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1. Introduction 
The Murray Darling Basin Plan has set Sustainable Diversion Limits (SDLs) for all groundwater and surface 
water resource plan areas across the Murray-Darling Basin.  The SDLs define the long-term average volume of 
water that can be taken from the resource unit and they 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 Water Resource Plan (WRP) area (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 Eastern Porous 
Rock WRP area.  To support the review, SKM has been commissioned to prepare this Synthesis Report, which 
summarises currently available information on the Eastern Porous Rock WRP area including: 

• hydrogeological characteristics of the Eastern Porous Rock WRP area; 

• technical information relevant to the review (such as recharge1, 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 factors (termed Sustainability Factors in this 
report). 

1 The term recharge is used extensively throughout this report. The term refers exclusively to recharge from rainfall, rather than the 
total recharge from all sources, unless otherwise indicated. In some places rainfall recharge is also termed diffuse recharge. 
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This Synthesis Report has been prepared based on information provided by the MDBA and NSW Office of 
Water, and information available publicly as required. 

1.1 About this report 

This report is set out in a structured manner to enable easy 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 partitioned into a number of sections. 

Section 2 provides a description of the Eastern Porous Rock WRP area and contains general background 
information that will be relevant to later discussions. It provides summaries of the different methodologies 
applied over time by both relevant agencies.  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 provide more detailed information that 
was summarised in Chapter 2.  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 in terms of the objective of the synthesis report 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. Eastern Porous Rock Water Resource Plan area 
Location and extent 

The Eastern Porous Rock WRP area is located in north-east NSW.  It extends between the Murray-Darling 
Basin boundary in the east, the Queensland border in the north and Dubbo in the south-west, covering a total 
area of about 4,262,200 hectares.  The location and extent of the Gunnedah-Oxley Basin MDB and Sydney 
Basin MDB groundwater SDL resource units, which make up the Eastern Porous Rock WRP area, is shown in 
Figure 1. 

 
Figure 1: The location and extent of the Gunnedah-Oxley Basin MDB SDL resource unit and Sydney Basin MDB SDL resource 
unit which make up the Eastern Porous Rock WRP area as define by MDBA 

Geology and hydrogeology 

The WRP area is made up of two geological entities, the combined Gunnedah-Oxley Basin and the part of the 
Sydney Basin that lies within the MDB. 

The Gunnedah-Oxley Basin as defined by NSW Office of Water is the Permian and Triassic rocks of the 
Gunnedah Basin and the overlaying younger Jurassic and Cretaceous rocks of the Oxley Basin (NSW Office of 
Water 2012a).  The hydrogeological character of the sediments in this water source vary substantially, however, 
Gunnedah Basin sediments are relatively low in hydraulic conductivity whereas the younger sandstones of the 
Oxley Basin can be of higher hydraulic conductivity and support higher yielding bores. 
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The Gunnedah-Oxley Basin covers an outcrop area of 1,128,000 ha and a subcrop area of 2,860,000 ha, 
extending from the Mount Coricudgy Anticline in the south to the Hunter-Mooki Thrust in the east, the Lachlan 
Fold Belt in the west and a structural high near Narrabri in the north (NSW Office of Water 2012a). The extent of 
the Gunnedah-Oxley Basin MDB SDL unit is defined within the Basin Plan and shown on a map (map of 
groundwater SDL resource units, accessed 13 August 2013), which is reproduced as part of Figure 1. MDBA 
has advised that the extent is the same as used by NSW Office of Water for the relevant Water Sharing Plan. 

The Sydney Basin (within the MDB) is a sedimentary structurally controlled sub-basin of the larger Sydney 
Basin (NSW Office of Water 2012a).  At outcrop the sediments range in age from Carboniferous to Triassic 
(NSW Office of Water 2012a).  Areas of Devonian sediments occur beneath the Carboniferous in the north-
eastern rim (and may also be present at depth in other areas) (NSW Office of Water 2012a).  In southern areas 
Carboniferous sediments are mostly absent as Permo-Triassic sediments occur directly above a Palaeozoic 
basement (NSW Office of Water 2012a).  The Sydney Basin within the MDB covers an outcrop area of 
212,000 ha and a subcrop area of 62,200 ha, extending from the Lachlan Fold Belt in the south and west to the 
Hunter Thrust in the north-east and the Mount Coricudgy Anticline in the north-west (under dispute) (NSW 
Office of Water 2012a).  

The Basin Plan defines the extent of the Sydney Basin MDB SDL resource unit, which is shown on a map (map 
of groundwater SDL resource units), accessed 13 August 2013), and which is reproduced as part of Figure 1. 
MDBA has advised that the extent is the same as used by NSW Office of Water for the relevant Water Sharing 
Plan. 

Water management – NSW Office of Water 

Management of the SDL resource units of the Eastern Porous Rock WRP area groundwater resources is 
through the Water Sharing Plans for the NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW 
Office of Water 2011a). 

The WSP sets out current water access rights and access licences in the groundwater source as summarised in 
Table 1.  It also sets out the long-term average annual extraction limit for access licences other than 
supplementary water (subcategory “storage”) access licences, and water taken pursuant to basic landholder 
rights as 205,640 ML/year for the Gunnedah-Oxley Basin MDB and 60,443 ML/year for the Sydney Basin MDB.  
Additionally, the water sharing plan sets out a groundwater storage extraction limit for supplementary water 
(subcategory “storage”) access licences for the Gunnedah-Oxley and Sydney Basins and this is set at 0.002% 
of total storage capacity. The supplementary water (subcategory “storage”) access licence is applied under the 
policy framework as set out in NSW Office of Water (2011b) and according to the planning principals set out in 
NSW Office of Water (2011c). The technical basis for the adoption of the supplementary use of storage is given 
in Broadstock (2011). 

Table 1: Current water access rights and access licences for the Eastern Porous Rock Groundwater Source, from the Water 
Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 2011a). 

Entitlement type Gunnedah-Oxley Basin MDB 
Groundwater Source 

Sydney Basin MDB Groundwater 
Source 

Domestic and stock rights 5,778 ML/year 465 ML/year 

Native title rights 0 ML/year 0 ML/year 

Domestic and stock access licences 0 ML/year 0 ML/year 

Local water utility licences 112 ML/year 0 ML/year 

Aquifer access licences 16,513 unit shares 2,657 unit shares 

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 
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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 
2012d), which provides minimal impact considerations for aquifer interference activities (see 3.2). 

Water management – Basin Plan 

The Baseline Diversion Limit (BDL) and Sustainable Diversion Limit (SDL) for the Eastern Porous Rock WRP 
area (GW16) are set out in Schedule 4 of the Basin Plan as: 

• Gunnedah-Oxley Basin MDB groundwater SDL resource unit (GS17): 

o Baseline diversion limit – 22.1 GL/year 

o Sustainable diversion limit – 114.5 GL/year 

• Sydney Basin MDB groundwater SDL resource unit (GS41): 

o Baseline diversion limit – 3.12 GL/year 

o Sustainable diversion limit – 17.2 GL/year 

The SDL volume set out in the Basin Plan is significantly less than the annual extraction limits set out in the 
NSW Water Sharing Plan. 

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 2. 

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: 

• evapotranspiration; 

• 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 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 2: 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 
Reference material related to the methods adopted by both agencies was provided to support this review.  This 
section of the report provides a summary of the key methods and how they changed over time relevant to the 
Eastern Porous Rock WRP area. 

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 each SDL resource 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 Eastern 
Porous Rock WRP area.  However the results of the analysis are shown for the entire MDB in Figure 3.  
Average annual recharge for the Eastern Porous Rock WRP area under historical climate (baseline) conditions 
was derived as (CSIRO, 2010): 

• estimated spatial-weighted average recharge for the resource unit was 42.8 mm/year for the Eastern 
Porous Rock – Namoi Gwydir and 70.1 mm/year for the Eastern Porous Rock – Macquarie 
Castlereagh2 

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 1.94 for the unit Eastern Porous Rock – Namoi Gwydir or 1.86 for the unit Eastern 
Porous Rock – Macquarie Castlereagh.  However recharge could decrease under dry conditions by a factor of 
0.72 for the unit Eastern Porous Rock – Namoi Gwydir or 0.73 for the unit Eastern Porous Rock – Macquarie 
Castlereagh.  That is, average recharge, on an areally weighted basis, could range between 30.8 and 
83.0 mm/year for the unit Eastern Porous Rock – Namoi Gwydir and between 51.2 and 130.4 mm/year for the 
unit Eastern Porous Rock – Macquarie Castlereagh. 

2 This report was prepared when the SDL resource units identified for this area were partitioned between the two different surface 
water catchment areas. This partitioning was subsequently disused. 
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Figure 3: Average annual recharge under historical climate conditions measured in mm/year and as a percent of rainfall 
(CSIRO, 2010, page 19) 

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 assesses 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: 

.........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 estimation of 
recharge rate. 
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The proposed groundwater baseline and sustainable diversion limits: methods report (MDBA 2012a) 

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

BDLs are the limit 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 were calculated using numerical modelling (where a model exists) or the Recharge Risk Assessment 
Method (RRAM) where groundwater numerical models were not available.  No numerical models were available 
for the Eastern Porous Rock WRP area, so RRAM was adopted.  The RRAM is a three step process: 

1. Calculate total recharge 

2. Calculate the Preliminary Extraction Limit (PEL) by multiplying total recharge by a Sustainability 
Factor.  Determination of the Sustainability Factor was based on consideration of (CSIRO and SKM, 
2010): 

a. Risk to key environmental assets, key ecosystem functions and the productive base of the 
water resource 

i. Asset/function/productive base highly sensitive / at high risk from groundwater 
extraction: Sustainability Factor = 10% (of recharge) 

ii. Asset/function/productive base moderately sensitive / at moderate risk from 
groundwater extraction: Sustainability Factor = 50% (of recharge) 

iii. Asset/function/productive base low sensitivity / at 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 

i. Groundwater salinity class 1 (0 – 1,500 mg/l), if at risk (from groundwater extraction): 
multiply Sustainability Factor by 80%, otherwise no adjustment 

ii. Groundwater salinity class 2 (1,500 – 3,000 mg/l), if at risk (from groundwater 
extraction): multiply Sustainability Factor by 90%, otherwise no adjustment 

iii. Groundwater salinity class 3 (3,000 – 14,000 mg/l) or 4 (> 14,000 mg/l): no adjustment 

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

i. Uncertainty is low: no adjustment 
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ii. Uncertainty is high and risk to key environmental assets, key ecosystem functions and 
the productive based of the water resource (consideration A) is high or medium: 
multiply Sustainability Factor by 50% 

iii. Uncertainty is high and risk to key environmental assets, key ecosystem functions and 
the productive based of the water resource (consideration A) is low: multiply 
Sustainability Factor by 25% 

3. Calculate the SDL from the PEL.  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 used to determine which method should be used for a resource unit is shown in 
Figure 4. 

