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1. Introduction 
The Basin Plan has set Sustainable Diversion Limits (SDLs) for all groundwater and surface water resource 
units across the Murray-Darling Basin.  The SDLs define the long-term average volume of water that can be 
taken from the resource unit and will take effect on 1 July 2019. 

SDLs have been set with the objective of establishing environmentally sustainable limits on the volume of water 
that can be taken for consumptive use from Basin water resources, having regard to social and economic 
impacts.  Determining the SDL volume requires careful consideration of water availability, environmental 
objectives and requirements, socio-economic requirements and system constraints within a balanced policy 
position. 

Information and knowledge used to inform the setting of SDLs can improve over time; for this reason, the Basin 
Plan includes a review mechanism.  Under Section 6.06 of the Basin Plan, the Murray-Darling Basin Authority 
(MDBA) may, in consultation with the Basin States and other interested persons, or at the request of the 
Murray-Darling Basin Ministerial Council, undertake reviews of the Basin Plan, including in relation to whether 
there should be changes to the SDLs.  The reviews must have regard to the management of climate change 
risks and include an up-to-date assessment of those risks, and consider all relevant knowledge about the 
connectivity of surface and groundwater, the outcomes of environmental watering and the effectiveness of 
environmental works and measures. 

In setting SDLs, there were three groundwater resource units where differing views existed between the MDBA 
and Basin States as to the magnitude of the appropriate SDL that could not be resolved prior to the Basin Plan 
being passed. These are: 

• Western Porous Rock SDL resource unit (NSW); 

• Eastern Porous Rock SDL resource unit (NSW); and 

• Goulburn-Murray Sedimentary Plan SDL resource unit (Victoria). 

Accordingly, a mechanism was included in the Basin Plan under Section 6.06 (Clauses 6 to 9) that requires a 
review of the long-term average SDL and the Baseline Diversion Limit (BDL) for each of these resource units to 
be undertaken within two years of the commencement of the Basin Plan.  The review(s) must consider all 
relevant information about the SDL resource unit, including modelling, State planning and policy arrangements 
and an evaluation of the appropriateness of any precautionary factors associated with setting the SDL.  The 
Basin Plan also nominates the experts who should be invited to participate in the reviews as the available 
members of the Independent Expert Scientific Committee on Coal Seam Gas and Coal Mining as well as two 
individuals with expertise in groundwater or groundwater management nominated by the relevant State. 

The MDBA, in collaboration with the NSW Office of Water, has commenced the review for the Western Porous 
Rock SDL resource unit.  To support the review, SKM has been commissioned to prepare this Synthesis 
Report, which summarises currently available information on the Western Porous Rock SDL resource unit 
including: 

• hydrogeological characteristics of the Western Porous Rock groundwater source; 

• technical information relevant to the review (such as recharge, connectivity, groundwater quality); and 

• technical information on how the SDL, BDL and State extraction limit have been determined, including 
information on methods, assumptions and precautionary/sustainability factors. 

This Synthesis Report has been prepared based on information provided by the MDBA and NSW Office of 
Water. 
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1.1 About this report 

This is an interim report pending the release of information related to the Broken Hill Managed Aquifer 
Recharge study by Geoscience Australia. 

This report is set out in a structured manner to enable easier assessment of the available information.  There 
have been a number of studies undertaken over time, the results of which have been used to inform the 
derivation of the SDL.  As well, the actual derivation process has evolved over time and a series of reports (both 
published and unpublished) are available.  In an effort to concisely portray this evolution and the supporting 
information, the report has been split into a number of sections. 

Section 2 provides a description of the Western Porous Rock SDL resource unit and contains general 
background information that will be relevant to later discussions.  Section 3 sets out the key references that 
have been recommended as relevant to understanding how the SDL was derived.  These references are 
summarised in this Section roughly in chronological order without comment so that the reader can quickly 
understand the main topics of relevance to this review.  Also, the reference summaries are provided even when 
the specific report has been superseded, so that the evolution of the idea or issue can be seen.  Section 4 
describes the methods employed by MDBA in its derivation of the SDL and Section 5 provides similar material 
related to the methods and approaches used by the NSW Office of Water.  Both these sections repeat 
information provided in the earlier section, but they both set out the exact approach.  Section 6 provides a 
discussion of some of the significant differences in approaches. 

There are a number of areas where the values of key parameters have been estimated by specific studies. The 
report does not assess the origin of these estimates unless they are specifically stated in supporting 
documentation, neither does it attempt to assess the validity of any single parameter value, as this would be 
inconsistent and would require assessment of all estimated values. This is obviously a large task and itself 
highly subjective. 

All conclusions of specific pieces of work are listed in this report as they were published regardless of whether 
they may be factually wrong. No attempt has been made to either correct these errors or to discuss them, 
except where the errors introduce discrepancy in a particular argument/discussion; in these instances they have 
been highlighted. 
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2. Western Porous Rock SDL Resource Unit 
Location and extent 

The Western Porous Rock SDL resource unit is located in the semi-arid zone of south-western NSW.  It extends 
approximately between the South Australian border in the west, the River Murray in the south, Wilcannia and 
Broken Hill in the north and Balranald in the east, covering a total area of approximately 73,000 km2.  The 
location and extent of the Western Porous Rock SDL resource unit is shown in Figure 1. 

 
Figure 1: Map of the Western Porous Rock SDL resource unit.  Note that the aquifers underneath the Lower Darling Alluvium 
are also included in the SDL resource unit and there is no difference between this and the NSW Murray Porous Rock water 
source. The inference from the map above is purely a reflection of the pictorial nature of the figure. 

Geology and hydrogeology 

The resource unit incorporates all groundwater within sediments of Tertiary and Quaternary age and all alluvial 
sediments within the outcropped area.  The two major aquifers of the resource unit are the Renmark Group 
Aquifer and the Pliocene Sands Aquifer, the sands of which are weakly cemented and thus defined as porous 
rock (NSW Office of Water 2013). 

The Renmark Group Aquifer forms the major confined aquifer covering most of the water source.  It is an 
accumulation of riverine sediments deposited approximately 30 to 50 million years ago (NSW Office of Water 
2013).  It is comprised of intercalations of lignite, peat, carbonaceous clay and medium to coarse grained quartz 
sand (NSW Office of Water 2013).  Salinity in the Renmark Group ranges from 2,000 to 36,000 mg/L TDS with 
the freshest water located in the northern margins and salinity increasing down the hydraulic gradient.  Vertical 
stratification is commonly observed in the areas to the north and east. 
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The Pliocene Sands Aquifer forms the major shallow unconfined/semiconfined aquifer covering most of the 
water source.  It is comprised of layers of sand and gravel deposited approximately 2 to 6 million years ago.  
The aquifer is predominantly sands of marine origin comprised of the Loxton-Parilla Sand, while to the east lies 
a small area of sands of riverine origin comprised of the Calivil Formation (NSW Office of Water 2013).  The 
Loxton-Parilla Sands contain significant deposits of heavy mineral sands (rutile, zircon and ilmenite), whilst 
overlying younger deposits contain bentonite and gypsum.  The Pliocene Sands Aquifer contains highly saline 
groundwater ranging from 1,000 to 82,000 mg/L TDS and very locally up to 160,000 mg/L TDS near salt lakes. 

The key characteristics of the two major aquifers are summarised in Table 1 while Figure 2 shows the 
distribution of watertable aquifer groundwater salinity.  The total storage volume of the watertable aquifer was 
estimated to be 155,318 GL (CSIRO and SKM 2010), based on a specific yield of 0.1 and an average saturated 
thickness of 25 m1. There is no estimate of the storage of the Renmark Group aquifer, which is much greater. 

Areas of Murray Group Limestone are also located in the south-west of the groundwater source overlying the 
Renmark Group.  The Murray Group Limestone is comprised of marine sediments of calcarenite, limestone and 
marl about 12 to 32 million years old (NSW Office of Water 2013).  This unit is not a target of groundwater 
extraction due to its higher salinity and lower hydraulic conductivity, and hence has not been included in any 
groundwater resource planning. 

Table 1: Characteristics of the two major aquifers (from NSW Office of Water 2013, page 26) 

Description Renmark Group Pliocene Sands Aquifer 

Geological age of aquifer material Eocene to Miocene Pliocene to Pleistocene 

Thickness (m) Highly variable, 10 – 330 Variable, 10 – 80 

Hydrological conductivity (m/d) 0.3 – 4.0 Typically in the range of 1 – 5 but can 
be as high as 30 

Specific yield / storage coefficient 1x10-5 – 1x10-7 1x10-3 – 1x10-5 

Depth to waterlevel (m below surface) -6 (flowing) – 50 0.5 – 61 

Groundwater flow direction From eastern and northern boundary to 
the western boundary 

From eastern and northern boundary to 
the western boundary 

Yields (L/s) Variable, 0.5 – 50, commonly exceeds 
5 and occasionally greater than 50 

Highly variable, 0.5 – 100, commonly 
exceeds 10 

Water quality (mg/l TDS) Variable, 2,000 – 36,000 Highly variable, 1,000 – 82,000, can be 
as low as 500 and locally as high as 
120,000 

 

1 This figure is reported directly from the reference cited. However, the volume represents removable storage only and uses a 
thickness for the Loxton Parilla Sand that probably underestimates its average thickness. By comparison, NSW Office of Water 
estimates storage for the systems as 8,762,114. GL 
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Figure 2: Watertable aquifer groundwater salinity (from CSIRO and SKM 2010, page 14) (note this does not portray the salinity 
of the deeper Renmark Group) 
 
The Plan also includes the shallow Monoman Formation associated with the present day River Murray and its 
floodplain.  This is only relevant when the impact of Salt Interception Schemes is considered (see later section). 
There is also an area along the eastern boundary of the resource unit where groundwater can be found in a thin 
layer of the Shepparton Formation. Again, this is a minor unit of no real consequence to the overall groundwater 
system. 

Water management – NSW Office of Water 

Management of the Western Porous Rock SDL resource unit is governed by the Water Sharing Plan for the 
NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 2011). 

The water sharing plan sets out current water access rights and access licences in the groundwater source as 
summarised in Table 2.  The water sharing plan also sets out the long-term average annual extraction limit as 
530,486 ML/year.  Note that the plan does not differentiate between the two main aquifers in terms of access 
rights. 
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Table 2: Current water access rights and access licences for the Western Porous Rock Groundwater Source, from the Water 
Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 2011). 

Entitlement type Volume 

Domestic and stock rights 26,747 ML/year 

Native title rights 0 ML/year 

Domestic and stock access licences 0 ML/year 

Local water utility licences 0 ML/year 

Aquifer access licences 21,780 unit shares 

Salinity and water table management access licences* 14,582 ML/year 

* Salinity and water table management access licences are associated with Salt Interception Schemes. 

In addition to the long-term average annual extraction limit, the water sharing plan imposes a number of rules 
for the replacement, establishment, and use of water from water supply works.  These rules are in place to 
protect high value assets and other water users from unacceptable impacts associated with groundwater 
extraction.  The rules for granting and amending water supply works approvals are summarised in Appendix A.  
These rules have recently been complemented by the NSW Aquifer Interference Policy (NSW Office of Water 
2012c) which provides minimal impact considerations for aquifer interference activities (see Section 3.2). 

Water management – Basin Plan 

The BDL2 and SDL for the Western Porous Rock SDL resource unit are set out in Schedule 4 of the Basin Plan 
as: 

• Baseline diversion limit – 63.1 GL/year 

• Sustainable diversion limit – 116.6 GL/year 

It is noted that the SDL set out in the Basin Plan is significantly less than the annual extraction limit set out in 
the water sharing plan (530,486 ML/year3). 

Water extraction 

Groundwater is extracted from the Western Porous Rock SDL resource unit primarily for stock and domestic 
purposes, mining activities and salt interception schemes.  Water extraction for irrigation and town water supply 
does not occur due to the poor quality (salinity) of the water (NSW Office of Water 2013).  Enterprises with 
extraction entitlements (i.e. excluding stock and domestic) are generally required to report use and have 
associated monitoring to ensure that the impacts predicted remain acceptable.  This information is generally 
reported on an exception basis. 

Extraction bores for stock and domestic purposes are widespread throughout the resource unit (NSW Office of 
Water 2013) and target both main aquifers.  Usually, bores target the shallowest supply at an acceptable salinity 
for the purpose intended.  As the salinity of the unconfined aquifer increases laterally at a greater rate than the 
deeper aquifer, bores target the Pliocene Sands aquifer in the east and north, and then the Renmark Group 
aquifer more towards the south west section of the resource unit. 

Extraction of groundwater for mining activities commenced in 2005/06 and there are currently five mines located 
within the resource unit region (two mineral sand mines, one bentonite mine and two gypsum mines) (NSW 
Office of Water 2013).  There are also active exploration activities, which are expected to lead to a significant 

2 BDL is defined in a later section. 
3 Based on the Water Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 

2011, current version for 15 February 2013, accessed 7 March 2013) 
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increase in mining activities into the future (NSW Office of Water 2013) depending on approval.  It is expected 
that these activities will require access to groundwater (see Section 3.3). 

There are three Salt Inception Schemes (SISs) located in the south of the resource unit which are operated 
under the Basin Salinity Management Strategy to intercept saline groundwater before it reaches the River 
Murray.  The schemes are located at Mallee Cliffs, Buronga (both operated by NSW Office of Water) and Rufus 
River (operated by SA Water). 

The Mallee Cliffs SIS depressurises the Loxton-Parilla Sand aquifers and is aimed at reducing the amount of 
salt that flows from regional groundwater flow to shallow alluvial aquifers and then to the River Murray.  A 
proportion of this extracted groundwater is likely to be sourced from the River Murray itself. 

