.e. medium or high) for a
positive consequence (i.e. minor and above)
Consequences of “major” and “catastrophic” always return significant risk for a positive likelihood (i.e.
unlikely and above)

The risk analysis workshops produced a sample of probability distributions of likelihood and consequence for
each risk. The risk evaluation process calculated mean likelihood for each consequence level and then
compared each aggregate likelihood and consequence rating to the risk matrix (Table 10). This returned a set
of four provisional ratings per risk statement (insignificant consequence was excluded from this process since
it always indicates low risk). The highest risk from this distribution was then reported as the final risk rating for
the risk statement.
Table 10. Risk matrix. Risk level according to likelihood and consequence.
Consequence
Insignificant
(1)

Minor
(2)

Medium
(3)

High
(4)

Very High (5)

Very Likely (5)

L (5)

M (10)

H (15)

H (20)

H (25)

Likely (4)

L (4)

M (8)

M (12)

H (16)

H (20)

Possible (3)

L (3)

L (6)

M (9)

M (12)

H (15)

Unlikely (2)

L (2)

L (4)

L (6)

M (8)

M (10)

Very Unlikely (1)

L (1)

L (2)

L (3)

L (4)

L (5)

Likelihood

Where L = low; M = medium; and H = high
This risk evaluation process requires that likelihood is categorised into five levels. Criteria for likelihood levels
(Table 11) were developed through the context setting and risk evaluation steps of the risk assessment.
Together with the consequence criteria they are configured to reflect the context of the SA Murray Region.
Table 11. Likelihood categories as a percentage (phase 2 risk evaluation)
Likelihood category

Likelihood as a percentage

Very Likely

81 – 100%

Likely

61 – 80%

Possible

41 – 60%

Unlikely

21 – 40%

Very Unlikely

0 – 20%
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2.4.4
Evaluation of uncertainty
Section 10.41 of the Basin Plan requires that water resource plans describe any quantified uncertainties in the
level of risk. The probabilistic risk analysis allowed for quantitative evaluation of the uncertainty associated with
risks dependent on the distribution of likelihood ratings. Criteria for evaluating uncertainty (outlined in Table
12) are based on the spread of likelihood values across consequence categories in the risk probability
distributions. Risks having likelihood concentrated into a single consequence category are rated as having low
uncertainty, whereas a spread of likelihoods across consequence levels leads to higher uncertainty. The
uncertainty rating may be used to inform decisions regarding the treatment of risks. In cases where there is
higher uncertainty, it may be appropriate to prioritise further risk analysis.
Table 12. Risk uncertainty criteria
Level of Uncertainty

Criteria

Low

Maximum likelihood level assigned to a single consequence level >59%

Moderate

Maximum likelihood level assigned to a single consequence level <60% and >39%

High

Maximum likelihood level assigned to a single consequence level <40%

2.4.5
Risk evaluation – an example
Table 13 to Table 15 present examples of the risk evaluation process to demonstrate how the probability
distributions produced through risk analysis are converted into risk ratings. For the first example (Table 13) the
insignificant consequence level has the highest likelihood of being the worst case outcome over the risk
assessment timeframe. Mean likelihoods for higher levels of consequence all fall below the thresholds of
significant (medium or high) risk which means the risk is low. Uncertainty for this example is rated low since
likelihood is concentrated on a single consequence severity level (i.e. insignificant).
For the second example (Table 14) the analysis determined that there is “almost certain” likelihood of moderate
consequence severity, which returns a high risk rating. Since all the likelihood is concentrated on a single
consequence severity level, the uncertainty is rated low.
The third example (Table 15) illustrates very high uncertainty since all consequence severity levels are rated as
possible. The risk matrix returns therefore returns ratings of low, medium and high. According to the
precautionary principle, the highest risk is reported, which in this case is high.
Table 13. Risk evaluation. Example 1 – low risk, low uncertainty
Consequence

Likelihood

Insignificant

Medium

High

Very High

X

X

X

Very Likely
Likely

X

Possible
Unlikely
Very Unlikely
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Minor

X
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Table 14. Risk evaluation. Example 2 - high risk, low uncertainty
Consequence

Likelihood

Insignificant

Minor

Very Likely

Medium

High

Very High

X

X

X

Likely
Possible
Unlikely
Very Unlikely

X

X

Table 15. Risk evaluation. Example 3 – high risk, high uncertainty

Likelihood

Consequence
Insignificant

Minor

Medium

High

Very High

X

X

X

X

X

Very Likely
Likely
Possible
Unlikely
Very Unlikely

The outputs of the phase 2 risk analysis and evaluation, including factors that contribute to those risks,
evaluation of controls (their degree of implementation and effectiveness) and the outputs of likelihood and
consequence probability analyses are provided in Appendices C to J.
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3 Risk assessment results
This section presents results of the risk assessment process, including the two phases of the risk analysis,
described in Section 2. It addresses the context documented in Section 1.

3.1 Phase 1 – risk identification, preliminary analysis and prioritisation
The risk identification process (Section 2.3.1) used a bow-tie model to identify provisional risk statements
(Figure 10. ). Eight risk sources and four consequence categories were identified (summarised in Table 16). All
risk sources were combined with each of the consequences for the 11 sub-areas to produce a total of 352
provisional risk statements (Appendix B).
Table 16. Categories of risk sources and consequences derived from agreed bow-tie diagrams of risk
Risk sources

Event

Risk consequences

Climate change and climate extremes
Critical human water needs not met
Demand within sub-area
Acid sulfate soil potential

Water quality

Water-dependent ecosystems impacted

Management of connected water resources
or
Infrastructure affecting natural flow regimes
Susceptibility to flooding

water quantity

Economic use of water impacted

Soil erosion
Connected water resources impacted
Land use releasing pollutants

The 352 provisional risks were reviewed to identify risk sources or consequence categories not applicable for
a sub-area based on the following criteria agreed by participants in the risk identification process:
CRITERIA 1
 Infrastructure affecting flow regimes, erosion and susceptibility to flooding are very unlikely to cause
water quality or quantity events for groundwater resources
CRITERIA 2
 Water-dependent ecosystems are very unlikely to be impacted by events in confined groundwater
resources or unconfined groundwater having a depth to groundwater of greater than 10 m.
CRITERIA 3
 Acid sulfate soils potential is very unlikely to cause water quality or water quantity events for
confined groundwater resources.
Risks corresponding to these criteria were assigned a rating of low with high confidence and so were not
addressed by the remainder of the phase 1 and phase 2 risk analysis. Removal of these risks from the risk
register reduced the total number of risk statements by 128 leaving a total of 224 risk statements to be further
assessed through the phase 1 analysis process.
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Analysis based on the phase 1 analysis and evaluation methodology (Sections 2.3.2 and 2.3.3 respectively) led
to a total of 46 risk statements being prioritised for phase 2 of the analysis (fig. 16). These consisted of 13 risk
statements with a high level of risk and 33 statements with a medium level of risk (Appendix B). For the subareas: SAMSIS (confined) groundwater, NPG (confined) and CLLRMCG, no risk statements had a risk rating of
high or medium and consequently no further risk analysis was undertaken for these sub-areas. Prior to the
assessment step of phase 2, the 46 priority risks was reviewed and refined to develop the 43 risks that were
assessed in phase 2.
Appendix B is the register of provisional and phase 1 risks. It:


lists the 352 provisional risks identified using the bow-tie model,



identifies the 128 risks excluded from phase 1 analysis on the basis that they were not applicable to a
sub-area using the above criteria,



sets out the results of the phase 1 assessment, and



lists the results of the review of risk statements conducted prior to phase 2 assessment.
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Risk Source

Event

Consequence

Preventative Preparedness
Climate change and climate extremes

Critical human water needs are not met

Demand within sub-areas

Acid sulfate soil potential
Water-dependent ecosystems are impacted
Management of connected water resources

Water quality
and
water quantity

Infrastructure affecting natural flow regimes
Economic use of water impacted
Susceptibility to flooding

Soil erosion

Land use releasing pollutants

Connected water resources impacted

Figure 10. Bow-tie diagram depicting the risk identification statements for water quantity risks
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3.1.1

Issues for further investigation

Application of the results of the phase 1 risk analysis to the phase 1 evaluation and decision framework
(Section 2.2) identified the following broad issues warranting further investigation through the phase 2 analysis:
a) Potential impact of climate change and/or climate extremes on the water supply that supports critical
human water needs, economic water use and WDEs/groundwater-dependent ecosystems (GDEs). Risks
related to these factors were assigned high priority for further analysis due to the sensitivity of the
resource to climate change (i.e. unconfined aquifers or surface water). The key areas that may be
affected are the Coorong surface water, CLLRMUG and NMLR sub-areas.
b) Unsustainable demand for water could impact on the supply of water that supports critical human
water needs. This is flagged as a risk for the PGR unconfined and confined sub-areas, the NMLR subarea and the surface water sub-area as each resources in these sub-areas support town water supplies
(either as a key resource or as a supplementary resource). In addition, each of these resources is
currently managed at its sustainable limit. Demand was also identified as potentially impacting on the
economic-use of the resource and hydrologically-connected water resources within the PGR confined
sub-area. Within the NMLR sub-area, potential unsustainable use of water could impact on the WDEs.
This is particularly the case for Burra Creek.
c)

Management of significant hydrologically-connected water resources and infrastructure outside of a
sub-area can be an important source of risk if not effectively controlled. The potential for this to impact
water resources that support critical human water needs and economic use in the PGR confined subarea requires consideration of the effectiveness of controls currently in place. Consideration of the
effectiveness of mutual management arrangements within the PGR confined sub-area of significant
hydrologically-connected water resources with the Wimmera–Mallee WRP area is also required. The
Border Groundwaters Agreement is acknowledged but its effectiveness in achieving the desired
outcomes requires review in phase 2.

d) The management of the SA River Murray WRP area and the upstream connected river system, including
infrastructure warrants further review. A range of economic and critical human water needs is provided
through this infrastructure however they have been identified as also impacting on the WDEs of the
Coorong SW sub-area. Plans and measures are currently in place to address this, however their
effectiveness should be considered to determine if further treatment is required.
e) Infrastructure that alters the natural flow regime of surface water resources in the NMLR sub-area
could impact on the continued supply of water for critical human water needs. Impacts to WDEs in this
sub-area, particularly in Burra Creek, may also be occurring. The barrages within the Coorong SW subarea impact on the natural water regime in the sub-area, however this source of risk cannot be
addressed in isolation. The broader issues associated with the management of infrastructure and water
resources outside of the sub-area need to be considered in conjunction with item (d) above.
f)

The risk of particular types of land use which can cause the release of pollutants may result in impacts
to critical human water resources supported by the PGR and NPG unconfined aquifers. This potential
risk was identified because these two sub-areas support moderate to very significant critical human
water need values. Further investigation is warranted to determine if the controls in place (i.e. distance
of the hazardous land-use in relation to the stock and domestic and town water supply wells) are
effective.

g) Land use that may cause pollution was identified as a risk for areas within 50 m of watercourses and
drainage lines of the NMLR and Surface Water sub-areas. For the surface water sub-area this was
identified due to the relatively high concentration of intensive and irrigated land uses near the
watercourses and drainage lines, while for the NMLR it was identified as a potential issue due to the
value of the significant WDEs within the sub-area.
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h) The hazard associated with acid sulfate soil potential is a recognised risk to the significant GDEs and
WDEs of the SAMSIS unconfined, CLLRMUG and Coorong SW sub-areas. In the Coorong SW sub-area
the natural ability of the coastal environments to neutralise acid sulfate soils will need to be considered
as part of the phase 2 analysis.
i)

The susceptibility of the NMLR sub-area to flooding and soil erosion may lead to high concentrations
of particulate matter entering watercourses, adversely impacting water quality and WDEs. The water
resource may also be temporarily unsuitable for stock and domestic purposes. While the risk to WDEs
in the Coorong SW sub-area as a result of adverse water quality (from flooding) this process may have
a positive outcome for the health of these ecosystems and will also be considered as part of the phase
2 analysis.

3.2 Phase 2 – participatory analysis and evaluation
The 46 priority risk statements produced by the phase 1 assessment were reviewed in accordance with the
phase 2 risk identification process (Section 2.4.1). This review process identified a set of principles guiding the
scope of the phase 2 analysis (Table 17). Review of risk statements – issues raised and responses), which
informed the following changes to the risk register:


Four new risk statements were identified as a result of alternative risk pathways being recognised which
had not been identified during phase 1 (Table 18)



Six risk statements evaluated as not requiring further analysis according to the phase 1 evaluation
criteria were re-evaluated and included in the priority risk register (see Table 19 for risk statements
and reasons for inclusion).



13 risks were removed from the phase 2 assessment process by merging with other risk statements or
deletion as duplicates (see Table 20 for a list of removed risks including reasons for their exclusion).

A total 43 priority risk statements were addressed by the phase 2 participatory assessment process.
Table 17. Review of risk statements – issues raised and responses
Issue (from risk review and stakeholder input)

Principle guiding risk
identification

Climate change and
climate extremes

Temporal scale of risk assessment is too short to
distinguish climate change signal from natural
variability

Split risk statements to address
“Climate change” and “extreme
events” as separate risk sources. For
some sub-areas the same risk was
being assessed and so “climate
change” and “extreme events” were
considered jointly

Impact of climate
change/climate
extremes on confined
aquifers

Climate change and extreme events are unlikely to
have direct impacts on confined aquifers of the
region. Risks may be indirect in some cases – e.g.
drier conditions causing increased reliance on
groundwater

Remove risk statements to consider
potential indirect impacts where
applicable (addressed through
demand)

Potential impacts to
stock water supplies

Stock water supplies categorised as critical human
water need

Categorise as a risk to economic
production

Susceptibility to
flooding and land use

Inappropriate land use may cause susceptibility to
flooding – i.e. could be addressed in single risk
statement

Link two sources of risk and refactor
risk statements as appropriate

Element of risk

Following this review, the phase 2 assessment proceeded according to the methodology outlined in Sections
2.4.2 to 2.4.3. The results of this process are documented in detail in Appendices C to J, with each appendix

40

DEWNR Report 2017/20

corresponding to a sub-area having priority risks. The appendices present the following information for each
risk:


The risk identifier and final risk statement agreed for the risk



Categories of risk source and consequence from the bow-tie model



A summary of factors identified and discussed for each risk through the engagement processes



References for reports or data corresponding to factors where available



Relevant existing or planned controls including evaluation of effectiveness and implementation



Distribution of aggregate likelihoods for each consequence severity level



A figure showing how the probability distribution of consequences informs the final risk rating



Summary table of risk assessment outputs for phase 1 and phase 2 including the final risk rating.

The risk profile following the phase 2 assessment included one high (r844), one medium (r700) and 41 low
risks. The high and medium risk are summarised in Table 21. Both of these risks are classified as having
moderate uncertainty because likelihood was spread across multiple consequence severity levels with the
highest likelihood level falling in the 40-60% range (see uncertainty criteria documented in Table 12). These
risks are discussed further in Section 4.
The register of phase 2 risks is provided as Appendix K. The details of the phase 2 assessment are described in
the relevant appendices (C to J) which document outcomes of the risk analysis contributing to their evaluation.
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Table 18. New risk statements identified following phase 1 assessment review
ID

Sub-area

Risk statement

Comments

r853

CLLRMUG

There is a potential for land development within the sub-area to drain the local unconfined
groundwater leading to a drying of acid sulfate soils which impacts water quality leading to
water-dependent ecosystems being impacted.

Split from r696 since land development
represents a second pathway to acid sulfate
soil risk

r845

Surface water

There is a potential for extreme events (drought or flood or bushfires) to cause changed
water quantity/water quality causing critical human water needs to not be met

Split from r794 - extreme events and climate
change considered as separate sources of risk

r855

Surface water

There is a potential for extreme events (i.e. drought, floods, bushfires) to affect the quantity
and/or quality of surface water resources which in turn impacts the volume of water
unavailable or of unsuitable quality for its intended use

Split from r795 - extreme events and climate
change considered as separate sources of risk

r856

SAMSIS unconfined

There is the potential for irrigated agriculture in the SAMSIS subarea to cause release of
pollutants (agricultural chemicals and nutrients) into groundwater which in turn causes flow
of polluted water into connected water resources.

Additional risk pathway for this subarea
identified during workshop #1
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Table 19. Low risk statements requiring further assessment
ID

r645

r571

r583

r761

Sub-area

SAM SIS

Risk source

Consequence

Risk statement

Likelihood
rating

Consequence
rating

(L)

(C)
1

Land use
releasing
pollutants

Connected
water
resources
impacted

There is the potential for irrigated
agriculture in the SAMSIS sub-area
to cause increased recharge of the
unconfined aquifer which in turn
leads to flow of hypersaline water
into connected water resources
including the River Murray

3

Climate
Change and
drought

Economic use
of water
impacted

There is the potential for extreme
events (drought, flood) and climate
change to cause changed water
quantity/water quality impacting
the volume of water available or of
a quality unsuitable for its intended
use

3

NPG
unconfined

Land use
releasing
pollutants

Economic use
of water
impacted

There is the potential for land use
releasing pollutants to impact the
volume of water of suitable quality
available for its intended use

2

NMLR

Climate
Change and
drought

Connected
water
resources
impacted

There is a potential for climate
change/extreme events to affect
the quantity and/or quality of
surface water resources in turn
impacting connected water
resources (i.e. non-prescribed
groundwater)

5

NPG
unconfined
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Risk
score

Risk
level

Confidence
(based on
data only)

3

Low

Low (L)
Moderate
(C)

2

6

Low

Moderate
(L)
Moderate
(C)

2

4

Low

Low (L)
Moderate
(C)

1

5

Low

Moderate
(L)
Moderate
(C)

Reason for
further
assessment
Review source
of risk – i.e.
irrigated
agriculture

Review
economic
impacts of
interruptions to
stock water
supply
Review
economic
impacts of
interruptions to
stock water
supply
Address
potential
interactions
between
groundwater
and surface
water
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ID

r773

r843
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Sub-area

NMLR

Coorong
SW

Risk source

Consequence

Risk statement

Likelihood
rating

Consequence
rating

(L)

(C)
1

Land use
releasing
pollutants

Connected
water
resources
impacted

There is a potential for land use
releasing pollutants to affect the
quality of surface water resources
in turn impacting connected water
resources (i.e. non-prescribed
groundwater)

3

Management
of connected
resources

Economic use
of water
impacted

There is the potential for
management of connected water
resources to impact the quantity
and regime of water flowing into
the Coorong which in turn affects
the water quality impacting the
Coorong component of the
Coorong, Lower Lakes and River
Murray fishery

5

Risk
score

Risk
level

Confidence
(based on
data only)

4

Low

Low (L)
Moderate
(C)

1

5

Low

High (L)
Moderate
(C)

Reason for
further
assessment
Address
potential
interactions
between
groundwater
and surface
water
Phase 1
assessment did
not consider
potential for
impacts on
Coorong
fishery
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Table 20. Priority risks statements merged or deleted or not subject to further analysis
Risk ID

Sub-area

Phase 1 risk source

Consequence category

Phase 1 risk
level

Comments

r502

PGR
unconfined

Acid sulfate soil
potential

Critical human needs not met

Medium

Risk is low with high confidence.

r508

PGR
unconfined

Climate extremes

Water-dependent ecosystems

Medium

Risk is low with high confidence.

r538

PGR
confined

Climate extremes

Critical human needs not met

Medium

Merged with r542. Management of demand accounts for
potential climate extremes

r539

PGR
confined

Climate extremes

Economic use of water impacted

Medium

Merged with r543. Management of demand accounts for
potential climate extremes

r632

SAMSIS
unconfined

Acid sulfate soil
potential

Water-dependent ecosystems
impacted

Medium

Risk on high lands is low with high confidence. Risk to
floodplain addressed by r696

r639

SAMSIS
unconfined

Climate extremes

Water-dependent ecosystems
impacted

Medium

Groundwater in this sub-area is not dependent on recent
recharge. Re-rated low.

r786

NMLR

Susceptibility to flooding

Critical human needs not met

Medium

Merged with r774 since risk caused by susceptibility to
flooding is correlated with land use

r768

NMLR

Demand within sub-area

Water-dependent ecosystems
impacted

Medium

Merge with r772 following workshop #1. Risks caused by
infrastructure and demand are correlated.

r788

NMLR

Susceptibility to flooding

Water-dependent ecosystems
impacted

Medium

Merged with r776 since risk caused by susceptibility to
flooding is correlated with land use

r782

NMLR

Soil erosion

Critical human needs not met

Medium

Merged with r774 since risk caused by erosion is correlated
with land use

r828

Coorong SW

Climate extremes

Water-dependent ecosystems
impacted

High

Merged with r844. Management of connected resources
accounts for potential climate extremes

r852

Coorong SW

Susceptibility to flooding

Water-dependent ecosystems
impacted

High

Flooding has a beneficial impact on water-dependent
ecosystems in this context.

r836

Coorong SW

Infrastructure affecting
natural flow regimes

Water-dependent ecosystems
impacted

High

Merged with r844 since management of connected resources
accounts for operation of infrastructure
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Table 21. Phase 2 risk assessment – medium and high risks
Sub-area

ID

Phase 1 risk level

Phase 2 risk level

Risk statement

Coorong SW

r844

High

High

There is the potential for management of connected
water resources to cause changes to inflows of water
in turn leading to water quality changes impacting
water dependent ecosystems.

CLLRMUG

r700

High

Medium

There is the potential for climate extremes to cause
increased evaporative discharge (and/or reduced
recharge) leading to an impact on groundwater level
such that groundwater dependent ecosystems are
impacted.
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4 Discussion and conclusions
4.1 Risk Profile
A total of 352 risk statements were identified for the SA Murray Region WRP area across 11 sub-areas.
Following the phase one analysis and prioritization, a comprehensive participatory risk analysis was undertaken
for 43 risks. The final risk profile consists of 1 high risk, 1 medium risk and the remainder rated low or not
applicable.
Both significant risks were related to potential consequences to water dependent ecosystems. The assessment
determined that for the water resource planning context, there are no significant risks affecting critical human
water needs, economic use or connected water resources for the SA Murray Region. In these cases risks were
determined to either be inherently low or adequately controlled through existing water resource policy and
management instruments.
4.1.1
High risk – r844. Management of connected water resources -> WDEs impacted
The water-dependent ecosystems of the Coorong sub-area are at a high level of risk caused by management
of connected water resources potentially affecting the timing and volume of flows over the barrages. This, in
turn, could lead to water quality events causing an unacceptable change to ecological character of the Coorong
that is irreversible over the timeframe of the Basin Plan.
The Coorong, along with the Lower Lakes and Murray Mouth, is an icon site listed as a wetland of international
significance under the Ramsar Convention (Department of the Environment, 2013). The environmental values
of the Coorong are dependent on flows from the River Murray to maintain ecological character (MDBC, 2006).
Inherent risks caused by climate extremes are potentially exacerbated by management of the River Murray and
Lakes Alexandrina and Albert. Risk may arise from the operation of infrastructure, such as maintenance of water
level below Lock 1 during dry periods, and unsustainable diversions throughout the Murray-Darling Basin
resulting in insufficient volumes of water over the barrages. Severe impacts were observed during the
millennium drought when salinity in the Coorong increased to very high values as a result of reduced flows
from the River Murray over the Barrages.
Control of this risk is dependent on management of connected water resources both within South Australia
and at the Basin scale. The present assessment does not quantify the extent to which risk can be attributed to
management by different Basin states. However, it was noted that controls relevant for South Australian
connected resources, such as those operating within the South Australian River Murray or the South East,
provide limited opportunity for addressing this risk without additional water recovered by other Basin states
through implementation of the Basin Plan. Participants in the risk assessment process noted that full
implementation of the Basin Plan will contribute significantly to controlling this risk.
4.1.2
Medium risk – r700. Climate extremes -> WDEs impacted
Risk r700 relates to the unconfined groundwater aquifers of the Coorong, Lower Lakes and River Murray. The
unconfined aquifers of this sub-area are shallow and partially reliant on modern rainfall. The risk assessment
found that there is the potential for climate extremes to cause either an increase in evaporative discharge or a
reduction in recharge. Climate extremes may also cause reduced surface water levels below lock 1, which in
turn leads to increased discharge from the unconfined aquifers. These sources of risk potentially impact
groundwater levels which, in turn, could adversely affect the groundwater-dependent ecosystem values of the
Coorong and Lower Lakes Ramsar site. While this risk is caused by climate extremes, surface water levels below
lock 1 are largely dependent on flows over the border from upstream states.
As with r844, controls for this risk tend to be partially effective and partially to mostly implemented. It was
determined that capacity to control risks caused by climate extremes is inherently limited. Further to this, there
is significant uncertainty regarding the ecological significance of groundwater-dependent ecosystems on
Younghusband Peninsula and the extent to which the risk is caused by management of connected water
resources.
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4.1.3
Low risk
The risk identification process using the bow-tie template was designed to be comprehensive in order to
reduce the likelihood significant risks would not be addressed through this risk assessment process. This has
inevitably led to the identification of a large number of low risks. Many risks were found to be inherently low
due to the characteristics of the SA Murray Region WRP area. This was an expected outcome from this
assessment due to a range of factors including, but not limited to, the following:


There is little in the way of surface water resources over much of the area. Development
opportunities are limited and there are relatively few socio-economic or environmental values that
are dependent on these resources



Groundwater outside of the prescribed areas is generally characterized by high depth to
groundwater and/or high salinity. These characteristics are an inherent limit to the risks to these
resources. They are unlikely to be developed and they are not likely to be impacted by climate
extremes or other sources of risk. There are few environmental or human values dependent on these
resources.



Risks to Basin and non-Basin groundwater outside of the WRP area caused by events within the WRP
area are low due to limited hydraulic connectivity.

There were also a number of risks assessed as low due to implementation of effective controls. For example:


Groundwater affected by risks caused by take has been prescribed in accordance with the NRM Act.
Water allocation plans controlling the volume of take have been developed for these resources.



Risks posed by saline groundwater to the River Murray are controlled through measures such as the
salt interception schemes and salinity zoning policies for the River Murray Prescribed Watercourse
water allocation plan.



Risks to connected groundwater resources caused by take are controlled through water allocation
plans and the Border Groundwater Agreement.



Risks of point source and diffuse pollution of surface and groundwater are effectively controlled by
relevant planning and policy governed by the Environmental Protection Act 1993 and the NRM Act.

In these and other cases it could be the case that the inherent level of risk is significant unless there is continued
implementation of existing controls. It is recommended that water resource plans recognise the role that
existing controls play in managing these risks. The results of the assessment for priority risks
(Appendices C to J) document the effectiveness and implementation of relevant controls contributing to the
final risk rating.

4.2 Risk uncertainty
Risks not brought forward to the phase 2 participatory analysis were assigned a rating of low with low
uncertainty. Eight risks assessed through the phase 2 process are characterised by moderate uncertainty (Table
22), while no risks were determined to be high uncertainty according to the established uncertainty criteria
(Table 12). All remaining risks were determined to have low uncertainty. Both the medium and high level risks
(r700 and r844) are characterised by medium uncertainty. This is consistent with the general principle that risk
is correlated with uncertainty.
Out of eight risks having elevated uncertainty, five were caused by either climate extremes or climate change,
two were caused by land use and one was caused by management of connected water resources. Greater
uncertainty regarding climate change and climate extremes is consistent with expectations given that these
risk sources are inherently uncertain and uncontrollable in this context.
In terms of consequences, four of the eight moderate uncertainty risks describe potential impacts to water
dependent ecosystems, two impact economic use, one affects critical human water needs and one affects
connected water resources. This pattern is consistent with expectations since there is frequently an elevated
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level of uncertainty regarding ecosystem values and their response to changes in the availability or quality of
water.
Table 22. Risks having moderate uncertainty
Id

Sub-area

Risk source

Consequence

Risk
level

r570

NPG unconfined

Climate extremes

Critical human needs not met

Low

r856

SAMSIS unconfined

Irrigated agriculture releasing
pollutants

Connected water resources
impacted

Low

r700

CLLRMUG

Climate extremes

Water dependent ecosystems
impacted

Medium

r853

CLLRMUG

Land use exposing acid sulphate
soils

Water dependent ecosystems
impacted

Low

r763

NMLR

Climate change reducing
catchment yield

Water dependent ecosystems
impacted

Low

r795

Non-prescribed surface
water

Climate change

Economic use of water impacted

Low

r855

Non-prescribed Surface
water

Climate extremes

Economic use of water impacted

Low

r844

Coorong surface water

Management of connected
resources

Water dependent ecosystems
impacted

High

4.3 Revision of Baseline Diversion Limit
Following completion of the risk assessment documented in this report, South Australia re-negotiated the
baseline diversion limit (BDL) for the non-prescribed surface water resource unit (SS10) in the SA Murray
Region. The renegotiation was informed by a comparative analysis of GIS dam datasets in the Murray Region
Water Resource Plan Area (Herpich, 2016).
This revision has increased the BDL, and consequently the allowable take (sustainable diversion limit), from
3.5 GL to 55.2 GL. This significant revision accounts for the inclusion of existing limits under water management
law as at 2009 and existing dam development in much of the WRP area (approximately 22.7 GL of existing
development). The new BDL (and consequently sustainable diversion limit) means that there is still
approximately 29GL of development capacity throughout the SA Murray Region.
It was determined that the revisions will not impact the risk profile for the SA Murray region since the Natural
Resources Management Act 2004 provides for unlimited take under a general right to take water in nonprescribed areas unless there are rules in the relevant Natural Resources Management Plan that provide
controls. When the risk assessment was undertaken there were no rules limiting the volume of take throughout
most of the area other than parts of the northern Mount Lofty Ranges. The rules in the northern Mount Lofty
Ranges regarding sub-catchment limits remain in place regardless of the revised BDL under Basin Plan. All
other rules in Natural Resources Management Plans relating to the potential of any take to impact ecosystems,
resources and third parties remained unchanged and therefore any assessments made considering these rules
and risks, regardless of the volume that can potentially be taken throughout the area, also remain unaffected.

4.4 Conclusion
This report presents the outputs of a risk assessment methodology designed to address the requirements of
the Basin Plan for risk-based water resource planning in the SA Murray Region water resource plan area. The
two phase risk assessment process identified one high risk and one medium risk. These are considered
significant by South Australia which means they must be addressed by the SA Murray Region Water Resource
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Plan. One of these risks (r844) is caused by management of connected water resources, and it must also be
addressed by water resource plans for connected water resources both within SA and in other Basin States.
Both significant risks (i.e. medium and high) describe the potential for consequences to water dependent
ecosystem values in the Coorong, Lower Lakes and Murray Mouth area, with one risk affecting the waters of
the Coorong and the other affecting the unconfined groundwater underneath and around the Coorong. This
is an area that is well known for hosting significant ecosystem values. The Coorong is part of a Ramsar
Convention-listed Wetland of International Importance. Modifications to the flow regime of the River Murray
have caused changes in the ecological character of this sub-area since its listing as a Ramsar wetland in 1985
(Brookes et al., 2009). The risk assessment concluded that there is high risk of further unacceptable change
unless connected water resources, both within South Australia and the Basin as a whole, are managed
appropriately.
Risk is correlated with uncertainty. The significant risks were characterised by elevated uncertainty associated
with climate extremes, the potential for climate change, management of connected water resources not under
South Australian control and limitations of knowledge regarding environmental values and their potential
responses to water resource events. A number of low risks were also characterised by elevated uncertainty
(Table 22) although the uncertainty was insufficient in these cases for risk to be evaluated as medium or high
according to the risk evaluation criteria. It is recommended that water planning have regard for the ongoing
monitoring and evaluation of risks and the effectiveness of existing controls where there is significant
uncertainty.
The risk assessment determined that the overwhelming majority of the water resources covered by the WRP
area are characterised by low risk. It was found that the characteristics of the water resources combined with
the relatively low level of development means that risks are inherently low in many cases. In the cases where
resources are developed, the risks are adequately controlled through existing planning and policy including
the NRM Act and water allocation plans.
The high risk to the water dependent ecosystems of the Coorong (r844) is being caused by management of
connected water resources, which includes the entire Murray Darling Basin. This finding emphasises the
importance of full and timely delivery of the measures of the Basin Plan to recover sufficient environmental
water to reduce risk to this and other iconic environmental assets that are dependent on Australia’s biggest
river system.
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5 Glossary
This glossary is advisory and is intended to provide clarity about the intended definitions of terms within this
document. The majority of these definitions were taken from the Basin Plan and related documents; they are
provided here for convenience.
Demand

Refers to a combination of the actual and potential extraction and use of
groundwater or diversion and use of surface water resources.

Economic use

As it relates to the use of water, this term may include irrigation, industrial use
(e.g. mining) and intensive farming. While this phrase would generally refer
to water for potable and stock water supplies as well, for the purposes of this
document, the term critical human water needs incorporates these forms of
use.

Controls (within the
context of this risk
assessment only)

Controls are considered to be management instruments such as plans,
policies, regulations, licenses and permits under South Australian legislation
(e.g. the South Australian Natural Resources Management Act 2004 and the
South Australian Environment Protection (Water Quality) Policy 2003).

Critical human water need

Under Section 86A(2) of the Commonwealth Water Act 2007, this refers to the
needs for a minimum amount of water, that can only reasonably be provided
from Basin water resources, required to meet:
(a) core human consumption requirements in urban and rural areas; and
(b) those non-human consumption requirements that a failure to meet
would cause prohibitively high social, economic or national security
costs.
With regard to the SA Murray Region, this definition includes water resources
that are not licensed (e.g. stock and/or domestic use or riparian water rights)
as well as licensed water use under the NRM Act (e.g. SA Water supply).

Event

Occurrence or change of a particular set of circumstances. In the context of
this risk assessment, the following events were considered:


Change in water quality – a change in the quality of the resource
attributes outside the bounds of current known qualities.



Change in water quantity – a change in the amount of water available,
including either an increase or decrease in the amount available.



Change in water regime – a change in the timing or pattern of water
flows

Interception

The interception of surface water or groundwater that would otherwise flow,
directly or indirectly, into a watercourse, lake, wetland, aquifer, dam or
reservoir that is a Basin water resource.

Interception activity

The following types of interception have the potential to have a significant
impact on certain water resources and are considered interception activities:
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interception by run-off dams
interception by commercial plantations
interception by mining activities, including coal seam gas mining
interception by floodplain harvesting.
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Hydrologic connectivity

The physical ability for water to move between locations, and includes the
effect of the losses and constraints on flow along the way. This may occur,
either naturally or through infrastructure, in a number of ways, including:

longitudinally along rivers and laterally between rivers and their
floodplains (and associated wetlands) and anabranches

laterally and longitudinally with connected rivers

between surface water and groundwater, or between groundwater
systems

by way of infrastructure which connects water resources.

Significant hydrologic
connection

Hydrologic connectivity (see definition) is considered significant if the
connection is of consequence to the effective management of the water
resources of a water resource plan area and is relevant to the requirements
of Chapter 10 in the Basin Plan.

Level of risk

Magnitude of a risk or combination or risks, expressed in terms of the
combination of consequences and their likelihood.
(this is the meaning given in AS/NZS ISO 31000:2009 Risk Management—
Principles and Guidelines).

Management of a water
resource

Refers to any activities that control the flow of water outside of the ‘Take’ or
‘Interception’ of water.

Take (of water from a
water resource)

Means to (a) take water by pumping or siphoning; (b) to stop, impede or
divert the flow of water over land (whether in a watercourse or not) for the
purpose of collecting the water; (c) to divert the flow of water from the
watercourse; (d) to release water from a lake; € to permit water to flow under
natural pressure from a well; (f) to permit stock to drink from a watercourse,
a natural or artificial lake, a dam or reservoir.

Water-dependent
ecosystem

Aquatic habitats – i.e. Pools, watercourses and wetlands.
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1. DEVELOPMENT OF LIKELIHOOD CRITERIA FOR PHASE 1 RISK ASSESSMENT
This section presents criteria for assessing the likelihood that each of the sources of risk listed for the
SA Murray Region risk assessment will cause a water resource event, which is defined as an undesirable
change in the quality or amount of water available outside the bounds of what can reasonably be
expected (see Section 2.1.2 for an explanation of the risk identification and description template).
Sources of information referenced for the development of criteria and for rating likelihood have been
listed in the reference list of the SA Murray Region Risk Assessment report.