 

Figure 4: Framework decision tree used to identify method to adjust PEL to SDL (MDBA 2012a, page 15). 
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Table 2: Risk matrix adopted to identify the Sustainability Factor (from CSIRO and SKM, 2010) 

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. 

 
 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 2012b) 

MDBA (2012b) 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 publication of the original methods report (MDBA 
2012a) 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 Proposed Basin Plan (28 May 2012). 

Two changes were made that affect the Eastern Porous Rock WRP area: 

• SDLs for deep groundwater sources were reviewed, affecting the Gunnedah-Oxley Basin; and 

• the unassigned groundwater factor was reduced from 50% to 25%, affecting the Eastern Porous Rock: 
Macquarie-Castlereagh area. 

With regard to the Gunnedah-Oxley Basin deep groundwater source, MDBA (2012b) states that the review 
concluded that …based on the relatively limited information available, a more conservative approach to setting 
the SDL would be appropriate.   

The discussion of this change is reproduced from MDBA (2012b) 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 knowledge. 

Eastern Porous Rock WRP Area Report Cards (MDBA 2013) 

Eastern Porous Rock WRP Area Report Cards is an unpublished report card provided for this review by the 
MDBA.  The report card documents the calculation of the SDL following the revision of the unit subdivision to 
two areas (Gunnedah-Oxley Basin and Sydney Basin) between the Proposed Basin Plan (May 2012) and the 
Altered Proposed Basin Plan (August 2012). 

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 1997, page 15). 

Eight principles are detailed in the document as follows: 
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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 of 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 state wide policy in association with the Water Sharing Plan. 

Draft Water Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources, Gunnedah-Oxley Basin MDB 
groundwater source – report card 1 of 4 FOR PUBLIC EXHIBITION (NSW Office of Water 2010a) 

Report Card 1 of 4 for the draft Water Sharing Plan was released for public exhibit in December 2010 as an 
interim document to facilitate community discussion and provides a brief description of the Gunnedah-Oxley 
component of the Eastern Porous Rock Groundwater source along with detailed information on the water 
resource allocations of the groundwater (including entitlement volumes, extraction limits and unassigned water).  
The document also provides a summary of the evaluation of the Sustainability Factor (as used in the NSW 
process) for the water source.  The Sustainability Factor framework is shown in Table 3. 

The Report Card also provides a summary of the proposed rules for the groundwater source, which are not 
summarised here. 

The information contained in the Report Card is superseded on release of the relevant WSP. 

Table 3: Sustainability Factor matrix approach (NSW Office of Water 2010a) 

 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% 
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Draft Water Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources, Sydney Basin MDB 
groundwater source – report card 2 of 4 FOR PUBLIC EXHIBITION (NSW Office of Water 2010b) 

Report Card 2 for the draft Water Sharing Plan was released for public exhibit in December 2010 as an interim 
document to facilitate community discussion and provides a brief description of the Sydney Basin component of 
the Eastern Porous Rock Groundwater source along with detailed information on the water resource allocations 
of the water (including entitlement volumes, extraction limits and unassigned water).  This document also 
provides a summary of the evaluation of the Sustainability Factor for the water source.  

The Report Card also provides a summary of the proposed rules for the groundwater source, which are not 
summarised here. 

The information contained in the Report Card is superseded on release of the relevant WSP. 

Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Source 2011 (NSW Office of Water 2011a) 

Management of the Eastern Porous Rock WRP area is governed by the Water Sharing Plans for the NSW 
Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 2011a). 

The water sharing plan sets out current water access rights and access licences in the groundwater source as 
summarised in Table 4.  It also sets out the long-term average annual extraction limit as summarised in Table 5. 

Table 4: Current water access rights and access licences for the Eastern Porous Rock Groundwater Source, from the Water 
Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 2011a). 

Entitlement type Gunnedah-Oxley Basin MDB 
Groundwater Source 

Sydney Basin MDB Groundwater 
Source 

Domestic and stock rights 5,778 ML/year 465 ML/year 

Native title rights 0 ML/year 0 ML/year 

Domestic and stock access licences 0 ML/year 0 ML/year 

Local water utility licences 112 ML/year 0 mL/year 

Aquifer access licences 16,513 unit shares 2,657 unit shares 

 

Table 5: Long-term average annual extraction limit for the Eastern Porous Rock Groundwater Source, from the Water Sharing 
Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 2011a). 

Entitlement type Gunnedah-Oxley Basin MDB 
Groundwater Source 

Sydney Basin MDB Groundwater 
Source 

Long-term average annual extraction limit 205,640 ML/year 60,443 ML/year 

Groundwater storage extraction limit 0.002% of total storage capacity 0.002% of total storage capacity 

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. 

Macro water sharing plans – the approach for groundwater. A report to assist community consultation (NSW Office of Water 
2011c) 

The approach to how recharge is derived and other methodological approaches are described in NSW Office of 
Water (2011c), including how high environmental value areas are identified. 
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Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Source 2011 – Background Document (NSW 
Office of Water 2012a) 

The Water Sharing Plan background document provides contextual (policy) information of 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 annual extraction limits and Sustainability Factors have been 
calculated along with the results of the assessment.  Additionally, this document provides an overview of the 
water resource allocation of the water source (including entitlement volumes, extraction limits and unassigned 
water). 

The information in this document supersedes the information presented in the 2010 report cards (NSW Office of 
Water 2010a and 2010b).  The information is mostly consistent with the information provided in the actual Water 
Sharing Plan, however some discrepancies regarding the volume of entitlements in the groundwater source and 
the volume of the long-term average annual extraction limit occur. 

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

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, 2012d, page 12). 

Minimal impact considerations for the Eastern Porous Rock WRP area 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. 
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If more than a 2 m decline cumulative at any water supply work then make-good provisions 
should apply. 

• 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. 

The Water Sharing Plan identifies 13 high priority groundwater dependent ecosystems in the Gunnedah-Oxley 
Basin and one high priority groundwater dependent ecosystem plus one high priority karst environment 
groundwater dependent ecosystem in the Sydney Basin.  The Water Sharing Plan does not identity any high 
priority culturally significant sites in the Eastern Porous Rock groundwater source. 

3.3 Other reference material 

Groundwater monitoring bores in the Eastern Porous Rock WRP area 

Figure 5, provided by the NSW Office of Water, shows the location of groundwater monitoring bores in the 
Eastern Porous Rock WRP area.   
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Figure 5: Groundwater monitoring bores in the Eastern Porous Rock WRP area.   

Spring Ridge Management Zone 

The NSW Office of Water provided some information related to the Spring Ridge Management Zone, southwest 
of Tamworth. Figure 6 shows groundwater usage for the management zone, and groundwater level fluctuations 
for the zone are shown for selected bores in Appendix D. The metered extraction is limited to a small area 
within the Jurassic sandstone outcrop in the top end of the Upper Namoi catchment and is not distributed 
across the whole outcrop area of the SDL Unit from Dubbo - Dunedoo - Coolah - Quirindi. The monitoring bores 
are located in the area where pumping for irrigation supplies occurs (Sue Hamilton, pers comm). 
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Figure 6: Groundwater usage for the Spring Ridge Management Zone 

Namoi Water Study (Schlumberger Water Services 2012) 

In August 2010 the NSW Government commissioned Schlumberger Water Sciences (SWS) to undertake the 
Namoi Catchment Water Study into the potential effects of coal resource development activities (including coal 
seam gas extraction) on catchment water resources. The purpose of the Study was “to undertake a strategic 
assessment of the likelihood of potential impacts posed by coal and gas development in the catchment on the 
quantity and quality of surface and ground water resources in the catchment”. 

The Study includes the construction of a three-dimensional numerical model that can be used to develop 
scenarios of different mining and gas developments and predict their effects on water resources. 

The study area was the Namoi River catchment and work was focussed on the entire geologic section, inclusive 
of the Gunnedah Basin, the GAB and Oxley Basins, and the Tertiary unconsolidated alluvial sediments of the 
Upper and Lower Namoi River areas. 

The numerical model used recharge estimates as part of its input requirements and these are documented in 
the final report (SWS, 2012). Of interest here are the recharge estimates used for the hard rock areas – these 
equate to the rocks of the Gunnedah and Oxley Basins within the Namoi Catchment. SWS report that an 
estimate of diffuse recharge (overall) is made using the lumped parameter Hydrologic Model …and…...Over the 
hard rock ……. an average literature value was used (a uniform value of 1.5 mm/yr). Based on an average 
rainfall of 600 mm/year (approximately Gunnedah) this represents an infiltration factor of 2.5%. 

The report does not provide detail on the nature of the literature to which it refers. The report did outline 
recharge estimates from other work, with the majority of these emanating from groundwater models associated 
with mine development applications. These, together with other relevant project models discussed below, are 
reported individually in Appendix C. 