The Buronga SIS intercepts groundwater flowing to the River Murray in the Buronga region and targets 
groundwater that is mobilised by the higher groundwater levels in the adjacent irrigation developments.  The 
target aquifer is the Monoman Formation.  Technically, this extraction targets regional groundwater flow; 
irrigation accessions and river water is also sourced as a consequence. 

The Rufus River SIS is located between Lake Victoria and the River Murray.  The scheme targets salt mobilised 
by the increased groundwater gradient due to the high operating water levels in Lake Victoria and pumps from 
the shallow Monoman Formation. 

Groundwater monitoring 

Extensive groundwater monitoring takes place across the Western Porous Rock SDL resource unit.  Many 
(62%) of the bores are associated with the regional groundwater monitoring network.  The NSW Office of Water 
regional network commenced in the 1970s and was largely in place by the mid 1980s (particularly for this 
groundwater source).  The frequency of regional groundwater monitoring has been relatively constant over the 
last 30 years (personal communications, Michael Williams, NSW Office of Water).  Monitoring data collected 
through the regional groundwater monitoring program is used to inform groundwater assessments and model 
development. 

The current monitoring network is shown in Figure 3 and summarised in Table 3.  Information related to 
groundwater level and flow direction across the resource unit is provided in the Western Murray Porous Rock 
and Lower Darling Alluvium Groundwater Sources, Groundwater Status Report 2011 (NSW Office of Water 
2013). 
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Table 3: Current groundwater monitoring network in the Western Porous Rock SDL resource unit (NSW Office of Water 2013) 

Purpose Number of sites Number of pipes / 
bores 

Monitoring 
frequency Method 

Mallee Cliffs SIS 151 
110 Variable Manual 

75 Continuous Loggers 

Buronga SIS 8 
1 Monthly Manual 

18 Continuous Loggers 

Operation of Lake Victoria 54 
20 Six monthly Manual 

74 Continuous Loggers 

Operation of the Menindee Lakes 51 
6 Variable Manual 

69 Continuous Loggers 

Impact on wetlands from river 
regulation 

10 12 Continuous Loggers 

Regional groundwater level 
monitoring 

454 
563 Six monthly Manual 

33 Continuous Loggers 

Total 728 981   

Note that not all of these bores monitor the two regional aquifers of the SDL resource unit, and where 
associated with irrigation areas, they tend to monitor the shallow aquifer sometimes lying above the regional 
systems. 
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Figure 3: Location of pumping and monitoring bores in the Western Porous Rock SDL resource unit (NSW Office of Water 
2013, page 55). Note that pumping bores close to the Darling River are most likely drawing from the Lower Darling River 
Alluvium SDL resource unit/groundwater source. As well, monitoring bores along the Murray River generally are associated 
with irrigation activities and monitor the very shallowest aquifers (sometimes overlying the Loxton-Parilla Sands aquifer). 
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The water cycle 

It is important to consider groundwater in the context of the entire water cycle.  A conceptual diagram of the 
cycle is shown in Figure 4. 

Key inputs (additions to storage) to groundwater include: 

• recharge from rainfall; 

• seepage from irrigation channels, rivers, wetlands and other standing water; and 

• inter-aquifer transfers. 

Key outputs (extractions from storage) from groundwater include: 

• evaporation; 

• extractions for consumptive and other use 

• aquifer discharge to baseflow (rivers, wetlands and other standing water); and 

• inter-aquifer transfers. 

The components of the cycle together can be used to make up a water balance, where over long term when the 
resource is at steady state, the inputs balance the outputs. At a very simple level, the SDL derived for the WRP 
SDL resource unit relies on the assumption that rainfall recharge is the dominant term in the water balance and 
there represents total recharge. 
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Figure 4: The water cycle, showing inputs and outputs to groundwater (adapted from NWC 2005). Note that the various 
methods and reports reviewed here deal only with rainfall recharge as the only source of recharge to the aquifer systems. 
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3. Synthesis of relevant reference material 
A large amount of reference material was provided to support this review.  This section of the report provides a 
summary of the content and key outputs/findings of all materials provided as relevant to the Western Porous 
Rock SDL resource unit. 

3.1 MDBA reference material 

Dryland diffuse groundwater recharge modelling across the Murray-Darling Basin (CSIRO, 2010) 

CSIRO (2010) documented the methods and results of diffuse groundwater modelling across the Murray-
Darling Basin.  CSIRO (2010) used the Water Vegetation Energy and Solute (WAVES) model to calculate 
diffuse recharge for a typical soil/vegetation/climate association.  The results were then upscaled to the Basin 
level.  The upscaling method relied upon the development of a regression relationship between rainfall and 
recharge based on detailed WAVES modelling at 20 control points.  These regression relationships were then 
used to match recharge against the SILO rainfall grid using soil type, vegetation type and annual average 
rainfall as covariates, and thus produced a recharge grid across the entire Murray Darling Basin.  This grid was 
then integrated at the SDL resource unit level to provide an estimate of recharge for the unit. 

The rainfall used in the study spanned the years 1895 to 2006. 

The available documentation CSIRO (2010) provides information on the equations and input data for the 
method, but does not provide detailed information on how the WAVES method was applied for the Western 
Porous Rock SDL resource unit.  However the results of the analysis are shown in Figure 5.  From Figure 5, 
average annual recharge for the Western Porous Rock SDL resource unit under historical climate (baseline) 
conditions has been derived as: 

• absolute volume: predominately 5 to 10 mm/year over the resource unit with areas of less than 
1 mm/year along the Darling River floodplain and small areas of 10 to 20 mm/year.  The estimated 
spatial average for the resource unit was 3.8 mm/year; and 

• percent of rainfall: predominately 1 to 2% with areas of 0 to 0.5% along the Darling River floodplain. 

The work also produced estimates of recharge under future climate projections using data from 15 Global 
Circulation Models (GCM).  Forty-five different future climate scenarios (high, medium and low global warming 
for 15 GCMs) generated by the work were distilled down to three scenarios using a weighted probability 
distribution to create wet, median and dry future scenarios.  The results were reported as recharge scaling 
factors giving the scenario recharge as a proportion of the historical recharge.  These scaling factors were then 
used to scale estimates of current recharge. 

The analysis undertaken derived recharge scaling factors for different combinations of rainfall years under 
different future climate projections as a way of displaying the variance in changes that may result based on 
current projection uncertainty.  Projections ranged across essentially a continuum between wet years in a future 
wet climate to dry years in a future dry climate.  The limits showed that recharge could increase under wet 
conditions by a factor of 2.51 and decrease under dry conditions by a factor of 0.43.  That is, average recharge 
for the Western Porous Rock SDL resource unit, on an areally weighted basis, could range between 9.5 and 
1.6 mm/year. 
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Figure 5: Average annual recharge under historical climate conditions measured in mm/year and as a percent of rainfall 
(CSIRO, 2010, page 19) 
 

CSIRO (2010) states that the results of this work would be used to calculated SDLs for the Basin Plan, as does 
The proposed groundwater baseline and sustainable diversion limits: methods report (MDBA 2012b).  However, 
the documented baseline recharge rate (3.8 mm/year) would lead to a total recharge volume of 236.8 GL/year 
(assuming an area of 82.7% of 75,333 km2 as adopted for the Basin Plan), significantly less than that reported 
for the Basin Plan (MDBA 2013a). 

An assessment of the detailed recharge calculation spreadsheets provided by the MDBA for this review (MDBA 
2012d and MDBA 2012e) shows that the results documented in CSIRO (2010) were not used to calculate 
groundwater recharge for the Western Porous Rock SDL resource unit.  Details on the method used to calculate 
recharge for the Basin Plan are provided in Section 4). 

The report acknowledges that there is a high level of uncertainty when predicting the impacts of climate change 
on groundwater recharge, particularly with the uncertainty related to our ability to accurately determine 
groundwater recharge; this has been addressed (in their report) by reporting the change in recharge between a 
future climate (~2030) relative to the historical climate rather than the absolute values of the recharge. This is 
assumed to convey a certain (unstated) level of uncertainty on the absolute values of recharge as reported in 
this section.  
 
CSIRO (2010) further assess the uncertainty in recharge in their report. They compare the recharge values 
obtained by the WAVES modelling with estimates of recharge provided by jurisdictions across the entire MDB 
and conclude: 
 
For the Murray-Darling Basin Sustainable Yields Project, recharge estimates for each GMU were provided by 
the jurisdictions. The upscaled WAVES estimates have a tendency to be greater than the estimates of recharge 
provided by the jurisdictions (their Figure 4-6). On average the recharge estimates provided here are 60 percent 
greater than those provided by the jurisdictions for the Murray-Darling Basin Sustainable Yields Project. 
 
The report also compared the WAVES upscaled recharge values with relevant field estimates of recharge. This 
comparison found that: 
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.........recharge estimates from the field studies to the upscaled WAVES estimates shows a poor correlation 
(their Figure 4-5). There are issues of scale inherent in this comparison as the field studies are generally point 
estimates and the upscaled WAVES estimates are regional. This can be seen in the plot where the field studies 
appear to form a vertical line on the plot, the reason for this is repeated sampling in the field at a sub-paddock 
scale and the metre scale heterogeneity that occurs with some recharge estimation techniques. 

It is also worth noting that CSIRO (2010) is the only report to address the issue of uncertainty in its estimates 

Correspondence from Craig Knowles to the Hon Katrina Hodgkinson PM (MDBA 2011, correspondence stamped 5 December 
2011) 

Craig Knowles (Chair, MDBA) wrote to The Hon Katrina Hodgkinson MP in response to a letter (dated 28 July, 
2011) from Commissioner David Harriss regarding proposed SDLs for the Lachlan Fold Belt and Western 
Porous Rock groundwater SDL areas.  Relevant to the Western Porous Rock SDL resource unit, the letter 
noted that the MDBA revised proposed SDL of 225.9 GL/year matched the NSW proposed SDL (proposed in 
the letter from Commissioner David Harris, 28/07/2011). This letter established that NSW would agree to an 
SDL volume of 225.9 GL/year (Michael Williams pers. comm.) 

The proposed groundwater baseline and sustainable diversion limits: methods report (MDBA 2012b) 

MDBA (2012b) documented the methods used to set BDLs and SDLs for groundwater resource units for the 
Basin Plan. 

BDLs are the limits on groundwater use under an existing water management regime, and are determined as 
follows: 

• where a water management plan or proposed plan exists, the BDL volume is the plan extraction limit, 
unless the plan limit is greater than the level of entitlement, in which case the BDL is equal to the 
entitlement volume; 

• where there is no water management plan, the BDL is the entitlement volume depending on any State-
wide rules managing extraction; and 

• where there is a cross-border agreement for groundwater management, the extraction limit under the 
agreement is the BDL. 

All BDLs also include an estimate of existing stock and domestic take. 

SDLs are the environmentally sustainable level of take for a water resource, which is defined as the level at 
which water can be taken from the water resource which, if exceeded, would compromise: 

• key environmental assets of the water resource; 

• key ecosystem functions of the water resource; 

• the productive base of the water resource; or 

• key environmental outcomes 

SDLs were calculated using numerical modelling (where a model exists) or the Recharge Risk Assessment 
Method (RRAM) where groundwater numerical models were not available.  No such model was available for the 
Western Porous Rock SDL resource unit, so RRAM was adopted.  The RRAM is a three step process: 

1. Calculate total recharge.  For the Western Porous Rock SDL resource unit, total recharge was 
calculated based on average recharge rates for different land use categories (see summary of MDBA 
2012d and MDBA 2012e below).  Total recharge was calculated as 395.7 GL/year (MDBA 2013a). 
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2. Calculate the Preliminary Extraction Limit (PEL) by multiplying total recharge by a Sustainability Factor.  
The process for calculating the Sustainability Factor is shown in Table 4.  For the Western Porous Rock 
SDL resource unit the Sustainable Factor was calculated as 70%, giving a PEL of 277.0 GL/year 
(MDBA 2013a). 

3. Calculate the SDL from the PEL using the unassigned water assessment method.  Different methods 
were used to adjust the PEL depending on the resource unit’s level of connectivity to surface water 
resources and the relationship between PEL and BDL.  The framework to determine which method 
should be used for a resource unit is shown in Figure 6.  For the Western Porous Rock SDL resource 
unit, the adopted adjustment method was the “unassigned water assessment” by which SDL is 
calculated: 

𝑆𝐷𝐿 = 𝐵𝐷𝐿 + 50%(𝑃𝐸𝐿 − 𝐵𝐷𝐿) 

giving the SDL value (MDBA 2012b). Under the draft Basin Plan (November 2011) the SDL for the 
Western Porous Rock area was set using an assigned water factor greater than 0.5. At the time this 
reflected discussions with NSW and lead to an SDL of 225.9 GL/y. Subsequently in revised draft Basin 
Plan (May 2012) the decision was made to apply an unassigned water factor of 0.25 to all areas with 
unassigned water, including the Western Porous Rock system, resulting in the SDL of 116.6 GL/y. 

As reported in the Methods Report (MDBA, 2012b) an unassigned water assessment is used to determine the 
SDLs if the resource unit has not been the subject of one of the previous assessments or methods ..... and the 
PEL is greater than the BDL.  In these cases, the unassigned water assessment reduces the risks associated 
with further development of the groundwater resource by decreasing ..... the available water above the BDL to 
determine the SDL.  It should be noted that the unassigned water assessment is applied after the RRAM 
process has considered the risks of groundwater extraction to the 4 ESLT characteristics and uncertainty to 
determine the PEL. 

After the review period associated with moving from the draft to the revised draft Basin Plan, changes were 
made to the manner in which the unassigned water assessment was made.  The discussion of these changes is 
reproduced below from MDBA (2012a). 

