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Introduction

The Independent Expert Scientific Committee oal(Ream Gas and Large Coal Mining
Development (IESC) was established to provide advice to the Federal Minister for the Environment
on potential waterrelated impacts of coal seam gas (CSG) and large coal mining developments.

Bioregional assessments (BAg) ane of the key mechanisms to assist the IESC in developing this
advice so that it is based on best available science and independent expert knowledge.
Importantly, technical products from BAs are also expected to be made publicly available,
providing tre opportunity for all other interested parties, including community, industry and
government regulators, to draw from a single set of accessible informali@®A is a scientific
analysis, providing a baseline level of information on the ecology, hydrajegyogy and
hydrogeology of a bioregion with explicit assessment of the potential direct, indirect and
cumulative impacts of CSG and coal mining development on water resources.

The IESC has been involved in the developmeMathodology for bioregionadssessments of the
impacts of coal seam gas and coal mining development on water resdtiveé8A methodology;
Barrett et al., 2013) and has endorsed it. The BA methodology specifies how BAs should be
undertaken. Broadly, a BA comprises five componengtfity, as illustrated ifrigurel. Each BA

will be different, due in part to regional differences, but also in response to the availability of data,
information and fitfor-purpose models. Where differences occur, these amrded, judgments
exercised on what can be achieved, and an explicit record is made of the confidence in the
scientific advice produced from the BA.

The Bioregional Assessment Programme

The Bioregional Assessment Programme is a collaboration between gagtBent of the
Environment, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other technical
experts such agrom state governments or universitieare also drawn on as requireéor
example, atural resource management groups and catchmennhagement authoritiesdentify
assets that the community values by providing tis¢ of waterdependent assets, a key input.

The Technical Programme, part of the Bioregional Assessment Programme, will undertake BAs for
the following bioregions and subregs:

1 the Galilee, Cooper, Pedirka and Arckaringa subregions, within the Lake Eyre Basin bioregion

1 the MaranoaBalonneCondamine, Gwydir, Namoi and Central West subregions, within the
Northern Inland Catchments bioregion

1 the ClarenceMoreton bioregion
1 the Hunter and Gloucester subregions, within the Northern Sydney Basin bioregion

1 the HawkesbunNepean, Georges River and Wollongong Coast subregions, within the
Southern Sydney Basin bioregion

i the Gippsland Basin bioregion.
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Technical products (describedtime following section) will progressively be delivered throughout
the Programme.

Component 5: Outcome synthesis

1123|455

Water-
dependent
asset
register

19151824 e3Rd

Existing
data

Risk
treatment anaIYSis

Data from monitoring

Knowledge

Risk

& Communications
evaluation

[ Risk
assessment

Figurel Schematic diagram of the bioregional assessment methodology

The methodology comprises five components, each delivering information intbitregionalassessment and building on prior
components, thereby contributing to the accumulation of scientific knowledge. The risk identification and risk likelihood

components are conducted within a bioregional assessment and may contribute to risktéval risk assessment and risk
treatment undertaken externally

Technical products

The outputs of theBAsinclude a suite of technical products variously presenting information
about the ecologyhydrology, hydrogeology and geology of a bioregind thepotential direct,
indirect and cumulative impacts @SGnd coal mining developments on water resascboth
above and below groundmportantly, these technical productse publity available, providing
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the opportunity for all interested parties, inading community, industry and government
regulators, to draw from a single set of accessible information when conside8&nd large
coal mining developments in a particular area.

The information included in the technical products is specified the B#hadelogy.Figure2shows
the information flow within a BATablel lists the content provided in the technical products, with
crossreferences to the part of the BA methodology that specifies it. Theoxeds in bothFigure2
andTablel indicate the information presented for this technical product.

This technical product is delivered as a report (PDF). Additional material is also provided, as
specifiedby the BA methodology:

1 all unencumbered data syntheses and databases

1 unencumbered tools, model code, procedures, routines and algorithms

1 unencumbered forcing, boundary condition, parameter and initial condition datasets
1

the workflow, comprising a recordf all decision points along the pathway towards
completion of the BA, gaps in data and modelling capability, and provenance of data.

The PDF of this technical product, and the additional material, are available online at the following
website: dttp://www.bioregionalassessments.gov.au
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About this technical product
The following notes are relevant only for this technical product.

1 The context statemenis a collation of existing information and thus in some cases figures
are reproduced from other sources. These figures were not redrawn for consistency (with
NBaLSOG G2 wiz221 YR FTSStQ |a ¢Sttt a 02y S
foundin the source.