Summary of mining projects that have entered the NSW planning system (MDBA 2013) 

MDBA (2013) provided a list of relevant mining projects in the Eastern Porous Rock WRP area that have 
entered the NSW planning system.  This list is replicated in Table 6, which provides some commentary from 
MDBA as to the likely water requirements for each mine as an indication of potential water use. 
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Information on groundwater recharge provided in environmental assessments associated with each mining 
project are summarised in Table 7 as documented in individual development application technical reports 
associated with each project, accessed from the NSW major projects website, and  more detailed summaries of 
each project are provided in Appendix C under their specific section (where available). 

The recharge data from the various mining development applications needs to be used with caution. The values 
are derived from modelling studies and do not represent actual field values; it is unknown whether the values 
are the result of model calibration or whether they are fixed input values. The mines themselves also only 
represent a small area of the actual outcrop area of the two SDL resource units and questions arise as to how 
relevant the values actually are. Notwithstanding, however, it is still useful to note that all estimates are 
consistent and therefore, provide an estimate against which other recharge derivations can be compared. 

Table 6: Summary mining projects that have entered the NSW planning system (MDBA 2013) 

Mine Status Groundwater use comments (MDBA 2013) 

Gunnedah-Oxley Basin 

Cobbora Coal Mine Proponent reviewing 
submissions 

1495 ML/year of groundwater that seeps into the pit will be used. Have 
purchased 538 ML of entitlement so far. 

Tarrawonga Mine Recommendation 
made 

In average climate, demand for water is 657 ML/year which is expected to 
be supplied by seepage and mine dewatering. Groundwater inflow to the 
pit is estimated at 255 ML/year (from Upper Namoi Alluvium and GO 
Basin). 

Watermark Coal 
Mine 

DRGs issued No indication of groundwater demand, however the company have 
purchased ~1000 units of entitlement through land acquisition in the 
Upper Namoi Alluvium. 

Vickery Coal Mine DRGs issued No indication of groundwater demand, but the preliminary environmental 
assessment says there will be water level and water quality impacts due 
to development of the open cut and mine de-watering. 

Maules Creek Coal 
Mine 

Determination Will use water from mining operations (estimated at between 0.18 and 
2.9 ML/day, varying over the life of the mine). There will be a decline in 
flow to the alluvium of 1.5 ML/day during mine operation, and 50 ML/year 
interception to the alluvium. 

Werris Creek Mine – 
modification 1 

Determination May require more water. No mention of it though. 

Werris Creek Mine – 
modification 5 

Determination Increased de-watering and storing the water in dams with a total capacity 
of 370 ML. 

Boggabri Mine Determination Total groundwater allocation expected to reach 1,114 ML/year by year 5 
of the project. Seepage into the void is expected to be a maximum of 
0.2 ML/day. 

Rocglen Mine Determination Estimate of 47 ML/year of seepage into the void; 2 ML/year of “domestic” 
use, and groundwater may be used for other requirements if needed. 

Rocglen Mine – 
extension project 

Determination Possible increase in the volume of seepage, de-watering and 
groundwater taken. 

Narrabri Mine – 
stage 1 

Determination Up to 120 ML/year will be required, which will be preferentially sourced 
from mine de-watering. De-watering will produce between 30 and 
800 ML/year of groundwater. 

Narrabri Mine – 
Stage 2 

Determination Dewatering of 0.2 to 3.89 ML/day. Water licence in the Eastern Porous 
Rock of 818 ML/year is being acquired.  
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Mine Status Groundwater use comments (MDBA 2013) 

Sunnyside Mine Determination No information available 

Sydney Basin 

Coalpac Mine PAC review Water management system capacity is 80 ML, will rely on groundwater 
for greater proportion of supply in dry years. Groundwater seepage will fill 
the void over 86 years, with a total capacity of 375 ML (~4 ML/year). 

Invincible Mine Determination Possible increase in the volume of seepage, de-watering and 
groundwater taken. 

Ivanhoe North Mine Determination Total water demand is 30 ML/year. It is predicted there will be no impact 
on groundwater. 

 

Table 7: Summary of recharge rates adopted as inputs to groundwater models developed to inform environmental 
assessments of proposed mining activities in the two SDL resource units. 

Reference material Area Recharge rate 
(% of rainfall unless otherwise stated) 

Namoi Water Study Gunnedah-Oxley Basin 2.5% 

Cobbora Coal Project Gunnedah-Oxley Basin – 
Cobbora region 

Alluvium 2.9% 

Jurassic 0.46% 

Digby 0.64% 

Whaka 0.46% 

Tomcat Gully 0.46% 

Ulan 0.58% 

Dapper 0.46% 

Coalpac Consolidated 
Project 

Gunnedah-Oxley Basin – 
Lithgow Coal Seam 

1.3% to 5% 

Tarrawonga Coal Project Gunnedah-Oxley Basin – 
Namoi Management Zone 

Alluvium 1.2% 

Maules Creek Formation 0.1% 

Upper Permian and Triassic outcrop 0.1% 

Boggabri Volcanics 0.5% 

Rock-alluvium contacts 10% 

Watermark Coal Mine Gunnedah-Oxley Basin – 
Upper Namoi region 

Alluvium 1.5% 

Regolith/Permian outcrop 0.05% 

Liverpool basalt 5% 

Break of slope 1 to 25% 

Vickery Coal Project Gunnedah-Oxley Basin – 
Namoi Management Zone 

Upper Namoi Alluvium 1.2% 

Males Creek Formation (project area) 0.15% 

Maules Creek Formation (Tarrawonga 
Area) 

0.2% 
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Reference material Area Recharge rate 
(% of rainfall unless otherwise stated) 

Boggabri Volcanics 0.25% 

Rock-alluvium contacts 10% 

Maules Creek Coal Project Gunnedah-Oxley Basin – 
Boggabri region 

Alluvial aquifer 1.2% 

Slope wash zone 19.6% 

Volcanic outcrop 0.5% 

Permian outcrop 0.1% 

Werris Creek Coal Mine Gunnedah-Oxley Basin – 
Werris Creek region 

2 mm/year with some areas of 9 to 10 mm/year 

Boggabri Coal Project Gunnedah-Oxley Basin – 
Boggabri region 

Alluvial aquifer 3% 

Slope wash zone 15% 

Ephemeral creeks 15% 

Bollol Creek headwaters 25% 

Outcrop hill zones 0.2% 

Rocglen Mine Project Gunnedah-Oxley Basin – 
Gunnedah region 

Valley 0.15% 

Slopes and saddle 0.6% 

Narrabri Coal Project Gunnedah-Oxley Basin – 
Narrabri region 

Zone 1 1.9% 

Zone 2 1% 

Zone 3 0.5% 

Zone 4 1% 

Zone 5 0.5% 

Zone 6 0.5% 
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3.4 Research reference material 

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 decreases with 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 Eastern Porous Rock WRP 
area and as such represent conclusions across that broader area. 
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4. MDBA SDL Assessment 
The MDBA adopted a consistent approach to setting BDLs and SDLs for groundwater SDL resource units 
across the Basin.  This approach is documented in The proposed groundwater baseline and sustainable 
diversion limits: methods report (MDBA, 2012a) and Addendum to the proposed groundwater baseline and 
sustainable diversion limits: methods report (MDBA, 2012b).  The final results of applying the method to the 
Eastern Porous Rock WRP area, as adopted for the Basin Plan, are documented in the Eastern Porous Rock 
WRP Areas Report Cards (MDBA, 2013).  The methods, and data, as relevant to the Eastern Porous Rock 
WRP area are detailed in this section. 

For the purpose of calculating SDLs, the Eastern Porous Rock WRP area was divided into two areas: the 
Gunnedah-Oxley Basin MDB SDL resource unit and the Sydney Basin MDB SDL resource unit (Figure 6). 

 
Figure 7: The location and extent of the Gunnedah-Oxley Basin MDB SDL resource unit and Sydney Basin MDB SDL resource 
unit that together make up the Eastern Porous Rock WRP area 

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 Eastern Porous Rock WRP area), the 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. 
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For the Eastern Porous Rock WRP area, the BDL was set to the entitlement volume of 22.1 GL for the 
Gunnedah-Oxley Basin MDB SDL resource unit and 3.1 GL for the Sydney Basin MDB SDL resource 
unit, all from the outcrop areas (i.e. no current extraction from the deep areas).  A review of the current version 
of the NSW Water Sharing Plan shows that the BDL in the Basin Plan reflects current entitlements for the 
Sydney Basin MDB SDL area, but is lower than current entitlements (by 0.3 GL/year) for the Gunnedah-Oxley 
Basin MDB SDL area (Table 8). 

Table 8: Current water access rights and access licences for the Eastern Porous Rock Groundwater Source, from the Water 
Sharing Plan for the NSW Murray-Darling Basin Porous Rock Groundwater Sources (NSW Office of Water 2011a). 

Entitlement type Gunnedah-Oxley Basin MDB 
Groundwater Source 

Sydney Basin MDB Groundwater 
Source 

Domestic and stock rights 5,778 ML/year 465 ML/year 

Native title rights 0 ML/year 0 ML/year 

Domestic and stock access licences 0 ML/year 0 ML/year 

Local water utility licences 112 ML/year 0 ML/year 

Aquifer access licences 16,513 unit shares 2,657 unit shares 

Plan limit 22,403 ML/year 3,122 ML/year 

4.2 Sustainable Diversion Limit 

The SDLs for the SDL resource units within the Eastern Porous Rock WRP area were calculated using a three 
step process: 

1. Calculate total recharge 

2. Calculate the PEL by multiplying total recharge by a Sustainability Factor 

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

The detailed method for each step, as well as the numerical inputs and outputs is provided below, but 
essentially the process involved the derivation of an SDL for the outcropping area, and one for the deep 
groundwater source in each of the SDL resource units. Recharge was determined using the WAVES recharge 
output raster for the outcrop areas only, and then the RRAM process was applied. 

Step 1: Calculate total recharge 

The MDBA report The proposed groundwater baseline and sustainable diversion limits: methods report (MDBA 
2012a) 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 
Yields project and refined for the Basin Plan (CSIRO, 2010) with additional information used where provided by 
the States.  