CSIRO and SKM (2010) provides additional detail on the methodology while MDBA (2013a) provides the results 
of applying the method (including the results of intermediate calculation steps).  A comprehensive summary of 
the final BDL and SDL calculation method, including analysis and results for the Western Porous Rock SDL 
resource unit is provided in Section 4 of this report (based on MDBA 2012a, MDBA 2012a, CSIRO and SKM 
2010 and MDBA 2013a). 
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Figure 6: Framework decision tree used to identify method to adjust PEL to SDL, showing the decision path for the Western 
Porous Rock SDL resource unit (from MDBA 2012b, page 15). 
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Table 4: Risk matrix adopted to identify the Sustainability Factor (from CSIRO and SKM 2010, page 17) 

Step A* 

Risk 
Ranking Environmental Assets or Ecosystem function or Productive 

base 
Sustainability 

factor (SF) 

High EA that is highly 
groundwater dependent 
and highly sensitive to 
take 

 In the current state, 
groundwater discharge 
provides baseflow to 
the unregulated river 
reach.  Groundwater 
extraction is likely to 
result in streamflow 
depletion 

 Storage / 
recharge 
ratio <20 

0.1 

Medium EA that is highly 
groundwater dependent 
and moderately 
sensitive to take 

EA that is moderately 
groundwater dependent 
and highly sensitive to 
take 

The rivers in the SDL 
unit are regulated and 
they are highly 
connected to 
groundwater (i.e. >50% 
impact of pumping on 
streamflow) 

Storage / 
recharge 
ratio 20 – 40 

0.5 

Low EA that has low 
groundwater 
dependence and low 
sensitivity to take 

EAs do not exist in the 
SDL unit 

The rivers in the SDL 
unit are regulated or 
unregulated and they 
have low-moderate 
connection with the 
groundwater system 
(i.e. <50% impact of 
pumping on streamflow 

Storage / 
recharge 
ratio > 40 

0.7 

* Overall risk set to the highest ranking across the three criteria. 

 

Showing results for the Western Porous Rock SDL resource unit (MDBA 2013a) 

 Step B  Step C 

Key environmental outcome Degree of uncertainty 

No risk to the key 
environmental 
outcome (i.e. 
groundwater 
salinity) 

No reduction to 
SF for any salinity 
class 

Step A risk ranking high or 
medium 

Uncertainty 
is low 

No reduction 
to SF 

There is risk to the 
key environmental 
outcome (i.e. 
groundwater 
salinity) 

Salinity class 1 – 
SF reduced by 
20% 

Salinity class 2 – 
SF reduced by 
10% 

Uncertainty 
is high 

SF reduced 
by 50% 

 

Step A risk ranking is low 

Uncertainty 
is low 

No reduction 
to SF 

Uncertainty 
is high 

SF reduced 
by 50% 
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Addendum to the proposed groundwater baseline and sustainable diversion limits: methods report (MDBA 2012a) 

MDBA (2012a) documents a number of changes that were made to the methods used to set BDLs and SDLs for 
groundwater resource units for the Basin Plan between the publication of MDBA (2012b) and the finalisation of 
the Basin Plan.  The changes were generally made in response to submissions made on the draft Basin Plan 
(28 November 2011) and the revised draft Basin Plan (28 May 2012). 

One change was made that affected the Western Porous Rock SDL resource unit: the unassigned groundwater 
factor was revised from 50% to 25% for all but one groundwater SDL resource unit.  The revised “unassigned 
water method” applied for the Western Porous Rock SDL resource unit was: 

SDL = BDL + 25%(PEL − BDL) 

giving a revised SDL of 116.6 GL/year (MDBA 2012a). 

The discussion of these changes is reproduced from MDBA (2012a) below: 

.....the review determined that a consistent and more precautionary approach to unassigned groundwater 
should be adopted across the Basin.  For the revised draft Basin Plan (28 May 2012), the MDBA has therefore 
has (sic) adopted an unassigned groundwater factor of 0.25 ..... in all but one groundwater SDL resource unit.....  
This precautionary approach will allow for development to occur in the unassigned groundwater areas without 
negatively impacting on the surface water resources or allowing over-extraction in the groundwater resources.  
As new and better knowledge becomes available, particularly in resource units where data is currently poor, the 
MDBA will reassess the knowledge and revise the SDLs accordingly.  This is a key point in those resource units 
with limited amounts of data and information. 

MDBA (2012a) partitioned the Basin into a number of regions for consideration of how unassigned water should 
be treated; one of these regions was termed Western System and this included the Western Porous Rock SDL 
resource unit.  The revisions to SDLs in the Western System in association with unassigned water were 
influenced by data quality and the risks of localised impacts.  The review process gathered comments from 
experts that surface water/groundwater connectivity was not thought to be a major issue for the area overall and 
this was not a factor in considering the application of unassigned water factors to derive the SDL.  MDBA 
(2012a) instead focussed on the issue of low data quality and that this level of quality justified a more 
precautionary approach. 

Western Porous Rock (GS50) Report Card (MDBA 2013a) 

Western Porous Rock (GS50) report card is an unpublished report card provided for this review by the MDBA.  
The report card provided differs from that documented in the publically published report cards (MDBA 2012c) 
but reflects the most up-to-date assessment as used in the Basin Plan. 

The report card provides a high level summary of the Baseline Diversion Limit (BDL), Preliminary Extraction 
Limit (PEL) and Sustainable Diversion Limit (SDL) for the Western Porous Rock SDL resource unit as assessed 
using the recharge risk assessment method (RRAM).  Key data are summarised in Table 5, further details of the 
calculations are provided in Section 4. 
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Table 5: Key results from the Western Porous Rock (GS50) report card (MDBA 2013a) 

 Result 

Recharge 395.7 GL/year 

Preliminary Extraction Limit 277.0 GL/year 

Baseline Diversion Limit 63.1 GL/year 

Sustainable Diversion Limit 116.6 GL/year 

Sustainability Factor (overall) 70% 

Unassigned groundwater factor 25% 

 

Summary of recharge calculations for WPR_2013.xlsx (MDBA 2012d) and Western Porous Rock Recharge Analysis.xlsx 
(2012e) 

None of the reports or documents discussed in previous sections provided detailed information on how recharge 
volumes was were derived for the Western Porous Rock SDL resource unit.  CSIRO (2010) stated that recharge 
was calculated using the WAVES method, however the documented recharge rates do not match the total 
recharge volumes used to calculate the SDL (MDBA 2013a). 

The MDBA provided two spreadsheets detailing the calculation of total recharge for this review (MDBA 2012d) 
and MDBA2012e).  These spreadsheets show that recharge for the Western Porous Rock SDL resource unit 
was calculated based on average recharge rates for different land use categories.  The calculation outputs are 
shown in Appendix B and summarised in Table 6. 

These calculations provide a total recharge volume of 396.5 GL/year.  It is however noted that this volume 
differs slightly from that documented in the updated report card provided for this review (MDBA 2013a) and the 
publically published report cards (MDBA 2012c) which both reported a total recharge volume of 395.7 GL/year.  
The magnitude of this discrepancy is not large (0.2%).  The reason for the difference cannot be determined from 
the provided information, but the difference is essentially insignificant. 

Table 6: Summary of total recharge calculation for the Western Porous Rock SDL resource unit (MDBA 2012d and MDBA 
2012e) 

Land use category* Area (km2) Recharge rate 
(mm/year)** 

Recharge volume 
(GL/year) 

Native vegetation 5,526 0.1 0.6 

Cleared and grazed 67,270 7.0 470.9 

Cleared and cropped 1,388 7.0 9.4 

Other 1,199 0.0 0.0 

Total 75,333  480.8 

Total (adjusted for area)***   396.5 

* The basis for the choice of area associated with each land use was not reported. No assessment is made here if these 
estimates are robust. However it is noted that the area assigned is “cleared and grazed” is large and may over represent 
such land. 

** No information on the origin of the adopted recharge rates was included in the documentation provided for this review. 

*** At the time the SDL was calculated, the MDBA used an area of 62,127 km2 for the Western Porous Rock SDL resource 
unit.  To account for the discrepancy of 13,206 km2 between the MDBA and NSW areas, the recharge volume calculated 
above was factored down by that area (82.7%) (MDBA 2012d and MDBA 2012e). 
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3.2 NSW Office of Water reference material 

The NSW State groundwater policy framework document (DLWC 1997) 

The NSW State groundwater policy framework document (DLWC 1997) was developed to provide policy 
direction on the ecologically sustainable management of NSW’s groundwater resources so that they can sustain 
environment, social and economic uses for the people of NSW.  The document states that it is the policy of the 
NSW Government to encourage the ecologically sustainable management of the State’s groundwater resources 
so as to: 

• slow and halt, or reverse any degradation in groundwater resources; 

• ensure long term sustainability of the systems biophysical characteristics; 

• maintain the full range of beneficial uses of these resources; and 

• maximise economic benefit to the Region, State and Nation (DLWC 2997, page 15). 

Eight principles are detailed in the document as follows: 

1. An ethos for the sustainable management of groundwater resources should be encouraged in all 
agencies, communities and individuals who own, manage or use these resources, and its practical 
application facilitated. 

2. Non-sustainable resource uses should be phased out. 

3. Significant environmental and/or social values dependent on groundwater should be accorded special 
protection. 

4. Environmentally degrading processes and practices should be replaced with more efficient and 
ecologically sustainable alternatives. 

5. Where possible, environmentally degraded areas should be rehabilitated and their ecosystem support 
functions restored. 

6. Where appropriate, the management of surface and groundwater resources should be integrated. 

7. Groundwater management should be adaptive, to account for both increasing understanding of 
resource dynamics and changing community attitudes and needs. 

8. Groundwater management should be integrated with the wider environmental and resource 
management framework, and also with other policies dealing with human activities and land use, such 
as urban development, agriculture, industry, mining, energy, transport and tourism. 

The Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources reflects the 
current implementation of the policy and principles through the setting of limits on extraction, rules of extraction 
and rules on the granting and amending water supply works approvals. The inference here is that the impacts 
from groundwater extraction can be managed (and are presumably currently being managed) by the application 
of statewide policy in association with the WSP. 

Draft Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources, Western Murray Porous Rock 
Groundwater Source – Report Card 3 of 4 (NSW Office of Water 2010) 

Report Card 3 for the draft Water Sharing Plan as released for public exhibition in December 2010 provides a 
brief description of the Western Murray Porous Rock Groundwater Source along with detailed information on 
the water resource allocations of the water source (including entitlement volumes, extraction limits and 
unassigned water).  This document also provides a summary of the evaluation of the Sustainability Factor for 
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the water source.  Key information from this document is summarised in Table 7 and Table 8. Note that the 
current assessment of risk is based on current levels of extraction. A new Sustainability Factor would be 
required if the proposed groundwater development due to mining proposals was approved, as the Sustainability 
Factor is dependent on levels of extraction. 

Key findings are: 

• total recharge of 1,134 GL/year; 

• sustainability factor of 0% for recharge from high environmental value areas and 50% for non-high 
environmental value areas; and 

• long-term average annual extraction limit of 547.4 GL/year. 

In reviewing the information from this document, it is important to note that a number of the values and results 
differ from those reported in the Water Sharing Plan for the NSW Murray Darling Porous Rock Groundwater 
Sources – Background Document (NSW Office of Water 2012a) and the actual Water Sharing Plan which 
supersedes this document. 

The draft Water Sharing Plan also provides a summary of the proposed rules for the Western Murray Porous 
Rock Groundwater Source, which are not summarised here. 

Table 7: Summary of water resource information (NSW Office of Water 2010) 

Value Result 

Area 7,302,955 ha 

Area of high environmental value = 3.4% of total area 

Recharge 1,133,630 ML/year 

Based on an infiltration rate of 6% of rainfall* 

Sustainability factor High environmental value areas = 0% 

Remaining areas = 50% (see Table 8) 

Planned environmental water 586,202 ML/year 

100% of recharge from high environmental value areas 
(38,773 ML/year) plus 50% of recharge over the remaining 
area (547,429 ML/year) 

Percentages are the inverse of the Sustainability factor 

Long-term average annual extraction limit 547,429 ML/year 

0% of recharge from high environmental value areas plus 50% 
of recharge over the remaining area (547,429 ML/year) 

Percentages are effectively the Sustainability factor within the 
context of the MDBA method and are derived according to 
Table 8 and Table 9. 

Basic landholder rights 26,747 ML/year 

Licensed groundwater entitlements 21,892 ML/year 

Unassigned water 498,790 ML/year 

* No information on the origin of the adopted infiltration rate was included in the documentation provided for this review, and 
it assumed that infiltration rate is used synonymously with recharge rate. 
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Table 8: Evaluation of environmental and socio-economic risk for the Western Porous Rock Groundwater Sources (NSW Office 
of Water 2010) 

Risk criteria Evaluated 
risk 

Comment 
(NSW Office of Water 2010, page 8 & 9) 

Environmental risk 

Overall risk to aquifer from 
groundwater extraction 

Low Maximum risk across the criteria 

Risk to groundwater dependent 
ecosystems (GDEs) from declining 
groundwater levels 

Low Risk of a change in groundwater levels on GDEs is considered 
low.  There are no identified high-priority GDEs within the water 
source boundary.  Extraction would result in negligible regional 
change and minimal local change around the salt lakes. 

Risk to GDEs from altered patterns of 
groundwater level fluctuations 

Low The risk of a change in the timing of groundwater level fluctuations 
on GDEs is considered low.  No change to habitat type would be 
expected due to altered patterns of groundwater level fluctuations 
as this groundwater source has low permeability rock types and 
relatively few licences. 

Risk of increasing frequency and 
duration of low flows in rivers 

Low The risk of changing base flow conditions on GDEs is considered 
low, although salt interception schemes are intentionally impacting 
on salt inflows to connected surface water sources. 