1.1

Demand for water within the sub-area

The demand for water refers to that for human consumptive use. A sustainable limit refers to the
capacity of a resource to provide for human consumptive use on an ongoing basis without
compromising either the integrity of the resource or environmental water requirements. High
consumptive use relative to the sustainable limit is correlated with an increased likelihood of an event
regarding quantity and/or quality of water resources which could then lead to environmental, social or
economic consequences.
Demand is related to the following:


Extraction from aquifers via wells;



Diversion, storage and extraction of surface water, through run-off dams, on-stream dams or
off-stream dams, or direct extraction from watercourses;



Plantation forestry (both irrigated and dryland); and



Interception by mining activities (e.g. dewatering of an aquifer to gain access to mineral
resources).

Factors affecting demand include the following:


Long term changes in land use likely to lead to increasing demand; and



Interception activities that alter the natural water regime.

Intensification of land uses away from relatively low intensity agriculture such as grazing, towards more
intensive uses such as viticulture, horticulture and residential development, places greater pressure on
water resources, highly productive agricultural land and biodiversity (EPA, 2008).
According to MDBA (2013), interception activities may include interception by:


Run-off dams



Commercial plantations



Mining activities, including coal seam gas mining



Floodplain harvesting (not practiced in SA according to SKM et al. 2010).

The analysis considers both current (existing) use and potential future use in determining the likelihood
for demand to cause an event. Determination of existing use considered the following lines of evidence:

2



Measured or estimated water extraction or diversion



Presence of forestry plantations



Current mining production tenements

Appendix A

Determination of potential future use considered these additional lines of evidence:


Trends in water extraction or diversion



Suitability of water quality to support social or economic development



Coverage of current mining exploration licences



Change in forestry plantation coverage



Change in land use associated with an increase in water use (not including forestry plantations)

The data and methods used to assess the indicators listed above are explained in sections 1.1.1 to 1.1.8.
Criteria for likelihood levels are presented in Table 2, with likelihood level chosen according to the
closest correlation between the relevant indicators and the rating descriptions. Results of the analysis
are presented in Table 3.
1.1.1
Measured or estimated water extraction or diversion
Data coverage for this indicator is not uniform across the WRP area, with some sub-areas such as the
PGR confined having metered data available through the DEWNR corporate water licensing database
(WILMA) and others having spatial data indications of the presence of wells or dams. In addition the
BDL and SDL values identified for each of the SDL Units defined under the Basin Plan are considered
and used in conjunction with the data available to make a judgment about the likelihood of water
extraction or diversion having an impact. It should be noted however that BDL and SDL values apply to
spatial extents that do not directly correspond to the sub-area boundaries.
Metered use
Based on data currently available, the metered extraction for the prescribed sub-areas for the 2012–13
water use year was calculated as:


PGR (Confined) – 33 572 ML



PGR (Unconfined) – 4765 ML



SAMSIS (Unconfined) - 9023 ML

Unmetered use
Unmetered use includes use for areas of the SA Murray Region that are not prescribed, or unlicensed
or unmetered use in prescribed areas. Estimates of non-metered use in the prescribed sub-areas were
considered in the determination of the relevant SDL value. According to Weir (2005), non-metered or
non-licensed use in prescribed areas may be for a range of purposes including:


Stock usage (excluding intensive farming and dairy usage);



Domestic usage (excluding rainwater);



Broad-acre/dry-land farming (non-irrigated crop and pasture spraying and associated
machinery wash-down, cleaning and associated auxiliary usage)



Establishments of windbreaks/shelterbelts
(predominantly); and



Each of the other exempt/non-licensable purposes (fire-fighting, road making, branch
broomrape control etc.)

along

fence

lines

by

dry-land

farmers
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Of these other water use purposes, commercial stock and domestic water use represented almost 100%
of the overall non-licensed use (Weir, 2005). The volume of non-prescribed water use is estimated as a
maximum of 2250 ML each year for the Mallee PWA (Weir, 2005). The estimated volume of demand in
the Peake, Roby and Sherlock PWA is 600 ML based on the estimation that there are 300 stock and
domestic wells assumed to each be extracting 2 ML/yr (SAMDB NRM Board, 2010). Thus compared to
licensed use for purposes such as irrigation of crops, the use for stock and domestic purposes represents
approximately 3% to 4% of all water use (Weir, 2005).
The methods of Weir (2005) for determination of stock and domestic use do not produce realistic results
in all circumstances. For some cases a simpler approach was employed whereby stock or domestic wells
were identified using the SAGeodata Drillholes Database (PIRSA and DEWNR, 2014). A filtering process
was then applied similar to the criteria used by Harding and O’Connor (2012) to estimate the
groundwater extracted across South Australia. Filtering criteria include:
a) Inclusion of water wells only.
b) Inclusion of wells for the purpose of groundwater extraction only (this included deleting the
wells without a purpose assigned).
c)

Deletion of all wells drilled prior to 1970.

d) Deletion of wells that had the status of either; abandoned, backfilled, blocked, collapsed, dry,
not located, plugged, suspended, and not operational.
e) Deletion of wells without salinity data.
f)

Selection of wells identified for the purpose of stock and/or domestic use.

g) Wells with a salinity concentration greater than 14, 000 mg/L were deleted as this is typically
the upper limit for stock water consumption.
To calculate the approximate volume being extracted by these wells in each of the groundwater subareas it was assumed that each well was extracting 2 ML/yr based on the approaches of SAMDB NRM
Board (2010) and SKM et al. (2010). In some instances the aquifer relating to extraction wells was not
identified and other means are used to provide an educated assumption as to what aquifer is being
accessed. This influences the confidence in the assessment.
With the exception of water used for mining, for the purposes of this assessment the following use
categories are assumed to place a relatively minor demand on water resources:


Industrial use



Supplementary water use for recreational purposes



Town water supplies in non-prescribed areas where it is not metered (e.g. for watering school
ovals)



Some wells identified as supporting irrigation where there is relatively small area of irrigated
land (i.e. based on DEH 2008)

Dams are a relatively minor source of supply for much of the SA Murray Region. Spatial analysis of dams
in the WRP area was undertaken using data from DEWNR’s corporate database, which is largely based
on aerial photography and some field observations between 1990 and 2013. Dams were identified
within each of the surface water sub-areas excluding dams coinciding with a River Murray Site Use
Approval (RMSUA) (i.e. signifies likely use of water from the River Murray). Based on the surface area of
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the dams the approximate volume capacity was calculated based on the approach of McMurray (2004)
as follows:


Farm dams of area less than 15 000 m2: Dam volume (ML) = 0.0002 x (surface area)1.25



For farm dams of 15 000 m2 or greater: Dam volume (ML) = 0.0022 x (surface area)

Volume of water that could be intercepted by the dams per year was determined based on the method
SKM et al., (2010):


Impact of dams (ML/year) = 1.1 x Volume of dams (ML)

The number and total volume of potential use each year was determined for each sub-area. Dams
having 5 ML or less are assumed to represent stock and domestic use, while dams greater than this
were assumed to be for irrigation or more large scale practices (SKM et al., 2010). The information
obtained through these assessments were used in conjunction with the analyses described under
sections 1.1.2 and 1.1.4 to gain a picture of the current demand in relation to the sustainability of the
water resources.
1.1.2
Presence of forestry plantations
This section considers demand by unirrigated forestry plantations caused by interception of surface and
groundwater resources. Demand caused by irrigation of forestry plantations is considered in
section 1.1.1.
It is assumed that dryland forestry only intercepts surface water and water from unconfined aquifers
having a watertable sufficiently shallow to be accessed by the root-zone. As the depth to groundwater
increases, reliance on groundwater decreases and alternative sources of water are required, primarily
from the unsaturated zone above the watertable (Eamus et al., 2006). In general there is reduced
groundwater dependence where the depth to watertable is greater than 10 m (Froend and Zencich,
2001, cited in Eamus et al., 2006).
Based on this information, where the watertable is less than 10 m below the surface it is assumed that
dryland plantation forestry is utilising water from the relevant unconfined aquifer. Figure 1 shows depth
to water table for the SA Murray WRP area highlighting areas where the watertable is less than 6 m
below the surface and where it is 6 to 20 m (after Alcoe et al., 2014). This analysis assumes that dryland
plantations coinciding with an area where the watertable is less than 6 m represent a demand from the
relevant unconfined aquifer.
The presence of dryland forestry plantations within each sub-area was assessed based on land use data
from DEH (2008). Demand from surface or groundwater resources was then inferred on the basis of
information on depth to watertable.
1.1.3
Change in forestry plantation coverage
An analysis of past and current trends in land use change was used as an indication of the likelihood of
increased demand due to dry land forestry. This analysis was based on land use data from 2003 and
2008. It is recognised that estimates based on this analysis will have low confidence.
1.1.4
Mining production
The location of active mining projects was obtained via the SARIG website (DMITRE, 2014). The Mindarie
Heavy Mineral Sand Mine (operated by Murray Zircon Pty Ltd) is the only major mining operation in the
region. Volumes of water required for supporting a range of mining operations is reported in the
Aurecon Australia (2010) report. A Section 128 authorisation to take water exists for this mine. It is
permitted to take 42.92 GL over 10 years with a maximum of 6 GL in any year from the Murray Group
Limestone Aquifer.
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No major projects or production licences for petroleum or geothermal resources were identified in the
region.
1.1.5
Potential for future mining production
PIRSA’s SARIG website (DMITRE, 2014) provides information on the presence of developing projects in
relation to geothermal, mineral and petroleum production and the coverage of existing mining
exploration licenses for the SA Murray Region. This information provides an indicator of the likelihood
of future expansion of mining activities in the region, albeit one having low confidence. It is recognised
that the size of the tenement covered does not necessarily indicate how big such an operation might
be. Also it is acknowledged that the expiry on existing tenements provides no indicator of the duration
of activities as tenements may be renewed.
Potential for change in mining activity over time was assessed for each subarea on the basis of this
information. Aurecon Australia (2010) indicates that the estimated use of water estimated for the next
ten years for the Mindarie mine will remain stable. For water from the unconfined MGL aquifer it is
assumed that the extraction will remain relatively stable at least until 2017 (SAMDB NRM Board, 2012).
1.1.6
Trends in water extraction or diversion
Trends in licensed use for the PGR sub-area can be determined from DEWNR 2014a and 2014b. The
data in these reports were used as the basis of an assessment as to whether water use is likely to increase
or decrease in the PGR sub-areas. Furthermore, relevant water allocation plans discuss potential future
demands. This has also been taken into consideration by this assessment. For non-prescribed sub-areas,
trends in drill dates and the knowledge available about the construction of dams was used as an
indicator. The primary source of data used for this assessment was SA MDB NRM data regarding Water
Affecting Activity permits required in accordance with the SAMDB regional NRM plan for construction
of dams.
1.1.7
Suitability of water quality
Water quality is often the limiting factor determining the use value of a water resource. Water quality
varies considerable across the water resources of the SA Murray region depending on resource type
and location. In general, water having sufficient quality to support human activities already supports
development with salinity being the key issue. Use values for different salinity ranges are presented in
Table 1.
The salinity ranges for the watertable (unconfined) aquifers, the MGL aquifer (unconfined and confined)
and the Renmark Group are presented in Figure 3, Figure 4 and Figure 2 respectively. These salinity
maps are based on the analysis and compilation of the information contained in the map sheets after
Barnett (1991, 1992, 1994a, 1994b and 1994c). This information underpinned analysis to determine the
likelihood of future development. The key principle underpinning this analysis is that that good quality
(i.e. low salinity) water supports a broader range of use values.
Table 1. Salinity - use values
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Salinity (mg/L)

Use value

< 1000

All purposes, including town water supply

1000 – 1500

Irrigation of most crops and stock and domestic use

1500 – 3000

Limited irrigation (more salt tolerant crops) and stock and domestic use

3000 – 7000

Stock water and industrial use

7000 – 14000

Upper limit for stock water and can be used for certain industrial use (e.g. mining)

> 35000

Industrial use (e.g. mining)
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Figure 1. Depth to the watertable in the SA Murray Region
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Figure 2. Salinity ranges of the Renmark Group aquifer in the SA Murray Region
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1.1.8
Change in land use associated with an increase in water use
In general irrigation consumes more water than other types of consumptive use. Therefore the
assessment factored in the likelihood of an increase in demand due to irrigation by considering trends
in land use. Land use data from 2003 to 2008 was accessed to determine trends as an indicator of
potential future trends in land use. Land irrigated using River Murray water was excluded from the
analysis on the basis of River Murray Site Use Approvals and water quality. It was found that available
data does not allow the sources of water being used for irrigation to be clearly differentiated between
surface water, unconfined groundwater or confined groundwater. Thus inferred land use change is
considered in conjunction with the other indicators of demand to determine the likely source of the
irrigation water.
Table 2. Likelihood criteria - Demand for water
Rating
Very likely (5)

Description
Current Take: The estimated use or interception of water is higher than what is
sustainable.
Potential Take: The data available indicates that the take over the next ten years
may increase above what is sustainable for the whole sub-area.

Likely (4)

Current Take: The estimated use or interception of water is higher than what is
sustainable.
Potential Take: The data available indicates that the take over the next ten years
will remain stable or decline.

Possible (3)

Current Take: The estimated use or interception of water is considered equivalent
or just less than what is sustainable.
Potential Take: The data available indicates that the take over the next ten years
may increase above the sustainable limit, even at a localised level.

Unlikely (2)

Current Take: The estimated use or interception of water is considered equivalent
or just less than what is sustainable.
Potential Take: The data available indicates that the take over the next ten years
will remain stable or decline.

Very unlikely (1)

Current Take: The estimated use or interception of water is below what is
sustainable.
Potential Take: The data available indicates that the take over the next ten years
will remain stable or decline.
Overall: There is no take from the water resources of the sub-area or results in a
positive outcome for the surrounding environment.
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Figure 3. Salinity ranges of the watertable aquifers in the SA Murray Region
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Figure 4. Salinity ranges of the Murray Group Limestone aquifer in the SA Murray Region
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Table 3. Results of likelihood analysis – demand for water
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Sub-area

Rating

Rationale

PGR (Unconfined)

Unlikely
(2)

Use and interception of water resources in these aquifers is close
to sustainable limits. Extraction is likely to remain stable due to
WAP.

PGR (Confined)

Possible
(3)

Use and interception of water resources in these aquifers is less
than sustainable limits. There is potential for increased use from
mining, although extraction is likely to be stable due to WAP.

SAMSIS
(Unconfined)

Rare (1)

Use and interception of water resources in these aquifers is
significantly less than sustainable limits. Extraction from these
aquifers is undertaken to reduce risk of salt export to the River
Murray.

SAMSIS
(Confined)

Rare (1)

There is no use or interception of water resources in these aquifers.

NPG (Unconfined)

Rare (1)

Use and interception of water resources in these aquifers is
significantly less than sustainable limits. There is little potential for
increased extraction for any purpose other than potential mining
developments.

NPG (Confined)

Rare (1)

Use and interception of water resources in these aquifers is
significantly less than sustainable limits. There is little potential for
increased extraction for any purpose other than potential mining
developments.

Northern Mount
Lofty Ranges SW

Possible
(3)

Use and interception of these surface water resources is close to
sustainable limits. There is little potential for increased extraction
for any purpose other than potential mining developments.

Surface Water

Possible
(3)

Use and interception of these surface water resources is close to
sustainable limits. There is little potential for increased extraction
for any purpose other than potential mining developments.

Coorong SW

Rare (1)

Use and interception of these surface water resources is close to
sustainable limits. There is no potential for increased extraction for
any purpose.

CLLRM UGW and
CLLRM CGW

Rare (1)

Use and interception of water resources in these aquifers is
significantly less than sustainable limits. There is little potential for
increased extraction for any purpose other than potential mining
developments.
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1.2

Infrastructure affecting natural flow regimes

For this assessment, presence of infrastructure such as weirs and regulators is considered as a risk to
the natural flow regimes of surface water and not groundwater. The purpose of these structures is
typically to meet transport, economic or sometimes environmental needs. However they can represent
a source of risk to water quantity and quality.
While the influence of dams in relation to the potential demand for water was considered under section
1.1.1, an indication of how many dams there are in a sub-area can give an indication of the extent to
which natural flow regimes have been altered. Dams identified as being on-stream were assumed to
have greater impact than those capturing surface water run-off. DEWNR spatial layers were analysed to
identify on-stream dams.
Table 4. Likelihood criteria - infrastructure affecting natural flow regimes
Rating

Description

Almost certain (5)

Adverse changes in water quantity and/or quality are largely the result of the
infrastructure within this sub-area altering the natural water regime and this
impacts on the whole sub-area. There are no plans or measures currently in
place to address this issue.

Likely (4)

Adverse changes in water quantity and/or quality partially due to
infrastructure within the sub-area altering the natural water regime have
been observed and this impacts on the whole sub-area. There are plans or
measures in place to address this issue.

Possible (3)

Evidence suggests that the level of infrastructure in the sub-area is altering
the natural flow regime but that adverse impacts to water quality or quantity
have not been recorded.

Unlikely (2)

The infrastructure in place has not been observed to have an impact and
based on the scale of the infrastructure in relation to the resource there may
not be.

Rare (1)

There is no infrastructure altering the natural flow regime in this sub-area.

Table 5. Results of likelihood analysis –infrastructure affecting natural flow regimes
Sub-area

Rating

Rationale

Northern Mount
Lofty Ranges SW

Possible
(3)

There are on-stream dams, weirs and drainage channels
potentially affecting flow regimes of surface water at the sub-area
scale. Impacts to water quantity and/or quality at the sub-area
scale have not been observed.

Surface Water

Unlikely
(2)

There are on-stream dams, weirs and an all-weather crossing
potentially affecting flow regimes at local scales. Regional scale
impacts have not been observed and are deemed unlikely.

Coorong SW

Likely
(4)

There are five barrages controlling flow of water into the subarea.
Impacts to water quantity and/or quality at the sub-area scale
have been observed.
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1.3

Management of connected water resources

The management of water from significant hydrologically connected water resources and the
management of infrastructure that controls the flow of connected water resources outside of a subarea is potentially a source of risk to water quantity and quality in the sub-area. The Basin Plan
Handbook for Practitioners (Water Resource Plan requirements) (MDBA, October 2013) defines
‘significant hydrological connection’ as a hydrological connection that is of consequence to the effective
management of a Basin resource. This assessment deals with connections to WRP areas outside of the
SA Murray Region WRP area. However this factor was examined for each sub-area rather than the SA
Murray Region WRP area as a whole.
The likelihood of there being an impact to water resources in a sub-area from this source of risk is based
on three key considerations;


whether there is a hydrological connection;



the degree of connectivity; and



whether the resource outside of the sub-area is being managed to prevent an impact from
occurring.

WRP areas adjacent to the SA Murray Region WRP area include:


SA River Murray WRP area (surface water area SW6 in the Basin Plan);



Eastern Mount Lofty Ranges surface water and groundwater WRP areas (SW7 and GW5
respectively);



New South Wales Murray and Lower Darling (SW8);



Lachlan and South Western Fractured Rock (GW11);



Western Porous Rock (GW6); and



Wimmera-Mallee surface water and groundwater WRP areas (SW4 and GW3 respectively).

Non-basin areas adjacent to the SA Murray Region WRP area include:


South East NRM Region (including Tatiara, Lower Limestone Coast, and Tintinara-Coonalpyn
Prescribed Water Resource Areas (PWRA))



Adelaide Mount Lofty Ranges NRM Region (including Barossa PWRA)



Northern and Yorke NRM Region



SA Arid Lands NRM Region (including any connectivity with the Great Artesian Basin)

Of particular significance are the aquifers shared between the SA Murray Region and the WimmeraMallee in Victoria that are managed under the Border Groundwaters Agreement 1985 (the Agreement)
(updated in 2005). The Agreement covers the Tertiary Limestone aquifer (MGL aquifer) and the Confined
Tertiary Sands aquifer (Renmark Group aquifer) within an area that extends 20 km either side of the
border from the coast to the River Murray. This area is divided into 22 management zones with 11 Zones
in each state (PIRSA, 2008c).
Water from these aquifers is used for irrigation, industrial use, stock and domestic supplies and town
water supplies (Barnett, 2015). The Agreement provides that the available groundwater shall be shared
equitably between the two states and applies to all existing and future wells, with the exception of stock
and domestic wells which are not covered by the Agreement. The allocation of the groundwater under
the Agreement is managed by the relevant legislation and management plans of South Australia and
Victoria.
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With respect to infrastructure the analysis identified significant infrastructure outside of the SA Murray
Region WRP area likely to impact on water quality or quantity. This could include operation of weirs and
locks within the SA River Murray WRP area and other upstream WRP areas. It also considers
infrastructure controlling flows from the South East drains potentially contributing water to the southern
lagoon of the Coorong.

Table 6. Likelihood criteria - Management of connected water resources
Rating
Almost
(5)

certain

Description
The extraction or diversion of water resources in significant hydrologically
connected WRP areas or the management of flow-controlling infrastructure,
outside of the sub-area resulted in significant detrimental impacts to the water
resources of the sub-area in the past and/or are currently occurring and
preventative measures currently in place need to be improved or there are none.

Likely (4)

The extraction or diversion of water resources in significant hydrologically
connected WRP areas or the management of flow-controlling infrastructure,
outside of the sub-area have occurred in the past but is not currently an issue;
however the preventative measures planned or in place need to be improved.

Possible (3)

The extraction or diversion of water resources in significant hydrologically
connected WRP areas or the management of flow-controlling infrastructure,
outside of the sub-area have occurred in the past but is not currently an issue and
preventative measures are planned or in place.

Unlikely (2)

The extraction or diversion of water resources in significant hydrologically
connected WRP areas or the management of flow-controlling infrastructure,
outside of the sub-area have not caused an impact to the water resources of a
sub-area previously but current knowledge suggests that it could.

Rare (1)

The water resources of the sub-area do not share a significant hydrological
connection with a WRP area outside of the SA Murray Region and currently there
does not appear to be any infrastructure controlling the flow of water resources,
outside of the sub-area which could affect the quantity or quality of the water
resources in the sub-area.
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Table 7. Results of likelihood analysis - management of connected water resources
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Sub-area

Rating

Rationale

PGR
(Unconfined)

Rare (1)

Connections with other resources exist but no impacts have been
observed. Connected resources are either relatively undeveloped, or
are judged unlikely to have impact at the sub-area scale.

PGR (Confined)

Possible
(3)

Connections with other resources exist but no impacts have been
observed. Connected resources are either jointly managed (i.e.
Border Groundwater Agreement) or are judged unlikely to have
impact at the sub-area scale.

SAMSIS
(Unconfined)

Rare (1)

Connections with other resources exist but no impacts have been
observed. Connected resources are either relatively undeveloped, or
are judged unlikely to have impact at the sub-area scale. The water
resources of the sub-area support no significant environmental or
beneficial use values.

SAMSIS
(Confined)

Rare (1)

Connections with other resources exist but no impacts have been
observed. Connected resources are either relatively undeveloped, or
are judged unlikely to have impact at the sub-area scale. The water
resources of the sub-area support no significant environmental or
beneficial use values.

NPG
(Unconfined)

Rare (1)

Connections with other resources exist but no impacts have been
observed. Connected resources are either relatively undeveloped,
are judged unlikely to have impact at the sub-area scale, and/or are
under management.

NPG (Confined)

Rare (1)

Connections with other resources exist but no impacts have been
observed. Connected resources are either relatively undeveloped,
are judged unlikely to have impact at the sub-area scale, and/or are
under management.

Northern Mount
Lofty Ranges SW

Rare (1)

No significant connection with other resources exists.

Surface Water

Rare (1)

No significant connection with other resources exists.

Coorong SW

Almost
Certain (5)

Connection with other resources exists. Management of connected
resources have caused significant impacts at the scale of the subarea. Existing and future management is unlikely to address the full
extent of potential impacts. The subarea supports significant
environmental and beneficial use values.

CLLRM UGW

Rare (1)

Connections with other resources exist. Management of connected
resources have caused local scale impacts. Further regional scale
impacts are judged unlikely.

CLLRMCG

Rare (1)

Connections with other resources exist but no impacts have been
observed. Connected resources are either relatively undeveloped,
are judged unlikely to have impact at the sub-area scale, and/or are
under management.
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1.4

Climate change and climate extremes

Climate change is a long-term source of risk whereas climate extremes are observed over shorter
periods of time. These two factors are related however with climate change being linked to the
frequency and length of climate extremes. For the purposes of this risk assessment these two sources
of risk are addressed together.
As general context, the whole of the Murray-Darling Basin has experienced extended drought during
the first decade of this century. The drought ended in 2012 with higher than normal flows were
experienced. Wetlands and ephemeral systems have since showed signs of recovery and groundwater
levels throughout the region have returned to historical levels (SAMDB NRM Board, 2013a).
Wood and Green (2011) and Harding (2012) document assessments of climate change risk to South
Australia’s water resources for the purpose of prioritising further investigations. These studies focussed
on prescribed resources and some priority non-prescribed surface water resources.
The analysis of Harding (2012) addressed the following three risk components:
1.

climate change risk

2.

resource sensitivity to climate

3.

resource significance.

In the context of the current assessment, climate change risk and resource sensitivity (components 1
and 2 respectively) are indicators of the likelihood of an event caused by climate change, whereas
resource significance (component 3) is an indicator of consequence.
Determination of climate change risk (component 1) is based on the changes in average potential
evapotranspiration (PET) and average rainfall predicted by an ensemble of downscaled global climate
models. These model predictions were obtained from CSIRO (2007) (cited by Wood and Green, 2011).
Model outputs are based on the 50th percentile projected percentage change in average winter PET and
average winter rainfall in 2070 compared to the baseline 1980-1999 period. The models assume a
medium emissions scenario (CSIRO, 2007).
Model outputs relevant to the SA Murray Region showed the potential for changes to rainfall and winter
PET in the region of -10 to -20% and 8 to 16% respectively relative to the 1980-1999 baseline (Wood
and Green, 2011). Given that the temporal scale of the present assessment is 2017–2027 it is proposed
that some of the change predicted for the 2070 timeframe is likely to be observed. Assumption a linear
rate of climate change, rainfall and winter PET by 2027 could range from -3.3 to -6.6% and 2.6% to 5.3%
respectively relative to the baseline.
To further examine which of the sub-areas could be most susceptible to these impacts, the sensitivity
of water resources (component 2) was assessed at a smaller scale. Table 8 summarises criteria for
resource sensitivity based on Wood and Green (2011). Areas having insufficient data to support a clear
assessment with regard to the resource sensitivity criteria were assigned a score of 1.5. This means
these areas have neutral impact on the overall resource sensitivity rating. Table 9 presents criteria for
estimating likelihood for this source of risk. Rather than using a numerical prioritisation score system,
the qualitative descriptions of the potential variation in sensitivity to climate change are used. Table 10
presents the results of the analysis for each sub-area.
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Table 8. Criteria for climate change sensitivity of water resources
Criterion

Weighting

a)

Confined aquifer

1

b)

Groundwater reliant on modern rainfall

3

c)

Aquifer response buffering

2

d)

Surface water resources

3

e)

Recharge catchment within resource boundary (If recharge occurs over a long
distance change to climate and recharge rates in the recharge catchment may
affect the resource only over very long time scales and there is low risk)

Yes or No

Table 9. Likelihood criteria - Climate change and climate extremes
Rating
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Description

Almost certain (5)

A surface water resource or unconfined aquifer that is completely reliant on
modern rainfall and could experience an immediate and extreme response
to dry climatic conditions

Likely (4)

An unconfined aquifer with a shallow watertable which has a direct
relationship to climatic conditions and could experience an extreme
response over a short period of time

Possible (3)

An unconfined aquifer with a shallow watertable which is reliant on modern
rainfall (i.e. receives minimal recharge from modern rainfall) and will
experience higher levels of extraction during dry climatic conditions that will
impact on the long term sustainability of the aquifer.

Unlikely (2)

An unconfined aquifer, or a confined aquifer which is not recharged by
modern rainfall, that is a resource that experiences increased extraction
during dry periods but is robust enough to withstand this over a long period
of time.

Rare (1)

A confined aquifer which does not received modern recharge, is recharged
outside of the water resource boundary and is at great depth or too saline
to be further extracted from during dry periods.
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Table 10. Results of likelihood analysis – climate change and climate extremes
Sub-area

Rating

Rationale

PGR
(Unconfined)

Unlikely (2)

In areas of greatest extraction (Mallee PWA) watertable is
deep with very low recharge rates not reflective of modern
rainfall trends. Resource is sufficiently robust to support
increased extraction in dry periods. In other areas where
unconfined aquifer has shallower watertable high salinity
limits beneficial use values.

PGR
(Confined)

Unlikely (2)

The aquifers are confined or semi-confined and do not receive
modern rainfall recharge. Dry periods could cause increase
use from Murray Group or Renmark Group aquifers, however
these resources are robust enough to recover to a new water
level equilibrium.

SAMSIS
(Unconfined)

Unlikely (2)

Aquifer receives minimal modern rainfall recharge and has no
significant environmental or beneficial use values. Increased
recharge is correlated with increased risk to connected
resources due to salt export.

SAMSIS
(Confined)

Rare (1)

Aquifer is does not receive modern rainfall recharge and has
no significant environmental or beneficial use values.

NPG
(Unconfined)

Possible (3)

MGL unconfined aquifer contains deep watertables with very
low recharge rates not reflective of modern rainfall trends.
Elsewhere, episodic recharge occurs only after very wet years.
Dry periods could lead to increased use for stock which could
in turn cause impacts.

NPG
(Confined)

Unlikely (2)

Aquifers are confined and do not receive modern rainfall
recharge. The aquifer does not support significant
environmental or beneficial use values.

Northern
Mount Lofty
Ranges SW

Almost certain (5)

Water resources are completely dependent on modern
rainfall. Dry conditions would cause significant and immediate
impacts.

Surface
Water

Almost certain (5)

Water resources are completely dependent on modern
rainfall. Dry conditions would cause significant and immediate
impacts.

Coorong SW

Almost certain (5)

Water resources are partially dependent on modern rainfall.
This sub-area is vulnerable to impacts due to climate events
or climate change in connected water resources (i.e. Murray).

CLLRM UGW

Likely (4)

Shallow unconfined aquifers receive modern rainfall recharge.
This resource is also subject to changes in evaporative
discharge due to climate events or climate change.

CLLRMCG

Rare (1)

Aquifers are confined and does not receive modern rainfall
recharge.
The aquifers do not supports significant
environmental or beneficial use values.
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1.5

Susceptibility to flooding

Susceptibility to flooding depends on a range of factors including the size of the catchment, the runoff
coefficient of the catchment, absorption characteristics of the soil of low lying land. The amount and
intensity of rainfall and soil antecedent moisture content affect the degree and duration of flooding.
Frequency of flooding is a function of all these factors, as well as long term weather patterns
(Maschmedt, 2002).
Flooding mostly occurs on relatively flat land where water collects on the ground surface at a greater
rate than it can either be absorbed or run off. This inundation type flooding usually occurs through the
concentration of water from overland flow and sub-surface flow in depressions or on plains. Flooding
can also occur on sloping land in drainage depressions due to over-bank flow. Flash flooding with high
energy potentially has high impact in terms of soil erosion and plant damage. Stream bank erosion and
sheet, rill and gully erosion adjacent to streams can occur (Maschmedt, 2002).
Flooding potentially causes damage to buildings and infrastructure; loss of livestock; impacts on soils,
crops and pastures; and impacts to the water quality of receiving surface water resources.
Flooding susceptibility is generally assessed in terms of type (i.e. flash flood or inundation), frequency
(i.e. how many floods per year, decade, etc.), and duration. The spatial scale of this assessment is defined
as a soil landscape map unit, which are delineated based on recognisable landscape features and within
which a limited range of soils occurs. The data for soil map units likely to be susceptible to flood are
drawn from Maschmedt (2002) and Hall et al., (2009). While the range of soils is known, their distribution
patterns are not mapped within each map unit which means soil landscape map units are
heterogeneous (Soil and Land Program, 2007). The analysis excludes soil map units representing urban
areas, reservoirs, quarries or evaporation pans.
Analysis to determine likelihood of flooding also considered information obtained through field
observations and inference. Observations were based on field site assessment of past flood evidence
such as debris, silt deposits and water marks, or anecdotal information from landholders, local
government staff or media reports. Inference is based on a judgement of the likelihood of flooding as
indicated by the nature of the terrain and soils, proximity to and size of watercourses, and knowledge
of the rainfall patterns of the district (Maschmedt, 2002). This approach is subjective yet was deemed fit
for purpose in the context of the present assessment.
As there is variable cover regarding soil mapping for the WRP area, an additional indicator was devised
to inform likelihood of flooding. Analysis of DEWNR and BOM spatial data regarding average rainfall
over a 10 year period, topography and presence of watercourses for the SA Murray Region was
combined with results of investigations into the history of flood events for Olary Creek described in
Westbrooke and Florentine (2005). Table 11 presents likelihood criteria while the results of the analysis
are listed in Table 12. Note that only surface water sub-areas are considered by this analysis.
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Table 11. Likelihood criteria - susceptibility to flooding
Rating

Description

Almost certain (5)

Almost all of the sub-area is likely to be susceptible to flooding

Likely (4)

Most of the sub-area is likely to be susceptible to flooding

Possible (3)

A significant portion of the sub-area is likely to be susceptible to flooding

Unlikely (2)

A small portion of the sub-area is likely to be susceptible to flooding

Rare (1)

Almost none of the sub-area is likely to be susceptible to flooding

Table 12. Results of likelihood analysis – susceptibility to flooding
Sub-area

Rating

Rationale

Northern Mount Lofty
Ranges SW

Possible (3)

A significant portion (up to 20%) of the sub-area is
susceptible to flooding.

Surface Water

Unlikely (2)

A small portion (less than 5%) of the sub-area is
susceptible to flooding.