Subsequent to the work of CSIRO (2010) MDBA determined the recharge over the outcrop areas at a pixel level 
using the WAVES historic median climate recharge raster (Tariq Rana, pers comm). Recharge was not 
presented as an average over either of the SDL resource unit. 

The PEL was calculated using WAVES recharge (as detailed above) only over the outcrop areas reported by 
NSW due to the fact that in groundwater sources that are mostly or fully buried and have little or no surface 
expression (outcrop), there is little or no recharge based on rainfall. 

The recharge values reported by CSIRO (2010) for the SDL resource units within the Eastern Porous Rock 
WRP area were based on the historic dry climate recharge raster (as a more conservative approach) and using 
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the entire surface area of each of the SDL resource units rather than the outcrop areas only (Tariq Rana, pers 
comm). 

The Eastern Porous Rock WRP Area Report Cards (MDBA 2013) document the total recharge as: 

• Gunnedah-Oxley Basin: total recharge of 710.66 GL/year, this is derived as follows 

o WAVES Recharge to shallow aquifer = 624.7 GL/year 

o SDL for the shallow aquifer = 24.38 GL/year 

o Recharge to deep aquifer = (624.7-24.38) + 85.96 (Liverpool Ranges basalt aquifer SDL) = 
686.3 GL/year 

o Total recharge volume for the Gunnedah Oxley Basin = 624.7 +85.96 =710.66 GL/year; and 

• Sydney Basin: total recharge of 106.6 GL/year, based on 106.6 GL/year for the outcropping area. 

MDBA (2013) reported that recharge to the deeper water resources in both SDL resource units of the Eastern 
Porous Rock WRP area was derived by subtracting the surface (outcrop) SDL volume from the total recharge 
volume to the unit area (though this also included deep recharge through the Liverpool Ranges basalt SDL 
resource unit for the deep groundwater of the Gunnedah Oxley Basin) and this approach is reflected above. 

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 (Preliminary Extraction Limit (PEL)) by multiplying the calculated recharge volume by a 
Sustainability Factor.  The Factor represents the fraction of recharge that can be extracted without causing 
unacceptable impacts. 

The method used has been described in detail in Chapter 2. 

Gunnedah-Oxley Basin, outcrop areas 

PEL was set to 31.2 GL/year, based on a Sustainability Factor of 0.05: 

A. The overall risk to key environmental assets, key ecosystem functions and the productive based of the 
water resource was assessed to be high, and a Sustainability Factor of 0.10 was adopted based on: 

a. Key environmental assets (groundwater dependent and sensitive to groundwater extraction) 
were identified as being at low risk; 

b. The key ecosystem function was identified as being at high risk 

c. The risk to the productive base is medium (storage /recharge ratio of between 20 and 40) 

B. There is no risk to groundwater salinity.  As such, no adjustment to the Sustainability Factor was 
required, regardless of groundwater quality distribution 

C. There is a high level of uncertainty, so the Sustainability Factor was multiplied by 50%. 

Gunnedah-Oxley Basin, deep areas 

PEL was set to 360.3 GL/year, based on a Sustainability Factor of 0.525: 
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A. The overall risk to key environmental assets, key ecosystem functions and the productive based of the 
water resource was assessed to be low, and a Sustainability Factor of 0.70 was adopted based on: 

a. Key environmental assets (groundwater dependent and sensitive to groundwater extraction) 
were identified as being at low risk; 

b. The key ecosystem function was identified as being at low risk 

c. The risk to the productive base is low (storage /recharge ratio of greater than 40) 

B. There is no risk to groundwater salinity.  As such, no adjustment to the Sustainability Factor was 
required, regardless of groundwater quality distribution 

C. There is a low level of uncertainty, so the Sustainability Factor was multiplied by 75%3. 

Sydney Basin, outcrop areas 

PEL was set to 5.3 GL/year, based on a Sustainability Factor of 0.05: 

A. The overall risk to key environmental assets, key ecosystem functions and the productive based of the 
water resource was assessed to be high, and a Sustainability Factor of 0.10 was adopted based on: 

a. Key environmental assets (groundwater dependent and sensitive to groundwater extraction) 
were identified as being at low risk; 

b. The key ecosystem function was identified as being at high risk 

c. The risk to the productive base is medium (storage /recharge ratio of between 20 and 40) 

B. There is no risk to groundwater salinity.  As such, no adjustment to the Sustainability Factor was 
required, regardless of groundwater quality distribution 

C. There is a high level of uncertainty, so the Sustainability Factor was multiplied by 50%. 

Sydney Basin, deep areas 

PEL was set to 54.0 GL/year, based on a Sustainability Factor of 0.525: 

A. The overall risk to key environmental assets, key ecosystem functions and the productive based of the 
water resource was assessed to be low, and a Sustainability Factor of 0.70 was adopted based on: 

a. Key environmental assets (groundwater dependent and sensitive to groundwater extraction) 
were identified as being at low risk; 

b. The key ecosystem function was identified as being at low risk 

c. The risk to the productive base is low (storage /recharge ratio of greater than 40) 

B. There is no risk to groundwater salinity.  As such, no adjustment to the Sustainability Factor was 
required, regardless of groundwater quality distribution 

C. There is a low level of uncertainty, so the Sustainability Factor was multiplied by 75%. 

3 Note that the published document contains an error and lists the uncertainty is high and therefore the factor is 50%. MDBA (T 
Rana pers comm) have provided updated information. This is the same for Sydney Basin, deep areas 
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Table 9: Summary of PEL calculations 

Area Recharge (GL/year) Sustainability Factor Preliminary Extraction 
Limit (GL/year) 

Gunnedah-Oxley Basin, outcrop area 624.7 0.05 31.2 

Gunnedah-Oxley Basin, deep area 686.3 0.525 360.3 

   391.5 

Sydney Basin, outcrop area 106.6 0.05 5.3 

Sydney Basin, deep area 102.9 0.525 54.0 

   59.3 

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 location, recharge source, level of connectivity and the relationship between PEL and 
BDL (MDBA 2012b).  The process adopted to determine how the PEL should be adjusted is shown in Figure 4. 

In the case of the Eastern Porous Rock WRP area, all sub-areas were assessed as receiving rainfall recharge, 
being of low connectivity to surface water resources and with a PEL greater than BDL.  As such, the adjustment 
method adopted was the unassigned water assessment (MDBA 2013) in which the SDL is calculated 
according to (MDBA 2012a): 

𝑆𝐷𝐿 = 𝐵𝐷𝐿 + 25%(𝑃𝐸𝐿 − 𝐵𝐷𝐿) 

The calculation of the SDL for the Eastern Porous Rock WRP area, based on the unassigned water method, is 
summarised in Table 10. 

Table 10: Summary of SDL calculations 

Area Baseline Diversion 
Limit (GL/year) 

Preliminary Extraction 
Limit (GL/year) 

Sustainable Diversion 
Limit (GL/year) 

Gunnedah-Oxley Basin, outcrop area 22.1 31.2 24.4 

Gunnedah-Oxley Basin, deep area 0.0 360.3 90.1 

Gunnedah-Oxley Basin, total 22.1 391.5 114.5 

Sydney Basin, outcrop area 3.1 5.3 3.7 

Sydney Basin, deep area 0.0 54.0 13.5 

Sydney Basin, total 3.1 59.3 17.2 
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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) identified 
two groundwater sources for the Eastern Porous Rock WRP area: the Gunnedah-Oxley Basin and the Sydney 
Basin.  Consistent with the Basin Plan, the Water Sharing Plan provides a long-term average annual extraction 
limit for each basin, with a limit of 205,640 ML/year for the Gunnedah-Oxley Basin and 60,443 ML/year for the 
Sydney Basin.  The approach adopted to calculate these limits is documented in Water Sharing Plan for the 
NSW Murray Darling Basin Porous Rock Groundwater Sources – Background document (NSW Office of Water 
2012a) with additional details provided in the report cards prepared for the draft water sharing plan (NSW Office 
of Water 2010a and 2010b).  The application of the methods, and data used, as relevant to the Eastern Porous 
Rock WRP area are detailed in this section. 

5.1 Average annual extraction limit 

The long-term average annual extraction limits (LTAEL) for the two parts of the Eastern Porous Rock WRP area 
were 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 for each Basin, 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 two Basins (as identified by NSW Office of Water) of the Eastern Porous 
Rock WRP area is shown in Table 11.  These calculations provide a total recharge volume of 414.6 GL/year for 
the Gunnedah-Oxley Basin and 91.0 GL/year for the Sydney Basin (NSW Office of Water 2012a). 

Table 11: Summary of water resource information (NSW Office of Water 2012a) 

 Gunnedah-Oxley Basin Sydney Basin 

Area 1,128,322 km2 (1) 212,482 km 2 (1) 

Average annual rainfall 612.35 mm/year (2) 713.69 mm/year (2) 

Infiltration rate 6%(3) 6%(3) 

Recharge 414,559 ML/year 90,987 ML/year 

1 – The area adopted for rainfall-recharge calculations is the area of the groundwater source that outcrops. 

2 – 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. 

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

NSW Office of Water (2012a) identified 3.6% (14.8 GL/year) of total recharge in the Gunnedah-Oxley Basin 
and 5.1% (4.6 GL/year) of total recharge in the Sydney Basin as occurring from areas of high 
environmental value. 

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 Sustainability 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, 2010a and 2010b): 

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 the two criteria is used to define the overall Sustainability Factor based on the 
assessment matrix shown in Table 12. 
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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% 

 

The evaluation of environmental and socio-economic risk for the Eastern Porous Rock WRP area is detailed in 
Table 13 for the Gunnedah-Oxley Basin and Table 14 for the Sydney Basin.  Based on these evaluations, the 
Sustainability Factor for recharge from areas of non-high environmental value was set to 50% for the 
Gunnedah-Oxley Basin and 70% from the Sydney Basin. 