Risk of reducing water quality in the 
aquifer 

Low There is a low risk of changing the chemical conditions of the 
groundwater source.  The water quality in this groundwater source 
is variable, but generally of poor quality.  The resource is saline 
and acidic in nature, and pH is unlikely to change significantly. 

Risk of contamination of (fresh) 
groundwater from sea or estuary water 

Low There is no fresh water / salt water interface for this groundwater 
source so this risk is not applicable. 

Risk to beneficial use of the 
groundwater 

Low The likelihood of a change in the beneficial use of the water in the 
aquifer is considered low.  The water quality in this groundwater 
source is variable, but generally of poor quality. 

Risk of structural damage of the aquifer Low There is a low risk of substrata compaction in this groundwater 
source as it is consolidated rock. 

Socio-economic risk 

Overall community dependence on 
groundwater extraction 

Low Maximum risk across the criteria 

Relative importance of groundwater 
supply (due to lack of alternative water 
sources) 

Low The risk to security of access from extraction is considered low as 
there are sufficient options for alternative water supply sources.  
There are farm dams, surface water supply options and a pipeline 
along an anabranch of the Murray and Darling Rivers. 

Relative intensity of groundwater 
development within the groundwater 
source 

Low The risk to ongoing groundwater usage is considered low.  There 
is estimated to be a low volume of groundwater entitlement in 
proportion to the total recharge and licensed entitlements are 
relatively low volumes, mostly for stock and domestic purposes. 

Relative significance of groundwater for 
town water supply 

Low The risk to dependence on town water supply is considered low as 
there is currently one town water supply licence in this 
Groundwater Source and it is a low proportion of total entitlement. 
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Risk criteria Evaluated 
risk 

Comment 
(NSW Office of Water 2010, page 8 & 9) 

Relative significance of licensed 
entitlement for irrigation and/or 
industrial activities 

Low The risk to the dependence on groundwater related activities is 
considered low as there is are small volume of groundwater 
extracted in proportion to total licensed volumes.  Most extraction 
is for basic landholder rights. 

Economic significance of the 
groundwater source for irrigation or 
industrial activities 

Low The risk to investment in agriculture or industry is considered low.  
There are minimal activities except salt interception schemes. 

Level of local employment associated 
with commercial uses of groundwater 

Low The risk to employment in agriculture or industry is considered low 
due to low reliance on these activities. 

Sustainability Factor 50% Based on risk matrix shown in Table 9. 
 

Table 9: Sustainability factor matrix, with the result for the Western Porous Rock resource unit highlighted (NSW Office of 
Water 2012a, page 18) 

 High socio-economic risk Moderate socio-economic 
risk Low socio-economic risk 

High environmental risk 50% 25% 5% 

Moderate environmental 
risk 60% 50% 25% 

Low environmental risk 70% 60% 50% 

 

Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources – Background Document (NSW 
Office of Water 2012a) 

The Water Sharing Plan Background Document provides contextual (policy) information on the development of 
the Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources.  This includes 
information on how the long-term average extraction limit and the Sustainability Factor have been calculated 
along with the results of the assessment.  Additionally, this document provides an overview of the water 
resource allocations of the water source (including entitlement volumes, extraction limits and unassigned water).  
Key information from this document is summarised in Table 10 and Table 11. 

Key findings are: 

• total recharge of 1,104 GL/year; 

• sustainability factor of 0% for recharge from high environmental value areas and 50% for non-high 
environmental value areas; and 

• long-term average annual extraction limit of 530.5 GL/year. 

The information presented in this document supersedes the information presented in NSW Office of Water 
(2010) and is consistent with the information provided in the actual Water Sharing Plan. 
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Table 10: Summary of water resource information (NSW Office of Water 2012a) 

 Result 

Licensed entitlements 21,780 ML/year 

Stock and domestic access licences 26,765 ML/year 

Local water utility access licences 0 ML/year 

Area 7,301,762 ha 

High environmental value area is 3.9% of total area 

Average annual rainfall 252 mm/year* 

Infiltration rate 6%** 

Recharge 42,994 ML/year – high environmental value areas 

1,060,971 ML/year – non-high environmental value areas 

1,103,965 ML/year – total 

Sustainability factor 0% – high environmental value areas 

50% – non-high environmental value areas 

Planned environmental water 573,480 ML/year 

Long-term average annual extraction limit 530,486 ML/year 

* Bish et al (2006) describe the method used to derive rainfall data. Rainfall data was sourced from the average annual 
rainfall coverage data set for NSW.  This data set was based on monthly average rainfall from Hutchinson and Kesteven 
(1998) which used a rainfall data set of 12,983 stations across the Australian mainland with data of acceptable quality within 
the period January 1921 to December 1995, discretised to 200 m grid squares. 

** No information on the origin of the adopted infiltration rate was included in the documentation provided for this review. 

Table 11: Evaluation of environmental and socio-economic risk (NSW Office of Water 2012a) 

Risk criteria Evaluated risk 

Environmental risk 

Overall risk to aquifer from groundwater extraction Low 

Risk to groundwater dependent ecosystems (GDEs) from declining groundwater levels Low 

Risk to GDEs from altered patterns of groundwater level fluctuations Low 

Risk of increasing frequency and duration of low flows in rivers Low 

Risk of reducing water quality in the aquifer Low 

Risk of contamination of (fresh) groundwater from sea or estuary water Low 

Risk to beneficial use of the groundwater Low 

Risk of structural damage of the aquifer Low 

Socio-economic risk 

Overall community dependence on groundwater extraction Low 

Relative importance of groundwater supply (due to lack of alternative water sources) Low 

Relative intensity of groundwater development within the groundwater source Low 

Relative significance of groundwater for town water supply Low 
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Risk criteria Evaluated risk 

Relative significance of licensed entitlement for irrigation and/or industrial activities Low 

Economic significant of the groundwater source for irrigation or industrial activities Low 

Level of local employment associated with commercial uses of groundwater Low 

Sustainability Factor (see Table 12) 50% 
 

Table 12: Sustainability factor matrix (NSW Office of Water 2012a, page 18) 

 High socio-economic risk Moderate socio-economic 
risk Low socio-economic risk 

High environmental risk 50% 25% 5% 

Moderate environmental 
risk 60% 50% 25% 

Low environmental risk 70% 60% 50% 

 

Western Murray Porous Rock and Lower Darling Alluvium Groundwater Sources, Groundwater Status Report 2011 (NSW Office 
of Water 2013) 

The Status Report provides detailed descriptive information on the hydrology, geology, hydrogeology, 
groundwater-surface water interactions, salt interceptions schemes, groundwater management provisions and 
resource monitoring characteristics of the Western Murray Porous Rock groundwater source.  Relevant 
information from this document has been summarised in Section 2 of this Synthesis Report to provide an 
overview of the Groundwater Source and is not repeated here.  Key water resource access data is summarised 
in Table 13. 

It is noted that the information presented in this document is consistent with the Water Sharing Plan for the 
NSW Murray Darling Porous Rock Groundwater Sources – Background Document (NSW Office of Water 
2012a) and the actual Water Sharing Plan. 

Table 13: Summary of water resource information (NSW Office of Water 2013) 

 Result 

Aquifer characteristics See Table 1 

Area not of high environmental value 1,060,971 ha 

Average annual rainfall recharge over areas that are of 
high environmental value 

42,994 ML 

Average annual rainfall recharge over water source 1,103,965 ML 

Amount of annual recharge set aside as environmental 
water 

573,480 ML/year 

Basic landholder rights 26,747 ML/year 

Native title rights 0 ML/year 

Domestic and stock access licences 0 ML/year 
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 Result 

Access licence shares 21,780 ML/year 

Local water utility access licences 0 ML/year 

Special purposes access licence shares (salinity and 
water table management) 

14,582 ML/year 

Long term average annual extraction limit 530,486 ML/year 

 

NSW Aquifer Interference Policy, NSW Government policy for the licensing and assessment of aquifer interference activities 
(NSW Office of Water 2012c) 

The NSW Aquifer Interference Policy was developed to: 

• clarify the requirements for obtaining water licences for aquifer interference activities under NSW water 
legislation; and 

• establish and objectively define considerations in assessing and providing advice on whether more than 
minimal impacts might occur to a key water-dependent asset. 

The policy is intended to be applied to all aquifer interference activities, but was developed with a particular 
focus on the following high risk activities: mining activities, other extractive industries (such as sand extraction), 
coal seam gas activities, dewatering, injection works and activities with the potential to contaminate 
groundwater or result in acceptable loss of storage or structural damage to an aquifer. 

Water taken by aquifer interference activities must be accounted for within the extraction limits documented in 
the Water Sharing Plan.  In addition to meeting all of the access rules and regulations under the Water Sharing 
Plan, aquifer interference approvals are not to be granted unless the Minister is satisfied that adequate 
arrangements are in force to ensure that no more than minimal harm will be done to any water source, or its 
dependent ecosystems, as a consequence of its being interfered with (NSW Office of Water 2012c, page 12). 

Minimal impact considerations for the Western Porous Rock SDL resource unit are specified as follows (for a 
less productive porous rock water source): 

• Water table 
1. Less than or equal to 10% cumulative variation in the water table, allowing for typical climatic 

“post-water sharing plan” variations, 40 m away from any: 
 high priority groundwater dependent ecosystem; or 
 high priority culturally significant site, 

listed in the schedule of the relevant water sharing plan. 
A maximum of a 2 m decline cumulative at any water supply work. 

2. More than 10% cumulative variation in the water table, allowing for typical climatic “post-water 
sharing plan” variations, 40 m from any: 

 high priority groundwater dependent ecosystem; or 
 high priority culturally significant site, 

listed in the schedule of the relevant water sharing plan if appropriate studies demonstrate to 
the Minister’s satisfaction that the variation will not prevent the long-term viability of the 
dependent ecosystem or significant site. 
If more than a 2 m decline cumulative at any water supply work then make-good provisions 
should apply. 
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• Water pressure 
1. A cumulative pressure head decline of not more than a 2 m decline, at any water supply work. 
2. If the predicted pressure head decline is greater than Requirement 1 above, then appropriate 

studies are required to demonstrate to the Ministers satisfaction that the decline will not prevent 
the long-term viability of the affected water supply works unless make good provisions apply. 

• Water quality 
1. Any change in the groundwater quality should not lower the beneficial use category of the 

groundwater source beyond 40 m from the activity. 
2. If condition 1 is not met then appropriate studies will need to demonstrate to the Minister’s 

satisfaction that the change in groundwater quality will not prevent the long-term viability of the 
dependent ecosystem, significant site or affected water supply works. 

Note that no high priority groundwater dependent ecosystems or high priority culturally significant sites are 
defined in the Western Porous Rocks area of the Water Sharing Plan4. 

Correspondence from David Harriss to Rhondda Dickson (NSW Office of Water 2012d) 

David Harriss (Commissioner, NSW Office of Water) wrote to Rhonda Dickson (CEO, MDBA) to provide 
information to support further consideration and discussions for the revision of groundwater SDLs for some 
NSW aquifers.  Specifically related to the Western Porous Rock SDL resource unit, the letter noted that the 
proposed Basin Plan (released for consultation in November 2011) included an SDL in-line with previous 
agreements (225.9 GL/year).  However, the letter noted that in the revised draft Basin Plan (May 2012), the 
SDLs had been reduced by applying an arbitrary factor to the “unassigned water”. 

Key points raised by the letter in regard to the unassigned water factor were as follows: 

• The reduction followed a groundwater workshop, which did not include any State-based hydrogeologist 
who have extensive field and groundwater management expertise. 

• The materials produced following the workshop provide no new evidence to justify the arbitrary 
reduction and fail to reference science previously supplied to the MDBA and used to determine long-
term average annual extraction limits. 

• The reasons cited for the reductions fail to consider the steps already made to account for scientific 
uncertainty and precautionary considerations, and the existing rules in NSW plans that protect surface 
water base flow and other environmental features, local impacts, groundwater quality and aquifer 
integrity. 

The letter proposes that the SDL in the revised draft Basin Plan (116.6 GL/year) be increased to 225.9 GL/year 
as previously agreed, which is significantly less than the conservatively determined long-term average annual 
extraction limit (of 530.49 GL/year). 

Rainfall recharge for piston and bypass flow (Williams 2012) 

This document discusses the role of bypass flow as a potentially dominating recharge process compared to 
piston flow.  The document doesn’t present any new data, but provides a number of references that document 
that the process occurs.  The document seems to conclude two important points; 

1. there is a need to verify that recharge rates are comparable to the deep drainage rates measured 
through the various studies undertaken in the region.  The inference is that limiting the analysis to piston 
flow only will provide an underestimate of recharge; and 

4 Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources 2011; accessed 12th April 2013 
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2. that bypass flow may be an important process and This may explain why the groundwater flow models 
for this water source (which do not separate the processes of bypass and piston rainfall recharge) tend 
to calibrate rainfall recharge at between 10 to 30 mm/year. 

It is unknown which models are being referenced in this statement, as the work by Golder Associates for the 
Snapper minerals sands project and Prathapar both provide recharge estimates lower than those quoted above. 

3.3 Mining reference material 

Carpentaria Exploration Pty Ltd submission on the draft Basin Plan (Carpentaria Exploration 2012) 

Carpentaria Exploration Pty Ltd (CAP) is a mineral exploration company, currently undertaking exploration 
activities in the Broken Hill area. CAP is in the process of developing an iron ore project (the Hawsons Iron Ore 
Project) within the Western Porous Rock SDL resource unit.  Developing this site will require significant volumes 
of water (estimated to be up to 130 GL/year). 