Coorong SW

Likely (4)

Most of the sub-area is susceptible to flooding

1.6

Land use releasing pollutants

Land use is a source of risk to water quality. Land use types can be related to different types of water
resource hazards (Table 13). Table 14 proposes weighting criteria for different land use categories based
on SKM (2013b).
Risk is also correlated with vulnerability of the water resources to being impacted by pollutants. For
example, confined aquifers are much less likely to be exposed to a contaminant source (Table 14).
Conversely presence of watercourses and rainfall may increase the potential for pollutants to be washed
into surface water resources.
The EPA publishes guidelines and policies designed to prevent the potential impact of water pollution
for both surface and groundwater. Certain activities require an EPA licence. These include waste
management and disposal, intensive animal keeping, food production, manufacturing, mineral
processing and chemical processing or works. There are also guidelines regarding proximity of such
activities (Guidelines for Separation Distances, EPA 2007).
Further to these controls, Water Protection Areas may be declared under the South Australian
Environment Protection Act 1993. Water Protection Areas require that developments are subject greater
levels of design and management to ensure compliance with the Environment Protection (Water Quality)
Policy 2003 (EPA, 2007).
As these controls are already in place it was deemed the likelihood of hazardous land use impacting
water quality would in most cases already be mitigated – a factor considered by Phase 2 of this risk
assessment.
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The State groundwater quality monitoring, evaluation and reporting program (SKM, 2013b) used a
scoring approach to consider the likelihood of an impact occurring based on land use and the
vulnerability of the water resource being assessed to prioritise and compare the risk posed to
groundwater resources throughout South Australia. This approach was adopted for the land use hazard
component of the present assessment. Table 14 presents weighting criteria for different land use
categories after SKM (2013b).
Table 13. Land use and associated hazards (after EPA, unpublished)
Land Use

Example Hazard

Example Hazardous Event

Residential and urban, STED
and septic tanks

Pathogens, nutrients, sediment,
metals

Seepage from septic tanks,
stormwater, urban and industrial
runoff, vegetation clearance

Intensive animal keeping,
and grazing modified
pastures

Pathogens, nutrients, sediment,
pesticides

Stock access to watercourses,
animal manure, runoff, bank
instability

Seasonal and perennial
Horticulture

Nutrients, sediments, pesticides,
salinity

Cultivation, erosion, runoff,
pesticide and fertiliser
application

Forestry, mining

Dissolved organic C, sediment,
salinity

Erosion and runoff during
harvesting, replanting,
interception of groundwater
flow

Cropping

Nutrients, sediment

Cultivation, erosion, runoff

Roads

Sediment, nutrients

Stormwater runoff, spillage

The land use data in the analysis considered the categories of land use and applied relevant weightings,
which are replicated below in Table 14 (SKM, 2013b). Rather than using a scoring system a more
qualitative approach is used in this assessment based on the same principles and categories of land use
utilised by SKM (2013b) as shown in Table 14. To assess likelihood of impact to groundwater quality, an
analysis of DEWNR’s corporate spatial layers for land use was undertaken determine the density of the
different land use categories listed in Table 14 within each sub-area.
For surface water resources, likelihood was based on whether a given land use category existed within
a 50 m buffer of a watercourse or water body. Background information regarding the vulnerability of
the water resources in the sub-areas and the climatic conditions experienced by the sub-area was also
taken into consideration (Table 16). The types of land use included in each of the high level categories
outlined in Table 14 are presented in Appendix A.
Note that the likelihood assessment does not account for situations where existing water quality is such
that potential impacts do not significantly change the value of the resource. For example, the salinity of
an unconfined aquifer may already be very high meaning the salinity impact from activities such as
seasonal and perennial horticulture will be unlikely to change the utility of that resource for commercial
production. This consideration is addressed through the consequence analyses and the combination of
the likelihood and consequence ratings will reflect where the impact of such water degradation would
be of significance.
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Table 14. Land use and resource vulnerability in relation to the potential for water quality
degradation (after SKM, 2013b)
Land use category

Water Resource Type

Weighting

Water (e.g. lake, wetland, river)

N/A

0

Conservation and natural environments (e.g.
National Park)

N/A

0

Production from relatively natural environments (e.g.
grazing in native vegetation)

Confined Aquifer

1

Production from dryland agriculture and plantations
(e.g. grazing)

Semi-confined Aquifer

2

Production from irrigated agriculture and
plantations (e.g. irrigated cropping)

Unconfined Aquifer (deep
watertable >5m)

3

Intensive uses (e.g. industry)

Unconfined Aquifer (shallow
watertable <5m)

4
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Table 15. Likelihood criteria – land use releasing pollutants
Rating

Description

Almost
certain (5)

Groundwater: Most of the sub-area is used for either ‘intensive uses’ or ‘irrigated
agriculture and plantations’ and represents an unconfined aquifer with a shallow
watertable.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is
classified as ‘intensive uses’ or ‘irrigated agriculture and plantations’ and the sub-area
generally receives high rainfall such that runoff would be likely to wash pollutants into
the surface water features.

Likely (4)

Groundwater: Most of the sub-area is used for either ‘intensive uses’ or ‘irrigated
agriculture and plantations’ and represents an unconfined aquifer with a deep
watertable.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is
classified as ‘intensive uses’ or ‘irrigated agriculture and plantations’ and the sub-area
generally experiences low rainfall.

Possible (3)

Groundwater: Most of the sub-area is used for either ‘production from dryland
agriculture’ or ‘production from relatively natural environments’ and represents an
unconfined aquifer with a shallow watertable.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is
classified as ‘production from dryland agriculture’ or ‘production from relatively natural
environments’ and the sub-area generally receives high rainfall such that runoff would
be likely to wash pollutants into the surface water features.

Unlikely (2)

Groundwater: Most of the sub-area is used for either ‘production from dryland
agriculture’ or ‘production from relatively natural environments’ and represents an
unconfined aquifer with a deep watertable.
Surface water: Most of the land use within 50 m of the watercourses and WDEs is
classified as ‘production from dryland agriculture’ or ‘production from relatively natural
environments’ and the sub-area generally experiences low rainfall.

Rare (1)

Groundwater: Most of the land-use in the area is classified as ‘water’ or ‘conservation
and natural environments’ and/or the aquifer is confined.
Surface Water: Most of the land use within 50 m of the watercourses and WDEs is
classified as ‘water’ and/or ‘conservation and natural environments’.
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Table 16. Results of likelihood analysis - land use releasing pollutants
Sub-area

Rating

Rationale

PGR
(Unconfined)

Unlikely (2)

The watertable is mostly deep. Most of the land use is classified as
‘production from dryland agriculture’ or ‘production from relatively
natural environments’.

PGR
(Confined)

Rare (1)

Confined aquifer

SAMSIS
(Unconfined)

Possible (3)

The watertable of the unconfined aquifer is mostly shallow. Most land
use is classified as ‘production from dryland agriculture’ or ‘production
from relatively natural environments’

SAMSIS
(Confined)

Rare (1)

Confined aquifer

NPG
(Unconfined)

Unlikely (2)

The watertable is mostly deep. Most land use is classified as
‘production from dryland agriculture’ or ‘production from relatively
natural environments’.

NPG
(Confined)

Rare (1)

Confined aquifer

Northern
Mount Lofty
Ranges SW

Possible (3)

Most of the land within the sub-area is classified as either production
from ‘relatively natural environments’ or ‘dryland agriculture and
plantations’ and the sub-area experiences rainfall that could wash
pollutants into these surface water features.

Surface
Water

Likely (4)

Low rainfall. Most land use in 50m buffer classified as either ‘intensive
use’ or ‘irrigated agriculture and plantations’.

Coorong SW

Rare (1)

Relatively high rainfall. Most land within 50 m of a watercourse or WDE
is classified as ‘water’ and/or ‘conservation and natural environments’.

CLLRM UGW

Rare (1)

Shallow water table. Most of the land use is classified as ‘water’ and/or
‘conservation and natural environments’.

CLLRMCG

Rare (1)

Confined aquifer

1.7

Soil erosion

Water erosion can be caused by the overland flow, the concentrated flow in unprotected watercourses,
subsurface erosion, landslip, mass movement and stream bank erosion (Soil and Land Program, 2007).
Through such processes soil is deposited on lower ground where it can cause property damage or
pollute surface water resources. Water quality problems from soil erosion can be caused by nutrients or
pesticides adsorbed to clay particles, or turbidity caused by the clay particles themselves (Soil and Land
Program, 2007). As the impact of water erosion is to surface water features, only the surface water subareas have been assessed.
Some land is inherently more susceptible to erosion. Susceptibility to water erosion can be analysed
based on soil properties and topography. Rainfall erosivity is also a factor, however it was determined
that the differences in rainfall intensity across the state are not sufficiently large enough to warrant the
designation of rainfall erosivity zones for the purposes of land classification (Soil and Land Program,
2007). The spatial scale of the assessment is defined as a soil landscape map unit. These are delineated
based on recognisable landscape features within which a limited range of soils occurs. The soil mapping
is derived from Maschmedt (2002) and Hall et al. (2009).
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The assessment classified the inherent susceptibility to water erosion based on land in a clean cultivated
condition. It does not resolve erosion susceptibility arising from a particular land use or management
pattern. For example, on this basis it is determined that a steep well grassed hills slope has high erosion
potential due to its slope, but a low erosion hazard because it is well protected by vegetation (Soil and
Land Program, 2007). The analysis excluded soil map units representing urban areas, reservoirs, quarries
or evaporation pans.
As soil mapping has only been undertaken for cropping land it does not provide complete coverage for
those sub-areas dominated by pastoral land. To address this data gap, modelled total annual hillslope
erosion arising from sheet and rill erosion (Lu et al., 2001; Soil and Land Program, 2007) was also
considered by the analysis. This spatial modelling framework is based on the Revised Universal Soil Loss
Equation using time series of remote sensing imagery and daily rainfall combining with spatial data for
soil, land use and topography.
Confidence for sub-areas dominated by pastoral land has been rated as lower than for other sub-areas.
Criteria for determination of the likelihood of soil erosion are presented in Table 17 while the results of
the analysis for surface water sub-areas are listed in Table 18.
Table 17. Likelihood criteria – soil erosion
Rating

Description

Almost certain (5)

Most of the land within the sub-area has been affected by gully erosion and is
highly susceptible to water erosion.

Likely (4)

The sub-area has been partially affected by gully erosion and is highly
susceptible to water erosion.

Possible (3)

The sub-area has been partially affected by gully erosion and is moderately
susceptible to water erosion.

Unlikely (2)

The sub-area has been affected by minor gully erosion and is moderately
susceptible to water erosion.

Rare (1)

The sub-area has been affected by minor gully erosion and only has a low
susceptibility to water erosion.

Table 18. Results of likelihood analysis – soil erosion
Sub-area

Rating

Rationale

Northern
Mount Lofty
Ranges SW

Unlikely (2)

Sub-area has been impacted by some gully erosion. Sub-area has
low to moderate susceptibility to water erosion.

Surface Water

Unlikely (2)

Sub-area has been impacted by minor gully erosion. Sub-area has
low to moderate susceptibility to water erosion.

Coorong SW

Rare (1)

Sub-area has low susceptibility to water erosion.

1.8

Acid sulfate soil potential

Acid sulfate soils either contain sulfuric acid (sulfuric material, pH ≤ 4), or have the potential to oxidise
and form sulfuric acid when exposed to oxygen in the air due to high concentrations of sulfide minerals
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(Fitzpatrick et al., 2010). These soils do not pose a hazard while they remain waterlogged or deoxygenated. However, drainage or other disturbance causing exposure leads to oxidation and the
release of highly acidic leachates from the soil (Soil and Land Program, 2007). This acidification can
potentially have serious environmental and human health consequences (Fitzpatrick et al., 2010).
Therefore the potential for development of acid sulfate soils is a key source of risk to water quality of
surface water.
Three broad types of acid sulfate environments are recognised, including coastal, inland and mining
sites. In South Australia the largest area of land at potential risk is the coastline – particularly where tidal
mud flats are prominent such as the Murray mouth, the Coorong and the upper South East coast (Soil
and Land Program, 2007).
An assessment of the soil landscape map units through the Soil and Land Program (2007) determined
the potential for acid sulfate soil development through the combination of the following factors:


At least the lower part of the soil profile is saturated for most of the year; and



Land lies within a geological formation containing pyrite bands; or



Near surface watertables are highly saline (>10 000 mg/L); or



Gypsum deposits are present in the landscape; or



Gypsum segregations occur in the soil profile.

Data regarding soil map units with potential for acid sulfate soil development is described in Maschmedt
(2002) and Hall et al. (2009). CSIRO (2013) also provides data, albeit at a less detailed level.
During the Millennium Drought lower reaches of the River Murray in South Australia experienced low
water levels. As a result acid sulfate soil materials comprising both potential and actual acidity were
exposed throughout the Lower Lakes area (Fitzpatrick et al., 2010). While sulfidic material exists around
the Coorong, the high carbonate content of the sub-coastal environment tends to neutralise potential
acid formation. However under some conditions short-term acidification events may occur at a local
scale (Fitzpatrick et al., 2010).
Similar field investigations have been undertaken for other significant wetlands of South Australia such
as the Riverland Ramsar reserve. These assessments found that acid sulfate soil material is spatially
extensive within the site and that while sulfuric material was not identified, hypersulfidic material was
found which was classified as representing a moderate acidification hazard (Thomas et al., 2011).
Likelihood criteria based on the potential extent of acid sulfate soil development are presented in
Table 19. The results of the analysis are presented in Table 20.
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Table 19. Likelihood criteria - acid sulfate soil potential
Rating

Description

Almost certain (5)

Most of the sub-area is identified as having a high potential for acid sulfate
soil development (i.e. sulfidic material is present throughout the sub-area)
and/or the soils contain sulfuric material (i.e. oxidation of the soils has
occurred and been recorded).

Likely (4)

Most of the sub-area is identified as having a high potential for acid sulfate
soil development.

Possible (3)

Most of the sub-area is identified as having a low potential for acid sulfate
soil development (i.e. localised occurrences).

Unlikely (2)

Less than half of the sub-area is identified as having a low potential for acid
sulfate soil development (i.e. localised occurrences).

Rare (1)

Throughout almost all of the sub-area acid sulfate soil potential appears to
be negligible.

Table 20. Results of likelihood analysis - acid sulphate soil potential
Sub-area
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Rating

Rationale

PGR (Unconfined)

Rare (1)

Almost all of the sub-area has negligible acid sulfate soil
potential or occurrences.

SAMSIS (Unconfined)

Unlikely (2)

Localised areas with potential for acid sulfate soils.

NPG (Unconfined)

Rare (1)

Almost all of the sub-area has negligible acid sulfate soil
potential or occurrences.

Northern Mount Lofty
Ranges SW

Rare (1)

Almost all of the sub-area has negligible acid sulfate soil
potential or occurrences.

Surface Water

Rare (1)

Almost all of the sub-area has negligible acid sulfate soil
potential or occurrences.

Coorong SW

Possible (3)

Most of the sub-area has some acid sulfate potential with
localized occurrences being observed. Buffering capacity
exists.

CLLRM UGW

Almost
Certain (5)

Most of the sub-area has high potential for acid sulfate soil
development. Sulfuric materials have been observed.
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2. RISK CONSEQUENCE ANALYSIS
The criteria described in this section identify the definitions and rules for rating consequence severity
for the four consequence categories identified through the risk identification process of the SA Murray
Risk Assessment. Consequence criteria are aligned with relevant water resource management objectives
common across the SA Murray WRP area. Sources of information referenced for the development of
criteria and for rating consequence have been listed in the main report of the SA Murray Risk
Assessment report.

2.1

Water dependent ecosystems impacted

Impact to water dependent ecosystems is correlated with i) importance of WDEs as indicated by
protection or management under existing legislation and policy and ii) spatial extent or coverage of the
sub-area indicating WDE vulnerability or sensitivity to water resources events.
Consistent with the Basin Plan Schedule 8 (Criteria for identifying an environmental asset) WDE
importance or value is based on the extent to which it is protected under international agreements such
as the Ramsar Convention, state and national law and regional or local natural resource management
planning and policy. In this regard, the criteria used for this assessment addresses the possibility of the
community’s objectives regarding water dependent environmental values for a subarea not being
achieved.
A spatial analysis was undertaken to determine potential consequence severity based on DEWNR
corporate databases and data underpinning existing assessments including Harding and O’Conner
(2012) and Harding (2012). WDE polygon features (primarily wetlands) and important species found
within a 50m buffer of a WDE were identified from these sources. The results were then cross-checked
against existing agreements to determine relative importance, including:


Japan-Australia Migratory Bird Agreement (JAMBA)



China-Australia Migratory Bird Agreement (CAMBA)



Republic of Korea-Australia Migratory Bird Agreement (ROKAMBA)



Convention on the Conservation of Migratory Species of Wild Animals (Bonn Convention)

This cross-checking exercise also considered lists in Department of the Environment (2013), Environment
Protection and Biodiversity Conservation Act 1999 and the South Australian National Parks and Wildlife
Act 1972.
To inform consequence level for unconfined groundwater subareas, groundwater dependence of WDEs
(i.e. to identify GDEs) was determined based on the approach of Harding and O’Connor (2012). The total
area of important WDEs or GDEs (based on above criteria) was then compared to the total area of WDEs
or GDEs within each of the sub-areas. It was noted by Harding and O’Connor (2012) that the accuracy
and completeness of spatial WDE datasets is variable across the SA Murray region. However the risk
assessment team determined that the data coverage was adequate for the purposes of the phase 1 high
level risk prioritisation.
It is recognised that for most of the WRP area, the depth to water table for unconfined aquifers is high
enough to preclude them from supporting water dependent ecosystem values. For example, the
Pliocene Sands aquifer (GS3) within the Mallee PWA has been assessed as too deep to support terrestrial
plants and therefore groundwater-dependent ecosystems are deemed to have a low potential for
groundwater reliance (SAMDB NRM Board, 2012). There are a few exceptions such as the Peake, Roby
and Sherlock PWA where link between saline wetlands and the unconfined aquifer has been identified
(RMCWMB, 2001; SAMDB NRM Board, 2010).
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Confined aquifers in SA Murray Region are assumed to have no relevant water dependent ecosystem
values in the context of this assessment.
Criteria for rating potential consequence to water dependent ecosystems are presented in Table 21,
while results from the consequence analysis are presented in Table 22.
Table 21. Consequence criteria - water-dependent ecosystems impacted
Rating

Description

Catastrophic
(5)

76 – 100% of the WDEs within this area are protected by legislation or policy that
may require some form of management.

Major (4)

51 – 75% of the WDEs within this area are protected by legislation or policy that
may require some form of management.

Moderate (3)

26 – 50% of the WDEs within this area are protected by legislation or policy that
may require some form of management.

Minor (2)

1 – 25% of the WDEs within this area are protected by legislation or policy that
may require some form of management (1 – 25%).

Insignificant (1)

No WDEs within this area protected by legislation or policy.

Table 22. Results of consequence analysis - water-dependent ecosystems impacted
Sub-area
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Rating

Rationale

PGR
(Unconfined)

Moderate (3)

More than 25% of WDEs dependent on groundwater are protected
by agreements, legislation or policy.

SAMSIS
(Unconfined)

Major (4)

More than 50% of the WDEs dependent on groundwater are
protected by agreements, legislation or policy

NPG
(Unconfined)

Minor (2)

Less than 25% of the WDEs dependent on groundwater are
protected by agreements, legislation or policy

Northern
Mount Lofty
Ranges SW

Moderate (3)

More than 25% of the WDEs are protected by agreements,
legislation or policy

Surface
Water

Minor (2)

Less than 25% of the WDEs are protected by agreements, legislation
or policy

Coorong SW

Catastrophic
(5)

More than 75% of the WDEs are protected by agreements,
legislation or policy

CLLRM UGW

Catastrophic
(5)

More than 75% of the WDEs dependent on groundwater are
protected by agreements, legislation or policy
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2.2

Critical human water needs not met on the basis of quantity and/or quality

The Commonwealth Water Act 2007 defines the term critical human water needs in regard to the
Murray-Darling Basin, as the needs for a minimum amount of water that can only reasonably be
provided from Basin water resources, required to meet:


core human consumption requirements in urban and rural areas; and



those non-human consumption requirements that a failure to meet would cause prohibitively
high social, economic or national security costs.

With regard to the SA Murray Region, this definition includes unlicensed use of water resources such as
for stock and/or domestic use or riparian water rights.
For the purposes of this risk assessment the consequence severity level is related to the extent to which
the water resources of the sub-area are relied upon for critical human water needs. Indicators of this
dependency include the volume of potable water supplied SA Water and the extent of domestic water
supplies (i.e. number of domestic bores). Consequence severity can be impacted by events affecting
both the quantity and quality of water that can be accessed.
The approach to conducting the analysis is based on Wood and Green (2011) in which the importance
of a resource for supporting public water supply in towns or communities is correlated with a high
consequence rating. Criteria based on those of Wood and Green (2011) are presented in Table 23.
Results of the analysis for sub-areas are listed in Table 24.
Table 23. Consequence criteria - critical human water needs impacted
Rating

Description

Catastrophic (5)

The water resources of the sub-area represent the primary source for
reticulated town or community water supply.

Major (4)

The water resources of the sub-area are a supplementary source for
reticulated town or community water supply or supply a large number of
individual domestic uses.

Moderate (3)

The water resources provide supplementary non-potable town water supply
and there is a medium level of use of water resources within the sub-area
for domestic and stock water supplies.

Minor (2)

There is minor use of water resources within the sub-area for domestic and
stock water supplies.

Insignificant (1)

Water resources in this sub-area are not used for town water supply and the
stock and domestic use is negligible.
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Table 24. Results of consequence analysis – critical human water needs impacted
Sub-area

Rating

Rationale

PGR (Unconfined)

Catastrophic (5)

Water resources are primary source of reticulated supply
for townships. There are more than 180 domestic wells.

PGR (Confined)

Catastrophic (5)

Water resources are primary source of reticulated supply
for townships. There are more than 200 domestic wells.

SAMSIS (Unconfined)

Insignificant (1)

No town water supply from this sub-area. High salinity
limits resource value for supporting critical human water
needs.

SAMSIS (Confined)

Insignificant (1)

No town water supply from this sub-area. High salinity
limits resource value for supporting critical human water
needs.

NPG (Unconfined)

Major (4)

Water resources are supplementary supply for townships.

NPG (Confined)

Minor (2)

No town water supply from this sub-area. Minor
domestic usage.

Northern Mount
Lofty Ranges SW

Major (4)

Water resources are supplementary supply for townships.
There are a large number of domestic dams.

Surface Water

Moderate (3)

Water resources are supplementary supply for townships.
There is a moderate level of domestic use.

Coorong SW

Insignificant
(1)

No town water supply from this sub-area. Very minor
domestic use.

CLLRM UGW

Minor (2)

No town water supply from this subarea. Minor domestic
use.

Insignificant
(1)

No town water supply from this subarea. No known
domestic use.

CLLRMCG

2.3

Economic use of water impacted

In the context of this risk assessment the economic use is defined as consumptive use of water for
purposes including irrigation, intensive farming (i.e. animal production) and industrial use, such as
mining. Using a similar approach to that of Wood and Green (2011), consequence severity is correlated
with potential for economic impact given a water resource event. Potential for impact in a sub-area is
indicated by a high level assessment of the dependency of commercial activities on water resources.
Criteria based on those of Wood and Green (2011) are presented in Table 25. Results of the analysis are
listed in Table 26.
Note that the pastoral lands in the north east of the SA Murray Region are recognised as a significant
commercial enterprise, however the water used to support this would already accounted for under
section 2.2.

32

Appendix A

Table 25. Consequence criteria - economic use of water impacted
Rating

Description

Catastrophic (5)

The water resources of this sub-area support a significant level of
commercial purposes.

Major (4)

The water resources of this sub-area support a high level of commercial
enterprise.

Moderate (3)

There is a moderate level of use of the water resources for commercial
purposes.

Minor (2)

The water resources of this sub-area support a minor level of commercial
use.

Insignificant (1)

The water resources of the sub-area are not used for economic purposes,
or this use is negligible.

Table 26. Results of consequence analysis – economic use of water impacted
Sub-area

Rating

Rationale

PGR
(Unconfined)

Moderate (3)

Moderate commercial use of water resources for irrigation,
industrial and intensive farming.

PGR
(Confined)

Major (4)

Major commercial use of water resources for irrigation.

SAMSIS
(Unconfined)

Insignificant (1)

Insignificant commercial use of water resources. Salinity of
water limits value for many purposes.

SAMSIS
(Confined)

Insignificant (1)

Insignificant commercial use of water resources. Salinity of
water limits value for many purposes.

NPG
(Unconfined)

Minor (2)

Miner commercial use of water resources for intensive
farming.

NPG
(Confined)

Insignificant (1)

Insignificant commercial use of water resources. Salinity
and/or depth of water limits value for many purposes.

Northern
Mount Lofty
Ranges SW

Minor (2)

Minor commercial use of water for irrigation and intensive
farming.

Surface Water

Minor (2)

Minor commercial use of water for irrigation and intensive
farming.

Coorong SW

Insignificant (1)

Insignificant commercial use of water.

CLLRM UGW

Insignificant (1)

Insignificant commercial use of water.

CLLRMCG

Insignificant (1)

Insignificant commercial use of water.
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2.4

Connected water resources impacted

Hydrologically connected water resources as a source of risk to a sub-area are covered in section 1.3.
This consequence category is concerned with the potential for activities or management of water
resources within a sub-area to cause undesirable impacts in connected water resources outside the subarea.
The consequence assessment hinges on i) the existence of significant hydrological connections with
external water resources (i.e. outside the sub-area being assessed), ii) the extent of the potential impact
and iii) the timeframe over which an impact could become manifest. Note this assessment considers the
direction of flow when rating the significance of a connection. For example, if water is flowing into the
sub-area in question from a connected resource and it is unlikely that management of sub-area
resources will have up-gradient impacts, the significance of the connection is rated as low.
This assessment considers impact on other Basin resources according to the WRP areas listed in
section 1.3.

Table 27. Consequence criteria – impact to hydrologically connected water resources
Rating
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Description

Catastrophic (5)

The extraction or diversion of water resources in the sub-area has an
immediate and direct impact on the water resources of another WRP area
such that the quantity and quality of these resources are significantly
reduced.

Major (4)

The extraction or diversion of water resources in the sub-area has a direct
impact on the water resources of another WRP area such that the quantity
and quality are greatly impacted.

Moderate (3)

The extraction or diversion of water resources in the sub-area has a
moderate impact on the water resources of another WRP area in the longterm.

Minor (2)

The extraction or diversion of water resources in the sub-area has a small
impact on the quantity and quality of the WRP area in the long-term.

Insignificant (1)

The level of extraction or diversion of water resources in the sub-area does
not adversely impact on the water quantity or quality of another WRP area,
or there is no significant hydrological connection shared by this sub-area
and another WRP area.
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Table 28. Results of consequence analysis – impact to significant hydrologically connected water
resources
Sub-area

Rating

Rationale

PGR
(Unconfined)

Insignificant (1)

There are hydrological connections with external resources.
Management of sub-area resources could has no significant
impact on external resources.

PGR (Confined)

Moderate (3)

There are hydrological connections with external resources.
Management of sub-area resources could have a moderate
impact on external resources. Existing controls regulate
potential impact (i.e. Border Groundwater Agreement, WAPs).

SAMSIS
(Unconfined)

Insignificant (1)

There are hydrological connections with external resources.
Management of sub-area resources has a significant yet
beneficial impact on external resources (i.e. salt interception
schemes).

SAMSIS
(Confined)

Insignificant (1)

There are no significant hydrological connections with
external resources.

NPG
(Unconfined)

Insignificant (1)

There are hydrological connections with external resources.
These connections may be limited in nature. Management of
sub-area resources has no significant impact on connected
resources.

NPG (Confined)

Insignificant (1)

There are hydrological connections with external resources.
Management of sub-area resources has no significant impact
on external resources.

Northern
Mount Lofty
Ranges SW

Insignificant (1)

There are no significant hydrological connections with
external resources.

Surface Water

Insignificant (1)

There are no significant hydrological connections with
external resources.

Coorong SW

Insignificant (1)

There are no significant hydrological connections with
external resources

CLLRM UGW

Insignificant (1)

There are hydrological connections with external resources.
Management of sub-are resources could have significant
impact on those resources. However use of water from the
sub-area is minor.

CLLRMCG

Insignificant (1)

There are no significant hydrological connections with
external resources.
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3. PHASE 2 – REVISED CONSEQUENCE CRITERIA
3.1

Revised consequence criteria

Consistent with the risk statements identified through phase 1 there are four broad categories of
consequence to be addressed including:
1.

Water dependent ecosystems impacted

2.

Critical human water needs not met

3.

Economic water use impacted

4.

Hydrologically connected water resources impacted

The phase 1 criteria for these categories (Section 2) focused on the need to support a high level risk
prioritization process. To this end they supported determination of sub-area characteristics based on
vulnerability to water resource events.
In order to support phase 2 requirements, the risk assessment team refactored these criteria into
quantitative statements of loss. The following principles were developed to guide revision of
consequence categories:


Categories of consequence severity present statements of absolute loss as opposed to change
relative with some norm or standard (i.e. absolute, not relative risk). This adds to the
transparency of the risk assessment and supports valid comparisons of risk between regions.



Where possible, consequence categories should be based on quantifiable, measurable
indicators reflecting community objectives with respect to management of the water resource



In accordance with risk assessment best practice, levels of increasing severity should apply a
power law consistent with distributions of phenomena typically observed in natural and manmade systems.

This approach to framing consequence criteria is designed to support the probabilistic risk analysis
approach developed for phase 2.
3.1.1
Water dependent ecosystems impacted – consequence category C1
The phase 1 criteria for this consequence category (Section 2.1) is based on the extent to which WDEs
of a sub-area are protected by legislation or policy requiring some form of management. For the
purposes of the phase 2 assessment consequence severity levels were refactored into statements of loss
based on the importance of environmental values potentially affected. Environmental values were
expressed on the basis of the extent to which they are protected through inter-jurisdictional
agreements, state and national legislation and regional or local planning and policy.
Note that unlike the remaining consequence categories, severity levels for water dependent ecosystem
impact are qualitative statements linked to objectives rather than measurable quantities.
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Table 29. Water dependent ecosystems impacted (C2)
Level

Description

Very high (5)

Significant loss of water dependent ecosystem values having international, national
or state importance. Recovery of environmental values not feasible over timeframe
of Water Resource Plan.

High (4)

Significant loss of water dependent ecosystem values having regional or local
importance. Recovery of environmental values not feasible over timeframe of Water
Resource Plan.

Medium (3)

Some loss of water dependent ecosystem values having international, national or
state importance. Recovery of environmental values is feasible over timeframe of
Water Resource Plan.

Minor (2)

Some loss of water dependent ecosystem values having regional or local
importance. Recovery of environmental values is feasible over timeframe of Water
Resource Plan.

Insignificant
(1)

Any loss of water dependent ecosystem values is minimal and recoverable without
management intervention over timeframe of Water Resource Plan.

In accordance with existing frameworks and the directions of the Basin Plan, it was agreed that attributes
affecting ecosystem value include the following:


Ecosystem condition



Ecosystem extent



Species diversity or functionality



Rarity or uniqueness, naturalness (see Basin Plan Schedule 8)



Provision of vital habitat (see Basin Plan Schedule 8)



Commonwealth or state listing (see Basin Plan Schedule 8)



Formal recognition under an international agreement (see Basin Plan Schedule 8)

The following definitions and assumptions apply for these criteria:


Significant loss means deviation of three or more attributes outside of natural or expected
bounds (e.g. breaching a trigger value or threshold of potential concern) causing degradation
of overall ecosystem value)



Some loss means deviation of one or two attributes outside of natural or expected bounds (e.g.
breaching a trigger value or threshold of potential concern) causing degradation of overall
ecosystem value



International importance means formal recognition under an international bilateral or
multilateral agreement such as RAMSAR, CAMBA, JAMBA, ROKAMBA.



National and state importance means listing under relevant state or national legislation such as
the Environment Protection and Biodiversity Conservation Act 1999



Regional or local importance means subject to regional or local management arrangements
such as regional NRM
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3.1.2
Critical human water needs not met – consequence category C2
Phase 1 consequence criteria (Section 2.2) are based on consideration of the extent to which water
resources of the sub-area support a human water supply. The following changes were made to meet
the requirements of the phase 2 analysis:


Severity levels are rephrased as a quantifiable impact to water users rather than as a
characteristic of the water resources for the sub-area



Consequence severity levels are based on the number of water users potentially impacted
(where it is assumed that interruption to a reticulated water supply could impact a large number
of users)



In accordance with phase 2 risk identification principles, stock use is not considered by this
consequence category

Table 30 outlines the revised consequence severity levels regarding impacts to critical human water
needs.
Table 30: Critical human water needs not met (C2)
Level

Description

Very high (5)

Interruption to primary source for reticulated town or community water supply

High (4)

Interruption to supplementary source for reticulated town or community water
supply or interruption to a large number (>1000) domestic users.

Medium (3)

Interruption to supplementary non-potable town water supply, or interruption to
a medium number (100-1000) domestic users.

Minor (2)

Interruption to small number (<100) domestic users.

Insignificant (1)

Negligible impacts observed.

The following definitions apply regarding this consequence category:


A primary sources for town or community water supply is provides drinking water quality and
is main source of water



A supplementary source for town or community water supply is provision of non-potable supply
that supplements a primary potable supply and is used for uses other than drinking and food
preparation



These criteria do not include water for stock or dryland farming use.

3.1.3
Economic use of water impacted (consumptive use) – consequence category C3
The phase 1 criteria for impact on economic use of water were based on an assessment of the extent to
which water resources of a sub-area support commercial purposes (Section 2.3). For the phase 2
assessment, these criteria were refactored into statements of absolute impact. Additionally, separate
sets of criteria were developed to address economic impacts to consumptive and non-consumptive use
of water respectively.
3.1.3.1
Economic water use (consumptive) impacted – consequence category C3a
The consequence severity levels presented in Table 31 are based on volumes of intended consumptive
use potentially impacted through unexpected and/or undesirable resource condition trends. These

38

Appendix A

impacts could be manifest in terms of water not being available in the quantity or quality required to
support the intended use.
The risk assessment team considered the use of economic indicators for this consequence category.
However it was determined that choice of economic indicators are potentially subject to a range of
factors including terms of trade, multipliers and other factors that significantly impact marginal use
value of water for which no indicators and interpretations are readily available within the WRP area.
Therefore it was decided that given the context of the present assessment a volumetric indicator
provides least uncertainty regarding potential economic impacts of water resources events.
Table 31: Economic water use impacted (consumptive use) (C3a)
Rating

Description

Very high (5)

> 10,000 ML of water intended for consumptive use for commercial purposes no
longer available

High (4)

1,000 – 10,000 ML of water intended for consumptive use for commercial purposes
no longer available

Medium (3)

100 – 1,000 ML of water intended for consumptive use for commercial purposes no
longer available

Minor (2)

10 – 100 ML of water intended for consumptive use for commercial purposes no
longer available

Insignificant
(1)

< 10 ML of water intended for consumptive use for commercial purposes no longer
available

For the purposes of this assessment, economic use of water considers:


Consumptive use only



Water to support irrigation, intensive animal production and industrial use such as mining and
stock use



Excludes domestic use (covered in CHWN above)

3.1.3.2
Economic use of water impacted (non-consumptive use) - consequence category C3b
Following the phase 1 risk assessment it was determined that the phase 2 risk assessment should also
assess economic risks arising from potential impacts to non-consumptive commercial use such as
fisheries. Table 32 presents consequence severity levels for non-consumptive use based on impacts to
gross value of production (GVP). It is noted that GVP has the following drawbacks as an indicator in this
context:


It is not consistent with the volumetric indicators used to describe impacts regarding
consumptive economic use (Table 31)



May not fully account for all factors relating to the marginal utility of non-consumptive water
use (e.g. market conditions or effort per unit of production).

While taking these issues into account, the risk assessment team determined that GVP provides a level
of confidence that is fit for purpose in this context when taking into account what is known about
importance of commercial activity dependent of non-consumptive water use in the region.
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Table 32. C3b Economic water use impacted (ecosystem services)
Rating

Description

Very high (5)

> $10 million decline in gross value of production

High (4)

$1 million - $10 million decline in gross value of production

Medium (3)

$100,000 - $1 million decline in gross value of production

Minor (2)

$10,000 - $100,000 decline in gross value of production

Insignificant (1)

< $10,000 decline in gross value of production

The following assumptions and definitions apply for these criteria (Table 32):


Considers impacts to any non-consumptive use of water for economic benefit. For example,
ecosystem services supporting economic activity such as fisheries, tourism, etc.



GVP is defined as the market value of produce at the point of sale – i.e. when it leaves the
agricultural sector of the economy



These criteria exclude non-economic non-consumptive use such as cultural water use.

3.1.4
Hydrologically connected water resources impacted – consequence category C4
The phase 1 risk assessment rated impact to connected water resources by considering the potential
for change in the water quantity or quality in that resource. The phase 2 analysis builds on this approach
by considering the potential consequences in connected resources measured according to other
consequence categories covered by this assessment (i.e. C1, C2 and C3). Table 33 presents the
consequence severity levels for this indicator.
Table 33. Impact to significantly connected water resources (C4)
Rating

Description

Very high
(5)

Water quantity and/or quality effects on connected water resources having very high
impact on the environmental and/or beneficial use values of that resource (e.g. very high
consequence level according to criteria C1, C2 or C3)

High (4)

Water quantity and/or quality effects on connected water resources having high impacts
on the environmental and/or beneficial use values of that resource (e.g. high consequence
level according to criteria C1, C2 or C3)

Medium (3)

Water quantity and/or quality effects on connected water resources having medium
impacts on the environmental and/or beneficial use values of that resource (e.g. medium
consequence level according to criteria C1, C2 or C3)

Minor (2)

Water quantity and/or quality effects on connected water resources having minor or
negligible impacts on the environmental and/or beneficial use values of that resource (e.g.
minor or negligible consequence level according to criteria C1, C2 or C3)

Insignificant
(1)

Insignificant effect on environmental and/or beneficial use values of connected water
resources.