Table 13: Evaluation of environmental and socio-economic risk for the Gunnedah-Oxley Basin (NSW Office of Water 2010a) 

Risk criteria Evaluated 
risk 

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

Environmental risk 

Overall risk to aquifer from 
groundwater extraction 

High Maximum risk across the criteria 

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

High Risk of a change in groundwater levels on GDEs is considered 
high.  Groundwater dependent ecosystems on the western edge 
of the water source will suffer permanent loss with a change in 
groundwater levels 

Risk to GDEs from altered patterns of 
groundwater level fluctuations 

Medium This risk of a change in the timing of groundwater level 
fluctuations on GDEs is considered moderate.  There is a 
presence of springs that support isolated terrestrial communities, 
which may cause potential risk due to seasonal drawdowns on 
GDEs. 

Risk of increasing frequency and 
duration of low flows in rivers 

High This risk of changing base flow conditions of GDEs is considered 
high.  The water source does have highly connected ephemeral 
streams and extraction may cause local change, although 
response times would have a large lag. 

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 
in variable, but generally of poor quality. 

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

N/A 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 
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Risk criteria Evaluated 
risk 

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

Overall community dependence on 
groundwater extraction 

High Maximum risk across the criteria 

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

Medium The risk to security of access from extraction is considered 
moderate as there is no access to regulated or unregulated 
supplies.  There is no reticulated water and limited availability for 
on-farm storage. 

Relative intensity of groundwater 
development within the groundwater 
source 

Medium The risk to ongoing groundwater usage is considered moderate.  
There is estimated to be a low volume of groundwater entitlement 
in proportion to the total recharge. 

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.  Extraction is 
concentrated in localised areas. 

Economic significant of the 
groundwater source for irrigation or 
industrial activities 

High The risk to investment in agriculture or industry is considered high.  
There is a high investment for existing users e.g. mining industry. 

Level of local employment associated 
with commercial uses of groundwater 

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

Sustainability Factor 50%  

 

Table 14: Evaluation of environmental and socio-economic risk for the Sydney Basin (NSW Office of Water 2010a) 

Risk criteria Evaluated 
risk 

Comment 
(NSW Office of Water 2010b, 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 change in groundwater levels of GDEs is considered low.  
Although there are likely additional GDEs in scarps and national 
parks, there is only one high-priority GDE within the water source 
boundary. 

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 
very 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.  There is unlikely to be a change to habitat type as this 
groundwater source has low permeability rock types, very few 
licences and limited extraction. 
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Risk criteria Evaluated 
risk 

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

Risk of reducing water quality in the 
aquifer 

Low There is a low risk of changing the chemical conditions of the 
groundwater sources.  The water quality in this groundwater 
source is variable, but generally of poor quality.  Only negligible 
change would be expected as there is low vertical permeability in 
these rock types and no flanking. 

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

N/A 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.  The beneficial 
use of the waters in this aquifer includes for ecosystem protection 
and agriculture. 

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 

High 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 and surface water supply options. 

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 
are currently no volume is licensed for town water supply in this 
groundwater source and there are limited opportunities for this 
type of extraction. 

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

Low The risk to the dependence on groundwater related activities is 
considered low are there is a small volume of groundwater 
extracted in proportion to total licensed volumes. 

Economic significant of the 
groundwater source for irrigation or 
industrial activities 

High The risk to investment in agriculture or industry is considered high 
as there are significant coal mines requiring groundwater. 

Level of local employment associated 
with commercial uses of groundwater 

Medium The risk to employment in agriculture or industry is considered 
moderate due to employment in groundwater associated activities 
such as mining. 

Sustainability Factor 70%  

For the Gunnedah-Oxley Basin, adopting the total recharge of 415 GL/year and the Sustainability Factor for 
non-high environmental value areas of 50%, a long-term average annual extraction limit of 199,893 ML/year 
has been calculated (NSW Office of Water 2012a) (Table 15).  For the Sydney Basin, adopting the total 
recharge of 91.0 GL/year and the Sustainability Factor for non-high environmental value areas, a long-term 
average annual extraction limit of 60,443 ML/year has been calculated (NSW Office of Water 2012a) (Table 
15). 
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Table 15: 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) 

Gunnedah-Oxley Basin 

High environmental value areas 14,773 0% 0 

Non-high environmental value areas 399,786 50% 199,893 

Total 414,559  199,893 

Sydney Basin 

High environmental value areas 4,640 0% 0 

Non-high environmental value areas 86,347 70% 60,443 

Total 90,987  60,443 

The long-term average annual extraction limit calculated above for the Sydney Basin (60,443 ML/year) is 
consistent with the limit documented in the Water Sharing Plan.  However, there is a discrepancy for the 
Gunnedah-Oxley Basin as the Water Sharing Plan provides a limit of 205,640 ML/year, higher than that 
reported in the Background Document (NSW Office of Water 2012a).  NSW Office of Water (Michael Williams, 
pers comm) has advised that the long-term average annual extraction limit provided in the WSP is correct and 
the volume provided in NSW Office of Water (2012a) is in error. 

5.2 Groundwater storage extraction limit 

The Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources (2011) also 
provides a groundwater storage extraction limit for supplementary water (category “storage”) access licences. 
This is set to 0.002% of total aquifer storage. NSW Office of Water (Michael Williams, pers comm) has advised 
that the volume of water from aquifer storage that can be made available against supplementary water 
(category “storage”) access licences is about 214 GL and this is a total cumulative limit for the resource. 

5.3 Section 43A(7) Notice 

The NSW Office of Water provided advice to MDBA as part of a Notice by the Murray-Darling Basin Ministerial 
Council under Section 43A(7) of the Water Act 2007 on 6th August 2012 regarding a revision of the SDLs for a 
number of SDL resource units and WRP areas within the Basin, and specifically, suggested a revised SDL for 
the Eastern Porous Rock WRP area of 146.6 GL/year. 
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6. Discussion of significant differences and uncertainties 
There are a number of areas where there are differences between how MDBA and NSW Office of Water derived 
extraction volumes, or inconsistencies in approaches used by each agency.  There are also a number of areas 
where there is uncertainty about the methodology used, the application of the method or the input information.  
These differences and uncertainties are discussed below. 

6.1 Resource unit area 

There appears to be differences in the area of the resource unit used by the two agencies, even though the 
MDBA advises that the NSW extent was used. 

NSW Office of Water defined the extent of the Gunnedah-Oxley Basin to be from the Mount Coricudgy Anticline 
(running south west from Muswellbrook) (separating it from the Sydney Basin), the Hunter-Mooki Thrust to the 
east (forming the eastern boundary between the Gunnedah-Oxley Basin and the New England Fold Belt), the 
Lachlan Fold Belt to the west and a structural high to the north of Narrabri (NSW Office of Water 2012a, page).  
However, the Plan Map shows the resource unit extending more broadly to the Queensland NSW border. It is 
assumed that either this is the structural high north of Narrabri or there is a mistake in the description. 

The MDBA defines the Gunnedah-Oxley Basin to extend from Dubbo to the Queensland NSW border (MDBA 
2013).  

Maps of the resource units are shown and compared in Figure 7 and Figure 8, and these show some 
discrepancies in the western boundary of the Gunnedah-Oxley Basin MDB. 

NSW Office of Water provides the following areas for each of the resource units: 

• Gunnedah-Oxley Basin 

o Outcrop area 1,128,000 ha 

o Subcrop area 2,860,000 ha 

• Sydney Basin 

o Outcrop area 212,000 ha 

o Subcrop area 62,200 ha 

with outcrop areas used to calculate total recharge. 

No reporting of actual areas used by MDBA are available. 

 

Differences: 

• Definition of resource unit area boundaries (also a source of some uncertainty) 

Uncertainties: 

• The resource unit area adopted by MDBA (area not provided) 
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Figure 8: Gunnedah-Oxley Basin resource unit area adopted by NSW Office of Water (NSW Office of Water 2011a) 
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Figure 9: The location and extent of the Gunnedah-Oxley Basin MDB and Sydney Basin MDB which make up the Eastern 
Porous Rock WRP area 

6.2 Recharge – outcrop areas 

There are discrepancies in the manner in which recharge has been handled between the two agencies as well 
as the recharge rates adopted by the two agencies. 

NSW Office of Water calculated total recharge using an infiltration rate over the outcrop area.  The adopted 
infiltration/recharge rate was 6%.  This equates to an average annual recharge of 36.7 mm/year for the 
Gunnedah-Oxley Basin (based on rainfall of 612.35 mm/year) and 42.8 mm/year for the Sydney Basin (based 
on rainfall of 713.69 mm/year) (NSW Office of Water 2012a). 

Recharge over the outcrop areas was determined by MDBA at a pixel level using the WAVES historic median 
climate recharge raster and cannot be presented as an average over the entire SDL resource unit. This makes 
comparison difficult, especially as no actual area value is provided by MDBA. 

The difference in resource unit area between these two methods also makes direct comparisons difficult, 
although at a high level they do not appear to be inconsistent. However, the total recharge determined by 
MDBA is significantly higher than that determined by the NSW Office of Water. 

A summary and comparison of recharge estimates by NSW Office of Water and the MDBA is provided in Table 
16. 
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No recharge measurements for this resource unit were available in published literature.  However, a large 
number of groundwater models have been developed within the resource unit to inform environmental 
assessments of proposed mining activities.  A review of the recharge rates adopted in these models is provided 
in Section 3.3 and is summarised in Table 7. 

Differences: 

• The recharge rates adopted by MDBA are estimated to be significantly higher than those adopted by NSW 
Office of Water. 

Table 16: Summary and comparison of total recharge estimates – outcrop areas only 

 Gunnedah-Oxley Basin Sydney Basin 

Resource unit area (ha)1 1,128,000 212,000 

NSW Office of Water Recharge rate (mm/year)2 36.7 42.8 

Recharge volume (GL/year) 414.6 91.0 

MDBA Recharge rate (mm/year)3 55.4 50.3 

Recharge volume (GL/year) 624.7 106.6 

1 – This is the resource unit area adopted by NSW Office of Water.  No information on the area adopted by the MDBA was 
available. 