Technical work commissioned by CAP found that: 

• sufficient volumes of saline water (14,000 mg/l TDS) are available in the Lower Renmark Aquifer that 
would be suitable for mining operations while being unsuitable for agriculture; 

• extraction is not expected to have any significant effect on surface water features or other aquifers; and 

• extracting water from the Lower Renmark Aquifer and fixing the salt in tailings dams during processing 
on site is likely to benefit salinity levels in the River Murray. 

However, the extraction of saline water for mining activities is constrained by the SDL.  CAP recommended that 
a separate extraction category for salt water interception be included in the Basin Plan, postulating that licences 
granted for additional salt water take may in fact be of benefit to the environment. 

NSW mines in the planning process, Western Porous Rock SDL Area (MDBA 2013b) 

The NSW Government (Office of the Hon Katrian Hodgkinson MP) provided information on mining projects that 
have entered the NSW planning system to enable an assessment of likely groundwater demands. 

Based on the information provided, the MDBA has identified four mining projects in the Western Porous Rock 
SDL resource unit: three mineral sands projects and one magnetite mine.  Total water demand was estimated 
by the MDBA to be 121.5 GL/year, based on the proposed demand for the magnetite mine and operational 
requirements for one of the mineral sand mines. 

Hawsons Iron Ore Project 

The Hawsons Iron Ore project is a proposed development of an open cut iron ore (magnetite) mine located 60 
km south west of Broken Hill, and the proponent is Carpentaria Exploration Limited. 

There is no information of relevance to the review of the SDL volume contained within the Preliminary 
Environmental Assessment (GHD 2012).  However, some information specifically relates to groundwater 
resources, and the assessment notes the following: 

• On-site processing would require up to 100 GL per annum of saline water.  Carpentaria Exploration 
Limited has commenced sampling and analysis from existing regional groundwater bores, and has used 
the information to develop a conceptual hydrogeological model.  The preferred water source is a bore 
field in the Lower Renmark Aquifer near Coombah (80 km south of the proposed site). 

• Key hydrogeological risks associated with the above extraction, include the availability of groundwater 
supply resource and associated licencing arrangements; impacts associated with drawdown of aquifers 
in the vicinity of the site and the borefield; and impacts on groundwater dependent ecosystems. 
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The Director General’s Requirements for the environmental assessment have been issued (6 November 2012). 

Balranald Mineral Sands Project 

The Balranald Mineral Sands project is a proposed development of a mineral sands mine located 12 km north of 
Balranald by Iluka Resources Limited. 

There is no information of relevance to the review of the SDL volume contained within the Preliminary 
Environmental Assessment (EMM 2012).  However, some information specifically relates to groundwater 
resources; the assessment notes the following: 

• The ore lies in the Parilla Loxton Sands and is saturated with saline groundwater, dewatering of the 
overlaying and nearby aquifers will be required (Shepparton Formation and Loxton-Parilla Sands), with 
re-injection of extracted groundwater (re-injection to the Loxton-Parilla Sands aquifer).  Hydrogeological 
investigations and groundwater modelling are being undertaken. 

• On-site process water will be sourced from saline groundwater dewatered during the mining process. 

The Director General’s Requirements for the environmental assessment have been issued (25 May 2012).   

Atlas-Campaspe Mineral Sands Project 

The Atlas-Campaspe Mineral Sands project is a proposed development of a mineral sands mine located 30 km 
west of Hatfield, and the proponent is BEMAX Resources Limited.   

There is no information of relevance to the review of the SDL volume contained within the Preliminary 
Environmental Assessment (BEMAX 2012).  However, some information specifically relates to groundwater 
resources; the assessment notes the following: 

• The pit will be dewatered (where necessary), with extracted groundwater used to supplement 
operational water requirements. 

• Operational water will be sourced from the Atlas-Campaspe mine borefield. 

• Potential hydrogeology impacts include groundwater level changes and impacts on groundwater 
dependent surface water features and ecosystems. 

The Director General’s Requirements for the environmental assessment have been issued (19 March 2012) as 
well as Supplementary Director-General’s Requirements (issued under the EPBC Act). 

Snapper Mineral Sands Project 

The Snapper Mineral Sands project is a proposed mineral sands mine development located about 35 km west 
of Pooncarie, and the proponent is BEMAX Resources Limited. 

An Environmental Assessment (BEMAX, 2007) has been produced and this provides summary hydrogeological 
information contained in a report on hydrogeological conditions in the area (Golder Associates, 2007).  Golder 
Associates undertook detailed hydrogeological analysis of the proposed mine site, including the development of 
a complex groundwater simulation model.  The authors report recharge rates for the area based on Brodie 
(1998)5.  These rates were used in the model and were part of the model calibration.  However, there is no 
presentation of calibration statistics or discussion in the report, so no conclusion can be made about how useful 
these recharge rates were to the overall model predictability. 

5 Brodie (1998) was a desktop groundwater modelling study that in turn reported published recharge rates measured during field 
studies already reported elsewhere in this synthesis report 

www.globalskm.com PAGE 32 

                                                      



Synthesis Report  

 

3.4 Research reference material 

The use of natural tracers and indicators of soil-water movement in a temperate semi-arid region (Allison and Hughes 1983) 

Allison and Hughes (1983) used natural tracers to assess deep drainage (local recharge) rates in the semi-arid 
area of Southern Australia.  The investigation sites were located near Walpeup, Victoria.  Field analysis was 
undertaken over an 18 month period from March 1977 to August 1978 (a high rainfall period) and looked at sites 
with native vegetation (Eucalyptus Scrub (Mallee)) and sites that had been cleared and used for cropping.  The 
analysis found significant differences in deep drainage (local recharge) rates for the different land uses, 
suggesting that land clearing from Mallee scrub to cropping has increase deep drainage (local recharge) rates 
from less than 0.1 mm/year to approximately 3 mm/year. 

Note that these estimates have been derived for soils similar to those in the resource unit area, but outside of 
that area. 

The fate of rainfall in a mallee and heath vegetated catchment in southern Western Australia (Nulsen et al 1986) 

Nulsen et al (1986) is primarily concerned with rainfall interception by Mallee and heath vegetation (by stemflow 
and throughflow) and does not provide detailed discussion on groundwater recharge.  However, Nulsen et al 
(1896) did note the recharge-related findings of other work, as follows: 

• clearing of Eucalyptus scrub for cereal cropping in a semi-arid area of Southern Australia increased 
groundwater recharge by approximately 3 mm per year (Allison and Hughes 1983; see above); and 

• land clearing and development for agriculture in southern Western Australia lead to an additional 4 to 
10% of total rainfall recharging groundwater (George 1978 and Peck and Hurle 1973 in Nulsen et al 
1986). 

Note that the estimates from Allison and Hughes (1983) have been derived for soils similar to those in the 
resource unit area, but outside of that area. 

Impact of Mallee clearing on rainfall accession to the groundwater in far southwest New South Wales: implications for 
management (Budd et al 1990) 

Due to concern that interstate work on the impact of clearing on deep drainage rates (such as Allison and 
Hughes 1983) was not appropriate for NSW, Budd et al (1990) used natural tracers to investigate local deep 
drainage rates specifically for the NSW Mallee region (south-western NSW).  The investigations looked at two 
sites in the NSW Mallee (Euston and Balranald) with multiple soil cores taken at each site: one core per site with 
native Mallee vegetation and five cores per site where the land had been cleared and cropped. 

The analysis found deep drainage rates below native Mallee vegetation to be consistent with previously 
published figures from CSIRO work in Victoria and South Australia of less than 0.1 mm/year.  Estimated 
recharge rates from cleared areas were higher than earlier work, varying between 4 and 10 mm/year for the 
Balranald site and 3 and 10 mm/year for the Euston site.  The investigation noted that the variation in recharge 
following land clearing appeared to be due to variations in near-surface soil composition.  Sites with 22 to 26% 
clay in surface soils were found to have recharge rates of between 3 and 5 mm/year, while sites with 14 to 18% 
clay in surface soils were found to have recharge rates of between 9 and 10 mm/year. 

Assessment of the impact of land clearing on land and water resources in south-western New South Wales (Williams et al 
1993) and Optimising the short- to medium-term salinisation consequences of land clearing in the NSW Mallee, Australia 
(Prathapar et al 1994) 

Williams et al (1993) related to an assessment of the impacts of clearing native vegetation on recharge rates, 
and the ultimate impact of these changes on the salinity of the River Murray.  Of relevance to this review, 
Williams et al (1993) detail recharge measurements at a number of sites; two sites in the northern part of the 
resource unit area – the Pooncarrie-Mungo and Arumpo Road sites (essentially reporting work by Walker et al 
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(1990) and Kennett-Smith et al (1990)).  These data, as reported by Williams et al (1993), indicates that 
recharge at sites of previously cleared Belah/Rosewood Woodland varied between <0.1 and 0.3 mm/year. 

Williams et al (1993) also reported deep drainage data (after Kennett-Smith et al 1990) for three sites: Buronga, 
Euston and Balranald.  The deep drainage rates varied from <0.1 to 12 mm/year at Buronga, 3 to 35 mm/year at 
Euston and 1 to 28 mm/year at Balranald. 

Prathapar et al (1994) undertook numerical modelling of the groundwater system of part of the resource unit 
area.  Of interest here is that the recharge rates they used for their model varied between 4.3 and 18.6 
mm/year.  These rates were derived using a recharge algorithm based on soil characteristics rather than 
measurement in the field. 

Groundwater recharge in the Mallee Region, and salinity implications for the Murray River – A Review (Cook et al 2001) 

The potential issue of river salinisation due to land clearing first became apparent in the Mallee Region with the 
work of Allison and Hughes (1983) and has since been the subject of many investigations which assessed the 
magnitude of increased recharge below dryland agriculture and the impacts on salt loads to the River Murray.  
Cook et al (2001) compiled and reviewed a number of studies across the broader Mallee Region (including 
areas within South Australia, Victoria and New South Wales) that evaluated rates of groundwater recharge 
(deep drainage) below native Mallee vegetation and dryland agriculture. 

Recharge below native vegetation had been estimated for 125 sites across 24 study areas, while recharge 
below cleared sites had been estimated for over 100 sites across 25 study areas.  Review of recharge data 
across all sites found mean annual recharge below native Mallee vegetation to be approximately 0.1 mm/year 
while mean annual recharge below dryland agriculture varied from less than 1 mm/year to more than 
50 mm/year depending on climate and soil type, with a mean rate of approximately 10 mm/year. 

This report also discussed the subsequent salinity impacts for the River Murray of rising groundwater levels and 
the potential impact of revegetation.  Findings relating to these topics are not summarised here 

Note that some of these recharge estimates have been derived for soils similar to those in the resource unit 
area, but outside of that area. 

Groundwater recharge in the north-each Mallee Region South Australia (Cook et al 2004) 

Contributions to River Murray salinity over the next 100 years will originate from land within 20 km of the river.  
Understanding groundwater recharge (deep drainage) in the near-river environment of the Mallee region will be 
important for understanding future river salinity, however much work estimating groundwater recharge to date 
has been based on sites remote from the river. 

Cook et al (2004) investigated rates of groundwater recharge below dryland agriculture within 15 km of the 
River Murray.  The investigation looked at 14 sites in the South Australian Mallee region (south of the River 
Murray) between the South Australian border and Kingston on Murray.  Estimated recharge rates across the 
sites varied between 0.1 and 14.8 mm/year, with an average rate of 2.7 mm/year. 

Cooke et al (2004) also used point source data from the investigation sites to develop a map of groundwater 
recharge across the study area based on soil properties.  However the study area does not cover any part the 
Western Porous Rock SDL resource unit, so the results of the work are not summarised in this report. 

Note that these estimates have been derived for soils similar to those in the resource unit area, but outside of 
that area. 

 

www.globalskm.com PAGE 34 



Synthesis Report  

 

Review of Australian Groundwater Recharge Studies (Crosbie et al 2010) 

Crosbie et al (2010) summarised the results of many previous reviews of groundwater recharge rates across 
Australia, as well as the results of recent estimates.  Crosbie et al (2010) used the available information to 
present and discuss relationships, summarised as follows: 

• recharge increases with rainfall and aridity, with recharge reducing with increasing aridity; 

• recharge on sandy soils is generally higher than on clay soils for the same rainfall; 

• vegetation type is a critical determinant of recharge.  Recharge is greatest under annual vegetation, 
followed by perennial vegetation, followed by trees; 

• recharge is related to clay content in surface soils, with recharge reducing with increasing clay content; 
and 

• recharge is not related to hydrogeological divisions / aquifer type and relation to surface geology is 
inconclusive. 

Crosbie et al (2010) did not present detailed statistical analysis or quantification of the relationships.  It was 
intended that this work would be completed as a subsequent study. The recharge estimates analysed by 
Crosbie et al (2010) were drawn from studies across a much broader area than the WPR resource unit area and 
as such represent conclusions across that broader area. 

Aquifer sustainability factor: a review of previous estimates (Smith et al 2010) 

Smith et al (2010) noted that the Recharge Risk Assessment Method (RRAM) assumes sustainability factors 
across the Murray-Darling Basin that range between 5% and 70%.  The sustainability factor is assessed based 
on qualitative judgement, but justification based on quantitative evidence is generally lacking.  Smith et al (2010) 
investigated sustainability factors from 32 studies across a variety of aquifer types and geographic locations.  
Excluding studies where the sustainability factor was based on the safe yield factor (100%) most of the 
sustainability factors ranged between 15% and 85%, a similar though slightly smaller range than adopted for the 
RRAM. 

The key conclusion of Smith et al (2010) was that qualitative assessment of sustainability factor is possible 
based on hydrological and environmental risk as proposed under the RRAM; however, the lack of quantitative 
analysis will introduce large uncertainty  A more detailed database derived from a large number of well-studied 
groundwater systems would be required to further explore general relationships between SF [sustainability 
factor], Y [aquifer extractable yield based on sustainability criteria], aquifer attributes and various sustainability 
criteria.  Ideally, Y should be evaluated directly based on quantitative studies whenever possible. 