In the context of this assessment, connected water resources may include the following:
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Water resources within the water resource plan area but in a different subarea



Basin resources outside the water resource plan area



Non-basin resources
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4. REFERENCES
4.1

Information sources supporting phase 1 likelihood asssessment

The following tables list the information sources reviewed to assess each of the likelihood categories
covered in phase 1 of the assessment. The full references are provided in the risk assessment report
reference list.
Information sources supporting likelihood analysis – demand within subarea
Sub-area

Data/Information Source

PGR (Unconfined)

MDBA, 2012a; SA MDB NRM Board, 2010; SAMDB NRM Board, 2012; DEWNR, 2011a;
DEWNR, 2011b; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014); DEH, 2008;
Aurecon Australia, 2010; DMITRE, 2014; DEWNR, 2014a; DEWNR, 2014b; DEWNR
corporate water licensing database (WILMA); RMCWMB, 2001. Also salinity maps
created from Barnett, 1991, 1992, 1994a, 1994b and 1994c (Figure 3, Figure 4 and
Figure 2).

PGR (Confined)

MDBA, 2012a; SA MDB NRM Board, 2010; SAMDB NRM Board, 2012; DEWNR, 2011a;
DEWNR, 2011b; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014); DEH, 2008;
Aurecon Australia, 2010; DMITRE, 2014; DEWNR, 2014a; DEWNR, 2014b; DEWNR
corporate water licensing database (WILMA); RMCWMB, 2001. Also salinity maps
created from Barnett, 1991, 1992, 1994a, 1994b and 1994c (Figure 3, Figure 4 and
Figure 2).

SAMSIS
(Unconfined)

MDBA, 2011a; MDBA, 2012a; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014);
DEWNR corporate data about SIS volumes.

SAMSIS
(Confined)

SAGeodata Drillholes Database (PIRSA and DEWNR, 2014).

NPG (Unconfined)

MDBA, 2012a; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014); DEH, 2008;
DMITRE, 2014. Also salinity maps created from Barnett, 1991, 1992, 1994a, 1994b and
1994c (Figure 3, Figure 4 and Figure 2).

NPG (Confined)

MDBA, 2012a; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014); DEH, 2008.
Also salinity maps created from Barnett, 1991, 1992, 1994a, 1994b and 1994c (Figure 3,
Figure 4 and Figure 2).

Northern Mount
Lofty Ranges SW

MDBA, 2012a; Deane et al., 2008; DEWNR spatial data about waterbodies; DEH, 2008;
DEWNR corporate data about Water Affective Activity Permits; DMITRE, 2014. SAMDB
NRM Board, 2013b; DPTI and Regional Council of Goyder, 2012.

Surface Water

MDBA, 2012a; DEWNR spatial data about waterbodies; DEH, 2008; DEWNR corporate
data about Water Affective Activity Permits; DMITRE, 2014.

Coorong SW

MDBA, 2012a; MDBA, 2012c; DEWNR spatial data about waterbodies; DEH, 2008;
DEWNR corporate data about Water Affective Activity Permits; DMITRE, 2014.

CLLRM UGW and
CLLRM CG

MDBA, 2012a; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014); DEH, 2008;
DMITRE, 2014; DEWNR corporate data about Water Affective Activity Permits. Also
salinity maps created from Barnett, 1991, 1992, 1994a, 1994b and 1994c (Figure 3,
Figure 4 and Figure 2).
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Information sources supporting likelihood analysis - infrastructure affecting flow regime
Sub-area

Data/Information Source

Northern Mount Lofty
Ranges SW

Deane et al., 2008; McIntosh, 2001; DEWNR spatial data about waterbodies, watercourses,
water affecting activity permits and water construction.

Surface Water

DEWNR spatial data about waterbodies, watercourses, water affecting activity permits and
water construction.

Coorong SW

Haese et al., 2008; MDBA, 2011b; Lester et al., 2012; Brookes et al., 2009; MDBA, 2012a.

Information sources supporting likelihood analysis – management of connected resources
Sub-area
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Data/Information Source

PGR (Unconfined)

SAMDB NRM Board 2010; SAMDB NRM Board, 2012; RMCWMB, 2001; DSE, 2011;
PIRSA, 2008c.

PGR (Confined)

SAMDB NRM Board, 2012; SAMDB NRM Board, 2010; PIRSA, 2008a; RMCWMB,
2001; MDBA, 2012d; DSE, 2011.

SAMSIS (Unconfined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); MDBA, 2011.

SAMSIS (Confined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014).

NPG (Unconfined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); SAMDB NRM Board,
2012; MDBC, 1999; MDBA, 2012a; MDBA, 2012d; DPI-OW, 2013.

NPG (Confined)

DPI - OW, 2012; DPI - OW, 2013; Evans and Kennett, 1989; SA Geodata Drillholes
Database (PIRSA and DEWNR, 2014).

Northern Mount Lofty
Ranges SW

DEWNR watercourses spatial layer.

Surface Water

DEWNR watercourses spatial layer.

Coorong SW

MDBC, 2006; Brookes et al., 2009; Lester et al., 2009; Montazeri et al., 2011; AWE et
al., 2011.

CLLRM UGW

Harding and O'Connor, 2012; SA Geodata Drillholes Database (PIRSA and DEWNR,
2014); Haese et al., 2009.

CLLRMCG

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); Evans and Kennett, 1989;
DPI-OW, 2013.
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Information sources supporting likelihood analysis - climate change and drought
Sub-area

Data/Information Source

PGR (Unconfined)

SAMDB NRM Board 2012; SAMDB NRM Board 2010; DEWNR 2011a; DEWNR
2011b; Wood and Green, 2011.

PGR (Confined)

MDBA, 2012b; SAMDB NRM Board 2012; SAMDB NRM Board 2010; DEWNR
2011a, DEWNR 2011b; Wood and Green, 2011.

SAMSIS (Unconfined)

CSIRO and SKM, 2010.

SAMSIS (Confined)

CSIRO and SKM, 2010.

NPG (Unconfined)

CSIRO and SKM, 2010; DEWNR spatial data (aquifer type regional scale)

NPG (Confined)

CSIRO and SKM, 2010.

Northern Mount Lofty
Ranges SW

DEWNR spatial data (watercourses layer).

Surface Water

DEWNR spatial data (watercourses layer).

Coorong SW

Sheldon et al., 2010.

CLLRM UGW

Haese et al., 2009; Australian Water Environments, Ecological Associates and
GHD Pty Ltd. 2011.

CLLRMCG

CSIRO and SKM, 2010; DEWNR Spatial Data (National Parks and Wildlife SA
layer)

Information sources supporting likelihood analysis - susceptibility to flooding
Sub-area

Data/Information Source

Northern Mount Lofty
Ranges SW

Soil and Land Program, 2007; DEWNR spatial data (watercourses layer and
topography layers); BOM, 2014a.

Surface Water

Soil and Land Program, 2007; DEWNR spatial data (watercourses layer and
topography layers); BOM, 2014a; Westbrooke and Florentine, 2005.

Coorong SW

Soil and Land Program, 2007.

Information sources supporting likelihood analysis - land use releasing pollutants
Sub-area

Data/Information Source

PGR (Unconfined)

DEH, 2008; RMCWMB, 2001; SAMDB NRM Board 2010; SAMDB NRM Board, 2012;
SAMDB NRM Board, 2013a; Barnett and Osei-bonsu, 2006; DEWNR, 2011a.

PGR (Confined)

RMCWMB, 2001; SAMDB NRM Board 2010; SAMDB NRM Board, 2012; SAMDB
NRM Board, 2013a; Barnett and Osei-bonsu, 2006; DEWNR, 2011a.

SAMSIS
(Unconfined)

DEH, 2008; RMCWMB, 2001; Barnett and Osei-bonsu, 2006; DEWNR,
2011a.

43

Appendix A

Sub-area

Data/Information Source

SAMSIS (Confined)

RMCWMB, 2001; Barnett and Osei-bonsu, 2006; DEWNR, 2011a.

NPG (Unconfined)

DEH, 2008; CSIRO and SKM, 2010; Evans and Kellett, 1989.

NPG (Confined)

Evans and Kellett, 1989; CSIRO and SKM, 2010.

Northern Mount Lofty
Ranges SW

DEWNR spatial data (watercourses layer); Harding and O’Connor, 2012; BOM,
2014a; DEH, 2008.

Surface Water

DEWNR spatial data (watercourses layer); Harding and O’Connor, 2012; BOM,
2014a; DEH, 2008.

Coorong SW

DEWNR spatial data (watercourses layer); DEH, 2008; Harding and O’Connor, 2012;
BOM, 2014a.

CLLRM UGW

DEH, 2008; Haese et al., 2009; CSIRO and SKM, 2010.

CLLRMCG

Evans and Kellett, 1989.

Information sources supporting likelihood analysis - soil erosion
Sub-area

Data/Information Source

Northern Mount Lofty Ranges SW

Soil and Land Program, 2007; Lu et al., 2001.

Surface Water

Soil and Land Program, 2007; Lu et al., 2001.

Coorong SW

Soil and Land Program, 2007; Lu et al., 2001.

Information sources supporting likelihood analysis - soil erosion
Sub-area
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Data/Information Source

PGR (Unconfined)

Soil and Land Program, 2007; CSIRO, 2013.

SAMSIS (Unconfined)

Soil and Land Program, 2007; CSIRO, 2013; Thomas et al., 2011.

NPG (Unconfined)

Soil and Land Program, 2007; CSIRO, 2013.

Northern Mount Lofty Ranges SW

Soil and Land Program, 2007; CSIRO, 2013.

Surface Water

Soil and Land Program, 2007; CSIRO, 2013.

Coorong SW

Soil and Land Program, 2007; CSIRO, 2013; Fitzpatrick et al., 2010.

CLLRM UGW

Soil and Land Program, 2007; CSIRO, 2013; Fitzpatrick et al., 2010.
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4.2

Information sources supporting phase 1 consequence assessment

The following tables cover all information sources relating to the phase 1 consequence analysis.
Information sources supporting consequence analysis - water dependent ecosystems impacted
Sub-area

Data/Information Source

PGR (Unconfined)

DEWNR spatial layer South Australian Biodiversity Database System; Harding and
O’Connor, 2012; Department of the Environment, 2013; EPBC Act; NPWSA Act.

SAMSIS
(Unconfined)

Ramsar Convention on Wetlands 1971; DEWNR spatial layer South Australian
Biodiversity Database System; Harding and O’Connor, 2012; Department of the
Environment, 2013; EPBC Act; NPWSA Act.

NPG (Unconfined)

DEWNR spatial layer South Australian Biodiversity Database System; Harding and
O’Connor, 2012; Department of the Environment, 2013; EPBC Act; NPWSA Act.

Northern Mount
Lofty Ranges SW

DEWNR spatial layer South Australian Biodiversity Database System; Harding and
O’Connor, 2012; Department of the Environment, 2013; EPBC Act; NPWSA Act.

Surface Water

DEWNR spatial layer South Australian Biodiversity Database System; Harding and
O’Connor, 2012; Department of the Environment, 2013; EPBC Act; NPWSA Act.

Coorong SW

Ramsar Convention on Wetlands 1971; DEWNR spatial layer South Australian
Biodiversity Database System; Harding and O’Connor, 2012; Department of the
Environment, 2013; EPBC Act; NPWSA Act.

CLLRM UGW

Ramsar Convention on Wetlands 1971; DEWNR spatial layer South Australian
Biodiversity Database System; Harding and O’Connor, 2012; Department of the
Environment, 2013; EPBC Act; NPWSA Act.

Information sources supporting consequence analysis - critical human water needs impacted
Sub-area

Data/Information Source

PGR (Unconfined)

SAGeodata Drillholes Database (PIRSA and DEWNR, 2014); Wood and Green, 2011;
SAMDB NRM Board, 2010; SAMDB NRM Board, 2012.

PGR (Confined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); Wood and Green, 2011;
SAMDB NRM Board, 2010; SAMDB NRM Board, 2012

SAMSIS
(Unconfined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014).

SAMSIS (Confined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014).

NPG (Unconfined)

Watt et al., 2012; SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); AWE,
2012.

NPG (Confined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014).

Northern Mount
Lofty Ranges SW

AWE, 2011; AWE, 2012; Brooks, 2014; DEWNR spatial data about waterbodies. Dams
analysis undertaken as per section 1.1.1.

Surface Water

Smith, 2012; DEWNR spatial data about waterbodies. Dams analysis undertaken as
per section 1.1.1.
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Sub-area

Data/Information Source

Coorong SW

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); NHMRC and NRMMC,
2011. Dams analysis undertaken as per section 1.1.1.

CLLRM UGW

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014).

CLLRMCG

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014).

Information sources supporting consequence analysis - economic use impacted
Sub-area
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Data/Information Source

PGR (Unconfined)

SA MDB NRM Board, 2010; SAMDB NRM Board, 2012; DEWNR corporate water
licensing database (WILMA); RMCWMB, 2001; DEH, 2008; DMITRE, 2014; Aurecon
Australia, 2010.

PGR (Confined)

SA MDB NRM Board, 2010; SAMDB NRM Board, 2012; DEWNR corporate water
licensing database (WILMA); RMCWMB, 2001, DEH, 2008; DEWNR, 2011a; DEWNR,
2011b.

SAMSIS (Unconfined)

MDBA, 2012a; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014). Also
salinity maps created from Barnett, 1991, 1992, 1994a, 1994b and 1994c, DEH, 2008.

SAMSIS (Confined)

MDBA, 2012a; SAGeodata Drillholes Database (PIRSA and DEWNR, 2014). Also
salinity maps created from Barnett, 1991, 1992, 1994a, 1994b and 1994c, DEH, 2008.

NPG (Unconfined)

SAGeodata Drillholes Database (PIRSA and DEWNR, 2014), DEH, 2008; DMITRE,
2014.

NPG (Confined)

SAGeodata Drillholes Database (PIRSA and DEWNR, 2014), DEH, 2008.

Northern Mount
Lofty Ranges SW

DEWNR spatial data about waterbodies; DEH, 2008.

Surface Water

DEWNR spatial data about waterbodies; DEH, 2008.

Coorong SW

DEWNR spatial data about waterbodies; DEH, 2008.

CLLRM UGW

SAGeodata Drillholes Database (PIRSA and DEWNR, 2014), DEH, 2008.

CLLRMCG

SAGeodata Drillholes Database (PIRSA and DEWNR, 2014), DEH, 2008.
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Information sources supporting consequence analysis - hydrologically connected resources
impacted
Sub-area

Data/Information Source

PGR (Unconfined)

SAMDB NRM Board 2010; SAMDB NRM Board, 2012; RMCWMB, 2001.

PGR (Confined)

SAMDB NRM Board, 2012; SAMDB NRM Board, 2010; RMCWMB, 2001; MDBA,
2012d.

SAMSIS (Unconfined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); MDBA, 2011a

SAMSIS (Confined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); MDBA 2012a;
PIRSA, 2008a; PIRSA, 2008b.

NPG (Unconfined)

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); SAMDB NRM
Board, 2012; MDBC, 1999.

NPG (Confined)

DPI - OW, 2012; Evans and Kennett, 1989; SA Geodata Drillholes Database
(PIRSA and DEWNR, 2014).

Northern Mount Lofty
Ranges SW

DEWNR watercourses spatial layer; Deane et al., 2008.

Surface Water

DEWNR watercourses spatial layer; Westbrooke and Florentine, 2005.

Coorong SW

Haese et al., 2008; MDBC, 2006.

CLLRM UGW

Harding and O'Connor, 2012; SA Geodata Drillholes Database (PIRSA and
DEWNR, 2014).

CLLRMCG

SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); DEWNR, 2014c;
Evans and Kennett, 1989
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4.3

Land use types (Appendix AA)

Primary level descriptions for land use
assessment*

Related tertiary level descriptions for land use assessment*
Defence land – natural areas
Habitat/species management area
Landscape
National park
Natural feature protection

Conservation and Natural Environments

Nature conservation
Other conserved area
Other minimal use
Rehabilitation
Residual native cover
Strict nature reserves
Traditional indigenous uses
Airport/aerodomes
Airports/aerodromes
Aquaculture
Cattle feedlots
Commercial services
Dairy sheds and yards
Effluent pond
Gas treatment, storage and transmission
Glasshouses
Intensive animal husbandry
Landfill
Manufacturing and industrial
Manufacturing and industries
Mines
Mining
Navigation and communication

Intensive Uses

Piggeries
Ports and water transport
Poultry farms
Public services
Quarries
Railways
Recreation and culture
Research facilities
Residential and farm infrastructure
Roads
Rural residential without agriculture
Rural residential with agriculture
Services
Sewage
Shadehouses
Solid garbage
Transport and communication
Urban residential
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Primary level descriptions for land use
assessment*

Related tertiary level descriptions for land use assessment*
Utilities
Waste treatment and disposal
Electricity generation/transmission
Abandoned land
Cereals
Cropping
Degraded land
Environmental
Grazing modified pastures
Hardwood plantation
Hay & silage
Hay and silage
Land in transition
Land under rehabilitation
Native/exotic pasture mosaic

Production from Dryland Agriculture and
Plantations

No defined use
Oil seeds
Oleaginous fruits
Other forest plantation
Pasture legume/grass mixtures
Pasture legumes
Perennial horticulture
Perennial oleaginous fruits
Perennial tree nuts
Plantation forestry
Pulses
Seasonal horticulture
Sown grasses
Vine fruits
Woody fodder plants
Abandoned irrigated land
Degraded irrigated land
Grazing irrigated modified pastures
Irrigated cereals
Irrigated cropping
Irrigated environmental forest plantation
Irrigated seasonal fruits

Production from Irrigated Agriculture and
Plantations

Irrigated hardwood plantation
Irrigated hay and silage
Irrigated land in transition
Irrigated land under rehabilitation
Irrigated legume/grass mixtures
Irrigated modified pastures
Irrigated oil seeds
Irrigated oleaginous fruits
Irrigated other forest plantation
Irrigated pasture legumes
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Primary level descriptions for land use
assessment*

Related tertiary level descriptions for land use assessment*
Irrigated perennial flowers and bulbs
Irrigated perennial horticulture
Irrigated perennial oleaginous fruits
Irrigated perennial shrub nuts fruits and berries
Irrigated perennial tree fruits
Irrigated perennial tree nuts
Irrigated perennial vegetables and herbs
Irrigated perennial vine fruits
Irrigated plantation forestry
Irrigated plantation nurseries
Irrigated pulses
Irrigated seasonal horticulture
Irrigated shrub nuts fruits and berries
Irrigated sown grasses
Irrigated tree fruits
Irrigated tree nuts
Irrigated vine fruits
Irrigated woody fodder plants
Softwood plantation
Tree nuts
Grassland

Production from relatively natural
environments

Grazing native vegetation
Mallee
Shrubland
Woodland
Channel/aqueduct
Drainage channel/aqueduct
Estuary/coastal waters
Estuary/coastal waters - conservation
Estuary/coastal waters - production
Evaporation basin
Lake
Lake - conservation

Water

Lake - intensive use
Lake - production
Marsh/wetland
Marsh/wetland - conservation
Marsh/wetland - intensive use
Marsh/wetland - production
Reservoir
Reservoir/dam
River - intensive use
Supply channel/aqueduct
Water storage - intensive use/farm dams

* These high level description categories are further explained in The Australian Land Use and Management (ALUM)
Classification Version 7
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PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

PGR unconfined

r502

r503

r504

r505

r506

r507

r508

r509

r510

r511

r512

r513

r514

r515

Sub‐area

r501

Risk ID

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

connected water resources impacted

critical human water needs not met

economic use of water impacted

demand within sub‐area

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

economic use of water impacted

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Yes

Yes

Yes

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.

demand within sub‐area

critical human water needs not met

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.

demand within sub‐area

connected water resources impacted

No

demand within sub‐area

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.

No

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.

climate change and climate extremes

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.

No

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.

No

Risk Statement ‐ Provisional Risks

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

Risk consequence

Excluded from
phase 1?

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

Risk Source

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Medium

Low

Medium

Medium

Medium

Low

Low

Low

Medium

Low

n/a

n/a

n/a

Not assess

Not assess

Assess

Not assess

Not assess

Assess

Assess

Not assess

Not assess

Not assess

Not assess

Not assess

Review prior to
phase 2

This table lists the 352 potential risks identified using the bow‐tie model, and identifies the 128 risks excluded on the basis that they were not applicable for a sub‐area using the criteria set out in section 3.1. It also sets out the
results of the phase 1 assessment, and the results of the review of risk statements conducted prior to phase 2 assessment (see section 3.2).
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1

2

PGR unconfined

Prescribed GW unconfined land use releasing pollutants

Prescribed GW unconfined land use releasing pollutants

r518

r519

r520

Prescribed GW unconfined soil erosion

Prescribed GW unconfined soil erosion

Prescribed GW unconfined soil erosion

Prescribed GW unconfined soil erosion

Prescribed GW unconfined susceptibility to flooding

Prescribed GW unconfined susceptibility to flooding

Prescribed GW unconfined susceptibility to flooding

Prescribed GW unconfined susceptibility to flooding

r525

r526

r527

r528

r529

r530

r531

r532

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

management of connected water
resources

Prescribed GW unconfined

r524

economic use of water impacted

management of connected water
resources

Prescribed GW unconfined

r523

critical human water needs not met

Prescribed GW unconfined

r522

management of connected water
resources

Prescribed GW unconfined

r521
connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

Risk consequence

management of connected water
resources

land use releasing pollutants

land use releasing pollutants

PGR unconfined

r517

infrastructure affecting natural flow
regimes

Risk Source

PGR unconfined

Sub‐area

r516

Risk ID

No

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

Yes

Excluded from
phase 1?

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Medium

Low

Review prior to
phase 2
n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Assess

Not assess

n/a
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Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

r534

r535

r536

r537

r538

r539

r540

r541

r542

r543

r544

r545

r546

r547

r548

r549

Sub‐area

r533

Risk ID

Yes

Yes

No

No

No

Yes

No

No

No

Yes

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

water‐dependent ecosystems impacted

connected water resources impacted

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

connected water resources impacted

connected water resources impacted

infrastructure affecting natural flow
regimes

land use releasing pollutants

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

economic use of water impacted

demand within sub‐area

demand within sub‐area

demand within sub‐area

demand within sub‐area

climate change and climate extremes

climate change and climate extremes

critical human water needs not met

connected water resources impacted

climate change and climate extremes

climate change and climate extremes

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

Yes

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

Yes
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

Yes

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

connected water resources impacted

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Yes

Risk Statement ‐ Provisional Risks

Risk consequence

Excluded from
phase 1?

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

Risk Source

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 2

Criteria 2

Criteria 2
and 3

Criteria 3

Criteria 3

Criteria 3

Phase 1 risk level
Low

Medium

Medium

Medium

Medium

Medium

Low

Review prior to
phase 2
Not assess

n/a

n/a

n/a

n/a

n/a

Assess

Assess

Assess

n/a

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a
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4

susceptibility to flooding

acid sulfate soil potential

acid sulfate soil potential

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Prescribed GW confined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

r552

r553

r554

r555

r556

r557

r558

r559

r560

r561

r562

r563

r564

r565

r566

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

management of connected water
resources

management of connected water
resources

management of connected water
resources

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

soil erosion

soil erosion

soil erosion

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

connected water resources impacted

management of connected water
resources

soil erosion

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

Risk consequence

land use releasing pollutants

land use releasing pollutants

Prescribed GW confined

r551

land use releasing pollutants

Risk Source

Prescribed GW confined

Sub‐area

r550

Risk ID

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

No

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.

Yes

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Yes

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

Excluded from
phase 1?

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 2

Criteria 2

Phase 1 risk level
Low

Low

Medium

Medium

Low

Low

Low

Review prior to
phase 2
Not assess

Not assess

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Assess

Assess

Not assess

n/a

Not assess

Not assess
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acid sulfate soil potential

acid sulfate soil potential

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

demand within sub‐area

demand within sub‐area

demand within sub‐area

demand within sub‐area

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

land use releasing pollutants

land use releasing pollutants

land use releasing pollutants

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

r568

r569

r570

r571

r572

r573

r574

r575

r576

r577

r578

r579

r580

r581

r582

r583

Risk Source

Non‐prescribed GW
unconfined

Sub‐area

r567

Risk ID

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

Risk consequence

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.

Yes

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

Yes

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.

No

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.

No

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.

No

Excluded from
phase 1?

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Medium

Low

Low

Low

Low

Low

Low

Low

Medium

Low

Low

Low

Review prior to
phase 2
Assess

Assess

Not assess

n/a

n/a

n/a

n/a

Not assess

Not assess

Not assess

Not assess

Not assess

Assess

Assess

Not assess

Not assess

Not assess
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Risk Source

land use releasing pollutants

management of connected water
resources

management of connected water
resources

management of connected water
resources

management of connected water
resources

soil erosion

soil erosion

soil erosion

soil erosion

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

Sub‐area

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

r584

r585

r586

r587

r588

r589

r590

r591

r592

r593

r594

r595

r596

r597

r598

r599

r600

Risk ID

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

Risk consequence

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.

Yes

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

Yes
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.

Yes

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.

Yes

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.

Yes

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

No

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

No

Excluded from
phase 1?

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 2
and 3

Criteria 3

Criteria 3

Criteria 3

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Low

Low

Low

Review prior to
phase 2
n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Not assess

Not assess

Not assess

Not assess

Not assess
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connected water resources impacted

critical human water needs not met

climate change and climate extremes

climate change and climate extremes

demand within sub‐area

demand within sub‐area

demand within sub‐area

demand within sub‐area

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

land use releasing pollutants

land use releasing pollutants

land use releasing pollutants

land use releasing pollutants

management of connected water
resources

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

r603

r604

r605

r606

r607

r608

r609

r610

r611

r612

r613

r614

r615

r616

r617

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

climate change and climate extremes

Non‐prescribed GW
confined

r602

connected water resources impacted

Risk consequence

climate change and climate extremes

Risk Source

Non‐prescribed GW
confined

Sub‐area

r601

Risk ID

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

Yes

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.

No

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

Yes

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

Yes

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.

Yes

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

Excluded from
phase 1?

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 2

Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 2

Criteria 2

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Review prior to
phase 2
Not assess

n/a

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a

n/a

Not assess

Not assess

Not assess

n/a

Not assess

Not assess

Not assess
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management of connected water
resources

management of connected water
resources

soil erosion

soil erosion

soil erosion

soil erosion

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

Non‐prescribed GW
confined

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

r619

r620

r621

r622

r623

r624

r625

r626

r627

r628

r629

r630

r631

r632

r633

r634

Yes

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

No

critical human water needs not met

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.

climate change and climate extremes

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.

connected water resources impacted

climate change and climate extremes

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.

No

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.

Yes

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.

Yes

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.

Yes

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Risk Statement ‐ Provisional Risks

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

Risk consequence

Excluded from
phase 1?

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

management of connected water
resources

Risk Source

Non‐prescribed GW
confined

Sub‐area

r618

Risk ID

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 2

Phase 1 risk level

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Not assess

Not assess

Review prior to
phase 2
Low

Low

Not assess

Not assess

Medium Not Assess

Low

Low

Low

Low

Low
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SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

r636

r637

r638

r639

r640

r641

r642

r643

r644

r645

r646

r647

r648

r649

r650

r651

Sub‐area

r635

Risk ID

No

No

No

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

critical human water needs not met

economic use of water impacted

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

water‐dependent ecosystems impacted

connected water resources impacted

critical human water needs not met

economic use of water impacted

management of connected water
resources

management of connected water
resources

management of connected water
resources

economic use of water impacted

critical human water needs not met

land use releasing pollutants

land use releasing pollutants

land use releasing pollutants

connected water resources impacted

connected water resources impacted

infrastructure affecting natural flow
regimes

land use releasing pollutants

water‐dependent ecosystems impacted

connected water resources impacted

water‐dependent ecosystems impacted

Yes

No

No

No

No

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

No

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Yes

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.

economic use of water impacted

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

Risk Statement ‐ Provisional Risks

Risk consequence

Excluded from
phase 1?

demand within sub‐area

demand within sub‐area

demand within sub‐area

demand within sub‐area

climate change and climate extremes

climate change and climate extremes

Risk Source

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Low

Medium

Low

Low

Low

Low

Low

Low

Low

Medium

Low

Review prior to
phase 2
Not assess

Not assess

Not assess

Assess

Not assess

Not assess

Assess

n/a

n/a

n/a

n/a

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess
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Risk Source

soil erosion

soil erosion

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS unconfined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

r654

r655

r656

r657

r658

r659

r660

r661

r662

r663

r664

r665

r666

r667

r668

Yes

Yes

Yes

Yes

Yes

Yes

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.

connected water resources impacted

critical human water needs not met

Yes

Yes

Yes

No

No

No

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

connected water resources impacted

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

acid sulfate soil potential

acid sulfate soil potential

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

economic use of water impacted

critical human water needs not met

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

connected water resources impacted

acid sulfate soil potential

acid sulfate soil potential

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

economic use of water impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

No

Risk Statement ‐ Provisional Risks

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

Risk consequence

Excluded from
phase 1?

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

soil erosion

soil erosion

SAMSIS unconfined GW

r653

management of connected water
resources

SAMSIS unconfined GW

Sub‐area

r652

Risk ID

Reason for
exclusion ‐ see
section 3.1.1
Criteria 2

Criteria 2
and 3

Criteria 3

Criteria 3

Criteria 3

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Low

Low

Review prior to
phase 2
n/a

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Not assess
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SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

SAMSIS confined GW

r680

r681

r682

r683

r684

SAMSIS confined GW

SAMSIS confined GW

r679

r685

SAMSIS confined GW

r678

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

management of connected water
resources

management of connected water
resources

management of connected water
resources

connected water resources impacted

connected water resources impacted

management of connected water
resources

soil erosion

water‐dependent ecosystems impacted

economic use of water impacted

land use releasing pollutants

land use releasing pollutants

critical human water needs not met

connected water resources impacted

land use releasing pollutants

SAMSIS confined GW

r677

land use releasing pollutants

water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

SAMSIS confined GW

r676

economic use of water impacted

infrastructure affecting natural flow
regimes

SAMSIS confined GW

r675

critical human water needs not met

SAMSIS confined GW

r674

infrastructure affecting natural flow
regimes

SAMSIS confined GW

r673

economic use of water impacted

connected water resources impacted

SAMSIS confined GW

r672

demand within sub‐area

critical human water needs not met

infrastructure affecting natural flow
regimes

SAMSIS confined GW

r671

demand within sub‐area

connected water resources impacted

Risk consequence

water‐dependent ecosystems impacted

SAMSIS confined GW

r670

demand within sub‐area

Risk Source

demand within sub‐area

SAMSIS confined GW

Sub‐area

r669

Risk ID

No

Yes

Yes

Yes

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

No

No

Yes

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Yes

Yes

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

Yes

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

No

Excluded from
phase 1?

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1

Criteria 2

Criteria 2

Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 2

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Low

Low

Low

Review prior to
phase 2
n/a

n/a

Not assess

Not assess

Not assess

n/a

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a

n/a

Not assess

Not assess

Not assess
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No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.

CLLRM unconfined GW

r702

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.

CLLRM unconfined GW

r701

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

CLLRM unconfined GW

r700

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.

CLLRM unconfined GW

r699

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.

CLLRM unconfined GW

r698

No

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.

CLLRM unconfined GW

r697

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

CLLRM unconfined GW

r696

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.

economic use of water impacted

CLLRM unconfined GW

r695

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.

CLLRM unconfined GW

r694

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

CLLRM unconfined GW

r693

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

SAMSIS confined GW

r692

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.

SAMSIS confined GW

r691

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.

SAMSIS confined GW

r690

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.

connected water resources impacted

susceptibility to flooding

SAMSIS confined GW

r689

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

soil erosion

SAMSIS confined GW

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.

demand within sub‐area

demand within sub‐area

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

economic use of water impacted

r688

soil erosion

SAMSIS confined GW

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.

critical human water needs not met

Risk Statement ‐ Provisional Risks

Risk consequence

r687

soil erosion

Risk Source

SAMSIS confined GW

Sub‐area

Excluded from
phase 1?

r686

Risk ID

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 1
and 2

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

High

Low

Medium

Low

High

Low

Medium

Low

Review prior to
phase 2
Not assess

Not assess

Assess

Not assess

Assess

Not assess

Assess

Not assess

Assess

Not assess

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

r705

r706

r707

r708

r709

r710

r711

r712

r713

r714

r715

r716

r717

r718

CLLRM unconfined GW

CLLRM unconfined GW

r704

r719

CLLRM unconfined GW

Sub‐area

r703

Risk ID

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

management of connected water
resources

management of connected water
resources

management of connected water
resources

soil erosion

soil erosion

economic use of water impacted

critical human water needs not met

connected water resources impacted

connected water resources impacted

management of connected water
resources

soil erosion

water‐dependent ecosystems impacted

economic use of water impacted

land use releasing pollutants

land use releasing pollutants

critical human water needs not met

land use releasing pollutants

connected water resources impacted

connected water resources impacted

infrastructure affecting natural flow
regimes

land use releasing pollutants

water‐dependent ecosystems impacted

economic use of water impacted

Risk consequence

demand within sub‐area

demand within sub‐area

Risk Source

No

No

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

No

No

Yes

Yes

Yes

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.

No

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

Yes

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Yes

No

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

Excluded from
phase 1?

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Review prior to
phase 2
n/a

n/a

n/a

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a

Not assess

Not assess
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CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

r721

r722

r723

r724

r725

r726

r727

r728

r729

r730

r731

r732

r733

r734

r735

r736

Sub‐area

r720

Risk ID

No

No

No

Yes

There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

critical human water needs not met

demand within sub‐area

demand within sub‐area

demand within sub‐area

water‐dependent ecosystems impacted

economic use of water impacted

water‐dependent ecosystems impacted

economic use of water impacted

connected water resources impacted

demand within sub‐area

climate change and climate extremes

climate change and climate extremes

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.

No

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.

Yes

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

No

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.

critical human water needs not met

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.

climate change and climate extremes

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.

No

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.

There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.

Yes

Risk Statement ‐ Provisional Risks

connected water resources impacted

water‐dependent ecosystems impacted

Excluded from
phase 1?

climate change and climate extremes

acid sulfate soil potential

economic use of water impacted

critical human water needs not met

acid sulfate soil potential

acid sulfate soil potential

connected water resources impacted

acid sulfate soil potential

water‐dependent ecosystems impacted

economic use of water impacted

susceptibility to flooding

susceptibility to flooding

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

Risk consequence

susceptibility to flooding

susceptibility to flooding

soil erosion

Risk Source

Reason for
exclusion ‐ see
section 3.1.1
Criteria 2

Criteria 2

Criteria 2
and 3

Criteria 3

Criteria 3

Criteria 3

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Review prior to
phase 2
n/a

Not assess

Not assess

Not assess

n/a

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

management of connected water
resources

management of connected water
resources

management of connected water
resources

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

r744

r745

r746

r747

r748

r749

r750

r751

r752

CLLRM confined GW

connected water resources impacted

management of connected water
resources

CLLRM confined GW

r743

r753

water‐dependent ecosystems impacted

land use releasing pollutants

CLLRM confined GW

connected water resources impacted

water‐dependent ecosystems impacted

soil erosion

susceptibility to flooding

economic use of water impacted

critical human water needs not met

connected water resources impacted

economic use of water impacted

critical human water needs not met

soil erosion

soil erosion

soil erosion

land use releasing pollutants

land use releasing pollutants

connected water resources impacted

r742

land use releasing pollutants

CLLRM confined GW

r741

water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

CLLRM confined GW

r740

economic use of water impacted

infrastructure affecting natural flow
regimes

CLLRM confined GW

r739

critical human water needs not met

infrastructure affecting natural flow
regimes

CLLRM confined GW

r738

connected water resources impacted

Risk consequence

infrastructure affecting natural flow
regimes

Risk Source

CLLRM confined GW

Sub‐area

r737

Risk ID

Yes

Yes

Yes

Yes

Yes

Yes

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

No

Yes

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

Yes

Yes

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

Yes

Excluded from
phase 1?