1 All reasonable efforts were made to provide all material under a Creative Commons
Attribution 3.0 Australia Licence.

1 All maps createas part of thiBAfor inclusion inthis product used the Albers equal area
projection with a central median of151° East for théNorthern Inland Catchments
bioregion andwo standard parallels af18.0° and;36.0°.

1.1 15
Context Current
statement water
accounts 2.3
1.3 1.4 Conceptual 41
Water-  —> Receptor —>RNNLLEIRE; 3.1 ™ Risk register
dependent — register causal Direct
SR pathway impacts
register 1.2
Coal and A4
—» coal seam 2.5 32
16 gas resource |, Water > Indirect +a
Data register assessment balance impacts  [> RSk
- Geography assessment identification
+ Geology 261 2.7
« Hydrogeology 2.1 s l‘f N Receptor
and GW L —» Observations , u tace impact 23
quality — analysis LD modellin :
+ W hydrology y numerical 9 | b cumulative
ans . .
i modelling impacts N 43
* SW-GW 22 26.2 Risk analysis
nteractions Statistical Groundwater | .
+ Ecology analysis and numerical Uncertal'nty
interpolation modelling analysis
24
Two- and
> three- Component 1: Contextual information
dimensional Component 2: Model-data analysis
visualisation

Component 3: Impact analysis

Component 4: Risk analysis

Figure2 The simple deision tree indicates the flow of information through a bioregional assessment
The red oval indicates the information covered in this report
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Tablel Technical reports being delivered as part of tiNorthern Inland Catchment8ioregional Assessment

For each subregion in tHéorthern Inland Catchmen®ioregional Assessment, technical products will be delivered as data,
summaries and reports (PDFs) as indicdted in the last ceumn of Tablel. Merged cells indicate that more than one product is
reported in one report. The red oval indicates the information covered in this report. A suite of other technical and coatioini
productsg such as maps, regiers and factsheets will also be developed through the bioregional assessments

Product [Information Section in the BA |Report
code methodology?
11 (Contextstatement ) 25.1.1,3.2 A
——— —_— -
1.2 Coal and coadeam gasesource assessment 25.1.2,33 A
O pone
otz 1.3 Description of the \ter-dependent asset registg2.5.1.3, 3.4 A
O atio O e
entral We 1.4 Description of the eceptor register 25.1.4,35 A
oreglio
1.5 Currentwater accounts and water quality 2.5.15 B
1.6 Description of the dta register 2.5.1.6
2.1 Observations analysis 2521 A
2.2 Statistical analyis and interpolation 2.5.2.2
2.3 Conceptual modelling 25.2.3,4.3 A
oMpone 24 Two- and threedimensional representations (4.2 c
Odel-Gala alld
or e e 25 Water balance assessment 2524 Ab
> preglo
2.6.1 Surface water numerical modelling 4.4 A
2.6.2 Groundwater numerical modelling 4.4 A
2.7 Receptor impact modelling 25.2.6,45 A
3.1 Direct impacts 5.2.1
O pOne
hact ana or EX4 Indirect impacts 5.2.2 A
SiAImirEl Wits 3.3 Cunulative impacts of mining 5.2.3
pregio
3.4 Baseline for other sectors 5.2.4
omponent 4 4.1 Risk register 254,53
N Bl > [Risk identification 254,53 A
bregio 4.3 Risk analysis 25.4,5.3
ompone 5.1 Synthesis of contextual information 255
.. '_ -. . - 5.2 Synthesis of modedata analysis 255
and Ca 11y(5.3 Synthesis of impactralysis 255 A
Bloregiona
ASse e 5.4 Synthesis of risk analysis 255

aBarrett et al. (2013)
bProduct 1.5 (Current water accounts and water quality) will be included in the report for product 2.5 (Water balance as#3essme
‘The two and threedimensional representatigawill be delivered in products such as 2.3, 2.6.1 and 2.6.2.
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1.1 Context statement for the

Central West subregion

The context statemermsummarises the current extenf @anowledge on the ecology, hydrology,
geology and hydrogeology of a bioregion. It provides baseline information that is relevant to
understanding the regional context of water resources within which coal andseaah gasnining
development is occurrindgnformation is collated that is relevant to interpret the impact analysis,
risk analysis and outcomes of the bioregional assessment.

The context statement includes materially relevant characteristics of a bioregion that are needed
to adequately interpret atput from ecological, surface water and groundwater datasets and
models, and from this develop improved knowledge of whallesystem functioning.