2 – Calculated based on the recharge rate as a percentage of rainfall and average annual recharge rate provided in NSW 
Office of Water 2012a. 

3 – Calculated based on the total recharge volume provided and the resource unit area adopted NSW Office of Water.  Due 
to suspected differences in area between NSW Office of Water and MDBA, this figure is an estimate should be used for 
indicative comparisons only. 

6.3 Deep groundwater resources 

The NSW Office of Water and MDBA treat deep groundwater resources differently. 

The NSW Office of Water manages access to deep groundwater resources by setting an extraction limit for 
supplementary water (subcategory “storage”) access licences to 0.002% of the total storage capacity.  This limit 
applies (independently) to both the Gunnedah-Oxley Basin and the Sydney Basin.  Though the policy and 
planning framework is clear, there is no discussion provided that details the method used to derive the total 
aquifer storage. Information was supplied during the preparation of the synthesis report that showed that the 
total volume of storage was about 9.5 million GL and that the total volume of storage available to supplementary 
water (subcategory “storage”) access licences would be about 214 GL for the period of operation. 

The MDBA manages access to deep groundwater resources by estimating total recharge to the subcrop areas 
and applying the RRAM approach.  MDBA (2013) states that recharge to the subcrop areas is estimated as 
follows: 

• Gunnedah-Oxley Basin: by subtracting the SDL of the Gunnedah-Oxley Basin outcrop and Liverpool 
Range Basalt aquifers from the total recharge. 

• Sydney Basin: by subtracting the SDL of the Sydney Basin shallow aquifer from the total recharge. 

There is considerable uncertainty, and no documentation, about this process and its application, which can be 
summarised as: 

1. Estimate recharge to the outcrop area 
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2. Estimate SDL for the outcrop area 

3. Subtract SDL for the outcrop area (Step 4) from total recharge calculate recharge to the subcrop area 

4. The RRAM is applied to calculate the SDL for the deep area as per other resource units 

The major issue with this approach is that the SDL for the outcrop area already has a sustainability weighting 
applied to account for various factors in the decision process. However, the MDBA approach then uses the 
residual recharge from the derived SDL volume to derive another SDL. This appears to be double dipping. 

NSW Office of Water advises (Michael Williams pers comm) that activation of entitlement from storage under 
supplementary water (subcategory “storage”) access licences is not considered until there is no unassigned 
water left to be allocated within the water source. 

Differences: 

• Significant differences in the treatment of deep groundwater resources 

Uncertainties: 

• NSW Office of Water: the volume of total storage capacity (or how it should be calculated) is not 
documented 

• MDBA: there is considerable uncertainty, and no documentation, about the method used to estimate 
recharge to the subcrop area 

6.4 Sustainability factors 

NSW Office of Water and the MDBA 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. 

Sydney Basin – outcrop areas 

The NSW Office of Water uses a sustainability factor of 0% for recharge from areas of high environmental value 
and 70% for areas of non-high environmental value.  This results in an average annual extraction limit of 
60.4 GL/year, which effectively represents 67% of total recharge. 

The MDBA uses a sustainability factor of 5% to calculate the PEL from total recharge.  The MDBA then applies 
an additional unassigned groundwater factor of 25%.  This results in an SDL of 3.67 GL/year, which effectively 
represents 3% of total recharge. 

Gunnedah-Oxley Basin – outcrop areas 

The NSW Office of Water uses a sustainability factor of 0% for recharge from areas of high environmental value 
and 50% for areas of non-high environmental value.  This results in an average annual extraction limit of 
205.6 GL/year, which effectively represents 49% of total recharge. 

The MDBA uses a sustainability factor of 5% to calculate the PEL from total recharge.  The MDBA then applies 
an additional unassigned groundwater factor of 25%.  This results in an SDL of 24.4 GL/year, which effectively 
represents 4% of total recharge. 

Deep/subcrop areas 

As discussed above, the NSW Office of Water and MDBA treat deep groundwater resources differently. 

The NSW Office of Water sets an extraction limit for supplementary water (subcategory “storage”) access 
licences to 0.002% of the total storage capacity.  Whilst the 0.002% limit is a form of sustainability factor, it is not 

Document no.: VW07285 PAGE 39 



Synthesis Report   

 

directly comparable to the form of the sustainability factor calculated by the MDBA using the RRAM. It is also 
equivalent to mining of the resource, albeit over a long time period. 

For both the Gunnedah-Oxley Basin and Sydney Basin, the MDBA uses a sustainability factor of 52.5%.  The 
MDBA then applies an additional unassigned groundwater factor of 25%.  This results in an SDL of 
90.1 GL/year for the Gunnedah-Oxley Basin and 13.5 GL/year for the Sydney Basin, which effectively represent 
13% of total recharge.  

Differences: 

• The MDBA adopted much lower sustainability factors than the NSW Office of Water (for outcrop areas) 

• Significant differences in the treatment of deep groundwater resources 

Uncertainties: 

• NSW Office of Water: the volume of total storage capacity (or how it should be calculated) is not 
documented 
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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. Evolution of resource unit area, BDL and SDL during the Basin 
Plan development process 

This Appendix summarises the resource unit area definition, BDL and SDL adopted for the Eastern Porous 
Rock SDL resource unit at each step of the Basin Plan development process. 

B.1 Draft Basin Plan – November 2011 

Section 3.06 of the Draft Basin Plan defined the Eastern Porous Rock resource area as: 

i. all groundwater resources beneath the area; 

ii. all Basin water resources in the Gunnedah-Oxley Basin whether or not those resources are beneath the 
area 

Schedule 4 provided further definitions of the area, as well as the BDL and SDL volumes as follows: 

Item Groundwater SDL 
resource unit 

Groundwater covered by 
groundwater SDL resource unit 

BDL for the SDL 
resource unit in 
gigalitres (GL) 
per year 

Long-term average 
sustainable 
diversion limit for 
SDL resource unit 
in gigalitres (GL) 
per year 

69 Eastern Porous Rock: 
Macquarie–Castlereagh 
(GS17) 

groundwater in the Gunnedah-Oxley 
Basin to a depth of 200 metres 

6.2 13.4 

70 Eastern Porous Rock: 
Namoi–Gwydir (GS18) 

groundwater in the Gunnedah-Oxley 
Basin to a depth of 200 metres 

15.5 15.5 

71 Gunnedah-Oxley Basin 
(GS70) 

Groundwater in the Gunnedah-Oxley 
Basin excluding groundwater in items 
69 and 70 of this table 

0 300.0 

 

B.2 Proposed Basin Plan – May 2012 

Section 3.06 of the Proposed Basin Plan defined the Eastern Porous Rock resource area as: 

i. all groundwater resources beneath the area; 

ii. all Basin water resources in the Gunnedah-Oxley Basin whether or not those resources are beneath the 
area 

Schedule 4 provided further definitions of the area, as well as the BDL and SDL volumes as follows: 
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Item Groundwater SDL 
resource unit 

Groundwater covered by 
groundwater SDL resource unit 

BDL for the SDL 
resource unit in 
gigalitres (GL) 
per year 

Long-term average 
sustainable 
diversion limit for 
SDL resource unit 
in gigalitres (GL) 
per year 

62 Eastern Porous Rock: 
Macquarie–Castlereagh 
(GS17) 

groundwater in: (a) all rocks of 
Permian, Triassic, Jurassic, 
Cretaceous or Tertiary age to a depth 
of 200 metres; and (b) all alluvial 
sediments 

6.20 9.78 

63 Eastern Porous Rock: 
Namoi–Gwydir (GS18) 

groundwater in: (a) all rocks of 
Permian, Triassic, Jurassic, 
Cretaceous or Tertiary age to a depth 
of 200 metres; and (b) all alluvial 
sediments 

15.5 15.5 

64 Gunnedah-Oxley Basin 
(GS70) 

groundwater in all rocks of Permian, 
Triassic, Cretaceous or Tertiary age, 
excluding groundwater in items 62 
and 63 

0 102.4 

 

B.3 Altered Proposed Basin Plan – August 2012 

Section 3.06 of the Altered Proposed Basin Plan defined the Eastern Porous Rock resource area as: 

i. all groundwater resources beneath the area; 

ii. all Basin water resources in the Gunnedah-Oxley Basin and the Sydney Basin whether or not those 
resources are beneath the area 

Schedule 4 provided further definitions of the area, as well as the BDL and SDL volumes as follows: 

Item Groundwater SDL 
resource unit 

Groundwater covered by 
groundwater SDL resource unit 

BDL for the SDL 
resource unit in 
gigalitres (GL) 
per year 

Long-term average 
sustainable 
diversion limit for 
SDL resource unit 
in gigalitres (GL) 
per year 

62 Gunnedah-Oxley Basin 
MDB (GS17) 

groundwater in: (a) all rocks of 
Permian, Triassic, Jurassic, 
Cretaceous or Tertiary age; and (b) 
all alluvial sediments within the 
outcrop areas 

22.1 114.5 

63 Sydney Basin MDB 
(GS45) 

groundwater in: (a) all rocks of 
Permian, Triassic, Jurassic, 
Cretaceous or Tertiary age; and (b) 
all alluvial sediments within the 
outcrop areas 

3.12 17.2 
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B.4 Basin Plan – November 2012 

Section 3.06 of the Basin Plan defined the Eastern Porous Rock resource area as: 

i. all groundwater resources beneath the area; 

ii. all Basin water resources in the Gunnedah-Oxley Basin and the Sydney Basin whether or not those 
resources are beneath the area 

Schedule 4 provided further definitions of the area, as well as the BDL and SDL volumes as follows: 

Item Groundwater SDL 
resource unit 

Groundwater covered by 
groundwater SDL resource unit 

BDL for the SDL 
resource unit in 
gigalitres (GL) 
per year 

Long-term average 
sustainable 
diversion limit for 
SDL resource unit 
in gigalitres (GL) 
per year 