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

Risk Statement ‐ Provisional Risks

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1

Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Criteria 2

Criteria 2

Criteria 1
and 2

Criteria 1

Criteria 1

Criteria 1

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Review prior to
phase 2
n/a

n/a

n/a

n/a

n/a

n/a

Not assess

Not assess

Not assess

n/a

Not assess

Not assess

Not assess

n/a

n/a

n/a

n/a
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CLLRM confined GW

CLLRM confined GW

CLLRM confined GW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

r755

r756

r757

r758

r759

r760

r761

r762

r763

r764

r765

r766

r767

r768

r769

r770

Sub‐area

r754

Risk ID

Yes

No

No

No

No

No

No

No

No

No

No

No

No

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

connected water resources impacted

water‐dependent ecosystems impacted

connected water resources impacted

critical human water needs not met

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

No

No

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.

economic use of water impacted

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

Yes

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.

critical human water needs not met

Risk Statement ‐ Provisional Risks

Risk consequence

Excluded from
phase 1?

demand within sub‐area

demand within sub‐area

demand within sub‐area

demand within sub‐area

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

Risk Source

Reason for
exclusion ‐ see
section 3.1.1
Criteria 1
and 2

Criteria 1

Criteria 1

Phase 1 risk level
Medium

Low

Medium

Low

Medium

Low

Medium

Medium

High

Low

Low

Low

Low

Low

Review prior to
phase 2
Assess

Not assess

Not assess

Not assess

Assess

Not assess

Assess

Assess

Assess

Assess

Not assess

Not assess

Not assess

Not assess

n/a

n/a

n/a
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NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

r773

r774

r775

r776

r777

r778

r779

r780

r781

r782

r783

r784

r785

r786

NMLR SW

NMLR SW

r772

r787

NMLR SW

Sub‐area

r771

Risk ID

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

management of connected water
resources

management of connected water
resources

management of connected water
resources

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

soil erosion

soil erosion

soil erosion

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

connected water resources impacted

management of connected water
resources

soil erosion

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

land use releasing pollutants

land use releasing pollutants

land use releasing pollutants

connected water resources impacted

water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

land use releasing pollutants

economic use of water impacted

Risk consequence

infrastructure affecting natural flow
regimes

Risk Source

No

No

No

No

No

No

No

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

No

No

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

Excluded from
phase 1?

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

Risk Statement ‐ Provisional Risks

Phase 1 risk level
Low

Medium

Low

Low

Low

Medium

Low

Low

Low

Low

Low

Medium

Low

Medium

Low

Medium

Low

Review prior to
phase 2
Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Assess

Not assess

Assess

Assess

Assess

Not assess
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Reason for
exclusion ‐ see
section 3.1.1

18
water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

Non‐prescribed SW

r804

r801

economic use of water impacted

economic use of water impacted

Non‐prescribed SW

r800

demand within sub‐area

critical human water needs not met

infrastructure affecting natural flow
regimes

Non‐prescribed SW

r799

demand within sub‐area

connected water resources impacted

Non‐prescribed SW

Non‐prescribed SW

r798

demand within sub‐area

water‐dependent ecosystems impacted

r803

Non‐prescribed SW

r797

climate change and climate extremes

critical human water needs not met

Non‐prescribed SW

r796

economic use of water impacted

climate change and climate extremes

infrastructure affecting natural flow
regimes

Non‐prescribed SW

r795

critical human water needs not met

climate change and climate extremes

connected water resources impacted

Non‐prescribed SW

Non‐prescribed SW

r794

climate change and climate extremes

water‐dependent ecosystems impacted

r802

Non‐prescribed SW

r793

acid sulfate soil potential

economic use of water impacted

connected water resources impacted

Non‐prescribed SW

r792

acid sulfate soil potential

critical human water needs not met

infrastructure affecting natural flow
regimes

Non‐prescribed SW

r791

acid sulfate soil potential

connected water resources impacted

Non‐prescribed SW

Non‐prescribed SW

r790

acid sulfate soil potential

water‐dependent ecosystems impacted

Risk consequence

water‐dependent ecosystems impacted

Non‐prescribed SW

r789

susceptibility to flooding

Risk Source

demand within sub‐area

NMLR SW

Sub‐area

r788

Risk ID

No

No

No

No

No

No

No

No

No

No

No

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

No

No

No

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

No

No

There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

Excluded from
phase 1?

Risk Statement ‐ Provisional Risks

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Medium

Low

Medium

Medium

Medium

Low

Low

Low

Low

Low

Medium

Review prior to
phase 2
Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Assess

Not assess

Assess

Assess

Assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess
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Reason for
exclusion ‐ see
section 3.1.1

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

r807

r808

r809

r810

r811

r812

r813

r814

r815

r816

r817

r818

r819

r820

Coorong SW

Non‐prescribed SW

r806

r821

Non‐prescribed SW

Sub‐area

r805

Risk ID

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

management of connected water
resources

management of connected water
resources

management of connected water
resources

acid sulfate soil potential

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

soil erosion

soil erosion

soil erosion

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

connected water resources impacted

management of connected water
resources

soil erosion

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

Risk consequence

land use releasing pollutants

land use releasing pollutants

land use releasing pollutants

land use releasing pollutants

Risk Source

No

No

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.
There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

No

No

No

No

No

No

No

No

No

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in connected water resources impacted.

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

No

Excluded from
phase 1?

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.

Risk Statement ‐ Provisional Risks

Phase 1 risk level
Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Low

Medium

Medium

Medium

Low

Review prior to
phase 2
Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Assess

Assess

Assess

Not assess
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Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

r823

r824

r825

r826

r827

r828

r829

r830

r831

r832

r833

r834

r835

r836

r837

r838

Sub‐area

r822

Risk ID

critical human water needs not met

economic use of water impacted

water‐dependent ecosystems impacted

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

infrastructure affecting natural flow
regimes

land use releasing pollutants

critical human water needs not met

connected water resources impacted

connected water resources impacted

infrastructure affecting natural flow
regimes

land use releasing pollutants

water‐dependent ecosystems impacted

economic use of water impacted

demand within sub‐area

demand within sub‐area

critical human water needs not met

connected water resources impacted

demand within sub‐area

demand within sub‐area

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

Risk consequence

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

climate change and climate extremes

acid sulfate soil potential

acid sulfate soil potential

acid sulfate soil potential

Risk Source

No

No

No

No

No

No

No

No

No

No

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in critical human water needs not met.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in economic use of water impacted.
There is the potential that climate change and climate extremes leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that demand within sub‐area leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.
There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

No

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in connected water resources impacted.
There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in critical human water needs not met.

No

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in economic use of water impacted.

No

No

There is the potential that acid sulfate soil potential leads to a decline in water quality and/or availability
which results in critical human water needs not met.

There is the potential that infrastructure affecting natural flow regimes leads to a decline in water quality
and/or availability which results in critical human water needs not met.

Excluded from
phase 1?

Risk Statement ‐ Provisional Risks

Phase 1 risk level
Low

Low

High

Low

Low

Low

Low

Low

Low

Low

High

Low

Low

Low

Medium

Low

Low

Review prior to
phase 2
Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Assess

Not assess

Not assess
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Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

Coorong SW

r840

r841

r842

r843

r844

r845

r846

r847

r848

r849

r850

r851

r852

Sub‐area

r839

Risk ID

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

susceptibility to flooding

soil erosion

soil erosion

soil erosion

soil erosion

No

No

No

No

No

No

No

No

There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in connected water resources impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in critical human water needs not met.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in economic use of water impacted.
There is the potential that soil erosion leads to a decline in water quality and/or availability which results
in water‐dependent ecosystems impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in connected water resources impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in critical human water needs not met.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in economic use of water impacted.
There is the potential that susceptibility to flooding leads to a decline in water quality and/or availability
which results in water‐dependent ecosystems impacted.

connected water resources impacted

critical human water needs not met

water‐dependent ecosystems impacted

economic use of water impacted

critical human water needs not met

connected water resources impacted

water‐dependent ecosystems impacted

economic use of water impacted

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in water‐dependent ecosystems impacted.

water‐dependent ecosystems impacted

management of connected water
resources

No

economic use of water impacted

management of connected water
resources

No

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in economic use of water impacted.

critical human water needs not met

management of connected water
resources

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in connected water resources impacted.

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in water‐dependent ecosystems impacted.

No

connected water resources impacted

management of connected water
resources

No

There is the potential that land use releasing pollutants leads to a decline in water quality and/or
availability which results in economic use of water impacted.

Risk Statement ‐ Provisional Risks

Excluded from
phase 1?

There is the potential that management of connected water resources leads to a decline in water quality
and/or availability which results in critical human water needs not met.

water‐dependent ecosystems impacted

economic use of water impacted

Risk consequence

land use releasing pollutants

land use releasing pollutants

Risk Source

Phase 1 risk level
High

Low

Low

Low

Low

Low

Low

Low

High

Low

Low

Low

Low

Low

Review prior to
phase 2
Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Not assess

Assess

Assess

Not assess

Not assess

Not assess

Not assess
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Appendix C

Appendix C.
Prescribed Groundwater Resources (unconfined) Sub-area

Risk r506: There is the potential for climate change to cause reduced recharge over the long term leading to
changed water quantity and/or quality leading to critical human water needs not being met ....................... 2
Risk r510: There is the potential for demand within sub-area to cause insufficient water quantity and/or
degradation of water quality leading to critical human water needs not being met ............................................ 4
Risk r518: There is the potential for land use releasing pollutants to cause insufficient water quantity and/or
degradation of water quality leading to critical human water needs not being met ............................................ 6
Risk r507: There is the potential for climate extremes to cause insufficient water quantity and/or degradation of
water quality leading to economic use of water being impacted ................................................................................. 8

1

2
0

Medium number: 100-1000 Households Large number: >1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Interruption to primary source for reticulated town or community water supply

Very high

High

Consequence - Critical human water needs not met

Level

Phase 2 Outcomes (aggregated probabilities)

10

10

10

10

10

Very unlikely

20

20

20

20

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Sets water quality standards for drinking water, but does not address availability of water: risk mostly uncontrolled (5-30% effective)

Safe Drinking Water Act 2011. Entire document

Mostly implemented
(75-95%)

Can assist with dealing with the consequence. Controlled in some circumstances (30-75% effective)

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Implemented when
required
Fully implemented
(>95%)

Mostly implemented
(75-95%)

Effective in managing increases in demand due to climate change, risk mostly controlled (75-95% effective)

Depends on design of restriction and prohibition notice: controlled in some circumstances (30-75% effective)

Implementation

Effectiveness

NRM Act 2004. Section 132

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)
Sections 5-8
Mallee Prescribed Wells Area cost sharing arrangements (fifth
edition, 2009) (for stock and domestic bores affected by
irrigation drawdown), entire document

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2017-27) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007
referenced by DENR, 2010)
2. Water table is mostly deep and capacity is more based on lateral through flow and inherent capacity, less based on recharge (DEWNR, 2014a)
3. Primary source for reticulated supply by SA Water (town water supply wells in unconfined Murray Group Limestone taking a maximum of 20 ML for smaller townships (SAGeodata Drillholes Database, PIRSA and DEWNR, 2014)
4. More than 180 domestic wells (SAGeodata Drillholes Database, PIRSA and DEWNR, 2014)
5. Cost sharing arrangements for deepening stock and domestic bores if the need arises have been in place for 15 years. No new applications under this arrangement have been received for 10 years

Risk Source: Climate extremes
Consequence: Critical human water needs not met

Risk r506: There is the potential for climate change to cause reduced recharge over the long term leading to changed water quantity and/or quality leading to critical human water needs not being met

SUB-AREA: PGR unconfined

Appendix C

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r506

15

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

X

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

Confidence

Phase 2 – r506
Final Risk Level
Low

100%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

4
Controlled in some circumstances; depends on how well water impacts are being considered (30-75% effective)
Sets water quality standards for drinking water, but does not address availability of water: risk mostly uncontrolled (5-30% effective)

Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Safe Drinking Water Act 2011. Entire document

Mostly implemented
(75-95%)

Can assist with dealing with the consequence. Controlled in some circumstances (30-75% effective)

Fully implemented
(>95%)

Mostly implemented
(30-75%)

Implemented when
required

Mostly implemented
(75-95%)

Mostly controlled (75-95% effective)

Depends on design of restriction and prohibition notice: controlled in some circumstances (30-75% effective)

Implementation

Effectiveness

NRM Act 2004. Section 132

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)
Sections 5-8
Mallee Prescribed Wells Area cost sharing arrangements (fifth
edition, 2009) (for stock and domestic bores affected by
irrigation drawdown), entire document

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Demand factors (f606) regarding Murray Group Limestone (unconfined):
 Metered use is 4.8 GL (2012-2013)
 Estimated non-metered use is 1.2 GL
 No interception by dryland forestry
 Potential impact from mining is 6 GL
 No metered extraction from Noora PWA
2. The BDL and SDL unit volumes under the Basin Plan are near equivalent for the GS3 Mallee Resource Unit (which does not include Noora PWA, but does include both the confined and unconfined resources of the GS3 Mallee Resource
Unit) (MDBA, 2012a)
3. Climate change projections of increased evapotranspiration and reduced rainfall and recharge could cause increased demand for water over the long term (i.e. risk source for r506)
4. Primary source for reticulated supply by SA Water (town water supply wells in unconfined Murray Group Limeston taking a max of 20 ML for smaller townships (SAGeodata Drillholes Database, PIRSA and DEWNR, 2014)
5. More than 180 domestic wells (SAGeodata Drillholes Database, PIRSA and DEWNR, 2014) (f610)
6. Cost sharing arrangements for deepening stock and domestic bores if the need arises have been in place for 15 years. No new applications under this arrangement have been received for 10 years
7. The resources are prescribed, and therefore take volumes are capped and controlled

Risk Source: Demand within sub-area
Consequence: Critical human water needs not met

Risk r510: There is the potential for demand within sub-area to cause insufficient water quantity and/or degradation of water quality leading to critical human water needs not being met

SUB-AREA: PGR unconfined
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Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Unlikely (2)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r510

10

Risk Rating

Medium

Preliminary risk

10

10

10

10

10
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Low

90%

Insignificant

High

Medium
Consequence

Minor

10%

Confidence

Phase 2 – r510

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

High level of risk

Very high

X

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Factors

0

Medium number: 100-1000 Households Large number: >1000 Households

Negligible impacts observed

Insignificant

Likelihood

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

100

90

Very high

100

100

100

90

90

90

100

Very likely
90
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6
Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)
Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)
Sets water quality standards for drinking water, but does not address availability of water: risk mostly uncontrolled (5-30% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

Safe Drinking Water Act 2011. Entire document

Risk controlled in some circumstances (30-75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Fully implemented
(>95%)

Fully implemented
(>95%)

Partially implemented
(30-75%)

Implemented when
required
Mostly implemented
(75-95%)
Mostly implemented
(75 – 95%)
Fully implemented
(>95%)

Partially implemented (3075%)

Controls for pollution risks due to well construction, operation and maintenance and water use. Risk controlled in some circumstances (3075% effective)

Depends on design of restriction and prohibition notice: controlled in some circumstances (30-75% effective)

Implementation

Effectiveness

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) policy 2003 – entire
document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

NRM Act 2004. Section 132

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)
Sections 5-8

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Water table is mostly deep (~40 m) (SA MDB NRM Board, 2010, 2012). Overlying interbedded clays and sands provide good protection
2. Most land is classified as ‘production from dryland agriculture’ or ‘production from natural environments’ (DEH, 2008), therefore likelihood of pollution is reduced
3. Septic tanks in use throughout the area. Therefore there is a localised potential for septic tank failure to contaminate shallow domestic wells on a property scale
4. Primary source for reticulated supply by SA Water (town water supply wells in unconfined Murray Group Limestone taking a max of 20 ML for smaller townships (SAGeodata Drillholes Database, PIRSA and DEWNR, 2014)
5. More than 180 domestic wells (SAGeodata Drillholes Database, PIRSA and DEWNR, 2014)
6. Land clearance has led to increased vertical recharge, which has the potential to mobilise salt leading to increased salinity. However this increased recharge has not yet affected the aquifer (SA MDB NRM Board, 2010, 2012)
7. It is very likely that people use rainwater tanks as a supply for drinking water as well as groundwater

Risk Source: Land use releasing pollutants
Consequence: Critical human water needs not met

Risk r518: There is the potential for land use releasing pollutants to cause insufficient water quantity and/or degradation of water quality leading to critical human water needs not being met

SUB-AREA: PGR unconfined
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Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Unlikely (2)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r518

10

Risk Rating

Medium

Preliminary risk

10

10

10

10

10
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Low

100%

Insignificant

High

Medium
Consequence

Minor

Confidence

Phase 2 – r518

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

X

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

Likelihood

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90
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Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

10

10

10

10

Very unlikely

20

20

20

20

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Implemented in Mallee

Fully implemented
(>95%)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Depends on how robust the assessment of risk is when an authorisation is granted, can assist in meeting demand where market does not
operate effectively

NRM Act 2004. Section 128, allows authorisation of take
outside the licensing regime

Phase 2 Outcomes (aggregated probabilities)

Sets water quality standards for drinking water, but does not address availability of water: risk mostly uncontrolled (5-30% effective)

Safe Drinking Water Act 2011. Entire document

Mostly implemented
(75-95%)

Can assist with dealing with the consequence. Controlled in some circumstances (30-75% effective)

Implemented when
required

Mostly implemented
(75-95%)

Effective in managing increases in demand due to climate change, risk mostly controlled (75-95% effective)

Depends on design of restriction and prohibition notice: controlled in some circumstances (30-75% effective)

Implementation

Effectiveness

NRM Act 2004. Section 132

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)
Sections 5-8
Mallee Prescribed Wells Area cost sharing arrangements (fifth
edition, 2009) (for stock and domestic bores affected by
irrigation drawdown), entire document

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections)
2. The risk assessment period (2017-27) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007 referenced by DENR, 2010)
3. Unconfined groundwater resources can be reliant on rainfall and affected by evapotranspiration. If CSIRO projections eventuate, a declines in recharge could be observed
4. Water table is mostly deep and capacity is more based on lateral through flow and inherent capacity, less based on recharge (DEWNR, 2014a)
5. More than 180 domestic wells (SAGeodata Drillholes Database, PIRSA and DEWNR, 2014), supporting grazing/wool industry
6. Resource supports a range of economic activities including largest mining operation in SA MDB (DEWNR corporate water licensing database – WILMA, DMITRE, 2014: Aurecon Australia, 2010)
7. Water markets exist to allow economic users to purchase water from others within the sustainable limit. Stock use is not licensed, but demand for stock use will be limited by availability of feed

Risk Source: Climate extremes
Consequence: Economic use of water impacted

Risk r507: There is the potential for climate extremes to cause insufficient water quantity and/or degradation of water quality leading to economic use of water being impacted

SUB-AREA: PGR unconfined

Appendix C

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

X

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

(Initial conservative assessment)

Phase 1 level of risk not considering factors or controls

Medium (3)

High

Confidence

Phase 1 – r507

High level of risk

Very high

Consequence

High

9

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High

Medium

Consequence

Minor

Confidence

Phase 2 – r507
Final Risk Level
Low

100%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

Appendix D

Appendix D.
Prescribed Groundwater Resources (confined) Sub-area

Risk r542: There is the potential for high demand/use to cause increased salinity via leakage/inflow from poorer
quality aquifers, and/or collapse in integrity of confining layer leading to critical human water needs
not being met ..................................................................................................................................................................................... 2
Risk r554: There is the potential for management of connected water resources to cause insufficient water
quantity and/or degradation of water quality, leading to critical human water needs not being met.......... 4
Risk r543: There is the potential for demand within sub-area to cause insufficient water quantity and/or
degradation of water quality leading to economic use of water being impacted ................................................. 6
Risk r555: There is the potential for management of connected water resources to cause insufficient water
quantity and/or degradation of water quality leading to economic use of water being impacted ................ 8
Risk r541: There is the potential for demand within the sub-area to cause insufficient water quantity and/or
degradation of water quality leading to connected water resources being impacted ....................................... 10

1

2
0

Medium number: 100-1000 Households Large number: >1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

10

10

10

10

10

Very unlikely

20

20

20

20

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Fully implemented
(>95%)

Mostly implemented
(75-95%)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Sets water quality standards for drinking water, but does not address availability of water: risk mostly uncontrolled (5-30% effective)

Safe Drinking Water Act 2011. Entire document

Phase 2 Outcomes (aggregated probabilities)

Controlled in some circumstances; depends on how well water impacts are being considered (30-75% effective)

Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Mostly implemented
(75-95%)

Mostly controlled (75-95% effective)

Implemented when
required

Mostly implemented
(75-95%)

Mostly controlled (75-95% effective)

Depends on design of restriction and prohibition notice: controlled in some circumstances (30-75% effective)

Implementation

Effectiveness

NRM Act 2004. Section 132

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)Sections 5-8
Mallee Prescribed Wells Area cost sharing arrangements (fifth
edition, 2009) (for stock and domestic bores affected by
irrigation drawdown), entire document

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Water supply for 7 townships: Pinnaroo, Lameroo, Geranium, Parilla, Paruna, Alawoona, Wanbi (SA MDB NRM Board, 2012)
2. The BDL and SDL unit volumes under the Basin Plan are near equivalent for the GS3 Mallee Resource Unit (which does not include Noora PWA, but does include both the confined and unconfined resources of the GS3 Mallee Resource
Unit) (MDBA, 2012a)
3. Metered extraction from the confined resource for 2012-2013 was estimated at 33 572 ML (DEWNR corporate water licencing database – WILMA). The allocation under the Mallee PWA is 61 3000 ML, but this also includes both
confined and unconfined resources (SA MDB NRM Board, 2012a)
4. Groundwater modelling (Murray Group Limestone aquifer within the Mallee PWA) found that in the area of maximum drawdown (and greatest potential for downward leakage), small increases of 40 mg/L (which is 4% of the current
salinity level) were predicted after 25 years (Barnett and Osei-bonsu, 2006)
5. Climate extremes could increase demand in future, however, the overall resource capacity is not directly affected by climate extremes, as the resource is not highly reliant on modern rainfall
6. Extractions can only increase up to the limits defined in the Water Allocation Plans
7. Cost sharing arrangements for deepening stock and domestic bores if the need arises have been in place for 15 years. No new applications under this arrangement have been received for 10 years

Risk Source: Demand within sub-area
Consequence: Critical human water needs not met

Risk r542: There is the potential for high demand/use to cause increased salinity via leakage/inflow from poorer quality aquifers, and/or collapse in integrity of confining layer leading to critical human water needs not being met

SUB-AREA: PGR confined

Appendix D

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r542

15

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

X

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

Confidence

Phase 2 – r542
Final Risk Level
Low

100%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high

Appendix D
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Likelihood

4
Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

Minor

Medium

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Interruption to primary source for reticulated town or community water supply

Very high

High

Consequence - Critical human water needs not met

Level

10

10

10

10

10

20

20

20

20

20

Mostly controlled (75-95% effective)

The Water Allocation Plan for the Tintinara Coonalpyn
Prescribed Wells Area (2011) Sections 3 and 6-11

0

Sets water quality standards for drinking water, but does not address availability of water: risk mostly uncontrolled (5-30%)

Safe Drinking Water Act 2011. Entire document

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Mostly implemented
(75-95%)

Implementation
Partially implemented –
appeals prevent full
compliance at this point in
time in Mallee
Only implemented when
needed
Fully implemented
(>95%)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Mostly controlled if restricting/prohibiting use can safeguard critical human water needs water supply (75-95% effective)

NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Very unlikely

Mostly controlled (75-95% effective)

Border Groundwaters Agreement 2005

Phase 2 Outcomes (aggregated probabilities)

Effectiveness

Document

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Water supply for 7 townships: Pinnaroo, Lameroo, Geranium, Parilla, Paruna, Alawoona, Wanbi (SA MDB NRM Board, 2012)
2. Hydrological connects are with i) Confined aquifers of the Wimmera-Mallee (GW3) WRP area, ii) Continuation of the Murray Group Limestone aquifer into the SA River Murray WRP area where it is unconfined and connected to the
River Murray iii) Continuation of confined aquifer from PRS PWA into Tintinara Connalpyn PWA
3. The connected aquifer in the Wimmera-Mallee WRP area is of good quality and high yields, and used for irrigation, stock and domestic purposes and town water supply (PIRSA, 2008a, 2008c)
4. The potential for drawdown to occur across the boundary with the Tintinara Coonalpyn PWA has previously been assessed as being minor and localised and more likely to occur from developments within the Peak Roby Sherlock PWA
(i.e. resource 2c above) (SE NRM Board, 2011)
5. Border Groundwaters Agreement manages interface with connected resources through take limits in the Border Zone
6. Major extraction activities are far from boundaries of sub-area – activities outside this boundary are unlikely to have an impact given the nature of the resource and the distances involved

Risk Source: Management of connected water resources
Consequence: Critical human water needs not met

Risk r554: There is the potential for management of connected water resources to cause insufficient water quantity and/or degradation of water quality, leading to critical human water needs not being met.

SUB-AREA: PGR confined

Appendix D

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r554

15

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

X

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

Confidence

Phase 2 – r554
Final Risk Level
Low

100%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

6

Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

10

10

10

10

Very unlikely

20

20

20

20

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Mostly implemented
(75-95%)

Mostly implemented
(75-95%)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Depends on whether regard is had and whether referrals take place: risk controlled in some circumstances (30-75% effective)

Development plans for council areas. Schedule 12A

Phase 2 Outcomes (aggregated probabilities)

Controlled in some circumstances; depends on how well water impacts are being considered (30-75% effective)

Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Mostly implemented
(75-95%)

Mostly controlled (75-95% effective)

Implemented when
required

Mostly implemented
(75-95%)

Mostly controlled (75-95% effective)

Depends on design of restriction and prohibition notice: controlled in some circumstances (30-75% effective)

Implementation

Effectiveness

NRM Act 2004. Section 132

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)
Sections 5-8
Mallee Prescribed Wells Area cost sharing arrangements (fifth
edition, 2009) (for stock and domestic bores affected by
irrigation drawdown), entire document

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Majority of water extracted is for crop irrigation (SA MDB NRM Board 2010, 2012)
2. Climate extremes could increase demand in future, however, the overall resource capacity is not directly affected by climate extremes, as the resource is not highly reliant on modern rainfall
3. The BDL and SDL unit volumes under the Basin Plan are near equivalent for the GS3 Mallee Resource Unit (which does not include Noora PWA, but does include both the confined and unconfined resources of the GS3 Mallee Resource
Unit) (MDBA, 2012a)
4. Metered extraction from the confined resource for 2012-2013 was estimated at 33 572 ML (DEWNR corporate water licencing database – WILMA). The allocation under the Mallee PWA is 61 3000 ML, but this also includes both
confined and unconfined resources (SA MDB NRM Board, 2012a)
5. Groundwater modelling (Murray Group Limestone aquifer within the Mallee PWA) found that in the area of maximum drawdown (and greatest potential for downward leakage), small increases of 40 mg/L (which is 4% of the current
salinity level) were predicted after 25 years (Barnett and Osei-bonsu, 2006)
6. The resources are prescribed, and therefore take volumes are capped and controlled
7. Border Groundwaters Agreement manages interface with connected resources through take limits in the Border Zone
8. Use for stock/grazing is not licensed but volumes are accounted for and there is considered to be very limited potential for growth in demand (SA MDB NRM Board 2010, 2012)

Risk Source: Demand within sub-area
Consequence: Economic use of water impacted

Risk r543: There is the potential for demand within sub-area to cause insufficient water quantity and/or degradation of water quality leading to economic use of water being impacted

SUB-AREA: PGR confined

Appendix D

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

X

High (4)

High

Confidence

Phase 1 – r543

12

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

Confidence

Phase 2 – r543
Final Risk Level
Low

100%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

8

Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

10

10

10

10

20

20

20

20

20

Depends on how robust the assessment of risk is when an authorisation is granted, could actually reduce effectiveness of WAP framework to
manage impact of demand

NRM Act 2004. Section 128, allows authorisation of take
outside the licensing regime

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Implemented in Mallee

Mostly implemented
(75-95%)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Controlled in some circumstances; depends on how well water impacts are being considered (30-75% effective)

Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Very unlikely

Depends on design of restriction and prohibition notice: controlled in some circumstances (30-75% effective)

NRM Act 2004. Section 132

Phase 2 Outcomes (aggregated probabilities)

Mostly controlled (75-95% effective)

Partially implemented (3075%)

Mostly controlled (75-95% effective)

Partially implemented –
appeals prevent full
compliance at this point in
time in Mallee

Implementation

Effectiveness

Border Groundwaters Agreement 2005

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)
Sections 5-8

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Majority of water extracted is for crop irrigation (SA MDB NRM Board 2010, 2012)
2. Hydrological connects are with i) Confined aquifers of the Wimmera-Mallee (GW3) WRP area, ii) Continuation of the Murray Group Limestone aquifer into the SA River Murray WRP area where it is unconfined and connected to the
River Murray iii) Continuation of confined aquifer from PRS PWA into Tintinara Connalpyn PWA
3. The connected aquifer in the Wimmera-Mallee WRP area is of good quality and high yields, and used for irrigation, stock and domestic purposes and town water supply (PIRSA, 2008a, 2008c)
4. The potential for drawdown to occur across the boundary with the Tintinara Coonalpyn PWA has previously been assessed as being minor and localised and more likely to occur from developments within the Peak Roby Sherlock PWA
(i.e. resource 2c above) (SE NRM Board, 2011)
5. The resources are prescribed, and therefore take volumes are capped and controlled
6. Border Groundwaters Agreement manages interface with connected resources through take limits in the Border Zone
7. Cost sharing arrangements for deepening stock and domestic bores if the need arises have been in place for 15 years. No new applications under this arrangement have been received for 10 years

Risk Source: Management of connected water resources
Consequence: Economic use of water impacted

Risk r555: There is the potential for management of connected water resources to cause insufficient water quantity and/or degradation of water quality leading to economic use of water being impacted

SUB-AREA: PGR confined

Appendix D

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

X

High (4)

High

Confidence

Phase 1 – r555

12

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

Confidence

Phase 2 – r555
Final Risk Level
Low

100%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

10

Implemented as required

Depends on compliance and effective design of S132 notice and compliance and effective use of protection and reparation orders

Consequence - Connected water resources impacted

Very high consequences in connected water resource

High consequences in connected water resource

Medium consequences in connected water resource

Minor consequences in connected water resource

Insignificant consequences in connected water resource

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

10

10

10

10

Very unlikely

20

20

20

20

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Effective in preventing drinking water of unsuitable quality being provided. Risk mostly controlled (75 – 95% effective)

Safe Drinking Water Act 2011. Entire document

Phase 2 Outcomes (aggregated probabilities)

Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Fully implemented
(>95%)
Fully implemented
(>95%)
Fully implemented
(>95%)

Mostly implemented
(75-95%)

Mostly controlled (75-95% effective)

Risk controlled in some circumstances (30 – 75% effective)

Implementation

Effectiveness

Petroleum and Geothermal Energy Act 2000. Part 12

Document
Water Allocation Plan for the Mallee Prescribed Wells Area
(2012)
Water Allocation Plan for the Peake, Roby and Sherlock
Prescribed Wells Area (2010)
Water Allocation Plan for the Noora Prescribed Wells Area
(2001)
Sections 3 and 5-8
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Majority of water extracted is for crop irrigation (SA MDB NRM Board 2010, 2012)
2. Hydrological connects are with i) Confined aquifers of the Wimmera-Mallee (GW3) WRP area, ii) Continuation of the Murray Group Limestone aquifer into the SA River Murray WRP area where it is unconfined and connected to the
River Murray iii) Continuation of confined aquifer from PRS PWA into Tintinara Connalpyn PWA
3. The connected aquifer in the Wimmera-Mallee WRP area is of good quality and high yields, and used for irrigation, stock and domestic purposes and town water supply (PIRSA, 2008a, 2008c)
4. The BDL and SDL unit volumes under the Basin Plan are near equivalent for the GS3 Mallee Resource Unit (which does not include Noora PWA, but does include both the confined and unconfined resources of the GS3 Mallee Resource
Unit) (MDBA, 2012a)
5. Metered extraction from the confined resource for 2012-2013 was estimated at 33 572 ML (DEWNR corporate water licencing database – WILMA). The allocation under the Mallee PWA is 61 3000 ML, but this also includes both
confined and unconfined resources (SA MDB NRM Board, 2012a)
6. Groundwater modelling (Murray Group Limestone aquifer within the Mallee PWA) found that in the area of maximum drawdown (and greatest potential for downward leakage), small increases of 40 mg/L (which is 4% of the current
salinity level) were predicted after 25 years (Barnett and Osei-bonsu, 2006)
7. The resources are prescribed, and therefore take volumes are capped and controlled

Risk Source: Demand within sub-area
Consequence: Connected water resources impacted

Risk r541: There is the potential for demand within the sub-area to cause insufficient water quantity and/or degradation of water quality leading to connected water resources being impacted

SUB-AREA: PGR confined

Appendix D

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

X

Medium (3)

High

Confidence

Phase 1 – r541

9

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

Confidence

Phase 2 – r541
Final Risk Level
Low

100%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

Appendix E

Appendix E.
Non-prescribed groundwater (unconfined) Sub-area

Risk r570: There is the potential for climate extremes to cause insufficient water quantity and/or degradation of
water quality leading to critical human water needs not being met .................................................................................. 2
Risk r582: There is the potential for land to release pollutants or mobilise salt through increased recharge which
changes the water quality in the unconfined aquifer in turn causing critical human water needs to not be
met ................................................................................................................................................................................................................. 4
Risk r571: There is the potential for extreme events (drought, flood) and climate change to cause changed water
quantity/water quality impacting the volume of water available or of a quality unsuitable for its intended
use .................................................................................................................................................................................................................. 6
Risk r583: There is the potential for land use releasing pollutants to impact the volume of water of suitable quality
available for its intended use .............................................................................................................................................................. 8

1

2
Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

10

10

10

10

10

Very unlikely

20

30

30

30

20
20

30

30

20

20

40

40

40

40

40

60
60

50

60

60

60

50

50

50

50

70

70

70

70

70

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Fully implemented
(>95%)

Implemented as needed

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Effective in preventing drinking water of unsuitable quality being provided. Risk mostly controlled (75-95% effective)

Safe Drinking Water Act 2011. Entire document

Phase 2 Outcomes (aggregated probabilities)

Effectiveness
Depends on compliance and effective design of s132 notice, but has potential to control in some circumstances where restricting other use
can ensure water remains available for critical human water needs (30 – 75% effective)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation

Aquifers are unconfined and are thus recharged to some extent by modern rainfall where watertables are shallow, particularly in very wet years (CSIRO and SKM, 2010; DEWNR spatial data – aquifer type regional scale)
SA Water supplies a supplementary community water supply to Burra from fractured rock aquifers and water to Olary township (Watt et al., 2012; SA Geodata Drillholes Database, PIRSA and DEWNR 2014; AWE, 2012)
Approximately 400 domestic wells in the area. Estimated use for stock and domestic is 0.9 GL. (SA Geodata Drillholes Database, PIRSA and DEWNR 2014; MDBA, 2012a)
Stock and domestic water supplies may be susceptible to a drop in water level due to reduced recharge and increased demand in dry periods
Localised impacts could be severe to individual landholders – capital expenditure is required if water level drops below level of existing wells
Much of groundwater in this subarea is highly saline limiting the potential for human dependence on this resource

Implementation and effectiveness of relevant controls

1.
2.
3.
4.
5.
6.