No new analysis or modelling is presented in the context statement; it is essentially a literature
review ofexisting information. Thus, some figures are reproduced from other sources and the look
and feel is not consistent with those produced in the Assessment. Likewise, results from different
sources may use different methods or inconsistent units.
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Component 1: Contextual information for ti@&entral West subregiol

1.1.1Bioregion

1.1.1  Bioregion

The Central West subregion is part of the Northern Inland Catchments biordggur€3). The
Northern Inland Catchments bioregion is located west of the Great Dividing Range in eastern
Australia. It includes p&s of the northern MurragDarling Basin in northerNSWand southern
Queensland. Parts of the northern MuriiYarling Basin that are not underlain by coal are not
included. The Northern Inland Catchments bioregaoijoins the Clarene®oreton bioregion in

the north-east, and the Northern Sydney Basin bioregion in the south. It covers an area of about
248,000 k.

The Central West subregion boundary was the same as the NSW Central West Catchment
Management Authority boundahpover the extent of the codbearing geological basin$he
north-eastern boundary approximately follows the boundary between the Namaoi river basin,
outside the subregion, and the Castlereagh river basin, inside the subregion (Figure 28). East to
west, the southern boundary follows thepaf the Great Dividing Range across the geological
Sydney Basin, then follows the southern extent of the geological Surat and Gunnedah basins. The
western boundary follows the extent of the geological Surat Basin (Figure 16).

1 The Central West Local Land Servicetargul the Central West Catchment Management Authority over the Central West subregion in January
2014. Local Land Services regions are generally collations of local government areas, whereas catchment managemerst\watkdsaiged on
surface water catements.
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1.1.1Bioregion
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Figure3 Northern Inland Catchments bioregion and subregions

Context statement for the Central Westtsegion| 9

uo1B6aigns 1S9\ [eJlusED)) 10} uonewoUl [en)xajuo) ;T Juauodwo)



Component 1: Contextual information for ti@&entral West subregiol

1.1.2Geography

1.1.2 Geography

Summary

The Central West subregion, of the Northern Inland Catchments bioregion, is located within
the MurraycDarling Basin (MDB) in central NSW. It spans an area of 4&?3&xending

from the plains around Dubbo across the lyng alluvial plains of the Macquarie and
Castlereagh river systems nostfest to the Barwon River floodplains. Maximum and
minimum elevations for the subregion itself are 1235 andr®HD in the Warrumimngle
Ranges and near Brewarrina, respectively.

The main rivers draining the subregion are the Macquarie, Castlereagh and Bogan rivers. The
headwaters of the Macquarie River, including the Cudgegong river basin and the Burrendong,
Ben Chifley and Windamedams that regulate river flows in the Macquarie river basin, lie

outside the subregion. The southern part of the Bogan river basin is also outside the

ddzo NBIAA2Yy d ¢ KS &dzo NB Zdepeniéhtiasset 2sdhg Matduatiy’ MaFsheS, | v
located towad the lower end of the river basin. There are very few wetlands in the

Castlereagh river basin, but woodlands and shallow wetland complexes occur on some of the
effluents in the lower river basin.

The dominant soils on the Upper Darling Plains and CdharsRare grey and brown Vertosols

and red Chromosols. The Vertosols are w#ilictured and have a good mix of pores for both
transmitting and storing water, so plant growth on these soils is typically very good relative to
other soil types and they areggaculturally very valuable. The main land and soil hazards in

the subregion are soil salinity and waterlogging, structural decline, carbon decline,

I OARAFAOIFIGA2Y YR GAYR SNRAAZ2Y D ¢KS YI22NA(e
risk of degadation under current land use and management is low (NSW DECCW, 2010a).
However soil acidification is widespread in the Dulibmonabarabran area (NSW OEH,

2013a).