62 Gunnedah-Oxley Basin 
MDB (GS17) 

groundwater in: (a) all rocks of 
Permian, Triassic, Jurassic, 
Cretaceous or Tertiary age; and (b) 
all alluvial sediments within the 
outcrop areas 

22.1 114.5 

63 Sydney Basin MDB 
(GS45) 

groundwater in: (a) all rocks of 
Permian, Triassic, Jurassic, 
Cretaceous or Tertiary age; and (b) 
all alluvial sediments within the 
outcrop areas 

3.12 17.2 
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Appendix C. Recharge estimates from various NSW mining and CSG 
development applications 

Cobbora Coal Project Environmental Assessment, Chapter 7 – Groundwater and Appendix D – Groundwater Assessment 
(Parsons Brinkerhoff 2012) 

The Cobbora Coal Project proposes the development of an open cut coal mine near Cobbora in central west 
NSW.  The project site overlies part of the Gunnedah-Oxley Basin.  The groundwater assessment performed as 
part of the project Environmental Assessment, included the development and calibration of a MODFLOW-
SURFACT model of the project area.  The calibrated groundwater model was independently reviewed by Dr 
Noel Merrick of Heritage Computing.  Parsons Brinkerhoff (2012) noted that within the assessment area 
groundwater recharge occurs through the following main mechanisms (page 81): 

• direct rainfall infiltration in areas of sedimentary and fractured rock outcrop (along the ridges and mid-
slopes); fractures provide preferential paths for infiltration in these areas 

• infiltration of surface runoff from headwater creeks, gullies and ponds that incise sedimentary or 
fractured rocks 

• direct rainfall recharge on unconsolidated alluvium and weathered rock in the lower slope and valley 
floor areas 

• stream and riverbank recharge during flood events. 

The input parameters, including recharge, used for the MODFLOW model are summarised in Table 18.  This 
shows that the model adopted a recharge rate of 2.9% of rainfall for the alluvium zone and between 0.46% and 
0.64% of rainfall for the remaining areas. 
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Table 17: Summary model input parameters (Parsons Brinkerhoff 2012, page 90).  Note that a long-term average rainfall of 636 
mm/year was adopted for the model.  See Figure 9 for the location of the layers. 

Layer Hydrogeological unit Kh (mm/day) Kz (mm/day) Sy S Recharge 
(% of rainfall) 

1 Alluvium 1 0.001 0.2 5x10-4 2.9% 

2 Jurrasic 0.004 0.004 0.1 3x10-4 0.46% 

3 Digby 0.1 0.003 0.01 5x10-5 0.64% 

4 Whaka 0.004 6x10-5 0.1 5x10-4 0.46% 

5 Tomcat Gully 0.008 8x10-5 0.1 5x10-4 0.46% 

6 Ulan 0.3 0.003 0.1 8x10-4 0.58% 

7 Dapper 0.1 0.001 0.1 8x10-4 0.46% 

 
Figure 10: Layers used in the MODFLOW model (Parsons Brinkerhoff 2012, page 87) 

Coalpac Consolidation Project, Appendix O – Groundwater Impact Assessment (AGE Consultants 2012) 

The Coalpac Consolidation Project proposes to consolidate and extend the coal mining operations and 
management of the Invincible Colliery and Cullen Valley Mine sites under a single planning approval.  The 
project site is located approximately 25 km north-west of Lithgow in NSW and overlies part of the Sydney Basin. 

AGE (2012) made a preliminary attempt (page 39) to quantify the groundwater recharge rate using the chloride 
mass balance method.  They approximated recharge rates in the Lithgow Coal Seam to vary between 5% to 
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1.3% of annual rainfall (about 32 mm/year to 10 mm/year).  It was noted that this is an extremely crude estimate 
but it does suggest recharge rates to the Permian are relatively low (AGE 2012, page 39). 

AGE (2012) further noted Substantial recharge could occur into the weathered zone of the Permian or Triassic 
units, in particular where intense fracturing occurs such as at lineaments to the east (i.e. Coxs River Lineament) 
and where subsidence has occurred above the area where coal seams have been extracted. However, in 
general, layering of mudstones and siltstones within the Permian Coal Measures restricts the vertical movement 
of water within the coal measures, and this formation is considered to have a low overall rate of recharge (page 
39). 

A hydregological assessment in support of the Tarrawonga Coal Project Environmental Assessment (Heritage Computing 
2012) 

Tarrawonga Coal Project proposes the continuation and extension of operations of the Tarrawonga Coal Mine.  
The project site is located approximately 42 km north-northwest of Gunnedah in NSW and is located within the 
Gunnedah-Oxley Basin – Namoi Management Zone.  The groundwater assessment performed as part of the 
project Environmental Assessment included the development and calibration of a groundwater model of the 
project area using Groundwater Vistas in conjunction with MODFLOW-SURFACT.  The calibrated groundwater 
model was independently reviewed by Dr Frans Kalf.  Rainfall recharge rates (as a percentage of rainfall) in the 
model were calibrated for five zones as follows (Heritage Computing 2012, page 30): 

• Alluvium (Zone 1): 1.2% 

• Maules Creek Formation (Zone 2): 0.1% 

• Upper Permian and Triassic outcrop (Zone 3): 0.1% 

• Boggabri Volcanics (Zone 4): 0.5% 

• Rock-alluvium contacts (Zone 5): 10% 

With a spatial distribution of rainfall infiltration rates also provided (Figure 10). 
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Figure 11: Rainfall infiltration rates adopted in the calibrated model (Heritage Computing 2012, Figure A-34). Note the pentagon 
outlined in red is the project site. 

 

Watermark Coal Mine, Appendix T – Groundwater Assessment (AGE 2013) 

The Watermark Coal Mine project proposes the development of an open cut coal mine and associated 
infrastructure at a site located approximately 25 km south-east of Gunnedah.  The project sites overlies the 
upper Namoi alluvium, with the Gunnedah-Oxley Basin located at least 900 meters from the north-east corner of 
the Eastern Mining Area and 1.3 km from the south of the Project Boundary. 

With regard to rainfall recharge, AGE (2013) noted that highest recharge rates occur through the weathered 
basalt slopes and drainage channels at the Liverpool Ranges which feed recharge to the alluvial aquifers.  The 
recharge rates through the Jurassic and Permian ridge areas is expected to be much lower (page 92).  AGE 
(2013) also noted that the high groundwater salinity within many of the Permian bores indicates the recharge 
rates are generally relatively low, but can be enhanced where zones with locally enhanced permeability are 
close to the surface (page 92). 

The groundwater assessment included the development and calibration of a groundwater model using 
MODFLOW-SURFACT.  The calibrated groundwater model was independently reviewed by Dr Noel Merrick of 
Heritage Consulting.  Rainfall recharge rates in the model were calibrated for four zones as follows (AGE 2013, 
page 117, see Figure 11 for a map of the zones): 

• Alluvium: 1.5% or 9.7 mm/year 

• Regolith/Permian outcrop: 0.05% or 0.3 mm/year 
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• Liverpool range basalt: 5% or 32.2 mm/year 

• Break of slope:  1 – 25% or 6 – 161 mm/year 

o Sub-zone 1 (south western Liverpool range interface): 1% 

o Sub-zone 2 (Doona Point): 1% 

o Sub-zone 3 (Watermark East): 8% 

o Sub-zone 4 (GMZ 8 Central): 25% 

o Sub-zone 5 (north eastern boundary): 10% 

o Sub-zone 6 (GMZ 1 Zone 1): 25% 

o Sub-zone 7 (north western boundary): 15% 

o Sub-zone 8 (Watermark West): 15% 

o Sub-zone 9 (Central West): 19% 

 
Figure 12: Recharge zones adopted in the groundwater model (AGE 2013, page 133) 
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Vickery Coal Project, Appendix A – Groundwater Assessment (Heritage Computing 2013) 

Vickery Coal Project proposes to recommence open cut mining at the Vickery Coal Mine (ceased in 1998), 
approximately 20 km north of Gunnedah.  The project site is located within the Gunnedah-Oxley Basin – Namoi 
Management Zone.  The groundwater assessment performed as part of the project Environmental Assessment 
included the development and calibration of a groundwater model of the project area using Groundwater Vistas 
in conjunction with MODFLOW-SURFACT.  Rainfall recharge rates in the model were calibrated for five zones 
as follows (Heritage Computing 2013, page 47): 

• Upper Namoi alluvium (Zone 1): 1.2% 

• Maules Creek Formation (project area) (Zone 2): 0.15% 

• Maules Creek Formation (Tarrawonga Area) (Zone 3): 0.2% 

• Boggabri Volcanics (Zone 4): 0.25% 

• Rock-alluvium contacts (Zone 5): 10% 

With a figure of rainfall infiltration rates also provided (Figure 13). 

 
Figure 13: Rainfall infiltrate rates adopted in the calibrated model (Heritage Computing 2013, Figure A-34). 
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Maules Creek Coal Project, Appendix M – Groundwater Assessment (AGE 2011) 

Maules Creek Coal Project proposes the development of an open cut mining operation within the proponent’s 
current mining authorities.  The project site is located 18 km north-east of Boggabri and overlies the Gunnedah 
Basin. 

With regard to rainfall recharge, AGE (2011) noted that Coffee and Partners (1982) considered rainfall recharge 
to occur in the high country in the Leard State Forest with groundwater then flowing along the alignment of 
Maules Creek and Back Creek.  The creeks in the outcrop area including Back Creek do not have any 
permanent baseflow and therefor discharge from the Permian aquifer is expected to occur via direct discharge 
to the alluvial aquifer.  The Maules Creek EIS indicated some groundwater discharge occurs via permanent 
spring along Maules Creek at the Elfin Crossing area, which has been confirmed by subsequent studies 
undertaken by Andersen and Acworth (2009) (AGE 2011, page38). 