Factors considered when assessing level of risk

Risk Source: Climate extremes
Consequence: Critical human water needs not met

Risk r570: There is the potential for climate extremes to cause insufficient water quantity and/or degradation of water quality leading to critical human water needs not being met

SUB-AREA: NPG unconfined

Appendix E

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Moderate

Likelihood

Possible (3)

Consequence

Minor

X

High (4)

Moderate

Confidence

Phase 1 – r570

12

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Medium

20%

Consequence

Minor

20%

Moderate

Confidence

Phase 2 – r570
Final Risk Level
Low

50%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

10%
Very high
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Likelihood

4
Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)
Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)
Effective in preventing drinking water of unsuitable quality being provided. Does not address potential lack of alternative supply, risk mostly
uncontrolled (5-30% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

Safe Drinking Water Act 2011. Entire document

Risk controlled in some circumstances (30-75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness
Depends on compliance and effective design of S132 notice but has potential to control in some circumstances where restricting other use
can ensure water remains available for critical human water needs (30 -75% effective)

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) policy 2003 – entire
document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Fully implemented
(>95%)

Mostly implemented
(75-95%)
Mostly implemented
(75 – 95%)
Fully implemented
(>95%)
Partially implemented
(30-75%)
Fully implemented
(>95%)

Implemented as required

Implementation

Factors considered when assessing level of risk
1. SA Water supplies a supplementary community water supply to Burra from fractured rock aquifers and water to Olary township (Watt et al., 2012; SA Geodata Drillholes Database, PIRSA and DEWNR, 2014; AWE, 2012)
2. Approximately 400 domestic wells in the area. Estimated use for stock and domestic is 0.9 GL (SA Geodata Drillholes Database, PIRSA and DEWNR, 2014; MDBA, 2012a)
3. Water table is mostly deep. Most land use is production from dryland agriculture or production from relatively natural environments which have low risk of pollution (DEH, 2008; CSIRO and SKM, 2010; Evans and Kellet, 1989)
4. Feedlots around Burra but subject to controls by EPA policies and also using surface water
5. River Murray sourced irrigation does occur on highland close to River but is considered as a risk to the river floodplain and not to the groundwater
6. Much of groundwater in this sub-area is highly saline limiting the potential for human dependence on this resource
7. Controls on mining developments and operations through programs for environment protection and rehabilitation (PEPR) control pollution risks from this sector

Risk Source: Land use releasing pollutants
Consequence: Critical human water needs not met

Risk r582: There is the potential for land to release pollutants or mobilise salt through increased recharge which changes the water quality in the unconfined aquifer in turn causing critical human water needs to not be met

SUB-AREA: NPG unconfined
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#

10

10#

Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Unlikely (2)

Consequence

Minor

X

High (4)

Moderate

Confidence

Phase 1 – r582

8

Risk Rating

Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Likelihood

30
30
30
30
30

20
20
20
20
20

40

40

40

40

40

60

60

60

60

60

70

70

70

70

70

High

Medium

5%

Consequence

Minor

14%

Confidence

Phase 2 – r582
Final Risk Level
Low

80%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

50

50

50

50

50

90

80

1%
Very high

90

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Averaged probabilities for very high consequence was 1%, averaged probabilities for medium consequence was 5% and averaged probability for minor consequence was 14%

Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

10

0#

Interruption to small number* of domestic users

10

10

Very unlikely

0

0#

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

Phase 2 Outcomes (aggregated probabilities)
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Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

20

20

20

10
10

20

20

10

10

Very unlikely

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

90
90

80

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

Partially implemented
(30-75%)

Implemented as required

Implementation

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Phase 2 Outcomes (aggregated probabilities)

Effectiveness
Depends on compliance and effective design of S132 notice but has potential to control in some circumstances where restricting other use
can ensure water remains available for other uses (30 -75% effective)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Approximately 400 domestic wells in the area. Estimated use for stock and domestic is 0.9 GL (SA Geodata Drillholes Database, PIRSA and DEWNR, 2014; MDBA, 2012a)
2. Stock and domestic water supplies may be susceptible to a drop in water level due to reduced recharge and increased demand in dry periods
3. Aquifers are unconfined and are thus recharged to some extent by modern rainfall where watertables are shallow, particularly in very wet years (CSIRO and SKM, 2010; DEWNR spatial data – aquifer type, regional scale)
4. There are 38 active quarries, most of which are pits that produce sand or calcrete with no active dewatering (DMITRE, 2014)
5. Feedlots around Burra but subject to controls by EPA policies and also using surface water

Risk Source: Climate extremes
Consequence: Economic use of water impacted

Risk r571: There is the potential for extreme events (drought, flood) and climate change to cause changed water quantity/water quality impacting the volume of water available or of a quality unsuitable for its intended use

SUB-AREA: NPG unconfined
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Likelihood

Confidence

Consequence

Minor

Confidence

Phase 1 – r571

High level of risk

Very high

Consequence

High

Risk Rating

80%

Insignificant

Low

Low*

High

Medium

10%

Consequence

Minor

10%

Confidence

Phase 2 – r571

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

Final Risk Level

Likelihood
Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

* Further analysis to review economic impacts of interruptions to stock supply

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Very high
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Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

20

20

10
10

20

20

20

10

10

10

Very unlikely

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

100
100

90

100

100

100

90

90

90

90

Very likely

Mostly implemented
(75-95%)
Mostly implemented
(75 – 95%)
Fully implemented
(>95%)
Partially implemented
(30-75%)
Fully implemented
(>95%)

Implemented as required

Implementation

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

Phase 2 Outcomes (aggregated probabilities)

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Risk controlled in some circumstances (30-75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness
Depends on compliance and effective design of S132 notice but has potential to control in some circumstances where restricting other use
can ensure water remains available for other uses (30 -75% effective)

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) policy 2003 – entire
document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Water table is mostly deep. Most land use is production from dryland agriculture or production from relatively natural environments which have low risk of pollution (DEH, 2008; CSIRO and SKM, 2010; Evans and Kellet, 1989)
2. Feedlots around Burra but subject to controls by EPA policies and also using surface water
3. River Murray sourced irrigation does occur on highland close to River but is considered as a risk to the river floodplain and not to the groundwater
4. Much of groundwater in this sub-area is highly saline limiting the potential for human dependence on this resource
5. Controls on mining developments and operations through programs for environment protection and rehabilitation (PEPR) control pollution risks from this sector
6. Approximately 400 domestic wells in the area. Estimated use for stock and domestic is 0.9 GL (SA Geodata Drillholes Database, PIRSA and DEWNR, 2014; MDBA, 2012a)
7. There are 38 active quarries, most of which are pits that produce sand or calcrete with no active dewatering (DMITRE, 2014)

Risk Source: Land use releasing pollutants
Consequence: Economic use of water impacted

Risk r583: There is the potential for land use releasing pollutants to impact the volume of water of suitable quality available for its intended use

SUB-AREA: NPG unconfined
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Likelihood

Confidence

Consequence

Minor

Confidence

Phase 1 – r583

High level of risk

Very high

Consequence

High

Risk Rating

90%

Insignificant

Low

Low*

High

Medium

Consequence

Minor

10%

Confidence

Phase 2 – r583

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

Final Risk Level

Likelihood
Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

* Further analysis to review economic impacts of interruptions to stock supply

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Very high

Appendix E

9

Appendix F

Appendix F.
SA Murray Salt Interception Scheme (unconfined) Sub-area

Risk r648: There is the potential for land use releasing pollutants to affect the quantity and/or quality of
unconfined groundwater causing water dependent ecosystems to be impacted ................................................. 2
Risk r645: There is the potential for irrigated agriculture in the samsis sub-area to cause increased recharge of the
unconfined aquifer which in turn leads to flow of hypersaline water into connected water resources
including the River Murray ............................................................................................................................................................ 4
Risk r856: There is the potential for irrigated agriculture in the SAMSIS sub-area to cause release of pollutants
(agricultural chemicals and nutrients) into groundwater which in turn causes flow of polluted water into
connected water resources ........................................................................................................................................................... 6

1

2
Effectiveness
Maintains floodplain and wetland health and reduces impact of saline groundwater, risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances, depends on inflow from River Murray (30 – 75% effective)
Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)
Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in most circumstances (75 – 95% effective)

Document

River Murray annual environmental water plan

Chowilla Icon Site Management Plan

Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1

Environmental Protection (Water Quality) policy 2003 – entire
document

River Murray Act 2003. Controls on land use and activities on
land adjacent to the River Murray

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

River Murray Water Allocation Plan. Salinity zoning policy

SA MDB NRM Board irrigation efficiency program

Salt interception schemes (SIS)

Implementation and effectiveness of relevant controls

Mostly implemented
(75 – 95%)

Mostly implemented
(75 – 95%)

Mostly implemented
(75 – 95%)

Partially implemented
(30 – 75%)

Partially implemented
(30 – 75%)

Mostly implemented
(75 – 95%)

Implementation
Mostly implemented
(75 – 95%)
Partially implemented,
depending on available
water (30 – 75%)
Mostly implemented (7595%)

Factors considered when assessing level of risk
1. The water table within the unconfined aquifer of this sub-area is mostly shallow (RMCWMB, 2001; Barnett and Osei-bonsu, 2006; DEWNR, 2011a)
2. Presence of significant water dependent ecosystems influenced by both groundwater and surface water (DEWNR spatial layer South Australia Biodiversity Database System; Harding and O’Connor, 2012; Department of the
Environment, 2013)
3. Area with significant irrigation from the River Murray (Renmark, Loxton, Berri Barmera and Waikerie-Cadell)
4. Agriculture chemicals and nutrients are likely to be observed in drainage water
5. Controls to deal with drainage – tile drains to control perched water tables and SIS to control perched water tables and flow of groundwater into floodplain and River Murray
6. Drainage water and interception water are disposed of into disposal basins (DEWNR, 2014a)
7. Improving water use efficiency by irrigators is reducing the volume of drainage water
8. Overall areas are protected by SIS but some area (e.g. Pike and Chowilla) are impacted by regional highly saline groundwater (DEWNR, 2013a)

Risk Source: Land use releasing pollutants
Consequence: Water dependent ecosystems impacted

Risk r648: There is the potential for land use releasing pollutants to affect the quantity and/or quality of unconfined groundwater causing water dependent ecosystems to be impacted

SUB-AREA: SA Murray Salt Interception Scheme, unconfined groundwater
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Possible (3)

Consequence

Minor

High (4)

Moderate

Confidence

Phase 1 – r648
Risk Rating
12

0

0

0

0

0

Medium

Preliminary risk

10

10

10

10

10

40
40

30
30
30
30

20
20
20
20

50

50

50

50

50

70
70

60

70

70

70

60

60

60

60

Low

60%

Insignificant

High

Medium

10%

Consequence

Minor

30%

Confidence

Phase 2 – r648

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

40

40

30

20

40

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

X

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Insignificant

Minor

Medium

High

Very high

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90
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Effectiveness
Maintains floodplain and wetland health and reduces impact of saline groundwater, risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances, depends on inflow from River Murray (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Depends on whether regard is had: controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in most circumstances (75 – 95% effective)

Document

River Murray annual environmental water plan

Chowilla Icon Site Management Plan

River Murray Act 2003. Controls on land use and activities on
land adjacent to the River Murray

Development plans for council areas. Schedule 12A

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

River Murray Water Allocation Plan. Salinity zoning policy

SA MDB NRM Board irrigation efficiency program

Salt interception schemes (SIS)

Implementation and effectiveness of relevant controls

Mostly implemented
(75 – 95%)

Mostly implemented
(75 – 95%)

Mostly implemented
(75 – 95%)

Partially implemented
(30 – 75%)

Mostly implemented
(75 – 95%)

Partially implemented
(30 – 75%)

Implementation
Mostly implemented
(75 – 95%)
Partially implemented,
depending on available
water (30 – 75%)

Factors considered when assessing level of risk
1. Groundwater is connected to the SA River Murray WRP area, Wimmera-Mallee WRP area and Western Porous Rock WRP area (SA Geodata Drillholes Database (PIRSA and DEWNR, 2014); MDBA, 2011a)
2. Discharge is towards the SA River Murray WRP area (ie little ability for irrigation within the sub-area to have an impact on the other two connected areas) (RMCWMB, 2001; Barnett and Osei-bonsu, 2006; DEWNR, 2011a)
3. The water table within the unconfined aquifer of this sub-area is mostly shallow (RMCWMB, 2001; Barnett and Osei-bonsu, 2006; DEWNR, 2011a)
4. Area with significant irrigation from the River Murray (Renmark, Loxton, Berri, Barmera and Waikerie-Cadell)
5. Overall areas are protected by SIS but some area (e.g. Pike and Chowilla) are impacted by regional highly saline groundwater (DEWNR, 2013a)
6. Development controls particularly on the floodplain itself control increases in irrigation area
7. Controls in River Murray WAP (Salinity zoning, water use efficiency etc)
8. In some parts of the sub region, for example near Murtho, the irrigation drainage water has not yet reached the aquifer, so impacts are expected in the future
9. Improving water use efficiency by irrigators is reducing the volume of drainage water
10. Irrigation water use efficiency is improving, and the groundwater ‘mound’ is now declining in response to the drought, improved irrigation practices and the SIS

Risk Source: Land use releasing pollutants
Consequence: Connected water resources impacted

Murray

Risk r645: There is the potential for irrigated agriculture in the SAMSIS sub-area to cause increased recharge of the unconfined aquifer which in turn leads to flow of hypersaline water into connected water resources including the River

SUB-AREA: SA Murray Salt Interception Scheme, unconfined groundwater
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Very high consequences in connected water resource

High consequences in connected water resource

Medium consequences in connected water resource

Minor consequences in connected water resource

Insignificant consequences in connected water resource

Very high

High

Medium

Minor

Insignificant

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Likelihood

Confidence

Consequence

Minor

Confidence

Phase 1 – r645

0

0

0

0

0

Risk Rating

30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80%

Insignificant

Final Risk Level
Low

Low*

High

Medium
Consequence

Minor

20%

Confidence

Phase 2 – r645

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

90

80

Very high

90

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Preliminary risk

10

10

10

10

10

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

* Further analysis to review source of risk – i.e. irrigated agriculture

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Consequence - Connected water resources impacted

Likelihood

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)
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Effectiveness
Maintains floodplain and wetland health and reduces impact of saline groundwater, risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances, depends on inflow from River Murray (30 – 75% effective)
Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)
Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)
Risk controlled in some circumstances (30 – 75% effective)
Depends on whether regard is had: controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in some circumstances (30 – 75% effective)
Risk controlled in most circumstances (75 – 95% effective)

Document

River Murray annual environmental water plan

Chowilla Icon Site Management Plan

Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1

Environmental Protection (Water Quality) policy 2003 – entire
document

River Murray Act 2003. Controls on land use and activities on
land adjacent to the River Murray

Development plans for council areas. Schedule 12A

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

River Murray Water Allocation Plan. Salinity zoning policy

SA MDB NRM Board irrigation efficiency program

Salt interception schemes (SIS)

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. This risk is concerned about impact to connected water resources, not direct impacts on values supported by unconfined groundwater in sub-area
2. The water table within the unconfined aquifer of this sub-area is mostly shallow (RMCWMB, 2001; Barnett and Osei-bonsu, 2006; DEWNR, 2011a)
3. Two controls to deal with drainage – tile drains to control perched water tables and SIS to control perched water tables and flow of groundwater into floodplain and River Murray
4. Drainage water and interception water are disposed of into disposal basins (DEWNR, 2013a)
5. Area with significant irrigation from the River Murray (Renmark, Loxton, Berri, Barmera and Waikerie-Cadell)
6. Environmental impacts at the site of disposal of drainage water is the key issue for this risk
7. Pollution of the already hypersaline unconfined aquifer is not the most important concern – the risks caused by recharge of this aquifer dealt with by r645
8. Main risk is to floodplain and wetlands where the pollutants can concentrate
9. No evidence of increased nutrients or pollutants (apart from salt) in River Murray that have been transmitted via the water resources of this sub-area

Risk Source: Land use releasing pollutants
Consequence: Connected water resources impacted

resources

Mostly implemented
(75 – 95%)

Mostly implemented
(75 – 95%)

Mostly implemented
(75 – 95%)

Partially implemented
(30 – 75%)

Mostly implemented
(75 – 95%)

Partially implemented
(30 – 75%)

Mostly implemented
(75 – 95%)

Implementation
Mostly implemented
(75 – 95%)
Partially implemented,
depending on available
water (30 – 75%)
Mostly implemented
(75-95%)

Risk r856: There is the potential for irrigated agriculture in the SAMSIS sub-area to cause release of pollutants (agricultural chemicals and nutrients) into groundwater which in turn causes flow of polluted water into connected water

SUB-AREA: SA Murray Salt Interception Scheme, unconfined groundwater
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Very high consequences in connected water resource

High consequences in connected water resource

Medium consequences in connected water resource

Minor consequences in connected water resource

Insignificant consequences in connected water resource

Very high

High

Medium

Minor

Insignificant

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Confidence

#

Likelihood

#

Consequence

Minor

#

#

Confidence

Phase 1 – r856

High level of risk

Very high

Consequence

High

#

Risk Rating

10

10

10

10

10

#

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

0

0

0

0

0
30
30
30
30

20
20
20
20

50
50
50

40
40

50

50

40

40

40

#

60

60

60

60

60

70

70

70

70

70

40%

Insignificant

Medium

10%

Moderate

Low

Consequence

Minor

40%

Confidence

Phase 2 – r856

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

80

80

80

80

80

High

10%

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

This risk statement was identified as an additional risk pathway for this sub-area following the phase 1 assessment. Consequently no phase 1 assessment
conducted of this risk statement

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Consequence - Connected water resources impacted

Likelihood

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90
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Appendix G

Appendix G.
Coorong Lower Lakes River Murray (unconfined groundwater) Sub-area

Risk r696: There is the potential for management of connected water resources to cause a drop in water levels,
leading to a drying of acid sulphate soils, which impacts water quality leading to water dependent
ecosystems being impacted ......................................................................................................................................................... 2
Risk r700: There is the potential for climate extremes to cause increased evaporative discharge (and/or reduced
recharge) leading to an impact on groundwater levels such that groundwater dependent ecosystems
are impacted ....................................................................................................................................................................................... 4
Risk r694: There is the potential for management of connected water resources to cause a drop in water levels
leading to a drying of acid sulfate soils which impacts water quality leading to critical human water
needs not being able to be met ................................................................................................................................................. 6
Risk r698: There is the potential for climate extremes to cause increased evaporative discharge (and/or reduced
recharge) leading to an impact on groundwater level such that critical human water needs are not able
to be met .............................................................................................................................................................................................. 8
Risk r853: There is the potential for land development within the sub-area to drain the local unconfined
groundwater leading to a drying of acid sulphate soils which impacts water quality leading to water
dependent ecosystems being impacted ................................................................................................................................ 10

1

2
Mostly implemented
(75-95%)
Mostly implemented
(75-95%)

Maintenance of water levels and bioremediation control risks in some circumstances, depending on inflow from River Murray.
Implemented when required
Management of storages, locks, weirs and Barrages Risk controlled in some circumstances, depends on inflow from River
Murray (30-75%)
Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)
Controls diversions between SA Border and Barrages, but ultimate effectiveness depends on inflows into SA
Maintenance of Lake levels during dry periods, increases risk to Coorong by prioritising lake levels over Barrage outflows
Risk controlled in some circumstances, depends on inflow from River Murray

River Murray System Annual Operating Plan (MDBA)

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-natural-resources/rivermurray/improving-river-health/environmental-water/environmental-waterplanning

Lower Lakes Coorong and Murray Mouth Icon Site management plan

River Murray WAP

Drought Emergency Framework for Lake Alexandrina and Lake Albert
https://www.mdba.gov.au/publications/mdba-reports/drought-emergencyframework-lakes-alexandrina-albert-june-2014

Murray Darling Basin Agreement. Salinity and water quality management,
entitlement flows, operation of upstream storages, cap on diversions

Fully implemented
(>95%)

Implemented as required

Partially implemented,
depending on available
water (30-75%)
Mostly implemented
(75-95%)

Mostly implemented
(75-95%)

Implementation

Effectiveness

Document
CLLMM program. Managing acid sulphate soils project
http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/rivermurray/issues-for-river-health/acid-sulfate-soils

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Sulfuric materials have been found within this sub-area and high potential acid sulfate soils exist throughout the sub-area especially within and near the lower lakes (Soil and Land Program, 2007; CSIRO, 2013; Fitzpatrick et al., 2010)
2. The connected resources are through the SA River Murray WRP area and the Coorong SW sub-area as well as the South-East Drains (Haese et al., 2009; SA Geodata Drillholes Database, PIRSA and DEWNR, 2014)
3. The Lower Lakes, Coorong and Murray Mouth Icon Site is listed as a Wetland of International Significance under the Ramsar Convention (Department of the Environment, 2013)
4. Not a risk to the groundwater per se. Groundwater discharge is not significantly changed by the source of risk. The source of risk and the consequences are expressed in connected surface water resources. Therefore the SA Murray
region component of this risk is only concerned with Coorong surface water, not Lower Lakes or River Murray surface water
5. For the purpose of this assessment, unconfined groundwater in the CRMLLUG is defined as all the water in the soil underneath the water body
6. Significant acid sulphate soil events were not observed in Coorong during the Millennium Drought. Banks subjected to regular wetting and drying rather than permanent inundation followed by exposure. Also Coorong sediments
have acid neutralising capacity. Maintenance of connection with ocean through Murray Mouth prevents water levels from dropping excessively
7. Unconfined groundwater partially support significant ecosystems (Harding and O’Connor, 2012)
8. Main ecological impact is on the seedbank of aquatic vegetation. Even though impacts are potentially local, they are impacts on internationally assets, and it is a key aspect of the value of the assets

Risk Source: Acid sulphate soil potential
Consequence: Water dependent ecosystems impacted

Risk r696: There is the potential for management of connected water resources to cause a drop in water levels, leading to a drying of acid sulphate soils, which impacts water quality leading to water dependent ecosystems being impacted

SUB-AREA: Coorong, Lower Lakes and River Murray unconfined groundwater
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Confidence

High

Likelihood

Very Likely (5)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r696

High level of risk

Very high

Consequence

High

25

Risk Rating

10

10

10

10

10

High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

0

0

0

0

0
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Insignificant

*

*

Medium
Consequence

Minor

Confidence

Phase 2 – r696

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

* During the assessment of r696 it was deemed that acid sulfate soils would not have an impact on groundwater resources and it was only applicable for
surface waters. The effect of acid sulfate soils on connected water resources in relation to surface water impacts was assessed as a component of risk r844

Insignificant

X

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Insignificant

Minor

Medium

High

Very high

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

90

100

100

100

100

100

Very likely
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4
Mostly implemented
(75-95%)
Mostly implemented
(75-95%)

Maintenance of water levels and bioremediation control risks in some circumstances, depending on inflow from River Murray.
Implemented when required
Management of storages, locks, weirs and Barrages Risk controlled in some circumstances, depends on inflow from River
Murray (30-75%)
Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)
Controls diversions between SA Border and Barrages, but ultimate effectiveness depends on inflows into SA
Maintenance of Lake levels during dry periods, increases risk to Coorong by prioritising lake levels over Barrage outflows
Risk controlled in some circumstances, depends on inflow from River Murray
Limited impact due to relatively small volumes involved. Depends on connection to unconfined groundwater soaks and
springs

River Murray System Annual Operating Plan (MDBA)

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-natural-resources/rivermurray/improving-river-health/environmental-water/environmental-waterplanning

Lower Lakes Coorong and Murray Mouth Icon Site management plan

River Murray Water Allocation Plan

Drought Emergency Framework for Lake Alexandrina and Lake Albert
https://www.mdba.gov.au/publications/mdba-reports/drought-emergencyframework-lakes-alexandrina-albert-june-2014

Murray Darling Basin Agreement. Salinity and water quality management,
entitlement flows, operation of upstream storages, cap on diversions

Drainage Network Management Strategy and associated Implementation Plan
http://www.environment.sa.gov.au/managing-natural-resources/wateruse/water-resources/south-east-drainage-network

Implemented as required

Fully implemented
(>95%)

Implemented as required

Mostly implemented
(75-95%)

Partially implemented,
depending on available
water (30-75%)

Mostly implemented
(75-95%)

Implementation

Effectiveness

Document
CLLMM program. Managing acid sulphate soils project
http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/rivermurray/issues-for-river-health/acid-sulfate-soils

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Unconfined aquifers of the sub-area are shallow, partly reliant on modern rainfall and subjective to evaporative discharge.
2. There are springs and soaks on the Younghusband Peninsula fed by groundwater recharged via rainfall onto the dunes
3. The Lower Lakes, Coorong and Murray Mouth Icon Site is listed as a Wetland of International Significance under the Ramsar Convention (Department of the Environment, 2013)
4. Uncertainty regarding the extent management of connected water resources can be a control and the extent to which groundwater fed springs and soaks are considered when assessing this risk
5. Impacts could affect springs and soaks, these are more likely to have cultural rather than ecological significance. There is little monitoring or knowledge regarding these sites
6. Sea level rise is not relevant in the 10 year timeframe of this risk assessment

Risk Source: Climate extremes
Consequence: Water dependent ecosystems impacted

Risk r700: There is the potential for climate extremes to cause increased evaporative discharge (and/or reduced recharge) leading to an impact on groundwater levels such that groundwater dependent ecosystems are impacted

SUB-AREA: Coorong, Lower Lakes and River Murray unconfined groundwater
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Likely (4)

Consequence

Minor

(Initial conservative assessment)

Very high (5)

Moderate

Confidence

Phase 1 – r700
Risk Rating
20

0

0

0

0

0

High

Preliminary risk

10

10

10

10

10

30

20
40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

20%
Insignificant

Medium

Medium

50%

Consequence

Minor

30%

Moderate

Confidence

Phase 2 – r700

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

40

30

20

20

40

30

20

40

30

20

40

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

X

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

Phase 1 level of risk not considering factors or controls

Insignificant

Minor

Medium

High

Very high

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90
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6
Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)
Controls diversions between SA Border and Barrages, but ultimate effectiveness depends on inflows into SA

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-natural-resources/rivermurray/improving-river-health/environmental-water/environmentalwater-planning

Lower Lakes Coorong and Murray Mouth Icon Site management plan

River Murray Water Allocation Plan

Drought Emergency Framework for Lake Alexandrina and Lake Albert
https://www.mdba.gov.au/publications/mdba-reports/droughtemergency-framework-lakes-alexandrina-albert-june-2014
Murray Darling Basin Agreement. Salinity and water quality
management, entitlement flows, operation of upstream storages, cap on
diversions

Mostly implemented
(75-95%)

Management of storages, locks, weirs and barrages. Risk controlled in some circumstances, depends on inflow from River Murray
(30-75%)

River Murray System Annual Operating Plan (MDBA)

Implemented as required
Fully implemented
(>95%)

Maintenance of Lake levels during dry periods, increases risk to Coorong by prioritising lake levels over Barrage outflows

Risk controlled in some circumstances, depends on inflow from River Murray

Mostly implemented
(75-95%)

Partially implemented,
depending on available
water (30-75%)

Mostly implemented
(75-95%)

Implementation
Mostly implemented
(75-95%)

Effectiveness
Maintenance of water levels and bioremediation control risks in some circumstances, depending on inflow from River Murray.
Implemented when required

Document
CLLMM program. Managing acid sulphate soils project
http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/rivermurray/issues-for-river-health/acid-sulfate-soils

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Sulfuric materials have been found within this sub-area and high potential acid sulfate soils exist throughout the sub-area especially within and near the lower lakes (Soil and Land Program, 2007; CSIRO, 2013; Fitzpatrick et al., 2010)
2. The connected resources are through the SA River Murray WRP area and the Coorong SW sub-area as well as the South-East Drains (Haese et al., 2009; SA Geodata Drillholes Database, PIRSA and DEWNR 2014)
3. There is no town water supplied from this sub-area. 21 stock and domestic wells are located near the boundary with the Eastern Mount Lofty Ranges, Salt Creek and near the southern tip of the Coorong, but the aquifer from which
they extract water is unrecorded (SA Geodata Drillholes Database, PIRSA and DEWNR 2014)
4. The area around Salt Creek and the southern tip of the Coorong are unlikely to be areas of high acid sulfate soil potential due to the costal nature of this part of the sub-area (Soil and Land Program, 2007; CSIRO, 2013; Fitzpatrick, et
al., 2010)
5. Soil water gradient means that any acidification would stay within the Lakes/Coorong area as the gradient is towards the water bodies not away from them
6. Drought Emergency Framework for Lakes Alexandrian and Albert means that water levels in the Lower Lakes will be maintained in a drought at the expense of flows over the barrages and into the Coorong. However Coorong has
lower risk of acidification

Risk Source: Acid sulphate soil potential
Consequence: Critical human water needs not met

Risk r694: There is the potential for management of connected water resources to cause a drop in water levels leading to a drying of acid sulfate soils which impacts water quality leading to critical human water needs not being able to be
met

SUB-AREA: Coorong, Lower Lakes and River Murray unconfined groundwater
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Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Very likely (5)

Consequence

Minor

X

Minor (2)

Moderate

Confidence

Phase 1 – r694

10

Risk Rating

Medium

Preliminary risk

10

10

10

10

10
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Low

80%

Insignificant

High

Medium
Consequence

Minor

20%

Confidence

Phase 2 – r694

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

Likelihood

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90
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Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Interruption to primary source for reticulated town or community water supply

Very high

20

20

10
10

20

20

20

10

10

10

Very unlikely

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

80

80

80

80

80

100
100

90

100

100

100

90

90

90

90

Very likely

Mostly implemented
(75-95%)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75% effective)

Consequence - Critical human water needs not met

Implemented as required

Maintenance of Lake levels during dry periods, increases risk to Coorong by prioritising lake levels over Barrage outflows

Level

Phase 2 Outcomes (aggregated probabilities)

Mostly implemented
(75-95%)

Controls diversions between SA Border and Barrages, but ultimate effectiveness depends on inflows into SA

River Murray Water Allocation Plan

Partially implemented,
depending on available
water (30-75%)
Mostly implemented
(75-95%)

Mostly implemented
(75-95%)

Implementation
Mostly implemented
(75-95%)

Risk uncontrolled in most circumstances: small volumes (relatively speaking) and policy does not consider climate extremes (<5% effective)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75% effective)

Lower Lakes Coorong and Murray Mouth Icon Site
management plan

Drainage Network Management Strategy and associated
Implementation Plan
http://www.environment.sa.gov.au/managing-naturalresources/water-use/water-resources/south-east-drainagenetwork
Drought Emergency Framework for Lake Alexandrina and
Lake Drought Emergency Framework for Lake Alexandrina
and Lake Albert
https://www.mdba.gov.au/publications/mdbareports/drought-emergency-framework-lakes-alexandrinaalbert-june-2014
Murray Darling Basin Agreement. Salinity and water quality
management, entitlement flows, operation of upstream
storages, cap on diversions

Management of storages, locks, weirs and barrages. Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75% effective)

Effectiveness

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-naturalresources/river-murray/improving-riverhealth/environmental-water/environmental-water-planning

Document
River Murray System Annual Operating Plan (MDBA)

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. There is no town water supplied from this sub-area and groundwater salinities are too high for domestic use (PIRSA and DEWNR, 2014)
2. Unconfined aquifers of the sub-area are shallow, partly reliant on modern rainfall and subjective to evaporative discharge (Haese et al., 2009; Australian Water Environments, Ecological Associates and GHD Pty Ltd, 2011)
3. Drought Emergency Framework for Lakes Alexandrian and Albert means that water levels in the Lower Lakes will be maintained in a drought at the expense of flows over the barrages and into the Coorong. This reduces evaporative
discharge risks

Risk Source: Climate extremes
Consequence: Critical human water needs not met

Risk r698: There is the potential for climate extremes to cause increased evaporative discharge (and/or reduced recharge) leading to an impact on groundwater level such that critical human water needs are not able to be met

SUB-AREA: Coorong, Lower Lakes and River Murray unconfined groundwater
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Likely (4)

Consequence

Minor

X

Minor (2)

Moderate

Confidence

Phase 1 – r698

8

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

10%

Confidence

Phase 2 – r698
Final Risk Level
Low

90%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

10
Mostly implemented
(75-95%)
Mostly implemented
(75-95%)

Maintenance of water levels and bioremediation control risks in some circumstances, depending on inflow from River Murray.
Implemented when required
Management of storages, locks, weirs and barrages. Risk controlled in some circumstances, depends on inflow from River
Murray (30-75%)
Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)
Controls diversions between SA Border and Barrages, but ultimate effectiveness depends on inflows into SA
Risk controlled in some circumstances, depends on inflow from River Murray

River Murray System Annual Operating Plan (MDBA)

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-natural-resources/rivermurray/improving-river-health/environmental-water/environmental-waterplanning

Lower Lakes Coorong and Murray Mouth Icon Site management plan

River Murray Water Allocation Plan

Murray Darling Basin Agreement. Salinity and water quality management,
entitlement flows, operation of upstream storages, cap on diversions

Partially implemented,
depending on available
water (30-75%)
Mostly implemented
(75-95%)
Fully implemented
(>95%)

Mostly implemented
(75-95%)

Implementation

Effectiveness

Document
CLLMM program. Managing acid sulphate soils project
http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/rivermurray/issues-for-river-health/acid-sulfate-soils

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Sulfuric materials exist in this sub-area. There is high potential for acid sulfate soils throughout sub-area especially within and near the Lower lakes (Soil and Land Program, 2007; CSIRO, 2013; Fitzpatrick et al., 2010)
2. Development controls, River Murray Act controls and EPBC Act controls are in place. These have not always proven effective at limiting development that could cause risk of acid sulfate soil events.
3. Connected resources include SA River Murray WRP area, the Coorong SW sub-area, South-East Drains (Haese et al., 2009; SA Geodata Drillholes Database, PIRSA and DEWNR 2014)
4. The Lower Lakes, Coorong and Murray Mouth Icon Site is listed as a Wetland of International Significance under the Ramsar Convention (Department of the Environment, 2013)
5. Groundwater under the Murray is unlikely to experience a drop in water levels due to the gradient of the groundwater and management of the River Murray itself. Potential impacts to the floodplain are considered in the assessment
for the non-prescribed groundwater sub-area
6. Unconfined aquifers partially support significant ecosystems (Harding and O’Connor, 2012)
7. Unconfined groundwater partially support significant ecosystems (Harding and O’Connor, 2012)
8. Ecological impact may include seedbank of aquatic vegetation. While impacts likely to be local, these seedbanks are a key aspect of the value of internationally significant assets

Risk Source: Acid sulphate soil potential
Consequence: Water dependent ecosystems impacted

Risk r853: There is the potential for land development within the sub-area to drain the local unconfined groundwater leading to a drying of acid sulphate soils which impacts water quality leading to water dependent ecosystems being
impacted

SUB-AREA: Coorong, Lower Lakes and River Murray unconfined groundwater
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Confidence

#

Likelihood

#

Consequence

Minor

#

Consequence

High

#

Confidence

Phase 1 – r853

High level of risk

#

Risk Rating

10

10

10

10

10

#

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

0

0

0

0

0
30
30
30
30

20
20
20
20

60

50

40

60

50

40

60

60

60

50

50

50

40

40

40

70

70

70

70

70

50%

Insignificant

Medium

10%

Moderate

Low

Consequence

Minor

40%

Confidence

Phase 2 – r853

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

#
This risk statement was split from risk statement r696 as land development represents a second pathway to acid sulfate soil risk. Consequently no specific phase 1
assessment was conducted for this risk statement

Insignificant

Very high

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Insignificant

Minor

Medium

High

Very high

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90

Appendix G

11

Appendix H

Appendix H.
Northern Mount Lofty Ranges Sub-area

Risk r762: There is the potential for climate change to lead to reduced catchment yield in turn leading to critical
human water needs not being met (long term decline) .......................................................................................................... 2
Risk r764: There is the potential for extreme events to lead to reduced quantity in water in turn causing environmental
water needs not being met leading to water dependent ecosystems being impacted .............................................. 4
Risk r774: There is the potential for land use and land management practices to cause release of pollutants (e.g.
pathogens, nutrients, metals, sediment, farm chemicals, salinity, DOC etc) leading to reduced water quality
in turn causing critical human water needs not being met .................................................................................................... 6
Risk r770: There is the potential for infrastructure to affect natural flow regimes within the sub-area which affects the
quantity of water available in turn causing critical human water needs to not be met .............................................. 8
Risk r766: There is the potential for surface water demand within the sub-area to affect the quantity of water available
in turn causing critical human water needs to not be met ...................................................................................................10
Risk r763: There is the potential for climate change to lead to reduced catchment yield in turn impacting the volume
of water available for economic (consumptive) uses ..............................................................................................................12
Risk r776: There is the potential for land use and land management practices to cause release of pollutants (e.g.
pathogens, nutrients, metals, sediment, farm chemicals, salinity, DOC etc) leading to reduced water quality
in turn causing impacts to water dependent ecosystems .....................................................................................................14
Risk r772: There is the potential that demand and presence of infrastructure will lead to altered volumes and timing
of surface water flow and changed water quality which in turn causes environmental water requirements
not to be met causing impacts to water dependent ecosystems ......................................................................................16
Risk r761: There is a potential for climate change/extreme events to affect the quantity and/or quality of surface
water resources in turn impacting connected water resources (i.e. non-prescribed groundwater) .....................18
Risk r773: There is a potential for land use releasing pollutants to affect the quality of surface water resources in turn
impacting connected water resources (i.e. non-prescribed groundwater) .....................................................................20

1

2
Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence – Critical human water needs not met

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

Safe Drinking Water Act 2011. Entire document

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

10

20

20

20

10
10

20

20
10

10

Very unlikely

40

40

30
30

40

40

40

30

30

30

50

50

50

50

50

70
70

60

70

70

70

60

60

60

60

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Partially implemented
(30-75%)
Fully implemented
(>95%)
Partially implemented
(30-75%)

Implemented as required

Implementation

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Effectiveness
Depends on compliance and effective design of S132 notice, but has potential to control in some circumstances where restricting other use
can ensure water remains available for critical human water needs
Manages construction of new dams, but does not consider future reduced catchment yields
(30-75% effective)
Effective in preventing drinking water of unsuitable quality being provided. Risk mostly controlled, because an alternative supply is available
(75-95% effective)
Manages construction of new dams, but does not consider future reduced catchment yields
(30-75% effective)

For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2015-25) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007
referenced by DENR, 2010)
Surface water resources are reliant on rainfall and affected by evapotranspiration, therefore if CSIRO projections eventuate, a decline in catchment yield would likely be observed
Average rainfall in Burra is 417 mm so surface water runoff is very unreliable (Deane, et al. 2008) and Yunta Creek catchment only receives 254 mm (McIntosh, 2001)
There are a significant number of stock and domestic dams in this sub-area – particularly along Burra Creek (Dean, et al., 2008; McIntosh, 2001). Spatial analysis, including the updating of the Topo_Waterbodies feature class
maintained by DEWNR, undertaken as part of SA BDL renegotiation (Herpich, 2016) identified 2970 dams with a calculated capacity of 3134ML in the Northern Mount Lofty Ranges.
SA Water supplies Yunta and Terowie with supplementary town water supply from the local surface water, with a backup water supply trucked from Peterborough from the River Murray pipeline (McIntosh, 2001)
Number of customers in each of the townships is very low
Groundwater and rainwater is in many cases an alternative supply for stock and domestic use
Even under current circumstances the supply to the townships has failed 4 out of 10 years, due mainly to water quality concerns. The supply is rated as “BAC”, which means it needs to be boiled to make it safe for drinking, but when it
becomes “CHEM” (mainly due to heavy metals) than it can no longer be supplied and an alternative supply is required

Implementation and effectiveness of relevant controls

5.
6.
7.
8.