The subregion has undergone significant modification of its land cover, with an estimated
62% of the land cleared of native vegetation. Much of the remnant vegetation occurs as a
large number of small, isolated patches on the less fertile and productive soils and a smaller
number of scattered larger reserved remnants. The 2010 State of trel@ant report for

the Macquarie, Castlereagh and Bogan rivasirs (NSW DECCW, 2010c) rated the vegetation
condition as fair and the pressures on land cover as moderate. The main pressures on
vegetation extent and condition come from dryland agriculturgensive uses and irrigated
agriculture and plantations have small, localised impacts around Dubbo and along the
Macquarie River between Dubbo and the Macquarie MarsN&V recognisesight

endangered ecological communitigsthe Central West subregipfive of which are listed as
endangered and one as critically endangedegr RS NJ (G KS / 2ENvwiénghenS | £ G K Q&
Protection and Biodiversity Conservation Act 1999

The subregion has a mean annual rainfall of 520 (1900 to 2011) and is characterised by
hot summers and mild winters.
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1.1.2Geography

Dubbo is the major population centre for the subregion with a population of about 40,000.
Coonabarabran, Coonamble, Gilgandra and Nyngan are smaller population centres within the
subregion. Approximately 30% of the employed comityautside of Dubbo works in the
agriculture sector (ABS, 2011). The gross value of agricultural production in the Central West
region in 2010 to 2011 was estimated at $1.37 billion. Regional tourism is also sigrifidant

the reported $1.13 billion in@11 is from a much larger area than the subregjmerhaps a

quarter to onethird of this could be attributed to the subregion.

dwo)

1.1.2.1 Physical geography

The Central West subregion of the Northern Inland Catchments bioregion is located within the
MurraycDarling Bisin (MDB) in central NSW. To the north, it is bounded by the Namoi subregion
and a small section dhe MaranoaBalonneCondamine subregion to the norlest. It abuts the
Hunter subregion to the easFigure3). The southern and western boundaries of gubregion
correspond to the aquifer extents of the Oxley Basin, Great Artesian Basin, Great Artesian Basin
Alluvial and Lower Macquarie Alluvium groundwater management areas, which is as far as the
coalbearing geology extends.

0} UoNeWL.IOUI [eNIXa1uo) T JUsauUo
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Component 1: Contextual information for tii&entral West subregiol

1.1.2Geography

Pilliga Plateau

Elevation (5n11AHD) I:I Central West subregion D Bioregion [l Waterbody Road 0 25 50

R
| 1
_— 113 Kilometres

Figure4 Topography of the Central West subregion, generated from three secdigital elevation model (DEM)

Sourcedata: 3 second Shuttle Radar Topography Mission (SRTM) derived elevation model (DEM) version 1.0 (Geoscience Australia,
2011a)

The Cental West subregion spans an area of 46,KB88. It extends from the plains around Dubbo
across the lowying alluvial plains of the Macquarie and Castlereagh river systems-westhto

the Barwon River floodplains. Maximum and minimum elevations for tibeegjion are 1235 and

95 mAHD in the Warrumbungle Ranges (east of Coonabarabran) and near Brewarrina, respectively
(Figured).

The Macquarie, Castlereagh and Bogan rivers are the main rivers draining the subfégion.
Talbragar River joins the Macquarie River just downstream of Dubbo and is also within the
subregion, including its headwaters around Coolah, west of the Hunter River divide. The
headwaters of the Macquarie River, including the Cudgegong river bagitharBurrendong, Ben
Chifley and Windamere dams that regulate river flows in the Macquarie river basin, lie outside the
subregion. The southern part of the Bogan river basin is also outside the subregion.
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1.1.2Geography

The Macquarie River is formed by the joiningled Campbell and Fish rivers that drain a high @)
plateau area near Oberon in the Great Dividing RaRggi(e4). The river flows northward %
through steep, confined valleys to Burrendong Dam upstream of WellingtonClilgegong River '8
also flows into Burrendong Dam. Downstream of the dam, the Macquarie River continues in a (:’D
north-west direction through Wellington, into the subregion near Dubbo and on to Narromine. It =
is joined by several major tributaries in this secti@eyond Narromine, a complex system of .
anabranches and distributary creeks connect the Macquarie, Darling and Bogan rivers. More det@
2y UKS adz2NFI OS KeRNRf23I& OFy 0S5 impdromytRatek v {Sc.;@
dependent asset is the Mgaarie Marshes, located toward the lower end of the subregion x
(Section 1.1.7Figure37). QCJ
The Castlereagh River rises in the Warrumbungle Ranges in the north of the subregion and flows%
east to Coonabarabran, then south to Binnaway, before sweeping armutie north-west where §
it enters the Macquarie River north of Carinda. It is unregulated and has no major storages. In its®

lower reaches, many smaller creeks combine with the Castlereagh to form an extensive floodplai
that carries water from the Castleagh to the Barwon River during floods. There are very few
wetlands in the Castlereagh river basin, but woodlands and shallow wetland complexes occur on
some of the effluents in the lower river basin.