Recharge rates in the western porous rock (Walker 2012) 

Walker (2012) wrote to the MDBA expressing concern that the total recharge rates estimated by the MDBA (for 
the Basin Plan) and NSW Office of Water (for the Water Sharing Plan) were too high.  This concern was based 
on a review of recharge rates documented in Assessment of the impact of land clearing on land and water 
resources in south-western NSW (Williams et al 1993) which is also reviewed in Section 3.4. 

Key points raised by Walker (2012) were: 

• cropping activities increase recharge due to associated fallow periods, with soil type and agricultural 
practices a major influence on increased recharge; 

o recharge under cropping/calcareous earth: 3 to 5 mm/year 

o recharge under cropping/calcareous and siliceous sand, brown sand: up to 20 mm/year 
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o recharge under cropping/brown sand, riverine corridor: 3 to 5 mm/year 

• clearing and grazing activities do not appear to lead to a significant change in recharge rates from 
native vegetation, regardless of soil type; 

o recharge under grazing or uncleared land: 0.1 mm/year; 

• there is an east-west rainfall gradient across the Western Porous Rock SDL resource unit, however 
given the dominance of grazing activities which are not significantly affected by rainfall or soil type, this 
is not expected to significantly impact total recharge. 

3.5 Eastern Mallee Models 

Aquaterra (now known as RPS-Aquaterra) developed two high complexity numerical simulations of groundwater 
conditions along the Murray River to understand and inform salt inflow accounting under the Basin Salinity 
Management Strategy (BSMS).  These models have been reported in Aquaterra (2006, 2009a and 2009b).  The 
models were also independently peer reviewed. 

The first model was known as EM1 (Eastern Mallee 1) and was subject to further development/upgrade over a 
period, hence EM1.2 superseded EM1.  The second model is known as EM2.3 indicating it is the second model 
in the EM suite and the third iteration or version. 

EM1.2 is a regional model covering a large area of the Mallee in Victoria, but also overlapping into NSW.  It 
covers the southern portion of the Western Porous Rock SDL resource unit area as shown in Figure 7.  Also 
shown is the extent of EM2.3 (shown as EM2 in the figure), which covers a much smaller area both overall and 
within NSW and was specifically designed to assess the impacts of irrigation development and salt inflows 
adjacent to the irrigation areas around Mildura. 
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Figure 7: Location of the EM1.2 and EM2.3 (shown as EM2) models developed by Aquaterra (Aquaterra 2006) 

Both EM1.2 and EM2.3 simulated recharge processes in the respective models, both in the dryland and 
irrigated areas.  Of relevance to this synthesis report is the quantum of dryland recharge used in the models, the 
manner in which the dryland recharge was estimated, whether it was subsequently modified during the 
calibration process and how sensitive the models were to changes in dryland recharge; the latter providing 
some guidance on the uncertainty to their estimates/derived values. 

EM1 was the first model developed and it derived recharge values from use of the SIMRAT tool for the model 
domain. 

For EM1, in areas that retained native vegetation (uncleared areas), the recharge rate was set at a constant 0.1 
mm/yr for woodland species and 1% of rainfall for non-woody species. In cleared areas, EM1 used dryland 
recharge rates and time lags which were estimated using the SIMRAT model by URS et al. (2005), which were 
based in part on Cook et al. (2004). This approach requires an annual rainfall, soil texture (to 2m depth) and 
cleared agriculture land use coverage as input. The SIMRAT model estimates that the recharge rate in the 
Study Area (note this is for both NSW and Victorian parts of the model domain) increases with time from the 
uncleared dryland rate to a maximum rate of around 10 mm/yr for the majority of areas, but reaches up to 30 
mm/yr in areas of thinning or absent Blanchetown Clay (Aquaterra, 2006). 
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Figure 8: Distribution of recharge for the EM1.2 model area (source: Aquaterra 2006) 
Dryland recharge rates are shown in Figure 8 and were not varied during calibration. Note that the area of 
uncleared land for the NSW portion of the model is relatively large. 

An analysis of the sensitivity of model outputs to changes in dryland recharge rate was undertaken for the 
EM1.2 model. Dryland recharge had a much lesser effect than varying irrigation recharge.  A 50% change in 
dryland recharge resulted in a salt load variation of between 10 and 23% in the Murray River.  The implicit 
conclusion from this was that the model was not sensitive to changes in dryland recharge and hence the 
estimates used in the model were not necessarily accurate. 

The EM2.3 model simulated recharge in a different manner, though it was based on the EM1 recharge 
approach originally.  

As the objective of this Sunraysia SIS project (the objective of EM2.3) is to intercept salt fluxes resulting from 
the irrigation groundwater mounds in Study Area, changes to dryland recharge is of lower importance to 
irrigation recharge.  In addition, dryland recharge is typically one to two orders of magnitude less than irrigation 
recharge ....... and thus has a much lesser affect on the regional water balance.  Thus for the purpose of this 
model (irrigation mounding and SIS investigations), the representation of dryland recharge can be simple, which 
means that the EM2 model platform is not suitable for detailed simulation of the effects of dryland processes 
(the EM1 platform should be used for that purpose) (Aquaterra 2006). 

Aquaterra discusses the lack of model sensitivity to cleared dryland recharge rates, which suggests that, for the 
purposes of this model, cleared dryland recharge rates and time lags are not material to the sub-regional 
modelling for the purposes of SIS design and optimisation, and salt load calculation from irrigation mound 
development in the Study Area. As part of their simulation Aquaterra adopted that all cleared and uncleared 
areas of EM2.3 have been implemented with the accepted pre-clearing rate of 0.1 mm/year. 
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3.6 Broken Hill Managed Aquifer Recharge Study 

A confidential briefing6 was provided to the Panel by Geoscience Australia staff regarding the Broken Hill 
Managed Aquifer Recharge study to update the interim report (Lawrie and others, 2011). The study investigated 
the groundwater conditions on the Darling River floodplain in the vicinity of Menindee, an area in the northern 
part of the WPR resource unit area which is atypical when viewed within the context of the broader WRP area. 

The study made several conclusions that were discussed by the Panel. However, the study leaders presenting 
to the Panel also provided a view that rainfall recharge (or diffuse recharge) was negligible across the resource 
unit area. The Panel discussed the context of this statement and concluded that it did not materially change the 
views previously expressed about the recharge processes and the overall quantum of recharge to the resource 
unit. 

Based on the presentation, the study showed that recharge to groundwater from river flows was a major 
component of the water balance in the floodplain setting of the study area. This floodplain area occurs within the 
Lower Darling River Alluvium SDL resource unit area, but the study shows that this recharge is transmitted 
through to the underlying aquifers of the WPR SDL resource unit. The conclusion drawn from this was that 
diffuse recharge from rainfall represented a minimum volume of recharge, as it was likely to be supplemented 
by other water balance inputs. 

 

6 The briefing was provided in confidence on 14 June 2013 as the report is yet to be released. The NSW Government 
representative did not attend the briefing due to confidentiality issues and the Panel members from South Australia (Dr Cook and 
Prof Simmons) were unable to view the presentation slides used during the briefing.  Whilst access to the slides was not an ideal 
circumstance, Panel members, including those present in Adelaide, were of the view that the information presented did not alter 
their views from the meeting on 1 May 2013. 
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4. MDBA methods 
The MDBA adopted a consistent approach to setting BDLs and SDLs for groundwater resource units across the 
Basin.  This approach is documented in The proposed groundwater baseline and sustainable diversion limits: 
methods report (MDBA 2012b) and Addendum to the proposed groundwater baseline and sustainable diversion 
limits: methods report (MDBA 2012a).  The methods, and data, as relevant to the Western Porous Rock SDL 
resource unit are detailed in this section. 

4.1 Baseline Diversion Limit 

BDLs define the limit on groundwater usage under existing water management arrangements.  In resource units 
where a water management plan exists (as is the case for the Western Porous Rock SDL resource unit), BDL 
is: 

• the plan (extraction) limit unless the limit is greater than the level of entitlement, in which case the BDL 
is the entitlement volume. 

For the Western Porous Rock SDL resource unit, the BDL was set to the entitlement volume of 63.1 GL/year.  A 
review of the current version of the Water Sharing Plan shows that the BDL in the Basin Plan reflects the 
current entitlements (Table 14). 

Table 14: Assessment of plan limit (and thus BDL) from a review of the current version of the Water Sharing Plan (Water 
Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources 2011, current version for 15 February 2013, 
accessed 7 March 2013). 

Entitlement type Volume 

Domestic and stock rights 26,747 ML/year 

Native title rights 0 ML/year 

Domestic and stock access licences 0 ML/year 

Local water utility licences 0 ML/year 

Aquifer access licences 21,780 unit shares 

Salinity and water table management access licences 14,582 ML/year 

Plan limit 63,109 ML/year 

 

4.2 Sustainable Diversion Limit 

The SDL for the Western Porous Rock SDL resource unit was calculated using a three step process: 

1. Calculate total recharge 

2. Calculate the Preliminary Extraction Limit (PEL) by multiplying total recharge by a Sustainability Factor 

3. Calculate the SDL from the PEL using the unassigned water assessment method 

The method for each step, as well as the detailed numerical inputs and outputs, is provided below. 

Step 1: Calculate total recharge 

The MDBA report The proposed groundwater baseline and sustainable diversion limits: methods report (MDBA 
2012b) stated that total recharge for all SDL resource units was calculated using the Water Vegetation Energy 
and Solute (WAVES) model, upscaled using techniques developed for the Murray-Darling Basin Sustainable 
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Yields project and refined for the Basin Plan (CSIRO, 2010) with additional information used where provided by 
the states. 

None of the available documentation (MDBA 2013a, MDBA 2012a, MDBA 2012b, CSIRO and SKM 2010, 
CSIRO, 2010) provides details on how the WAVES method was applied for the Western Porous Rock SDL 
resource unit.  However, the resulting recharge volume was documented in CSIRO (2010).  This work 
calculated a (spatially averaged) baseline recharge rate of 3.8 mm/year for the Western Porous Rock SDL 
resource unit.  Adopting this recharge rate would lead to a total recharge volume of 236.8 GL/year (assuming 
adjusted area documented below), significantly less than that reported for the Basin Plan. 

The MDBA provided two spreadsheets detailing the calculation of total recharge for this review (MDBA 2012d 
and MDBA 2012e).  These spreadsheets provide detailed information on the calculation of recharge undertaken 
by MDBA for the Western Porous Rock SDL resource unit as shown in Appendix B and summarised in Table 
15. 

These calculations provide a total recharge volume of 396.5 GL/year.  It is however noted that this volume 
differs slight from that documented in the updated report card provided for this review (MDBA 2013a) and the 
publically published report cards (MDBA 2012c) which both reported a total recharge volume of 395.7 GL/year.  
The magnitude of this discrepancy is not large (0.2%).  The reason for the difference cannot be determined from 
the provided information, but the difference is essentially insignificant. 

Table 15: Summary of total recharge calculation for the Western Porous Rock SDL resource unit (MDBA 2012d and MDBA 
2012e) 

Land use category Area (km2) Recharge rate 
(mm/year)** 

Recharge volume 
(GL/year) 

Native vegetation 5,526 0.1 0.6 

Cleared and grazed 67,270 7.0 470.9 

Cleared and cropped 1,388 7.0 9.4 

Other 1,199 0.0 0.0 

Total 75,333  480.8 

Total (adjusted for area)*   396.5 

* At the time the SDL was calculated, the MDBA used an area of 62,127 km2 for the Western Porous Rock SDL resource unit.  To account 
for the discrepancy in area, the recharge volume calculated above was factored down by the area (82.7%) (MDBA 2012d and MDBA 
2012e). 

** No information on the origin of the adopted recharge rates was included in the documentation provided for this review. 

It is noted that the calculation of total recharge included rainfall recharge only (MDBA 2013a); it excludes any 
recharge from irrigation, surface water interaction or other aquifers. 

Step 2: Calculate the Preliminary Extraction Limit 

The recharge risk assessment method (RRAM) was used to determine the potential volume of water available 
for consumptive use (PEL) by multiplying the calculated recharge volume by a sustainability factor.  The 
sustainability factor represents the fraction of recharge that can be extracted without compromising the 
environmentally sustainable level of take for the resource unit. 

Determination of the sustainability factor for the resource unit is based on consideration of (CSIRO and SKM 
2010): 
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A. Risk to key environmental assets, key ecosystem functions and the productive base of the water 
resource 

a. Asset/function/productive base highly sensitive / at high risk from groundwater extraction: 
sustainability factor = 10% (of recharge) 

b. Asset/function/productive base moderately sensitive / at moderate risk from groundwater 
extraction: sustainability factor = 50% (of recharge) 

c. Asset/function/productive base low sensitive / at risk low risk from groundwater extraction: 
sustainability factor = 70% (of recharge) 

B. Risk of groundwater extraction to the key environmental outcome (groundwater quality) for the water 
resource 

a. Groundwater Salinity Class 1 (0 – 1,500 mg/l), if at risk (from groundwater extraction): multiply 
sustainable factor by 80%, otherwise no adjustment to sustainability factor 

b. Groundwater Salinity Class 2 (1,500 – 3,000 mg/l), if at risk (from groundwater extraction): 
multiple sustainability factor by 90%, otherwise no adjustment to sustainability factor 

c. Groundwater Salinity Class 3 (3,000 – 14,000 mg/l): no adjustment to sustainability factor 

d. Groundwater Salinity Class 4 (> 14,000 mg/l): no adjustment to sustainability factor 

C. The level of uncertainty associated with the data and understanding of groundwater processes 

a. Uncertainty is low: no adjustment to sustainability factor 

b. Uncertainty is high and risk to key environmental assets, key ecosystem functions and the 
productive base of the water resource (Step A) is high or medium: multiply sustainability factor 
by 50% 

c. Uncertainty is high and risk to key environmental assets, key ecosystem functions and the 
productive base of the water resource (Step A) is low: multiply sustainability factor by 25% 

This process is shown in Table 18.  In applying this process to the Western Porous Rock SDL resource unit, 
CSIRO and SKM (2010) documented: 

A. The overall risk to key environmental assets, key ecosystem functions and the productive base of the 
water resource is low, as such a sustainable factor of 70% was adopted, based on: 

a. There were no key environmental assets identified as groundwater dependent and sensitivity to 
groundwater extraction in the resource unit; 

b. The key ecosystem function in the resource unit (Great Darling Anabranch) is at low risk from 
groundwater extraction due to the highly regulated nature of the anabranch, the minimal 
groundwater extraction and the low to moderate connectivity; and 

c. The risk to the productive base is low, as the storage / recharge ratio far exceeds 40. 