AGE (2010) concluded that “groundwater recharge to the Permian formations is expected to be relatively low 
due to the steep slopes in the outcrop areas that shed runoff, in addition to the tree cover that intercepts 
rainfall.”  Estimates of diffuse recharge to the Permian formations from modelling studies for the adjacent 
Boggabri Coal Project varied from 1 mm/year by AGE (2010) to 3 mm/year by PB (2008) (AGE 2011, page 40). 

AGE (2011) made a preliminary attempt (page 40) to quantify the groundwater recharge rate using the chloride 
mass balance method.  They approximated an average recharge rate of 0.3% or about 2 mm/year (recharge 
rates ranged from 0.1 to 4.2%).  It was noted that this is an extremely crude estimate and does not use pore 
water from the unsaturated zone but it does suggest recharge rates to the Permian are relatively low (AGE 
2011, page 40). 

The groundwater assessment included the development and calibration of a groundwater model using 
MODFLOW-SURFACT.  Rainfall recharge rates in the model were calibrated for four zones as follows (AGE 
2011): 

• Alluvial aquifer: 1.2% or 7.2 mm/year 

• Slope wash zone: 19.6% or 116.3 mm/year 

• Volcanic outcrop: 0.5% or 2.7 mm/year 

• Permian outcrop: 0.1% or 0.66 mm/year 

Werris Creek Coal Mine – Minor modification to project approval PA 10_0059 (Whitehaven Coal 2012) 

This minor modification proposes construction of an additional Void Water Dam within the project site.  The 
letter does not provide any information of relevance to this review. 

Proposed Modification to the Werris Creek Coal Mine, Groundwater Impact Assessment (Robert Carr & Associates 2009) 

Werris Creek Coal Mine modification 5 proposes the expansion of the area of the open cut coal mine plus 
associated civil works.  The project site is located to the south of the Werris Creek township and overlies the 
Gunnedah Basin. 

The groundwater assessment included revision and use of an existing groundwater model (built using Visual 
Modflow 3.1).  With regard to recharge Robert Carr & Associates (2009) states the recharge of 2 mm/year was 
applied to the majority of the model domain and represents approximately 0.5% of the annual rainfall.  Localised 
recharge of 9 mm/year was applied to the higher regions and represents 1.5% of the annual rainfall.  There is 
no obvious reason why higher recharge is required in this area to calibrate the model, but some increases could 
be attributed to the ephemeral drainage channels within the valley, a high permeability within the unsaturated 
zone, lower runoff sue to vegetation on the slopes or lower evapotranspiration resulting from a deeper water 
table in these areas.  An increased infiltration rate along Quipolly Creek alluvium was also introduced to 
represent the increased recharge that would occur in this area due to increased surface permeability and 
reduced surface gradients (page 1-28). 
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A figure of rainfall infiltration rates adopted in the model also provided (Figure 13). 

 
Figure 14: Rainfall infiltrate rates adopted in the calibrated model (Robert Carr & Associates 2009, Figure 9) 

 

Boggabri Coal Project, Appendix O – Groundwater Assessment (AGE 2010) 

The Boggabri Coal Project proposes the continuation of existing mining operations at Boggabri Coal for a 
further 21 years.  The project site is located 15 km north east of Boggabri and overlies the Gunnedah Basin. 

With regard to recharge AGE (2010) stated Groundwater recharge to the Permian formations is expected to be 
relatively low due to the steep slopes in the outcrop areas that shed runoff, in addition to the tree cover that 
intercepts rainfall.  Groundwater modelling undertaken by PB (2008) adopted a groundwater recharge of 
3mm/year (0.5% of average annual rainfall) for the Maules Creek Formation and up to 20mm/year in the ranges 
of the Leard State Forest. The creeks in the outcrop area do not have any permanent baseflow and therefore 
discharge from the Permian aquifer is expected to occur via direct discharge to the alluvial aquifer. 
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It is also understood that some NOW monitoring bores to the north of the Project in the Maules Creek area have 
groundwater levels in the alluvium higher than the groundwater level in the deeper underlying Permian, 
suggesting groundwater recharge from the alluvium into the underlying bedrock occurs in some areas (page 
24). 

The groundwater assessment included development and calibration of a groundwater model using MODFLOW 
SURFACT.  Recharge zones and rates adopted in the model were based on previous modelling studies by 
NOW and CSIRO as follows (AGE 2010, page 31): 

• Alluvial aquifer: 18 mm/year or 3% of annual rainfall 

• Slope wash zone: 90 mm/year or 15% of annual rainfall 

• Ephemeral creeks: 90 mm/year or 15% of annual rainfall 

• Bollol Creek headwaters: 150 mm/year or 25% of annual rainfall 

• Outcrop hill zones: 1 mm/year or 0.2% of annual rainfall 

With a figure of rainfall infiltration rates also provided (Figure 14). 
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Figure 15: Rainfall infiltrate rates adopted in the calibrated model (AGE 2010, drawing 8) 

 

Rocglen Mine Project, Groundwater Impact Assessment (RCA Australia 2007) 

This project proposes the development and operation of an open cut coal mine (Rocglen Mine).  The project site 
is located approximately 25 km north of Gunnedah and overlies the Gunnedah Basin. 

The groundwater impact assessment, which was peer reviewed by Coffee Geotechnics, included development 
and calibration of a groundwater model using Visual Modflow 3.1.  The model adopted recharge rates of 
1 mm/year in the valley (representing 0.15% of annual rainfall) and 4 mm/year on the slopes and across the 
saddle of the project site (representing 0.6% of annual rainfall). 
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A figure of rainfall infiltration rates was also provided (Figure 15). 

 
Figure 16: Rainfall infiltrate rates adopted in the calibrated model (RCA Australia 2007, Figure 17) 

 

Rocglen Mine Extension Project, Appendix R – Hydrogeological Assessment (Douglas Partners 2010) 

This project proposes the expansion of operations at Rocglen Mine.  The project site is located approximately 
25 km north of Gunnedah and overlies the Gunnedah Basin. 

With regard to recharge, the hydrogeological assessment (Douglas Partners 2010) stated hydrographs of 
groundwater levels…show that recharge of the groundwater system in the vicinity of Rocglen Mine is poor.  No 
significant groundwater level rises in response to rainfall events are apparent in any of the hydrographs…During 
the monitoring period, there have been a number of significant rainfall events which would be expected to result 
in groundwater recharge.  In particular, the periods September to November 2008 and December 2009 and 
January 2010 recorded above average rainfall…,yet groundwater level rises did not follow.  Poor groundwater 
recharge of the strata in the vicinity of Rocglen Mine is probably a function of low permeability, in addition to the 
general exceedance of evaporation over rainfall…(page 21). 
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The hydrogeological assessment involved reviewing and updating the groundwater model for the project 
(originally developed by RCA Australia 2007, see above).  As a part of the review, no changes were made to 
the simulated rainfall recharge rates. 

Narrabri Coal Project (Stage 1) – Environmental Assessment (R.W Corkery & Co 2007) 

The Narrabri Coal project (stage 1) proposes the development and operation of an underground coal mine.  The 
project site is located 30 km southeast of Narrabri and overlies the Gunnedah Basin. 

A specialist groundwater assessment report was prepared to accompany the Environmental Assessment, 
however it was not available from the NSW Major Projects website.  The overarching Environmental 
Assessment did not provide any information of relevance to this review. 

Narrabri Coal Project (Stage 2) – Hydrogeological Assessment (Aquaterra Consulting 2009) 

The Narrabri Coal project (stage 2) proposes the development and operation of longwall coal mining.  The 
project site is located 30 km southeast of Narrabri and overlies the Gunnedah Basin. 

The hydrogeological assessment included revisions that involved reviewing and updating the groundwater 
model for the project (originally developed for R.W Corkery & Co 2007, see above).  The model, developed 
using MODFLOW-SURFACT, defined six rainfall recharge zones: 

• Zone 1: 1.9% of annual rainfall 

• Zone 2: 1% of annual rainfall 

• Zone 3: 0.5% of annual rainfall 

• Zone 4: 1% of annual rainfall 

• Zone 5: 0.5% of annual rainfall 

• Zone 6: 0.5% of annual rainfall 

No map showing the distribution of these zones was provided. 

Invincible Mine Expansion Project 

This project proposes the expansion of open cut coal mining activities.  The project site is located 20 km north 
west of Lithgow and overlies the Sydney Basin.  An environmental assessment, including groundwater 
assessment, was undertaken for this project in 2008, however relevant documentation is not available from the 
NSW Major Projects website. 

Sunnyside Mine 

This project proposes the development and operation of an open cut coal mine.  The project site is located 15 
km west of Gunnedah and overlies the Gunnedah Basin.  An environmental assessment, including groundwater 
assessment, was undertaken for this project in 2008, however relevant documentation is not available from the 
NSW Major Projects website. 

Ivanhoe North Rehabilitation Project, Environmental Assessment (R.W Corkery & Co 2006) 

This project proposes the rehabilitation of an abandoned mine: Cullen Main West open cut mine, with some 
concurrent coal recovery activities.  The project site is located 3 km south of Cullen Bulleen and overlies the 
Sydney Basin.  An environmental assessment of the rehabilitation was undertaken (R.W Corkery & Co 2006), 
however due to the nature of the proposed activities, a detailed groundwater impact assessment was not 
performed.  
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Narrabri Gas Project (PEL238, PAL2 and PPL3) (EasternStar Gas 2011) 

The Narrabri Gas Project is a proposed Coal Seam Gas project located near Narrabri within the Eastern Porous 
Rock SDL resource unit.  EasternStar Gas (2011) reported that the project will involve a maximum of 550 well 
sets, drilled in a profile over time (20 years), extracting natural gas and water from deep coals (generally 500 to 
1200 m deep).  Although not specified, it is assumed the project will be targeting the Gunnedah-Oxley Basin.   

This document did not provide any information on groundwater recharge. 
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Appendix D. Groundwater monitoring bore hydrographs, Spring Ridge 
Management Zone 
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