Dubbo is the major population centre for the subregioithwa population of about 40,000.
Coonabarabran, Coonamble, Gilgandra, Narromine and Nyngan are smaller population centres
within the subregion. Approximately 30% of the employed community outside of Dubbo works in
the agriculture sector (ABS, 2011).

Thesubregion has a mean annual rainfall of 52 (1900 to 2011) and is characterised by hot
summers and mild winters (see Sectibi.2.3for more details).

1.1.2.1.1t K8aA23INI LIKAO NBIA2y4A

Physiographic regions are definbga suite of landforms which have evolved in response to a
specific combination of climate and geologic cont{dsnnings and Mabbutt, 1986). While the
mapping criteria relate to landform attributes, the resultant mapped units can be described in
terms d landform, underlying geology, regolith and soils (Pain et al., 2011).

The Central West subregion is dominated by the Upper Darling Plains physiographic region
(Figure5), which is characterised yanchingrivers incised into a regolith of predominantly

alluvial sediments (>50%) with minimal saprolite (<20%) (Pain et al., 2011). Saprolite refers to in
situ weathered rock, whereas alluvial sediments indicate depositional environments, where the
regolith comprisesransported sediments. To the east of Gilgandra and taking in the Talbragar
catchment is the Mitchell Slopes physiographic region. This is a transitional landscape from
tablelands, stepping down the slopes and breaking into detached hills. The regditmiisated

by highly weathered bedrock and residual materials with smaller areas of moderately weathered
bedrock. The Merriwa Plateau region around Coolah is characterised by rolling hills on a basalt
upland with sandstone cliffs. The regolith is moderategathered to highly weathered bedrock.
The dissected volcanic outcrops of the Warrumbungle Peaks near Coonabdi@ipnansmall
physiographic region with a sah-bedrock regolith (Pain et al., 2011).

Context statement for the Central West gelgion| 13

M [eNuaEDT 10} LB

D

uoibaligns 1s

[«=tN



Component 1: Contextual information for ti@entral West subregiol

1.1.2Geography

The shift from tableland and slopes regions to tleedplains of the Upper Darling Plains is
associated with a change in the dominant soil types and native vegetation commusées (
Sectionl1.1.2.1.2and Sectiorl.1.2.1.3.

Warren

[] Central West subregion Watercourse

0 25 50

Physiographic region I_K“omlm'
- Bathurst Tablelands - Gunnedah Lowland - Mitchell Slopes
- Charleville Tableland - Hawkesbury-Shoalhaven Plateaus [4] Nandewar Peaks

Cobar Plains - Hunter Valley - Nulty Springs Lowlands
~ Condobolin Plains [ Lightning Ridge Lowland ~ Riverine Plain
[ Cunningham Slopes [ Lower Darling Plain © Upper Darling Plains
- Goulburn Corridor - Merriwa Plateau - Warrumbungle Peaks

Figure5 Physiographic regions of the Central West subregion
As defined in Pain et al. (2011)
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1.1.2Geography

1.1.2.1.2 Soils and land capability

dwo)

The subregion comprises a wide range of soil typegufe6), but the dominant soils othe Upper
Darling Plains and Cobar Plains are grey and brown Vertosols and red Chromosols (Australian S
Classification systenisbell, 2002)Table2). The Vertosols are clay soils with shravkell

properties that exhibit stong cracking when dry. From an agricultural perspective, they are well
structured and have a good mix of pores for both transmitting and storing water, so plant growth
on these soils is typically very good relative to other soil types. Because Vertasbis aarked
under a very narrow range of moisture conditions, they are better suited to irrigated crops such a§
cotton, wheat, sorghum and rice than rafied crops. Chromosols exhibit a strong texture contrast
between the upper and lower horizons. They araong the most widespread soils used for
agriculture in Australia, particularly those with red subsoils (Isbell, 2002). A narrow belt of
Dermosols occur along the Macquarie channel, which have structured horizons at depth, but Iackg
strong texture contrasbetween upper and lower horizons. They can be hard to differentiate from 2.
Vertosols. Other significant soils in the subregion are Sodosols (soils with strong texture contrastS
between the upper soil horizons and the lower sodic horizons) and Ferrososh(geihg high free
iron and generally high clay content), both of which occur extensively in the Castlereagh and
Talbragar catchments, and Tenosols (soils with weak pedologic organisation apart from the uppe@