B. The risk of groundwater extraction to the key environmental outcome (groundwater quality) is low due to 
the low level of extraction and the generally poor quality (high salinity) of the asset.  As such, no 
adjustment to the sustainability factor was required, regardless of groundwater quality distribution 
(summarised in Table 17 and shown in Figure 9). 

C. The level of uncertainty associated with data and understanding of groundwater was identified as high 
by CSIRO and SKM (2010), however the most up-to-date documentation (the water resource report 
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card, (MDBA 2013a)) gives the level of uncertainty as low.  Adopting the most up-to-date 
documentation, no adjustment to the sustainability factor was required. 

Table 18 summarises this logic showing the resulting sustainability factor of 70% for the Western Porous 
Rock SDL resource unit, as documented in the resource report card (MDBA 2013a). 

Adopting the sustainability factor of 0.7, and a recharge volume of 395.7 GL/year documented in the resource 
report card (MDBA 2013) (and noting that this is different from the proposed methodology), a total Preliminary 
Extraction Limit of 277.0 GL/year has been calculated for the Western Porous Rock SDL resource unit 
(MDBA 2013a). 

Table 16: Summary of overall PEL calculation (MDBA 2013a), note that the distribution of recharge across salinity classes is 
based on the area of each salinity class. 

 
Recharge (GL/year) Sustainability Factor 

Preliminary 
Extraction Limit 

(GL/year) 

Salinity Class 1 10.68 70% 7.48 

Salinity Class 2 14.25 70% 9.98 

Salinity Class 3 138.51 70% 96.96 

Salinity Class 4 232.29 70% 162.60 

Total 395.73  277.0 
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Figure 9: Distribution of groundwater by salinity class (from CSIRO and SKM 2010, page 14) for the watertable aquifer (not 
including the Renmark Group aquifer). 
 

Table 17: Summary of distribution of groundwater by salinity class (from CSIRO and SKM 2010, page 14) for the watertable 
aquifer only (that is, not including the Renmark Group aquifer). 

Water table salinity class Area (km2) Area (% of total) 

Class 1 (0 – 1,500 mg/L TDS) 1,674 2.7 

Class 2 (1,500 – 3,000 mg/L TDS) 2,241 3.6 

Class 3 (3,000 – 14,000 mg/L TDS) 21,705 34.9 

Class 4 (>14,000 mg/L TDS) 36,507 58.7 

Water bodies 62 0.1 

Total 62,189* 100.0 

* Note that this area is consistent with previous area estimates when the area of water bodies is considered. 
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Table 18: Risk matrix adopted to identify the Sustainability Factor (from CSIRO and SKM 2010, page 17) 

Step A* 

Risk 
Ranking Environmental Assets or Ecosystem function or Productive 

base 
Sustainability 

factor (SF) 

High EA that is highly 
groundwater dependent 
and highly sensitive to 
take 

 In the current state, 
groundwater discharge 
provides baseflow to 
the unregulated river 
reach.  Groundwater 
extraction is likely to 
result in streamflow 
depletion 

 Storage / 
recharge 
ratio <20 

0.1 

Medium EA that is highly 
groundwater dependent 
and moderately 
sensitive to take 

EA that is moderately 
groundwater dependent 
and highly sensitive to 
take 

The rivers in the SDL 
unit are regulated and 
they are highly 
connected to 
groundwater (i.e. >50% 
impact of pumping on 
streamflow) 

Storage / 
recharge 
ratio 20 – 40 

0.5 

Low EA that has low 
groundwater 
dependence and low 
sensitivity to take 

EAs do not exist in the 
SDL unit 

The rivers in the SDL 
unit are regulated or 
unregulated and they 
have low-moderate 
connection with the 
groundwater system 
(i.e. <50% impact of 
pumping on streamflow 

Storage / 
recharge 
ratio > 40 

0.7 

* Overall risk set to the highest ranking across the three criteria. 

 

Showing results for the Western Porous Rock SDL resource unit (MDBA 2013a) 

 Step B  Step C 

Key environmental outcome Degree of uncertainty 

No risk to the key 
environmental 
outcome (i.e. 
groundwater 
salinity) 

No reduction to 
SF for any salinity 
class 

Step A risk ranking high or 
medium 

Uncertainty 
is low 

No reduction 
to SF 

There is risk to the 
key environmental 
outcome (i.e. 
groundwater 
salinity) 

Salinity class 1 – 
SF reduced by 
20% 

Salinity class 2 – 
SF reduced by 
10% 

 

Uncertainty 
is high 

SF reduced 
by 50% 

 

Step A risk ranking is low 

Uncertainty 
is low 

No reduction 
to SF 

Uncertainty 
is high 
 

SF reduced 
by 50% 
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Step 3: Calculate the Sustainable Diversion Limit 

The PEL calculated in Step 2 was adjusted to calculate the SDL.  The process for adjusting the PEL was based 
on the resource unit’s level of connectivity to surface water resources and the relationship between PEL and 
BDL (MDBA 2012b).  In the case of the Western Porous Rock SDL resource unit, it has a low connectivity to 
surface water resources and the PEL is far greater than the BDL (MDBA 2012b). 

The process adopted to determine how the PEL should be adjusted is shown in Figure 10, and this shows that 
the adjustment method adopted was Unassigned Water Assessment (MDBA 2012b) in which the SDL is 
calculated according to: 

 𝑆𝐷𝐿 = 𝐵𝐷𝐿 + 25%(𝑃𝐸𝐿 − 𝐵𝐷𝐿) 

 

Figure 10: Framework decision tree used to identify method to adjust PEL to SDL, showing the decision path for the Western 
Porous Rock SDL resource unit (from MDBA 2012b, page 15) 
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The unassigned water assessment indicates areas with low levels of development and the potential for 
groundwater extractions to increase without compromising the environmental values of the resource unit.  A 
precautionary approach was followed in allowing development of unassigned water, with an unassigned 
groundwater factor of 25% adopted for the Basin Plan. 

Adopting the BDL of 63.1 GL/year and the PEL of 277.0 GL/year documented in the resource report card 
(MDBA 2013), a total Sustainable Diversion Limit of 116.6 GL/year has been calculated for the Western Porous 
Rock SDL resource unit (MDBA 2013a). 
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5. NSW Office of Water methods 
The Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources (2011) provides 
a long-term average annual extraction limit of 530,486 ML/year for the Western Porous Rock SDL resource unit.  
The approach adopted to calculate this limit is documented in Water Sharing Plan Murray-Darling Basin Porous 
Rock Groundwater Sources, Background document (NSW Office of Water 2012a).  The methods, and data, as 
relevant to the Western Porous Rock SDL resource unit are detailed in this section. 

5.1 Average annual extraction limit 

The long-term average annual extraction limit (LTAEL) for the Western Porous Rock SDL resource unit was 
calculated using a three step process: 

1. Calculate total recharge 

2. Partition total recharge between areas of high and non-high environmental value 

3. Adjust total recharge to calculate the LTAEL using a Sustainability Factor 

The method for each step, as well as the numerical inputs and outputs, is provided below. 

Step 1: Calculate total recharge 

Total recharge was calculated as rainfall recharge: 

𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑅𝑒𝑐ℎ𝑎𝑟𝑔𝑒 (𝑀𝐿 𝑦𝑒𝑎𝑟⁄ )
= 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎 (ℎ𝑎) × 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 (𝑀𝐿 𝑦𝑒𝑎𝑟⁄ ) × 𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒  

The calculation of total recharge for the Western Porous Rock SDL resource unit is shown in Table 19.  These 
calculations provide a total recharge volume of 1,104 GL/year (NSW Office of Water 2012a). 

Table 19: Total recharge for the Western Porous Rock SDL resource unit (NSW Office of Water 2012a). 

 Result 

Area (ha) 7,301,262 

Average annual rainfall (mm/year)** 251.99 

Infiltration rate (%)* 6.0*** 

Total recharge (ML/year) 1,103,965 

* Note that the use of the term infiltration rate in this context is assumed to be synonymous with the term recharge rate. 
** Bish et al (2006) describe the method used to derive rainfall data. Rainfall data was sourced from the average annual 
rainfall coverage data set for NSW.  This data set was based on monthly average rainfall from Hutchinson and Kesteven 
(1998) which used a rainfall data set of 12,983 stations across the Australian mainland with data of acceptable quality within 
the period January 1921 to December 1995, discretised to 200 m grid squares. 

*** No information on the origin of the adopted infiltration rate was included in the documentation provided for this review. 

Step 2: Partition total recharge between areas of high and non-high environmental value 

Recharge over areas of high environmental value is treated differently to recharge over areas of non-high 
environmental value during Step 3.  As such it is necessary to partition total recharge between areas of high 
and non-high environmental value. 

NSW Office of Water (2012a) identify 3.9% (43.0 GL/year) of total recharge as occurring from areas of high 
environmental value.  No documentation is provided on how this area (and hence proportion of total recharge) 
was derived. 
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Step 3: Adjust total recharge to calculate the LTAEL using a Sustainability Factor 

The LTAEL was calculated by multiplying the calculated recharge volume by a sustainable factor.  The 
sustainability factor represents the fraction of recharge that can be extracted without significant risk to the 
groundwater source, high priority groundwater dependent ecosystems and other ecological, water quality and 
aquifer integrity assets. 

The sustainability factor for recharge from areas of high environmental value is set to 0%.  In other 
words, no recharge from areas of high environmental value can be extracted. 

Determination of the sustainability factor for areas of non-high environmental value is based on consideration of 
(NSW Office of Water 2012a and NSW Office of Water 2010): 

A. Environmental risk 

a. Overall risk to aquifer from groundwater extraction 

b. Risk to groundwater dependent ecosystems from declining groundwater levels 

c. Risk to GDEs from altered patterns of groundwater level fluctuations 

d. Risk of increasing frequency and duration of low flows in rivers 

e. Risk of reducing water quality in the aquifer 

f. Risk of contamination of (fresh) groundwater from sea or estuary water 

g. Risk to beneficial use of the groundwater 

h. Risk of structural damage of the aquifer 

B. Socio-economic risk 

a. Overall community dependence on groundwater extraction 

b. Relative importance of groundwater supply (due to lack of alternative water sources) 

c. Relative intensity of groundwater development within the groundwater source 

d. Relative significance of groundwater for town water supply 

e. Relative significance of licensed entitlement for irrigation and/or industrial activities 

f. Economic significant of the groundwater source for irrigation or industrial activities 

g. Level of local employment associated with commercial uses of groundwater 

The maximum risk across each of the two criteria is used to define the overall Sustainability Factor based on the 
assessment matrix shown in Table 26. 
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Table 20: Sustainability factor matrix (NSW Office of Water 2012a, page 18) 

 High socio-economic risk Moderate socio-economic 
risk Low socio-economic risk 

High environmental risk 50% 25% 5% 

Moderate environmental 
risk 60% 50% 25% 

Low environmental risk 70% 60% 50% 

 

The evaluation of environmental and socio-economic risk for the Western Porous Rock SDL resource unit is 
detailed in Table 21 and shows a low overall environmental risk and low socio-economic risk.  Based on this, 
the sustainability factor for recharge from areas of non-high environmental was set to 50%. 

Table 21: Evaluation of environmental and socio-economic risk for the Western Porous Rock SDL resource unit (NSW Office of 
Water 2010). 

Risk criteria Evaluated 
risk 

Comment 
(NSW Office of Water 2010, page 8 & 9) 

Environmental risk 

Overall risk to aquifer from 
groundwater extraction 

Low Maximum risk across the criteria 

Risk to groundwater dependent 
ecosystems (GDEs) from declining 
groundwater levels 

Low Risk of a change in groundwater levels on GDEs is considered 
low.  There are no identified high-priority GDEs within the water 
source boundary.  Extraction would result in negligible regional 
change and minimal local change around the salt lakes. 

Risk to GDEs from altered patterns of 
groundwater level fluctuations 

Low The risk of a change in the timing of groundwater level fluctuations 
on GDEs is considered low.  No change to habitat type would be 
expected due to altered patterns of groundwater level fluctuations 
as this groundwater source has low permeability rock types and 
relatively few licences. 

Risk of increasing frequency and 
duration of low flows in rivers 

Low The risk of changing base flow conditions on GDEs is considered 
low, although salt interception schemes are intentionally impacting 
on salt inflows to connected surface water sources. 

Risk of reducing water quality in the 
aquifer 

Low There is a low risk of changing the chemical conditions of the 
groundwater source.  The water quality in this groundwater source 
is variable, but generally of poor quality.  The resource is saline 
and acidic in nature, and pH is unlikely to change significantly. 