2.
3.
4.

1.

Factors considered when assessing level of risk

Risk Source: Climate extremes
Consequence: Critical human water needs not met

Risk r762: There is the potential for climate change to lead to reduced catchment yield in turn leading to critical human water needs not being met (long term decline)

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Moderate

Likelihood

Very Likely (5)

Consequence

Minor

X

High (4)

Low

Confidence

Phase 1 – r762

20

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

10%

Consequence

Minor

30%

Confidence

Phase 2 – r762
Final Risk Level
Low

60%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

4
0
0
0

Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention

Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

No loss or loss where recovery feasible without management intervention

Very high

High

Medium

Minor

Insignificant

0

0

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe

10

10

10

10

10

20

20

20

20

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

90
90

80

90

90

90

80

80

80

80

100

100

100

100

100

Very likely

Partially implemented
(30-75%)
Partially implemented
(30-75%)

Dams are generally self-limiting, reduced run off means reduced harvesting of water, however can cause issues with critical low flows for
ecosystems. Controls only affect new dams, risk mostly uncontrolled (5-30% effective)
Dams are self-limiting: reduced run off means reduced harvesting of water, however can cause issues with critical low flows for ecosystems.
Controls only affect new dams, risk mostly uncontrolled (5-30% effective)

Very unlikely

Implemented as required

Depends on compliance and effective design of S132 notice and compliance and effective use of protection and reparation orders

Consequence - Water dependent ecosystems impacted

Implementation

Effectiveness

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. For the Murray region, CSIRO’s climate change Australia report predicts -10 to -20% change in median annual rainfall and an 8-16% increase of winter average potential transpiration in 2070 compared to the 1980-99 baseline period
under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2015-25) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007 referenced by
DEBR, 2010)
2. Surface water resources are reliant on rainfall and affected by evapotranspiration – therefore, if CSIRO projections eventuate, a decline in catchment yield would likely be observed
3. Estimated total volume of dam capacity = 3.12 GL/yr (2970 dams). Dams larger than 5 ML are only a small percentage of the total dams (Deane, et al., 2008; McIntosh, 2001; DEWNR spatial data about waterbodies, watercourses and
water affecting activity permits)
4. In some catchments, dams are likely to have a major impact on streamflow except during extreme rainfall (Deane, et al., 2008)
5. There are WDEs that are protected by legislation or policy in the sub area (DEWNR spatial layer South Australian Biodiversity Database System; Harding and O’Connor, 2012; Department of the Environment, 2013)
6. There is uncertainty about whether the WDEs would have been mainly disconnected permanent pools that are mainly groundwater fed, or whether it would be a chain of connected pools where watercourse water and flow is
important
7. The assumption is that the WDEs are not purely groundwater dependent but do rely on floods and/or other aspects of the flow regime in watercourse, but that the vast majority of species can either survive ephemeral conditions or
repopulate from other locations

Risk Source: Climate extremes
Consequence: Water dependent ecosystems impacted

Risk r764: There is the potential for extreme events to lead to reduced quantity in water in turn causing environmental water needs not being met leading to water dependent ecosystems being impacted

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Moderate

Likelihood

Very Likely (5)

Consequence

Minor

X

Medium (3)

Moderate

Confidence

Phase 1 – r764

15

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

20%

Confidence

Phase 2 – r764
Final Risk Level
Low

80%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

6
Fully implemented
(>95%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)
Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
Effective in preventing drinking water of unsuitable quality being provided. Risk mostly controlled (75 – 95% effective)

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Petroleum and Geothermal Energy Act 2000. Part 12

SAAL NRM Plan. Water affecting activities. Part 4, section 4

SAMDB NRM Plan. Volume B, section 6

Safe Drinking Water Act 2011. Entire document

Fully implemented
(>95%)

Partially implemented
(30-75%)

Fully implemented
(>95%)

Risk controlled in some circumstances (30 – 75% effective)

Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Mostly implemented
(75 – 95%)

Implementation
Mostly implemented
(75-95%)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness

Environmental Protection (Water Quality) Policy 2003 – entire
document

Document
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Most land is classified as production from ‘relatively natural environments’ or ‘dryland agriculture and plantations’. The sub-area does experience rainfall that could wash pollutants into surface water, but risk of release of pollutants is
low (DEWNR spatial data (watercourses layer); BOM, 2014a; DEH, 2008)
2. Less than 5% of the area is impacted by gully erosion and the sub-area is subject to low to moderate water erosion risks (Soil and Land Program, 2007; Lu, et al., 2007)
3. Estimated total volume of dam capacity = 3.13 GL/yr (2970dams) (Deane, et al., 2008; McIntosh, 2001; DEWNR spatial data about waterbodies (updated as part of BDL renegotiations), watercourses and water affecting activity permits)
4. 70% of sub-area is covered by mining exploration tenements (DMITR, 2014)
5. SA Water supplies Yunta and Terowie with a supplementary town water supply from the local surface water, with a backup water supply trucked from Peterborough from the River Murray pipeline, (McIntosh, 2001)
6. Number of customers in each township is very low
7. Groundwater and rainwater is in many cases an alternative supply for stock and domestic use
8. Even under current circumstances the supply to the townships has failed 4 out of 10 years, due mainly to water quality concerns. The supply is rated as “BAC”, which means it needs to be boiled to make it safe for drinking, but when it
becomes “CHEM” (mainly due to heavy metals) than it can no longer be supplied and an alternative supply is required
9. Pollution sources for town water supplies appear to be naturally occurring metals in landscape and/or road wash-off
10. Feedlots around Burra, but subject to controls by EPA policies and also using groundwater

Risk Source: Land use releasing pollutants
Consequence: Critical human water needs not met

Risk r774: There is the potential for land use and land management practices to cause release of pollutants (e.g. pathogens, nutrients, metals, sediment, farm chemicals, salinity, DOC etc) leading to reduced water quality in turn causing
critical human water needs not being met.

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Possible (3)

Consequence

Minor

X

High (4)

Low

Confidence

Phase 1 – r774

12

Risk Rating

Medium

Preliminary risk

10

10

10

10

10

40
40

30
30
30

20
20
20

50

50

50

50

50

70
70

60

70

70

70

60

60

60

60

Low

60%

Insignificant

High

Medium

10%

Consequence

Minor

30%

Confidence

Phase 2 – r774

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

40

40

30

20

40

30

20

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

Likelihood

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90
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8
Implemented as required
Partially implemented
(30-75%)
Fully implemented
(>95%)
Partially implemented
(30-75%)

Effective in preventing drinking water of unsuitable quality being provided. Risk mostly controlled (75 – 95% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Safe Drinking Water Act 2011. Entire document

SAMDB NRM Plan. Volume B, section 6

Implementation

Depends on compliance and effective design of S132 notice and compliance and effective use of protection and reparation orders

Effectiveness

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Average rainfall in Burra creek catchment is 417 mm so surface water runoff is very unreliable (Deane, et al. 2008) and Yunta Creek catchment only receives 254 mm (McIntosh, 2001)
2. There are a significant number of stock and domestic dams in this sub-area – particularly along Burra Creek (Dean, et al., 2008; McIntosh, 2001). Spatial analysis, including the updating of the Topo_Waterbodies feature class
maintained by DEWNR, undertaken as part of SA BDL renegotiation (Herpich, 2016) identified 2970 dams intercepting a possible 3134ML in the Northern Mount Lofty Ranges.
3. SA Water supplies Yunta and Terowie with a supplementary town water supply from the local surface water, with a backup water supply trucked from Peterborough from the River Murray pipeline, (McIntosh, 2001)
4. Number of customers in each township is very low
5. Groundwater and rainwater is in many cases an alternative supply for stock and domestic use
6. Even under current circumstances the supply to the townships has failed 4 out of 10 years, due mainly to water quality concerns. The supply is rated as “BAC”, which means it needs to be boiled to make it safe for drinking, but when it
becomes “CHEM” (mainly due to heavy metals) than it can no longer be supplied and an alternative supply is required
7. Modelling for Burra Creek indicates that farm dams could have major impact on stream flow except when there is extreme high rainfall. Analysis of adjusted runoff based on observed stream flow suggests dams intercept up to 70 –
80% of total surface runoff (Deane. Et al., 2008)
8. Goyder Council Development Plan and the regional NRM Plans have established rules regarding construction of new dams and other infrastructure on watercourses (SA MDB NRM Board, 2013b; SAAL NRM Board, 2010a; DPTI and
Regional Council of Goyder, 2012)
9. Current use and interception is almost equivalent to sustainable limit (based on SDL and BDL values and considering volume of water intercepted in dams) (MDBA, 2012a)
10. Most dams have been built and controls deal with new dams or infrastructure. So risk of further change as a result of new infrastructure is generally managed, but the risk due to existing infrastructure is not addressed
11. In the catchments where the town water supplies are sourced, competition with other dams or stock and domestic or other use is not an issue, the supply is unreliable because of rainfall and water quality issues, not because of other
infrastructure changing flow regimes

Risk Source: Infrastructure affecting natural flow regimes
Consequence: Critical human water needs not met

Risk r770: There is the potential for infrastructure to affect natural flow regimes within the sub-area which affects the quantity of water available in turn causing critical human water needs to not be met

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Possible (3)

Consequence

Minor

X

High (4)

Low

Confidence

Phase 1 – r770

12

Risk Rating

Medium

Preliminary risk

10

10

10

10

10
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Low

80%

Insignificant

High

Medium
Consequence

Minor

20%

Confidence

Phase 2 – r770

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

90

80

Very high

90

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

Likelihood

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)
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Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
Effective in preventing drinking water of unsuitable quality being provided. Risk mostly controlled (75 – 95% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Safe Drinking Water Act 2011. Entire document

SAMDB NRM Plan. Volume B, section 6

Partially implemented
(30-75%)

Fully implemented
(>95%)
Fully implemented
(>95%)
Partially implemented
(30-75%)
Fully implemented
(>95%)

Implemented as required

Risk controlled in some circumstances (30 – 75% effective)

Implementation

Effectiveness
Depends on compliance and effective design of S132 notice and compliance and effective use of protection and reparation orders

Petroleum and Geothermal Energy Act 2000. Part 12

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Estimated total volume of dam capacity = 3.13 GL/yr (2970 dams). There are only a small percentage of dams larger than 5 ML (Deane, et al., 2008; McIntosh, 2001; DEWNR spatial data about waterbodies, watercourses and water
affecting activity permits)
2. There is less than 0.4 km2 of dryland forestry in the sub-area. This forestry is also reliant on non-prescribed groundwater (DEH, 2008)
3. Modelling for Burra Creek indicates that farm dams could have major impact on stream flow except when there is extreme high rainfall. Analysis of adjusted runoff based on observed stream flow suggests dams intercept up to 70 –
80% of total surface runoff (Deane. Et al., 2008)
4. 70% of sub-area covered by mining exploration tenements (DMITRE, 2014)
5. Goyder Council Development Plan and the regional NRM Plans have established rules regarding construction of new dams and other infrastructure on watercourses (SA MDB NRM Board, 2013b; SAAL NRM Board, 2010a; DPTI and
Regional Council of Goyder, 2012)
6. Current use and interception is almost equivalent to sustainable limit (based on SDL and BDL values and considering volume of water intercepted in dams) (MDBA, 2012a)
7. SA Water supplies Yunta and Terowie with a supplementary town water supply from the local surface water, with a backup water supply trucked from Peterborough from the River Murray pipeline, (McIntosh, 2001)
8. Number of customers in each township is very low
9. Groundwater and rainwater is in many cases an alternative supply for stock and domestic use
10. Even under current circumstances the supply to the townships has failed 4 out of 10 years, due mainly to water quality concerns. The supply is rated as “BAC”, which means it needs to be boiled to make it safe for drinking, but when it
becomes “CHEM” (mainly due to heavy metals) than it can no longer be supplied and an alternative supply is required
11. Mining would generally use groundwater, but would use surface water for road making
12. There is no control of direct take out of watercourses although there is no known permanent infrastructure
13. Most dams have been built and controls deal with new dams or infrastructure. So risk of further change as a result of new infrastructure is generally managed, but the risk due to existing infrastructure is not
14. In the catchments where the town water supplies are sourced, competition with other dams or stock and domestic or other use is not an issue, the supply is unreliable because of rainfall and water quality issues, not because of other
infrastructure changing flow regimes

Risk Source: Demand within sub-area
Consequence: Critical human water needs not met

Risk r766: There is the potential for surface water demand within the sub-area to affect the quantity of water available in turn causing critical human water needs to not be met

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Possible (3)

Consequence

Minor

X

High (4)

Low

Confidence

Phase 1 – r766

12

Risk Rating

Medium

Preliminary risk

10

10

10

10

10
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

80

70

Low

70%

Insignificant

High

Medium

10%

Consequence

Minor

20%

Confidence

Phase 2 – r766

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

High

80

80

80

80

70

70

70

70

Phase 2 level of risk considering factors and controls

30

20

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

Likelihood

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

Very high

90

90

90

90

100

100

100

100

100

Very likely
90
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Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

10

10

10

10

Very unlikely

20

20

20

20

20

Partially implemented
(30-75%)

Dams are self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one dam
would affect access to water by others (30 – 75% effective)

40

40

30
30

40

40

40

30

30

30

60
60

50

60

60

60

50

50

50

50

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Implemented as required
Partially implemented
(30-75%)

Implementation

Effectiveness
Depends on whether economic use of water can be safeguarded by restrictions/prohibitions on other use. Controlled in some circumstances
(30 – 75% effective)
Dams are self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one dam
would affect access to water by others (30 – 75% effective)

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2015-25) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007
referenced by DENR, 2010)
2. Surface water resources are reliant on rainfall and affected by evapotranspiration, therefore if CSIRO projections eventuate, a decline in catchment yield would likely be observed
3. A small number of large dams in sub-area that may be supporting irrigation (Deane et al., 2008, McIntosh, 2001, DEWNR spatial data about waterbodies, watercourses and water affecting activity permits)
4. Feedlots around Burra, but subject to controls by EPA policies and also using groundwater
5. Mining would generally use groundwater, but would use surface water for road making
6. There is less than 0.4 km2 of dryland forestry in the sub-area. This forestry is also reliant on non-prescribed groundwater (DEH, 2008)
7. Main economic use is dryland farming (grazing and watering stock) (DEH, 2008)
8. Any direct extraction from watercourses for stock could be baseflow that is groundwater fed
9. Stock use has been in place for some time. Uncertainty around the business model for dryland farming and how it has adapted to a naturally unreliable surface water supply and rainfall. It is not clear if reduced yield would cause a
tipping point in terms of economic use, or if business model for enterprises in the region already adapted to variability (e.g. alternative groundwater supply). Also not clear to what extent pasture or drinking water is the limit

Risk Source: Climate extremes
Consequence: Economic use of water impacted

Risk r763: There is the potential for climate change to lead to reduced catchment yield in turn impacting the volume of water available for economic (consumptive) uses

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Moderate

Likelihood

Very Likely (5)

Consequence

Minor

X

Minor (2)

Moderate

Confidence

Phase 1 – r763

10

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Medium

20%

Consequence

Minor

30%

Moderate

Confidence

Phase 2 – r763
Final Risk Level
Low

50%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

14
Partially implemented
(30-75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAAL NRM Plan. Water affecting activities. Part 4, section 4

SAMDB NRM Plan. Water affecting activity permits and
policies

Partially implemented
(30-75%)

Fully implemented (>95%)

Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

Partially implemented
(30-75%)

Implementation
Mostly implemented (7595%)
Mostly implemented (75 –
95%)
Fully implemented
(>95%)

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Risk controlled in some circumstances (30 – 75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) Policy 2003 – entire
document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Most land is classified as production from ‘relatively natural environments’ or ‘dryland agriculture and plantations’. The sub-area does experience rainfall that could wash pollutants into surface water, but risk of release of pollutants is
low (DEWNR spatial data - watercourses layer; BOM, 2014a; DEH, 2008)
2. Less than 5% of the area is impacted by gully erosion and the sub-area is subject to low to moderate water erosion risks (Soil and Land Program, 2007; Lu, et al., 2007)
3. Pollution sources for town water supplies appear to be naturally occurring metals in landscape and/or road wash off
4. Feedlots around Burra, but subject to controls by EPA policies and also using groundwater
5. 70% of sub-area covered by mining exploration tenements (DMITRE, 2014)
6. There are WDEs that are protected by legislation or policy in the sub area (DEWNR spatial layer South Australian Biodiversity Database System; Harding and O’Connor, 2012; Department of the Environment, 2013)
7. There is uncertainty about whether the WDEs would have been mainly disconnected permanent pools that are mainly groundwater fed, or whether it would be a chain of connected pools where watercourse water and flow is
important
8. The assumption is that the WDEs are not purely groundwater dependent but do rely on floods and/or other aspects of the flow regime in watercourse, but that the vast majority of species can either survive ephemeral conditions or
repopulate from other locations

Risk Source: Land use releasing pollutants
Consequence: Water dependent ecosystems impacted

Risk r776: There is the potential for land use and land management practices to cause release of pollutants (e.g. pathogens, nutrients, metals, sediment, farm chemicals, salinity, DOC etc) leading to reduced water quality in turn causing
impacts to water dependent ecosystems

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Possible (3)

Consequence

Minor

X

Medium (3)

Consequence

High

Moderate

Confidence

Phase 1 – r776
Risk Rating
9

0

0

0

0

0

Medium

Preliminary risk

10

10

10

10

10
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Low

80%

Insignificant

High

Medium
Consequence

Minor

20%

Confidence

Phase 2 – r776

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

90

80

Very high

90

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Insignificant

Minor

Medium

High

Very high

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)
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Insignificant

Minor

Medium

High

Very high

Level

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

0

0

0

0

0

10

10

10

10

10

30

30

20
20

30

30

30

20

20

20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

90
90

80

90

90

90

80

80

80

80

100

100

100

100

100

Very likely

Partially implemented
(30-75%)

Partially implemented
(30-75%)

Implemented as required

Implementation

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Manages construction of new dams, culverts and other infrastructure. Risk controlled in some circumstances (30 – 75% effective)

SAMDB NRM Plan. Volume B, section 6

Very unlikely

Manages construction of new dams, culverts and other infrastructure. Risk controlled in some circumstances (30 – 75% effective)

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Phase 2 Outcomes (aggregated probabilities)

Effectiveness
Depends on compliance and effective design of s132 notice, but has potential to control in some circumstances where restricting other use
can ensure water remains available for WDEs (30 – 75% effective)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. In some catchments, dams are likely to have a major impact on streamflow except during extreme rainfall (Deane, et al., 2008)
2. There are WDEs that are protected by legislation or policy in the sub area (DEWNR spatial layer South Australian Biodiversity Database System; Harding and O’Connor, 2012; Department of the Environment, 2013)
3. There is uncertainty about whether the WDEs would have been mainly disconnected permanent pools that are mainly groundwater fed, or whether it would be a chain of connected pools where watercourse water and flow is
important
4. The assumption is that the WDEs are not purely groundwater dependent but do rely on floods and/or other aspects of the flow regime in watercourse, but that the vast majority of species can either survive ephemeral conditions or
repopulate from other locations
5. Estimated total volume of dam capacity = 3.12 GL/yr (2970 dams). Dams larger than 5 ML are only a small percentage of the total dams (Deane, et al., 2008; McIntosh, 2001; DEWNR spatial data about waterbodies, watercourses and
water affecting activity permits)
6. Goyder Council Development Plan and the regional NRM Plans have established rules regarding construction of new dams and other infrastructure on watercourses (SA MDB NRM Board, 2013b; SAAL NRM Board, 2010a; DPTI and
Regional Council of Goyder, 2012)

Risk Source: Infrastructure affecting natural flow regimes
Consequence: Water dependent ecosystems impacted

Risk r772: There is the potential that demand and presence of infrastructure will lead to altered volumes and timing of surface water flow and changed water quality which in turn causes environmental water requirements not to be met
causing impacts to water dependent ecosystems

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Possible (3)

Consequence

Minor

X

Medium (3)

Moderate

Confidence

Phase 1 – r772

9

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

20%

Confidence

Phase 2 – r772
Final Risk Level
Low

80%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

18

Consequence - Connected water resources impacted

Very high consequences in connected water resource

High consequences in connected water resource

Medium consequences in connected water resource

Minor consequences in connected water resource

Insignificant consequences in connected water resource

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

20

10

20

20

10

20

10

20

10

10

Very unlikely

Partially implemented
(30-75%)

Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances. No control on direct
extraction from watercourses, controls on construction of new wells but not on level of take (30 – 75% effective)

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Implemented as required
Partially implemented
(30-75%)

Implementation

Effectiveness
Effectiveness depends on whether impact on other water resource can be safeguarded by restrictions/prohibitions on other use. Controlled in
some circumstances (30 – 75% effective)
Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances. No control on direct
extraction from watercourses, controls on construction of new wells but not on level of take (30 – 75% effective)

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2015-25) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007
referenced by DENR, 2010)
2. Surface water resources are reliant on rainfall and affected by evapotranspiration, therefore if CSIRO projections eventuate, a decline in catchment yield would likely be observed
3. Highlands have areas of lower depth to water table, with depths of <5 m expected in the lowest points of broad valleys (Barnett, in prep)
4. Creeks in the highlands are ephemeral flowing only in very wet years
5. Feedlots around Burra, but subject to controls by EPA policies and also using groundwater
6. Mining would generally use groundwater, but would use surface water for road making
7. There is less than 0.4 km2 of dryland forestry in the sub-area. This forestry is also reliant on non-prescribed groundwater (DEH, 2008)
8. Any direct extraction from watercourses for stock could be baseflow that is groundwater fed
9. Main consequence would be a shift to demand in groundwater due to lack of surface water, not the direct hydrological connection
10. 13% of sub-area identified as being susceptible to flooding – heavy rain events could cause particulates and other matter to pollute surface water features and/or cause geomorphic changes (Soil and Land program, 2007; DEWNR
spatial data - watercourses layer and topography layers; BOM, 2014a)

Risk Source: Climate extremes
Consequence: Connected water resources impacted

Risk r761: There is a potential for climate change/extreme events to affect the quantity and/or quality of surface water resources in turn impacting connected water resources (i.e. non-prescribed groundwater)

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Likelihood

Confidence

Consequence

Minor

Confidence

Phase 1 – r761

High level of risk

Very high

Consequence

High

Risk Rating

80%

Insignificant

Low

Low*

High

Medium

10%

Consequence

Minor

10%

Confidence

Phase 2 – r761

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

Final Risk Level

Likelihood
Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

* Further analysis to address potential interactions between groundwater and surface water

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Very high
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Consequence - Connected water resources impacted

Very high consequences in connected water resource

High consequences in connected water resource

Medium consequences in connected water resource

Minor consequences in connected water resource

Insignificant consequences in connected water resource

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

20

10

20

20

10

10

20

20
10

10

Very unlikely

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

90
90

80

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

Partially implemented
(30 – 75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Phase 2 Outcomes (aggregated probabilities)

Fully implemented (>95%)

Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

Implementation
Mostly implemented
(75 – 95%)
Mostly implemented
(75 – 95%)
Fully implemented
(>95%)
Partially implemented
(30 – 75%)

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Risk controlled in some circumstances (30 – 75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) Policy 2003 – entire
document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Highlands have areas of lower depth to water table, with depths of <5 m expected in the lowest points of broad valleys (Barnett, in prep)
2. Creeks in the highlands are ephemeral flowing only in very wet years
3. Most land is classified as production from ‘relatively natural environments’ or ‘dryland agriculture and plantations’. The sub-area does experience rainfall that could wash pollutants into surface water, but risk of release of pollutants is
low (DEWNR spatial data (watercourses layer); BOM, 2014a; DEH, 2008)
4. Less than 5% of the area is impacted by gully erosion and the sub-area is subject to low to moderate water erosion risks (Soil and Land Program, 2007; Lu, et al., 2007)
5. Pollution sources for town water supplies appear to be naturally occurring metals in landscape and/or road wash-off
6. Feedlots around Burra, but subject to controls by EPA policies and also using groundwater
7. 70% of sub-area covered by mining exploration tenements (DMITRE, 2014)
8. Mining would generally use groundwater, but would use surface water for road making
9. 13% of sub-area identified as being susceptible to flooding – heavy rain events could cause particulates and other matter to pollute surface water features and/or cause geomorphic changes (Soil and Land program, 2007; DEWNR
spatial data (watercourses layer and topography layers); BOM, 2014a)
10. There is less than 0.4 km2 of dryland forestry in the sub-area. This forestry is also likely to be reliant on non-prescribed groundwater (DEH, 2008)
11. Any direct extraction from watercourses for stock could be baseflow that is groundwater fed
12. Main consequence would be a shift to demand in groundwater due to lack of surface water, not the direct hydrological connection

Risk Source: Land use releasing pollutants
Consequence: Connected water resources impacted

Risk r773: There is a potential for land use releasing pollutants to affect the quality of surface water resources in turn impacting connected water resources (i.e. non-prescribed groundwater)

SUB-AREA: Northern Mount Lofty Ranges Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Likelihood

Confidence

Consequence

Minor

Confidence

Phase 1 – r773

High level of risk

Very high

Consequence

High

Risk Rating

80%

Insignificant

Low

Low*

High

Medium

10%

Consequence

Minor

10%

Confidence

Phase 2 – r773

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

Final Risk Level

Likelihood
Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

* Further analysis to address potential interactions between groundwater and surface water

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Very high
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Appendix I

Appendix I.
Non-prescribed Surface Water Sub-area

Risk r794: There is the potential for climate change to cause changed water quantity/quality causing critical
human water needs to not be met ............................................................................................................................................ 2
Risk r806: There is the potential for land use to release pollutants which reduces water quality of surface water
resources in turn causing critical human water needs to not be met.......................................................................... 4
Risk r795: There is the potential for climate change to affect the quantity and/or quality of surface water resources
which in turn impacts the volume of water unavailable or of unsuitable quality for its intended use .......... 6
Risk r796: There is the potential for extreme events (including impacts of climate change) to affect the quantity
and/or quality of surface water which in turn causes water dependent ecosystems to be impacted............ 8
Risk r798: There is the potential for demand for surface water within the sub-area to impact on the quantity
and/or quality of water available which in turn leads to critical human water needs not being met .......... 10
Risk r807: There is the potential for land use/vulnerability to flooding to release pollutants impacting water quality
which in turn causes water to be of unsuitable quality for its intended use .......................................................... 12
Risk r808: There is the potential for land use to release pollutants impacting water quality which impacts water
dependent ecosystem values ..................................................................................................................................................... 14
Risk r854: There is the potential for extreme events (drought or flood or bushfires) to cause changed water
quality/water quantity causing critical human water needs to not be met ............................................................. 16
Risk r855: There is a potential for extreme events (drought, floods, bushfires) to affect the quantity and/or quality
of surface water resources which in turn impacts the volume of water available or of a quality unsuitable
for its intended use ........................................................................................................................................................................ 18

1

2
0

Medium number: 100-1000 Households Large number: >1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Interruption to primary source for reticulated town or community water supply

Very high

20

20

10
10

20

20

20

10

10

10

Very unlikely

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Partially implemented
(30-75%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)

Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)
Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)
Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)

Consequence - Critical human water needs not met

Implementation
Implemented as required

Effectiveness

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water
Depends on compliance and effective design of S132 notice. Mostly controlled when put in place (75 – 95% effective)

For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2015-25) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007
referenced by DENR, 2010)
Surface water resources are reliant on rainfall and affected by evapotranspiration, therefore if CSIRO projections eventuate, a decline in catchment yield would likely be observed
There are 4954 dams intercepting a possible 18058 ML. No known town water supplies from the surface water in this sub-region
Due to low rainfall, surface water availability is inherently unreliable, therefore people have adopted risk mitigation strategies, such as oversized dams (can collect more than one year’s water needs), rainwater tanks, groundwater or
water via pipelines or trucking

Implementation and effectiveness of relevant controls

2.
3.
4.

1.