Y
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horizon) around Dubbo. Sodic soils have disprapnately high levels of sodium ions, which make ._%
them inherently unstable. They disperse readily in water and are, hence, highly erodible. They £
impede water infiltration, reduce water holding capacity, and ultimately limit plant growth. c%
Soil conditions the ability of soil to deliver a range of essential services, including habitat for soil g*
biota, nutrient cycling, water retention and primary production. In the most recent systematic 5
state wide assessment of NSW soil health, commenced in 2008 undsiS¥ENatural Resources é
Monitoring, Evaluation and Reporting Strategy 2€A@15 NSW DECCW, 2010d), soil condition on &
the Lower Darling Plains and Cobar Plains was assessed as generally good (that is, a small loss of

condition relative to a reference condin for a range of soil indicators), but on the Sodosols and

red Chromosols of the Mitchell Slopes, soil condition was generally assessed as fair (that is,
noticeable loss of soil function relative to a reference condition), with some indicators giving a

poor rating (NSW DECCW, 2010b). The main land and soil hazards in the subregion are soil salinity
and waterlogging, structural decline, carbon decline, acidification and wind erosion. Salinity

reflects an accumulation of salt in the soil or on the groundasg, with the potential to cause

profound terrestrial and aquatic ecosystem damage, including massive erosion. It is commonly
associated with waterlogging and sodic soils, and is a problem in the region around Dubbo and
towards Coonabarabran. Structuraaine and carbon decline are issues for the Lower Darling

Plains soils.

Land capability is the inherent physical capacity of the land to sustairdéongland uses and
management practices without degradation to soil, land, air and water resources @péntoung,
1981). The land and soil capability classification scheme takes account of limitations for
sustainable use arising from water erosion, wind erosion, salinity, topsoil acidification, shallow
soils/rockiness, soil structure decline, waterloggimgl amass movement (NSW OEH, 2012).

Figure7 shows land and soil capability classifications for the Central West subregion based on the
most limiting hazard. Much of the Upper Darling Plains is classed as landibrapsbility(asses

2 and 3. Class 2 indicates very good cropping land with fertile soils and short, low slopes.

Context statement for the Central West subregjoh5



Component 1: Contextual information for ti@&entral West subregiol

1.1.2Geography

Limitations can be managed with readily available, easy to implement management practices.
Class 3 is capable of supporting most land useisiore intensive management practices are

needed to avoid moderatseverity degradation from water erosion, wind erosion, soil

acidification, salirgation, structural decline and/or loss of organic carbon. In the Warrumbungle

and Liverpool ranges, land @soil capabilityfdasses 5, 6 and 7 are more extensive, reflecting the
steeper terrain. These lands can support a variety of low intensity land uses, such as grazing,
forestry and nature conservation. On the Vertosols in the west of the region, sighiéiczas of

Class 6 and 7 lands reflect vulnerability to wind erosion. Highly specialised management practices
can overcome some limitations to cropping on Class 5 land, but Classes 6 and 7 indicate low to
very low capability land, best suited to light grag, forestry and nature conservation (NSW OEH,
2012). In 2009, théormer Central West Catchment Management Authority and the former NSW
Department of Environment, Climate Change and Water assessed the extent to which land was
being used within capability the former Central Westatchment management areédn the

ddzo NBIA2y S GKS YIFI22NAGe 2F tFyR A& o0SAy3 dzaSR
under current land use and management is low (NSW DECCW, 2010a). However, acidification, the
trend towards increasingly acid soils, caused by inappropriate management prafarcesample

from overintensve use, allowing excessive leaching, overuse of nitrogen fertilisers and

insufficient use of lime) is widespread in the DubBoonabarabran age(DECWW, 2010a).

Table2 Soils, classified using Australian Soil Classification (Isbell, 2002)

ASC soil class Percentage of total

area of subregion
(%)

Vertosols 41%
Chromosols 27%
Sodosols 14%
Ferrosols 5%
Tenosols 4%
Kurosols 3%
Kandosols 3%
Dermosols 2%
Rudosols 1%
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Figure6 Soils classified using the Australian Soil Classification
Source data: National Soil Grids (ASRIS, 2011)

1.1.2Geography
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1.1.2Geography

Component 1: Contextual information for tii&entral West subregiol

Land capability classes [l 2 Slight but significant limitations """ 98 Rock or disturbed terrain 0 50 100
L 1 ]
K I 99 Water Kilometres
L4 [ sioregion
5
| | Subregion
 ©
-

- 8 Extreme limitations

Figure7 Land and soil capabiif
Sourcedata: Land and Soil Capability mapping of NSI8\WW OEf2013a)