Risk of contamination of (fresh) 
groundwater from sea or estuary water 

Low There is no fresh water / salt water interface for this groundwater 
source so this risk is not applicable. 

Risk to beneficial use of the 
groundwater 

Low The likelihood of a change in the beneficial use of the water in the 
aquifer is considered low.  The water quality in this groundwater 
source is variable, but generally of poor quality. 

Risk of structural damage of the aquifer Low There is a low risk of substrata compaction in this groundwater 
source as it is consolidated rock. 
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Risk criteria Evaluated 
risk 

Comment 
(NSW Office of Water 2010, page 8 & 9) 

Socio-economic risk 

Overall community dependence on 
groundwater extraction 

Low Maximum risk across the criteria 

Relative importance of groundwater 
supply (due to lack of alternative water 
sources) 

Low The risk to security of access from extraction is considered low as 
there are sufficient options for alternative water supply sources.  
There are farm dams, surface water supply options and a pipeline 
along an anabranch of the Murray and Darling Rivers. 

Relative intensity of groundwater 
development within the groundwater 
source 

Low The risk to ongoing groundwater usage is considered low.  There 
is estimated to be a low volume of groundwater entitlement in 
proportion to the total recharge and licensed entitlements are 
relatively low volumes, mostly for stock and domestic purposes. 

Relative significance of groundwater for 
town water supply 

Low The risk to dependence on town water supply is considered low as 
there is currently one town water supply licence in this 
Groundwater Source and it is a low proportion of total entitlement. 

Relative significance of licensed 
entitlement for irrigation and/or 
industrial activities 

Low The risk to the dependence on groundwater related activities is 
considered low as there is a small volume of groundwater 
extracted in proportion to total licensed volumes.  Most extraction 
is for basic landholder rights. 

Economic significant of the 
groundwater source for irrigation or 
industrial activities 

Low The risk to investment in agriculture or industry is considered low.  
There are minimal activities except salt interception schemes. 

Level of local employment associated 
with commercial uses of groundwater 

Low The risk to employment in agriculture or industry is considered low 
due to low reliance on these activities. 

 

Adopting the total recharge of 1,104 GL/year and the sustainability factor for non-high environmental value 
areas of 50%, a long-term average annual extraction limit of 530.5 GL/year has been calculated for the Western 
Porous Rock SDL resource unit (NSW Office of Water 2012a) (Table 22). 

Table 22: Summary of long-term average annual extraction limit calculation (NSW Office of Water 2012a). 

 
Recharge (ML/year) Sustainability Factor 

Long-term average 
annual extraction limit 

(ML/year) 

High environmental value areas 42,994 0% 0 

Non-high environmental value areas 1,060,971 50% 530,486 

Total 1,103,965  530,486 
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6. Discussion of significant differences 
6.1 Catchment area 

The MDBA and the NSW Office of Water methods adopted different catchment areas for their assessments: the 
MDBA adopted a total area of 62,301 km2, 85% of the area adopted by the NSW Office of Water 
(73,018 km2).  This difference in area is one source of difference in the volume of total recharge calculated and 
hence the SDL / resource extraction limit. 

6.2 Recharge 

The MDBA and NSW Office of Water methods adopted different recharge calculation methods: the MDBA 
calculated recharge based on average recharge rates for different land use categories while NSW Office of 
Water calculated recharge based on average infiltration rate across the catchment.  The key inputs to the two 
methods are not immediately comparable, but equivalent inputs can be estimated for comparison and are 
shown in Table 23. 

This comparison shows that the MDBA adopted significantly lower recharge / infiltration rates: 
approximately 40% of the rates adopted by the NSW Office of Water. 

Table 23: Summary of MDBA and NSW Office of Water recharge calculation for the Western Porous Rock SDL resource unit 
(note the recharge and infiltrate rates, including the calculated equivalents, are independent of catchment area) 

 MDBA NSW Office of Water 

Area (km2) 62,301 73,018 

Average annual rainfall (mm/year)  251.99 

Total recharge volume (GL/year) 396.5 1,104 

Area weighted recharge rate (mm) 6.4 15.1 
(calculated equivalent) 

Infiltration rate (% of rainfall) 2.5 
(calculated equivalent) 

6.0 

 

Research and literature provided by the MDBA on recharge / infiltration rates for the Western Porous Rock SDL 
resource unit was reviewed.  The review of groundwater recharge rates found: 

• MDBA adopted a recharge rate of 0.1 mm/year for native vegetation and 7 mm/year for dryland 
agriculture.  No information was provided on the origin of the adopted recharge rates. 

• The reviewed literature documented consistent recharge rates for native vegetation in the NSW Mallee 
region of approximately 0.1 mm/year (Allison and Hughes 1983, Budd et al 1990, Williams et al 1993, 
Prathapar et al 1994 and Cook et al 2001).  This is consistent with the rate adopted by the MDBA. 

• The reviewed literature provided a wide range of recharge rates for dryland agriculture in the NSW 
Mallee region (or immediately adjacent): 

o Allison and Hughes (1983): 3 mm/year; 

o Budd et al (1990): 3 to 10 mm/year depending on near-surface clay content; 

o Williams et al (1993): <0.1 to 35 mm/year; 

o Prathapar et al (1994): 4.3 to 18.6 mm/year; 
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o Cook et al (2001): from 1 to more than 50 mm/year, with a mean of approximately 10 mm/year; 
and 

o Cook et al (2004): from 0.1 to 14.8 mm/year, with a mean of 2.7 mm/year. 

The rate adopted by the MDBA is within the ranges suggested by the literature review.  However there 
is a high level of uncertainty in recharge rates reported in the literature. 

• Williams (2012) points out that all measurement of recharge in the field depends on an assumption that 
piston flow dominates and that by-pass flow (or flow down macro pores) does not influence the 
recharge rate.  As suggested by him, this assumption has not been tested and if found to be invalid, 
recharge rates may be higher. 

• CSIRO (2010) used WAVES to estimate a spatially weighted recharge rate for the Western Porous 
Rocks SDL resource unit of 3.8 mm/year.  This is at odds with the average rates deduced to have been 
used by MDBA and the NSW Office of Water, but consistent with the rates reported in the literature. 

• The NSW Office of Water adopted an infiltration rate of 6%.  No information was provided on the origin 
of the adopted infiltration rate.  The infiltration rate equates to a recharge rate of approximately 
15.1 mm/year which is much higher than the rate adopted by MDBA and at the high end of the ranges 
reported in the literature. 

• MDBA provided information on recharge calculations using NSW recharge rates (MDBA 2012d and 
MDBA 2012e).  The calculations are shown in Appendix B and summarised in Table 24.  This 
information suggests NSW Office of Water uses higher recharge rates than the MDBA for dryland 
agriculture areas, however the calculated recharge volume does not match that used by the NSW Office 
of Water, which calculates recharge using a different method. 

Table 24: Summary of total recharge calculation for the Western Porous Rock SDL resource unit (MDBA 2012d and MDBA 
2012e) 

Land use category Area (km2) MDBA recharge 
rate (mm/year) 

MDBA recharge 
volume (GL/year) 

NSW recharge 
rate (mm/year) 

NSW recharge 
volume (GL/year) 

Native vegetation 5,526 0.1 0.6 0.1 0.6 

Cleared and grazed 67,270 7.0 470.9 10.0 672.7 

Cleared and cropped 1,338 7.0 9.4 20.0 26.8 

Other 1,199 0.0 0.0 0.0 0.0 

Total 75,333  480.8  700.0 

Total (area adjusted)   396.5  578.9 
 

It should be noted that both assessment methods consider recharge from rainfall only.  Other sources of 
recharge (such as seepage and inter-aquifer transfers) are not considered.  

6.3 Sustainability factors 

The MDBA and NSW Office of Water both factor total recharge by ‘Sustainability Factors’ to determine the 
proportion of total recharge that may be extracted from the resource without compromising the environmental 
value of the resource. 

The MDBA uses a sustainability factor of 70% to calculate the PEL from total recharge.  The MDBA then 
applies an additional unassigned groundwater factor of 25%.  This results in an SDL of 116.6 GL/year, which 
effectively represents 29% of total recharge. 
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The NSW Office of Water uses a sustainability factor of 0% for recharge from areas of high environmental 
value and 50% for recharge from areas of non-high environmental value.  This results in an average 
annual extraction limit of 530.5 GL/year, which effectively represents 48% of total recharge. 

The choice of values for the sustainability and unassigned water factors for both MDBA and NSW Office of 
Water are essentially arbitrary, based on qualitative judgement.  No justification based on quantitative evidence 
is available for either assessment. 
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Appendix A.  Rules for granting and amending water supply works approvals 
Summary of rules for granting and amending water supply works approvals (NSW Office of Water 2012b and 
2012c). 

 

Minimise interference between neighbouring water supply works 

Water supply works (bores) are not to be granted or amended within the following distances of existing bores: 

• 400 metres from an aquifer access licence bore on another landholding 

• 100 metres from a basic landholder rights bore on another landholding 

• 500 metres from a local or major water utility access licence bore 

• 200 metres from an Office of Water monitoring bore 

• 200 metres from a property boundary. 

The plan lists circumstances in which these distance conditions may be varied. 

 

Protecting bores located near contamination 

Water supply works (bores) are not to be granted or amended within: 

• 250 metres of contamination identified within the plan 

• between 250 metres and 500 metres of contamination as identified within the plan unless no drawdown of 
water will occur within 250 metres of the contamination 

• a distance greater than 500 metres of contamination as identified within the plan if necessary to protect the 
water source, the environment or public health or safety. 

The plan lists circumstances in which these distance conditions may be varied and exemptions from these rules. 

 

Protecting bores located near sensitive environmental areas 

Water supply works (bores) used solely for basic landholder rights are not to be granted or amended within: 

• 100 metres of high priority groundwater dependent ecosystems (GDE) listed in the plan 

• 40 metres of top of high bank of a river or stream. 

• Bores not used solely for extracting basic landholder rights are not to be granted or amended within: 

• 200 metres of a high priority GDE listed in the plan 

• greater than 200 metres of a high priority GDE listed in the plan if the bore is likely to cause drawdown at 
the perimeter of any high priority GDE listed in the plan 

• 500 metres from a high priority karst or escarpment 

• 40 metres from the top of the high bank of a river or stream. 

The plan lists circumstances in which these distance conditions may be varied and exemptions to these rules. 
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Protecting groundwater dependent culturally significant sites 

Water supply works (bores) are not to be granted or amended within the following distances of groundwater dependent 
cultural significant sites: 

• 100 metres for basic landholder rights bores 

• 200 metres for bores not used solely for extracting basic landholder rights. 

The plan lists circumstances in which these distance conditions may be varied and exemptions from these rules 

 

Managing the use of existing bores within restricted distances 

Existing water supply works (bores) can continue extraction of groundwater within the maximum annual amount equivalent 
to the shares nominated at the commencement of the plan within: 

• 500 metres of contamination listed in the plan 

• any of the distance restrictions listed above. 

 

Managing local impacts 

The Minister may prohibit or restrict the taking of water from a water source in order to manage local impacts in groundwater 
sources, where required to: 

• maintain or protect water levels in an aquifer 

• maintain, protect or improve the quality of water in an aquifer 

• prevent land subsidence or compaction in an aquifer 

• protect GDEs 

• maintain pressure, or to ensure pressure recovery, in an aquifer. 
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Appendix B. Detailed recharge calculations 
Table 25: Detailed calculation of total recharge for the Western Porous Rock SDL resource unit (MDBA 2012d and MDBA 
2012e) 

Land use category Area (km2) 

NSW 
recharge 

rate 
(mm/year) 

NSW 
recharge 
volume 
(GL/year 

MDBA 
recharge 

rate 
(mm/year) 

MDBA 
recharge 
volume 
(GL/year 

Conservation area 55.6 0.1 0.0 0.1 0.0 
Cropping 4.9 20 0.1 7.0 0.0 
Grazing 73.4 10 0.7 7.0 0.5 
Horticulture 2.5  0.0  0.0 
Mining and quarrying 0.0 20 0.0 7.0 0.0 
River and drainage system 3.5  0.0  0.0 
Special category 0.1  0.0  0.0 
Transport and other corridors 0.3  0.0  0.0 
Wetland 0.9  0.0  0.0 
Mallee, conservation area 2,748.2 0.1 0.3 0.1 0.3 
Mallee, cropping 261.3 20 5.2  0.0 
Mallee, Grazing 20,923.1 10 209.2 7.0 146.5 
Mallee, horticulture 44.8  0.0  0.0 
Mallee, mining and quarrying 0.9 20 0.0 7.0 0.0 
Mallee, river and drainage system 15.7  0.0  0.0 
Mallee, special category 3.9  0.0  0.0 
Mallee, transport and other corridors 31.9 10 0.3 7.0 0.2 
Mallee, tree and shrub cover 524.4 0.1 0.1 0.1 0.1 
Mallee, urban 3.2  0.0  0.0 
Other, other 1.9  0.0  0.0 
Other, conservation area 1,969.4 0.1 0.2 0.1 0.2 
Other, cropping 1,071.1 20 21.4 7.0 7.5 
Other, grazing 46,142.0 10 461.4 7.0 323.0 
Other, horticulture 92.9  0.0  0.0 
Other, intensive animal production 0.2  0.0  0.0 
Other, mining and quarrying 5.9  0.0  0.0 
Other, river and drainage system 952.2  0.0  0.0 
Other, special category 19.6  0.0  0.0 
Other, transport and other corridors 99.8 10 1.0 7.0 0.7 
Other, tree and shrub cover 228.7 0.1 0.0 0.1 0.0 
Other, urban 17.9  0.0  0.0 
Other, wetland 33.4  0.0  0.0 
Total 75,333.8  700.0  479.0 
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