Factors considered when assessing level of risk

Risk Source: Climate change
Consequence: Critical human water needs not met

Risk r794: There is the potential for climate change to cause changed water quantity/quality causing critical human water needs to not be met

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Moderate

Likelihood

Very Likely (5)

Consequence

Minor

X

Medium (3)

Low

Confidence

Phase 1 – r794

15

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

10%

Confidence

Phase 2 – r794
Final Risk Level
Low

90%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

4
Partially implemented
(30-75%)
Partially implemented
(30-75%)

Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

SAAL NRM Plan. Water affecting activities. Part 4, section 4

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

SAMDB NRM Plan. Volume B, section 6

Implementation
Mostly implemented
(75-95%)
Mostly implemented
(75 – 95%)
Fully implemented
(>95%)
Partially implemented
(30-75%)
Fully implemented
(>95%)
Partially implemented
(30-75%)

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Risk controlled in some circumstances (30 – 75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) policy 2003 – entire
document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Some areas are classified as having lad use ‘intensive use’ or ‘irrigated agriculture and plantations’. This land use is near creeks and drainage lines in the sub-area
2. Due to low rainfall, surface water availability is inherently unreliable, therefore people have adopted risk mitigation strategies, such as oversized dams (can collect more than one year’s water needs), rainwater tanks, groundwater or
water via pipelines or trucking
3. There are 4954 dams intercepting a possible 18058 ML. No known town water supplies from the surface water in this sub-region
4. Water erosion potential and flooding risk is classified as low (Soil and Land Program, 2007; Lu, et al., 2001)
5. Pollution risk is localised: a 50 m separation from a watercourse or water body is recommended to prevent water pollution (EPA, 2007)

Risk Source: Land use releasing pollutants
Consequence: Critical human water needs not met

Risk r806: There is the potential for land use to release pollutants which reduces water quality of surface water resources in turn causing critical human water needs to not be met

SUB-AREA: Non-prescribed Surface Water

Appendix I

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Likely (4)

Consequence

Minor

X

Medium (3)

Low

Confidence

Phase 1 – r806

12

Risk Rating

Medium

Preliminary risk

10

10

10

10

10
30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Low

90%

Insignificant

High

Medium
Consequence

Minor

10%

Confidence

Phase 2 – r806

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

80

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Final Risk Level

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Factors

0

Medium number: 100-1000 Households Large number: >1000 Households

Negligible impacts observed

Insignificant

Likelihood

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)

100

Very high

100

90

100

100

90

90

90

100

Very likely
90
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6

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

10

10

10

10

Very unlikely

20

20

20

20

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Partially implemented
(30-75%)

Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)

Consequence - Economic use of water impacted

Implemented as required
Partially implemented
(30-75%)
Partially implemented
(30-75%)

Depends on compliance and effective design of S132 notice. Mostly controlled when put in place (75 – 95% effective)

Implementation

Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)
Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)

Effectiveness

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2015-25) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007
referenced by DENR, 2010)
2. Surface water resources are reliant on rainfall and affected by evapotranspiration, therefore if CSIRO projections eventuate, a decline in catchment yield would likely be observed
3. There are 4954 dams intercepting a possible 18058ML.
4. Due to low rainfall, surface water availability is inherently unreliable, therefore people have adopted risk mitigation strategies, such as oversized dams (can collect more than one year’s water needs), rainwater tanks, groundwater or
water via pipelines or trucking
5. There are a higher percentage of dams in this sub-area with a capacity over 5 ML (20%) compared with the Northern Mount Lofty Rangers sub area (3%). This is most likely a result of the more unpredictable and unreliable rainfall
particularly to the north of the area. Some larger dams may be used for minor irrigation purposes.
6. There are three iron ore mines in the sub-region that may choose to utilise ephemeral creeks, but the expectation is that they will prefer to use groundwater as the more reliable resource
7. 2.32 km2 of dryland forestry (this could be using water from unconfined aquifer where it is shallow, rather than surface water)

Risk Source: Climate change
Consequence: Economic use of water impacted

Risk r795: There is the potential for climate change to affect the quantity and/or quality of surface water resources which in turn impacts the volume of water unavailable or of unsuitable quality for its intended use

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Moderate

Likelihood

Very likely (5)

Consequence

Minor

X

Minor (2)

Moderate

Confidence

Phase 1 – r795

10

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Medium

10%

Consequence

Minor

40%

Moderate

Confidence

Phase 2 – r795
Final Risk Level
Low

50%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

8

Insignificant

Minor

Medium

High

Very high

Level

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention
0

0

0

0

10

20

20

20

10
10

20

10

10

20

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

80
80

700

80

80

70

70

70

70

80

90

90

90

90

90

100

100

100

100

100

Very likely

Partially implemented
(30-75%)

Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)

0

Partially implemented
(30-75%)
Partially implemented
(30-75%)

Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)
Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Implemented as required

Depends on compliance and effective design of S132 notice. Mostly controlled when put in place (75 – 95% effective)

Very unlikely

Implementation

Effectiveness

Consequence - Water dependent ecosystems impacted

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. For the SA Murray region, CSIRO’s climate change Australia report (2007) predicts -10 to -20% change in median annual rainfall and an 8-16% increase in winter average potential transpiration in 2070 compared to the 1980-99
baseline period under a medium emissions scenario (based on downscaled global climate model projections). The risk assessment period (2015-25) is part way into the 2000-2070 time horizon of the CSIRO projections (CSIRO, 2007
referenced by DENR, 2010)
2. Surface water resources are reliant on rainfall and affected by evapotranspiration, therefore if CSIRO projections eventuate, a decline in catchment yield would likely be observed
3. Limited number of WDEs that depend on the surface water in this sub-area and are of limited significance (DEWNR spatial layer South Australian Biodiversity Database System; Harding and O’Connor, 2012; Department of the
Environment, 2013)
4. Salt disposal basins have some environmental values, but are groundwater fed through interception of drainage and SIS, do not dependent on surface water/extreme events

Risk Source: Climate extremes
Consequence: Water dependent ecosystems impacted

Risk r796: There is the potential for extreme events (including impacts of climate change) to affect the quantity and/or quality of surface water which in turn causes water dependent ecosystems to be impacted

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Moderate

Likelihood

Very likely (5)

Consequence

Minor

X

Minor (2)

Moderate

Confidence

Phase 1 – r796

10

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

10%

Consequence

Minor

20%

Confidence

Phase 2 – r796
Final Risk Level
Low

70%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

10

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

Interruption to small number* of domestic users

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Large number: >1000 Households

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

0

0

0

0

0

20

20

10
10

20

20

20

10

10

10

Very unlikely

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

100
100

90

100

100

100

90

90

90

90

Very likely

Implementation
Fully implemented
(>95%)
Fully implemented
(>95%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)
Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)
Dams are generally self-limiting, as dams will harvest less water during a drought. Risk controlled in some circumstances, where take from one
dam would affect access to water by others (30-75% effective)

Risk controlled in some circumstances (30 – 75% effective)

Risk controlled in some circumstances (30 – 75% effective)

Effectiveness

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Petroleum and Geothermal Energy Act 2000. Part 12

Document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Demand is historical i.e. pastoral properties have been around for a very long time, and relatively stable.
2. There are 4954 dams intercepting a possible 18058 ML. No known town water supplies from the surface water in this sub-region
3. Due to low rainfall, surface water availability is inherently unreliable, therefore people have adopted risk mitigation strategies, such as oversized dams (can collect more than one year’s water needs), rainwater tanks, groundwater or
water via pipelines or trucking
4. There are a higher percentage of dams in this sub-area with a capacity over 5 ML (20%) compared with the Northern Mount Lofty Rangers sub area (3%). This is most likely a result of the more unpredictable and unreliable rainfall
particularly to the north of the area. Some larger dams may be used for minor irrigation.
5. There are three iron ore mines in the sub-region that may choose to utilise ephemeral creeks, but the expectation is that they will prefer to use groundwater as the more reliable resource
6. 2.32 km2 of dryland forestry (this could be using water from unconfined aquifer where it is shallow, rather than surface water)
7. Dam construction controlled by Water Affecting Activity permits, or development approvals
8. Demand for stock limited by carrying capacity of land

Risk Source: Demand within sub-area
Consequence: Critical human water needs not met

Risk r798: There is the potential for demand for surface water within the sub-area to impact on the quantity and/or quality of water available which in turn leads to critical human water needs not being met

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Possible (3)

Consequence

Minor

X

Medium (3)

Low

Confidence

Phase 1 – r798

9

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

10%

Confidence

Phase 2 – r798
Final Risk Level
Low

90%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

12

Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Level

Very high

High

Medium

Minor

Insignificant

0

0

0

0

10

10

10

10

10

30

30

20
20

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

20

20

20

Partially implemented
(30-75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAMDB NRM Plan. Volume B, section 6

0

Partially implemented
(30-75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

Very unlikely

Partially implemented
(30-75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Phase 2 Outcomes (aggregated probabilities)

Fully implemented
(>95%)

Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

90
90

80

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

Partially implemented
(30-75%)

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Fully implemented
(>95%)

Implementation
Mostly implemented
(75-95%)
Mostly implemented
(75 – 95%)

Risk controlled in some circumstances (30 – 75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness

Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Document
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) policy 2003 – entire
document

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. There are 4954 dams intercepting a possible 18058 ML. No known town water supplies from the surface water in this sub-region
2. There are a higher percentage of dams in this sub-area with a capacity over 5 ML (20%) compared with the Northern Mount Lofty Rangers sub area (3%). This is most likely a result of the more unpredictable and unreliable rainfall
particularly to the north of the area. Some larger dams may be used for minor irrigation.
3. There are three iron ore mines in the sub-region that may choose to utilise ephemeral creeks, but the expectation is that they will prefer to use groundwater as the more reliable resource
4. 2.32 km2 of dryland forestry (this could be using water from unconfined aquifer where it is shallow, rather than surface water)
5. Some areas are classified as having land use ‘intensive use’ or ‘irrigated agriculture and plantations’. This land use is near creeks and drainage lines in the sub-area
6. Water erosion potential and flooding risk is classified as low (Soil and Land Program, 2007; Lu, et al., 2001)
7. Pollution risk is localised: a 50 m separation from a watercourse or water body is recommended to prevent water pollution (EPA, 2007)

Risk Source: Land use releasing pollutants
Consequence: Economic use of water impacted

Risk r807: There is the potential for land use/vulnerability to flooding to release pollutants impacting water quality which in turn causes water to be of unsuitable quality for its intended use

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Likely (4)

Consequence

Minor

X

Minor (2)

Moderate

Confidence

Phase 1 – r807

8

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

20%

Confidence

Phase 2 – r807
Final Risk Level
Low

80%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

14

Insignificant

Minor

Medium

High

Very high

Level

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

0

0

0

0

0

10

20

20

20

10
10

20

20
10

10

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

90
90

80

90

90

90

80

80

80

80

100

100

100

100

100

Very likely

Partially implemented
(30-75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAMDB NRM Plan. Volume B, section 6

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Partially implemented
(30-75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

Very unlikely

Partially implemented
(30-75%)

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Phase 2 Outcomes (aggregated probabilities)

Fully implemented
(>95%)

Prevents deterioration of water quality due to mining: risk controlled in some circumstances (30 – 75% effective)

Petroleum and Geothermal Energy Act 2000. Part 12

Partially implemented
(30 - 75%)

Implementation
Mostly implemented
(75-95%)
Mostly implemented
(75 – 95%)
Fully implemented
(>95%)

Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Risk controlled in some circumstances (30 – 75% effective)

Obligations to avoid discharge of waste to waters and not to cause certain environmental harm: risk of point source pollution controlled in
most circumstances (75-95% effective)

Depends on effective use of orders to enforce duty of care: risk controlled in some circumstances (30 -75% effective)

Effectiveness

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
Environment Protection Act 1993. Clause 25 general
environmental duty. Part 8, 9 and 10 and schedule 1
Environmental Protection (Water Quality) policy 2003 – entire
document
Mining Act 1971. Part 10A and 10B: Environmental protection
and rehabilitation requirements for mining developments

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Some areas are classified as having lad use ‘intensive use’ or ‘irrigated agriculture and plantations’. This land use is near creeks and drainage lines in the sub-area
2. Pollution risk is localised: a 50 m separation from a watercourse or water body is recommended to prevent water pollution (EPA, 2007)
3. Water erosion potential and flooding risk is classified as low (Soil and Land Program, 2007; Lu, et al., 2001)
4. Limited number of WDEs that depend on the surface water in this sub-area and are of limited significance (DEWNR spatial layer South Australian Biodiversity Database System; Harding and O’Connor, 2012; Department of the
Environment, 2013)
5. Salt disposal basins have some environmental values, but are groundwater fed through interception of drainage and SIS, do not dependent on surface water/extreme events

Risk Source: Land use releasing pollutants
Consequence: Water dependent ecosystems impacted

Risk r808: There is the potential for land use to release pollutants impacting water quality which impacts water dependent ecosystem values

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

Low

Likelihood

Likely (4)

Consequence

Minor

X

(Initial conservative assessment)

Minor (2)

Moderate

Confidence

Phase 1 – r808

8

Risk Rating
Medium

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

Consequence

High

Phase 1 level of risk not considering factors or controls

High

Medium

10%

Consequence

Minor

10%

Confidence

Phase 2 – r808
Final Risk Level
Low

80%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high
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Likelihood

16
Large number: >1000 Households

0

Medium number: 100-1000 Households

Negligible impacts observed

Insignificant

* Small number: <100 Households

0

Interruption to small number* of domestic users

0

0

0

Minor

Medium

High

Interruption to primary source for reticulated town or community water supply

Very high

Interruption to supplementary source for reticulated town or community water supply or interruption to a
large number* of domestic users
Interruption to supplementary non-potable town water supply, or interruption to medium number* of
domestic users

Consequence - Critical human water needs not met

20

10

20

20

10

10

20

20

10

10

Very unlikely

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

90
90

80

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

Partially implemented
(30-75%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)

Implemented as required

Depends on compliance and effective design of s132 notice. Mostly controlled when put in place (75 – 90% effective)
Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Implementation

Effectiveness of control

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Surface water resources are reliant on rainfall and affected by evapotranspiration – there is a direct relationship between climate events and quantity of surface water available
2. Flooding could cause nutrification of domestic dams, impacting infrastructure used to access water may be unavailable
3. Bushfires can cause temporary degradation of water quality and make it unsuitable for drinking water and can cause loss of infrastructure
4. Native vegetation maintenance can control water quality impacts of floods and reduce bushfire risk
5. Low population relying on surface water/groundwater/rainwater and population has adapted to conditions

Risk Source: Climate extremes
Consequence: Critical human water needs not met

Risk r854: There is the potential for extreme events (drought or flood or bushfires) to cause changed water quality/water quantity causing critical human water needs to not be met

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Confidence

#

Likelihood

#

Consequence

Minor

#

#

Confidence

Phase 1 – r854

High level of risk

Very high

Consequence

High

#

Risk Rating
#

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors
Likelihood

High

#

Medium

10%

Consequence

Minor

10%

Confidence

Phase 2 – r854
Final Risk Level
Low

80%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

This risk statement was split from risk statement r794 as extreme events and climate change were considered as separate sources of risk. Consequently no specific
phase 1 assessment was conducted for this risk statement

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Very high
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18

Consequence - Economic use of water impacted

> 10,000 ML of water unavailable for commercial consumptive use

1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

Very high

High

Medium

Minor

Insignificant

0

0

0

0

0

10

20

20

20

10
10

20

20
10

10

Very unlikely

30

30

30

30

30

60

50
40

60

50

40

60

60

60

50

50

50

40

40

40

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)
WAAs can control land use that impacts on watercourses in terms of vegetation, stability, erosion etc. Does not manage land use in general.
Risk controlled in some circumstances (30 – 75% effective)

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Partially implemented
(30-75%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)
Partially implemented
(30-75%)

Implemented as required

Depends on compliance and effective design of s132 notice. Mostly controlled when put in place (75 – 90% effective)
Native vegetation clearance controls can control erosion and pollution risks in some circumstances (30 – 75% effective)

Implementation

Effectiveness

Level

Phase 2 Outcomes (aggregated probabilities)

SAMDB NRM Plan. Volume B, section 6

SE NRM Plan. Water affecting activity permits and policies,
Part 4, section 4.

SAAL NRM Plan. Water affecting activities. Part 4, section 4

Native Vegetation Act 1991. Schedule 1 (1)(i) and (l)

Document
NRM Act 2004. S132 regarding restrictions in case of
inadequate supply or overuse of water

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Some areas are classified as having lad use ‘intensive use’ or ‘irrigated agriculture and plantations’. This land use is near creeks and drainage lines in the sub-area
2. 4954 dams and a higher percentage of dams in this sub-area with a capacity over 5 ML (20%) compared with the Northern Mount Lofty Rangers sub area (3%). Some larger dams may be used for minor irrigation.
3. 2.32 km2 of dryland forestry
4. Surface water resources are reliant on rainfall and affected by evapotranspiration – there is a direct relationship between climate events and quantity of surface water available
5. Flooding could cause nutrification of stock dams, impacting infrastructure used to access water may be unavailable
6. Bushfires can cause temporary degradation of water quality and make it unsuitable for drinking water and can cause loss of infrastructure
7. Native vegetation maintenance can control water quality impacts of floods and reduce bushfire risk
8. Low population relying on surface water/groundwater/rainwater and population has adapted to conditions

Risk Source: Climate extremes
Consequence: Economic use of water impacted

Risk r855: There is a potential for extreme events (drought, floods, bushfires) to affect the quantity and/or quality of surface water resources which in turn impacts the volume of water available or of a quality unsuitable for its intended use

SUB-AREA: Non-prescribed Surface Water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Confidence

#

Likelihood

#

Consequence

Minor

#

#

Confidence

Phase 1 – r855

High level of risk

Very high

Consequence

High

#

Risk Rating
#

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors
Likelihood

Medium

#

10%

Consequence

Minor

40%

Moderate

Confidence

Phase 2 – r855
Final Risk Level
Low

50%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

This risk statement was split from risk statement r795 as extreme events and climate change were considered as separate sources of risk. Consequently no specific
phase 1 assessment was conducted for this risk statement

Insignificant

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Very high
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Appendix J

Appendix J.
Coorong Surface Water Sub-area

Risk r844: There is the potential for management of connected water resources to cause changes to inflows of
water in turn leading to water quality changes impacting water dependent ecosystems .................................. 2
Risk r824: There is the potential for water levels to drop within the sub-area exposing and drying acid sulfate soils,
impacting on water quality leading to water dependent ecosystems being impacted ....................................... 4
Risk r843: There is the potential for management of connected water resources to impact the quantity and regime
of water flowing into the Coorong which in turn affects the water quality impacting the Coorong
component of the Coorong, Lower Lakes and River Murray fishery ............................................................................ 6

1

2

Document

Insignificant

Minor

Medium

High

Very high

Level

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

0

0

0

0

20
20

10

20

20

10

10

10

10

20

Risk controlled in some circumstances, depends on inflow from River Murray (30-75% effective)

Murray Darling Basin Agreement. Salinity and water quality management,
entitlement flows, operation of upstream storages, cap on diversions

0

Maintenance of Lake levels during dry periods, increases risk to Coorong by prioritising lake levels over Barrage outflows

Drought Emergency Framework for Lake Alexandrina and Lake Albert
https://www.mdba.gov.au/publications/mdba-reports/drought-emergencyframework-lakes-alexandrina-albert-june-2014

30

30

30

30

30

40

50

50

50

40
40

50

40

40

50

60

60

60

60

60

70

70

70

70

70

80

80

80

80

80

90

90

90

90

90

100

100

100

100

100

Very likely

Fully implemented
(>95%)

Implemented as required

Mostly implemented
(75-95%)
Mostly implemented
(75-95%)

Mostly implemented
(75-95%)

Implementation
Mostly implemented
(75-95%)

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Risk controlled in some circumstances, can influence salinity levels (30-75% effective)

SE water conservation and drainage policy

Very unlikely

Controls diversions between SA Border and Barrages, but ultimate effectiveness depends on inflows into SA

River Murray WAP

Phase 2 Outcomes (aggregated probabilities)

Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-natural-resources/rivermurray/improving-river-health/environmental-water/environmental-waterplanning

River Murray System Annual Operating Plan (MDBA)

Effectiveness
Management of storages, locks, weirs and Barrages Risk controlled in some circumstances, depends on inflow from River
Murray (30-75%)

The Coorong is highly reliant on flow from the Murray to maintain ecological character (MDBC, 2006)
The Lower Lakes, Coorong and Murray Mouth Icon Site is listed as a Wetland of International Significance under the Ramsar Convention (Department of the Environment, 2013)
Seventy-five percent of the Coorong in 2005-2006 had salinity levels at least double those of seawater (>110 000 µScm-1 EC) and up to seven times seawater (>380 000 µScm-1 EC) in the South Lagoon (MDBC, 2006)
Drought Emergency Framework for Lakes Alexandrian and Albert means that water levels in the Lower Lakes will be maintained in a drought at the expense of flows over the barrages and into the Coorong. This increases risks to
Coorong during extreme events
Flows from the South East region into the southern lagoon were historically a significant source of freshwater (MDBC, 2006). Investigations are in progress to increase the ecological benefit from delivering water from the South East
drainage system to the southern lagoon. However, flows from this scheme are also less reliable under climate extremes (Montazeri et al, 2011)

Implementation and effectiveness of relevant controls

5.

1.
2.
3.
4.

Factors considered when assessing level of risk

Risk Source: Management of connected water resources
Consequence: Water dependent ecosystems impacted

Risk r844: There is the potential for management of connected water resources to cause changes to inflows of water in turn leading to water quality changes impacting water dependent ecosystems

SUB-AREA: Coorong surface water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Very Likely (5)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r844

25

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

X

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Medium

40%

Consequence

Minor

Moderate

Confidence

Phase 2 – r844
Final Risk Level
High

10%
Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high

50%
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Likelihood

4
Maintenance of Lake levels during dry periods, increases risk to Coorong by prioritising lake levels over Barrage outflows
Risk controlled in some circumstances, depends on inflow from River Murray (30-75% effective)

Drought Emergency Framework for Lake Alexandrina and Lake Albert
https://www.mdba.gov.au/publications/mdba-reports/drought-emergencyframework-lakes-alexandrina-albert-june-2014

Murray Darling Basin Agreement. Salinity and water quality management,
entitlement flows, operation of upstream storages, cap on diversions

Insignificant

Minor

Medium

High

Very high

Level

No loss or loss where recovery feasible without management intervention

Loss of values for water dependent environmental assets having international, national or state significance.
Recovery not feasible over planning timeframe
Loss of values for water dependent environmental assets having regional or local significance. Recovery not
feasible over planning timeframe
Loss of values for water dependent environmental assets having international, national or state significance.
Recovery feasible but may require management intervention
Loss of values for water dependent environmental assets having regional or local significance. Recovery
feasible but may require management intervention

Consequence - Water dependent ecosystems impacted

0

0

0

0

20

20

10
10

20

20
10

10

10

20

Controls diversions between SA Border and Barrages but ultimate effectiveness depends on inflows into SA

River Murray Water Allocation Plan

0

Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-natural-resources/rivermurray/improving-river-health/environmental-water/environmental-waterplanning

Very unlikely

Mostly implemented
(75-95%)

Management of storages, locks, weirs and Barrages Risk controlled in some circumstances, depends on inflow from River
Murray (30-75%)

River Murray System Annual Operating Plan (MDBA)

Phase 2 Outcomes (aggregated probabilities)

Mostly implemented
(75-95%)

30

30

30

30

30

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

90
90

80

90

90

90

80

80

80

80

100

100

100

100

100

Very likely

Fully implemented
(>95%)

Implemented as required

Mostly implemented
(75-95%)

Mostly implemented
(75-95%)

Implementation

Effectiveness
Maintenance of water levels and bioremediation control risks in some circumstances, depending on inflow from River
Murray. Implemented when required

Document
CLLMM program. Managing acid sulphate soils project
http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/rivermurray/issues-for-river-health/acid-sulfate-soils

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. Although sulfidic materials are formed in the Coorong, the high carbonate mineral content of this sub-costal environment means that there is excess neutralising capacity available to counteract potential acid formation.
Notwithstanding this, it is possible that under some conditions localised acidification may occur where there is either not enough ANC or the carbonate (shells) are coarse grained and therefore not acting to neutralise the acidity
effectively. However acidification is likely to be short-lived due to the prevalence of carbonate in the local environment (Fitzpatrick et al., 2008)
2. The Lower Lakes, Coorong and Murray Mouth Icon Site is listed as a Wetland of International Significance under the Ramsar Convention (Department of the Environment, 2013)
3. The likelihood of acidification due to lowering of water levels is small. Groundwater is connected to the marine water under the dunes and key control is dredging of Murray Mouth during periods of low flow

Risk Source: Acid sulfate soil potential
Consequence: Water dependent ecosystems impacted

Risk r824: There is the potential for water levels to drop within the sub-area exposing and drying acid sulfate soils, impacting on water quality leading to water dependent ecosystems being impacted

SUB-AREA: Coorong surface water
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Likelihood

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Insignificant

Medium

Confidence

High

Likelihood

Possible (3)

Consequence

Minor

Very high (5)

Moderate

Confidence

Phase 1 – r824

15

Risk Rating
High

Preliminary risk

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

High level of risk

Very high

X

Consequence

High

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

High

Medium

Consequence

Minor

10%

Confidence

Phase 2 – r824
Final Risk Level
Low

80%

Insignificant

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

High

Very high

10%
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Likelihood

6
Mostly implemented
(75-95%)

Management of storages, locks, weirs and Barrages Risk controlled in some circumstances, depends on inflow from River
Murray (30-75%)
Risk controlled in some circumstances, depends on inflow from River Murray (30-75%)

Controls diversions between SA Border and Barrages, but ultimate effectiveness depends on inflows into SA

River Murray System Annual Operating Plan (MDBA)

SA River Murray annual environmental watering plan
http://www.environment.sa.gov.au/managing-natural-resources/rivermurray/improving-river-health/environmental-water/environmental-waterplanning

River Murray water allocation plan

Drought Emergency Framework for Lake Alexandrina and Lake Albert
https://www.mdba.gov.au/publications/mdba-reports/drought-emergencyframework-lakes-alexandrina-albert-june-2014
Murray Darling Basin Agreement. Salinity and water quality management,
entitlement flows, operation of upstream storages, cap on diversions
Drainage Network Management Strategy and associated Implementation Plan
http://www.environment.sa.gov.au/managing-natural-resources/wateruse/water-resources/south-east-drainage-network

Partially implemented
(30-75%)

Maintenance of water levels and bioremediation control risks in some circumstances, depending on inflow from River
Murray. Implemented when required

Implemented as required
Fully implemented
(>95%)
Implemented as required

Maintenance of Lake levels during dry periods, increases risk to Coorong by prioritising lake levels over Barrage outflows
Risk controlled in some circumstances, depends on inflow from River Murray (30-75% effective)
Limited impact due to relatively small volumes involved. Depends on connection to unconfined groundwater soaks and
springs

Mostly implemented
(75-95%)

Mostly implemented
(75-95%)

Implementation

Effectiveness

Document
CLLMM program. Managing acid sulphate soils project
http://www.naturalresources.sa.gov.au/samurraydarlingbasin/water/rivermurray/issues-for-river-health/acid-sulfate-soils

Implementation and effectiveness of relevant controls

Factors considered when assessing level of risk
1. The Lakes and Coorong fishery is a small scale, community based, multi-species and multi-method fishery operating in a modified and dynamic environment
2. There are a total of 36 licences and approximately 170 direct and indirect jobs associated with the industry. The gross value of production for the industry in 2011-2012 was $7.2 million (Sloan, 2005; PIRSA, 2014)
3. Key controls are the Fisheries Management Act 2007 and the Management Plan for the South Australian Lakes and Coorong Fishery (Sloan, 2005). This plan describes the fishery and establishes input and output controls, harvest
strategies and monitoring
4. The management plan for this fishery is currently under review. A draft revised plan has been released (PIRSA, 2014). A key change is that the new plan links harvest strategy to the provision of water over the barrages.
5. Important species include cockles (pipi), golden perch, yellow-eye mullet, mulloway, bream, European carp and flounder. Cockles have becomes the most important species in recent times although these are mostly caught outside the
Coorong on the high-energy beaches of Sir Richard and Younghusband Peninsulas
6. Mulloway and mullet are important species for the Coorong component of the fishery. Catches of Mulloway vary depending on freshwater flow into the estuary

Risk Source: Management of connected water resources
Consequence: Economic use of water impacted

Risk r843: There is the potential for management of connected water resources to impact the quantity and regime of water flowing into the Coorong which in turn affects the water quality impacting the Coorong component of the Coorong,
Lower Lakes and River Murray fishery

SUB-AREA: Coorong surface water
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1,000 – 10,000 ML of water unavailable for commercial consumptive use

100 – 1,000 ML of water unavailable for commercial consumptive use

10 – 100 ML of water unavailable for commercial consumptive use

< 10 ML of water unavailable for commercial consumptive use

High

Medium

Minor

Insignificant

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Medium

Likelihood

Confidence

Consequence

Minor

Confidence

Phase 1 – r843

High level of risk

Very high

Consequence

High

0

0

0

0

0

Risk Rating

30
30
30
30

20
20
20
20

40

40

40

40

40

50

50

50

50

50

60

60

60

60

60

70

70

70

70

70

80%

Insignificant

Final Risk Level
Low

Low*

High

Medium
Consequence

Minor

20%

Confidence

Phase 2 – r843

Low level of risk

Very
Unlikely

Unlikely

Possible

Likely

Very Likely

Phase 2 level of risk considering factors and controls

30

20

90

80

Very high

90

90

90

100

100

100

100

100

Very likely
90

80

80

80

80

High

Percent chance of consequence in 10 years
Unlikely
Possible
Likely

Preliminary risk

10

10

10

10

10

Very unlikely

Medium level of risk

Multi‐stakeholder
experts

Controls

Factors

* Phase 1 assessment did not consider potential for impacts on Coorong Fishery

Insignificant

X

> 10,000 ML of water unavailable for commercial consumptive use

Very high

Phase 1 level of risk not considering factors or controls
(Initial conservative assessment)

Consequence - Economic use of water impacted

Likelihood

Level

Likelihood

Phase 2 Outcomes (aggregated probabilities)
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PGR unconfined

PGR unconfined

Prescribed GW confined demand within sub‐area

Prescribed GW confined demand within sub‐area

Prescribed GW confined demand within sub‐area

r510

r518

r541

r542

r543

Low

Low

Low

Low

There is the potential for demand within sub‐area to cause insufficient water quantity and/or degradation of
water quality leading to critical human needs not being met.
There is the potential for land use releasing pollutants to cause insufficient water quantity and/or degradation of
water quality leading to critical human needs not being met.
There is the potential for demand within sub‐area to cause insufficient water quantity and/or degradation of
water quality leading to connected water resources being impacted.
There is the potential for high demand/use to cause increased salinity via leakage/inflow from poorer quality
aquifers and/or collapse in integrity of confining layer leading to critical human water needs not being met.
There is the potential for demand within sub‐area to cause insufficient water quantity and/or degradation of
water quality leading to economic use of water being impacted.

critical human water needs not met

connected water resources impacted

economic use of water impacted

management of connected water
resources

climate change and climate extremes critical human water needs not met

climate change and climate extremes economic use of water impacted

Non‐prescribed GW
unconfined

Non‐prescribed GW
unconfined

r570

r571

r555

Prescribed GW confined

Prescribed GW confined

r554

critical human water needs not met

economic use of water impacted

critical human water needs not met

critical human water needs not met

management of connected water
resources

land use releasing pollutants

demand within sub‐area

Low

Low

There is the potential for climate extremes to cause insufficient water quantity and/or degradation of water
quality leading to critical human needs not being met.
There is the potential for extreme events (drought flood) and climate change to cause changed water
quantity/water quality impacting the volume of water available or of unsuitable quality for its intended use.

Low

There is the potential for management of connected water resources to cause insufficient water quantity and/or
degradation of water quality leading to economic use of water being impacted.

Low

Low

There is the potential for climate extremes to cause insufficient water quantity and/or degradation of water
quality leading to economic use of water being impacted.

There is the potential for management of connected water resources to cause insufficient water quantity and/or
degradation of water quality leading to critical human needs not being met.

Low

There is the potential for climate change to cause reduced recharge over the long term leading to changed water
quantity and/or water quality leading to critical human needs not met.

climate change and climate extremes economic use of water impacted

PGR unconfined

r507

Low

Phase 2 risk statement

Risk consequence

climate change and climate extremes critical human water needs not met

Risk Source

PGR unconfined

Sub‐area

r506

Risk ID

Phase 2 risk level

This table lists the 43 risks assessed in phase 2 and the results of that assessment.

Appendix K. Register of phase 2 risks

Appendix K

1

2

land use releasing pollutants

Non‐prescribed GW
unconfined

SAMSIS unconfined GW land use releasing pollutants

SAMSIS unconfined GW land use releasing pollutants

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

CLLRM unconfined GW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

r583

r645

r648

r694

r696

r698

r700

r761

r762

r763

r764

water‐dependent ecosystems
impacted

climate change and climate extremes

water‐dependent ecosystems
impacted

climate change and climate extremes economic use of water impacted

climate change and climate extremes critical human water needs not met

climate change and climate extremes connected water resources impacted

climate change and climate extremes

Low

Low

Low

There is the potential for climate change to lead to reduced catchment yield in turn leading to critical human
water needs not being met ( long term decline).
There is the potential for climate change to lead to reduced catchment yield in turn impacting the volume of
water available for economic (consumptive) uses.
There is the potential for extreme events to lead to reduced quantity in water in turn causing environmental
water needs not being met leading to water dependent ecosystems being impacted.

Low

There is the potential for climate extremes to cause increased evaporative discharge (and/or reduced recharge)
leading to an impact on groundwater level such that critical human water needs are not able to be met.

Low

Low

There is the potential for management of connected water resources to cause a drop in water levels leading to a
drying of acid sulfate soils which impacts water quality leading to water dependent ecosystems being impacted.

water‐dependent ecosystems
impacted

There is the potential for climate change/extreme events to affect the quantity and/or quality of surface water
resources in turn impacting connected water resources (i.e. non‐prescribed groundwater).

Low

There is the potential for management of connected water resources to cause a drop in water levels leading to a
drying of acid sulfate soils which impacts water quality leading to critical human water needs not being able to
be met.

critical human water needs not met

Medium

Low

There is the potential for land use releasing pollutants to affect the quantity and/or quality of unconfined
groundwater causing water dependent ecosystems to be impacted.

water‐dependent ecosystems
impacted

There is the potential for climate extremes to cause increased evaporative discharge (and/or reduced recharge)
leading to an impact on groundwater level such that groundwater dependent ecosystems are impacted.

Low

There is the potential for irrigated agriculture in the SAMSIS subarea to cause increased recharge of the
connected water resources impacted unconfined aquifer which in turn leads to flow of hypersaline water into connected water resources including the
River Murray.

Low

Low

There is the potential for land use to release pollutants or mobilise salt through increased recharge which
changes the water quality in the unconfined aquifer in turn causing critical human water needs to not be met.

Phase 2 risk statement

Phase 2 risk level

There is the potential for land use releasing pollutants to impact the volume of water of suitable quality available
for its intended use.

economic use of water impacted

critical human water needs not met

Risk consequence

climate change and climate extremes critical human water needs not met

acid sulfate soil potential

acid sulfate soil potential

land use releasing pollutants

Risk Source

Non‐prescribed GW
unconfined

Sub‐area

r582

Risk ID

Appendix K

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

NMLR SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

Non‐prescribed SW

r770

r772

r773

r774

r776

r794

r795

r796

r798

r806

r807

Sub‐area

r766

Risk ID

land use releasing pollutants

land use releasing pollutants

demand within sub‐area

climate change and climate extremes

economic use of water impacted

critical human water needs not met

critical human water needs not met

water‐dependent ecosystems
impacted

Low

Low

There is the potential for land use to release pollutants which reduces water quality of surface water resources in
turn causing critical human water needs to not be met.
There is the potential for land use/vulnerability to flooding to release pollutants impacting water quality which in
turn causes water to be of unsuitable quality for its intended use.

Low

There is the potential for climate change to affect the quantity and/or quality of surface water resources which
in turn impacts the volume of water unavailable or of unsuitable quality for its intended use.

climate change and climate extremes economic use of water impacted

Low

Low

There is the potential for climate change to cause changed water quantity/water quality causing critical human
water needs to not be met.

climate change and climate extremes critical human water needs not met

There is the potential for demand for surface water within the sub‐area to impact on the quantity and/or quality
of water available which in turn leads to critical human needs not being met.

Low

There is the potential for land use and land management practices to cause release of pollutants (e.g. pathogens
nutrients metals sediment farm chemicals salinity DOC etc.) leading to reduced water quality in turn causing
impacts to water‐depedent ecosystems.

water‐dependent ecosystems
impacted

land use releasing pollutants

Low

Low

There is the potential for land use and land management practices to cause release of pollutants (e.g. pathogens
nutrients metals sediment farm chemicals salinity DOC etc.) leading to reduced water quality in turn causing
critical human water needs not being met.

critical human water needs not met

land use releasing pollutants

There is the potential for extreme events (including impacts of climate change) to affect the quantity and/or
quality of surface water which in turn causes water dependent ecosystems to be impacted.

Low

connected water resources impacted

There is the potential for land use releasing pollutants to affect the quality of surface water resources in turn
impacting connected water resources (i.e. non‐prescribed groundwater).

land use releasing pollutants

Low

There is the potential that demand and presence of infrastructure will lead to altered volumes and timing of
surface water flow and changed water quality which in turn causes environmental water requirements not to be
met causing impacts to water dependent ecosystems.

water‐dependent ecosystems
impacted

infrastructure affecting natural flow
regimes

Low

Low

critical human water needs not met

infrastructure affecting natural flow
regimes

There is the potential for surface water demand within the sub‐area to affect the quantity of water available in
turn critical human water needs to not be met.

Phase 2 risk statement

Phase 2 risk level

There is the potential for infrastructure to affect natural flow regimes within the sub‐area which affects the
quantity of water available in turn causing critical human water needs to not be met.

critical human water needs not met

Risk consequence

demand within sub‐area

Risk Source

Appendix K

3

4

SAMSIS unconfined GW land use releasing pollutants

r856

climate extremes

There is the potential for irrigated agriculture in the SAMSIS subarea to cause release of pollutants (agricultural
Connected water resources impacted chemicals and nutrients) into groundwater which in turn causes flow of polluted water into connected water
resources.

Economic use of water impacted

Low

Low

There is a potential for extreme events (i.e. drought, floods, bushfires) to affect the quantity and/or quality of
surface water resources which in turn impacts the volume of water available or of unsuitable quality for its
intended use

Non‐prescribed SW

r855

Low

climate extremes

Critical human needs not met

There is a potential for extreme events (drought or flood or bushfires) to cause changed water quantity/water
quality causing critical human water needs to not be met

Non‐prescribed SW

r854

Low

There is a potential for land development within the sub‐area to drain the local unconfined groundwater leading
to a drying of acid sulfate soils which impacts water quality leading to water‐dependent ecosystems being
impacted.

Water dependent ecosystems
impacted

land development within sub‐area cau

CLLRM confined GW

r853

High

There is the potential for management of connected water resources to cause changes to inflows of water in
turn leading to water quality changes impacting water dependent ecosystems.

water‐dependent ecosystems
impacted

management of connected water
resources

Coorong SW

r844

Low

There is the potential for management of connected water resources to impact the quantity and regime of water
flowing into the Coorong which in turn affects the water quality impacting the Coorong component of the
Coorong, Lower Lakes and River Murray fishery.

economic use of water impacted

management of connected water
resources

Coorong SW

r843

Low

There is the potential for water levels to drop within the sub‐area exposing and drying acid sulfate soils
impacting on water quality leading to water dependent ecosystems being impacted.

Low

water‐dependent ecosystems
impacted

Coorong SW

r824

land use releasing pollutants

acid sulfate soil potential

Phase 2 risk statement

There is the potential for land use to release pollutants impacting water quality which impacts water dependent
ecosystem values.

Risk consequence

Phase 2 risk level

water‐dependent ecosystems
impacted

Risk Source

Non‐prescribed SW

Sub‐area

r808

Risk ID
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