1.1.2.1.3Land cover

Figure8 shows the land cover for the subregion in 2008, based on remotely séfrgmahce
Vegetation Index (EVilatafrom the Maderate Resolution Imaging Spectroradiometer (MODIS) on
the Terra and Aqua satellitésat are postprocessed to convert vegetation greenness to a land
cover type Geoscience Australi2011b). In the area upatchment of Dubbo, Gilgandra and
Coonabarabrarthere are extensive areas of open woodland and scattered trees among pasture
lands. In the north and west, cropping and pasture lands dominate, with areas of scattered to
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1.1.2Geography

sparse tree cover along distributary channels and in the Macquarie Marfabe3 summarises @)
the extents of different land cover types. %

g
The region has undergone significant modification of its land cover, with an estimated 62% of theS
land cleared of native vegetation. This has included reducing much of the twoadarge number o
of small, isolated remnants on the less fertile and productive soils, and a smaller number of N

scattered larger reserved remnants (CW CMA, 2013). Across the subregion, there is a trend of O

increasing native vegetation cover from sowtag tonorth-6 S& 4 o D2f Ry Se -Si | Ed3
VIEGABSQ | yoRI WYEE APBSXKIYRGQ | v R-sddd hatNSof 18R@ YA Y I @ S
0SU6SSY 5dz0062 YR bey3aryd WLyGl Ol yFiGABSQ @%3

extensive and dominant ithe north-west of the subregion (NSW DECCW, 2010c). There are
aATFotS GNYOGa 27F W hedsidf Dubbo ¢nd Gnithd B/&rurdbBrigl€ Ranges\ 2
around Coonabarabran, both of which are managed for conservation and not subject to severe
pressues.

B

Table3 Area and percentage of subregion for each land cover type in Central West subregion

=

=

Q

=

o

=)

o)

Land cover class Area Percentage of =

(km?) subregion (%) %’

Pasture and crops 23,436 50.1% =]

=

Treesc Sparse 14,672 31.4% QL

Treesg Open 5,580 11.9% (%

Tussock grasses 1,708 3.7% a

)

Treesc Scattered 705 1.5% g

=

Hummock grasses 247 0.5% 8

Shrubs 136 0.3% S
Treesc Closed 147 0.3%
Inland water bodies and wetlands 71 0.2%
Chenopods 27 0.1%
Sedges 4 0.0%
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Land cover (2011) 0 % 50
I inland water bodies I Trecs - Closed [ central West subregion [
Kilometres

Watercourse

- Rainfed Cropping - Trees - Open
D Rainfed Pasture |:] Trees - Scattered
- Tussock Grasses - Open :I Trees - Sparse

:] Hummock Grasses - Sparse

Figure8 Land coveiin the Central West subregion

Sourcedata: The national dynamic land cover dataset (Geoscience Aust2alld b)
The methods used to produce the land cover map are not very sensitive to use of irrigation water and irrigated land eovers ar
often mapped asain-fed covers. For irrigated land covers, the land use négue9) should be consulted.

The 2010 State of the Catchment report for the Macquarie, Castlereagh and Bogéavasirer

(NSW DECCW, 2010c) rated viegetation condition as fair and the pressures on land cover as
Y2RSNI iSd ! ONRPaa GKS NBIAZ2YyTX 2yfé w:r 2F flFyR
vegetation community structure, composition and regenerative capacity that is intact and has not
undergone significant perturbation from land use or land management practices. A further 25% of
flyR O20SNJ A& OflFaaATASR a4 WY2ZRAFTASRQI YSIyA
and regenerative capacity is intact, but the community hasnbeerturbed by land use and

management practices. The remaining 73% of the region comprises transformed and replaced
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land covers, which reflect varying degrees of modification that compromise the ability of the
native vegetation cover to recover or-gstablish. The main pressures on vegetation extent and
condition come from dryland agriculture and plantations (76%). Intensive uses (2%) and irrigate
agriculture and plantations (1%) have small, localised impacts around Dubbo and along the
Macquarie River bieveen Dubbo and the Macquarie Marshes.

Of the remnant vegetation, there are large areas of dry sclerophyll forest north of Dubbo

dominated by box, red gum and ironbark trees with a-sahopy of cypress pine. These forests
are a southern extension of thellRya scrub community that have formed on alluvial sediments
washed out from the surrounding sandstone ranges. The lower part of the Macquarie river basin 8
dominated by riverine and floodplain woodlands with river red gum trees along the watercourses Q_—J_
and black box trees dominant on the floodplain (Green et al., 2011).

X21U07) :T Juauocdwon

The subregion boasts the Macquarie Marshes, which span an area of 2600 flmodplain
between Marebone Weir and Carinda in the newtlest of the subregion. Owing to their size,
diversity of wetland types, extent of wetland communities and lasgale colonial waterbird
breeding events, they are nationally and internationally important. The southern marshes consist
of a series of individual wetland systems, including Back, Buckiingukeylamd Monkeygar

swamps and Mole Marsh. The northern marshes consist of extensive areas of common reed and
river red gum woodlands (CSIRO, 2008). The Ramsar listed part of the Marshes coverkal 9,850
and includes the Macquarie Marshes Nature Reservetplosaadditional areas of private property
land (NSW OEH, 2013b).

U]} 10} uonewoju

Eight endangered ecological communities, listed undeMB&V Threatened Species Conservation
Act 1995 occur within this subregion. On 13 August 2013, the wetlands and inner floodplains of
the Macquarie Marshes were listed by the Commonwealth undeEifMronment Protection and
Biodiversity Conservatiokct 1999 EPBC Act) as critically endangered. The EPBC Act also protect
the critically endangered natural grasslands on basalt andtérieired alluvial plains of northern
NSW and southern Queensland that occur in the subregion. More information on the ecology of
the subregion can be found in Section 1.1.7.

Baiqns 1So/\ el
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1.1.2.2 Human geography
1.1.2.2.1 Population

It is difficult to put an exact figure on the populatiohtbe Central West subregion as the area

does not align well with the more usual reporting areagef basinslocal government areas

(LGA), statistical local areas, etc.). The subregion contains significant parts of the Bogan,
Coonamble, Dubbo, GilgarajrNarromine, Walgett, Warren and Warrumbungle LGAs, with small
segments of Wellington, Parkes, Lachlan,-Midstern Regional, Upper Hunter and Brewarrina

LGAs. The 2011 Population Census for the eight larger LGASs gives a combined population almost
79,000people, of whom 51% (40,500) live in the Dubbo LGA. Coonabarabran (2575), Narromine
(3790), Coonamble (2445), Gilgandra (2665) and Warren (1525) urban centre localities (ABS, 2011)
account for another 9200 (12%). The population density varies from 1ts8ms&kn? (Dubbo

LGA) to 0.2 persons/khiBogan and Walgett LGAS).
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In the Australian Bureau of Statistics (ABS, 2011) census, 12 to 14% of the population in the
Dubbo, Gilgandra, Warren and Bogan LGAs indicated they were of Indigenous origin, witthya sligh
lower proportion (9%) in the Warrumbungle LGA. In Narromine, Walgett and Coonambile,
Indigenous people comprise 20%, 28% and 30% of the population, respectively.

Results of a survey of economic sustainability and social wellbeing in the Macquariere2gsil

and Bogan rivebasirs, taken as part of the NSW State of the Catchments reporting (NSW DECCW,
2010e), showed that economic sustainability and social wellbeangacross the region.

Respondents considered regional centres and the upper catchrtteatti§, outside of the

subregion) to be faring well, whiladigenous communities were faring less well. There were
concerns about the declining number of people in commercial agriculture (10% decline in
employment between 1996 and 2006), the rising cagttarm inputs and reduced farm incomes

and rural subdivisions impinging on agricultural land. Mining was seen as beneficial for the local
economy, butcreatesgreater competition for water and farm labour.

1.1.2.2.2 Economic activity

Approximately 32,450 people @employed in the eight main LGAs in the Central West subregion.
Table4 summarises the main sectors of employment for the subregion (based on national regional
profile data by LGA (ABS, 20115%of the employed population work agriculture, although if
Dubbo town is excluded from the statistic, it is closer to 30% across the subregion. In Dubbo,
health care and social services, retail, education and training and public administration and safety
account for 44% of employmenthese sectors account for 36% of employed people in the wider
area. Mining accounts for 1.4% of regional employment.

The gross value of agricultural production in the Central West region in 2@@ltbwas
estimated at $1.37 billion, of which $117 nailli (8.5%) was from cotton, $555 million (40.5%)
from cereal and legume crops and $513 million (37%) from livestock products and $67 @#ipn
from oil seeds (ABS, 2012).

Regional tourism figures for the Central West region (DNSW, 2013) report that2nviXitors to

the region brought in $136billion. The reporting region for this figure is considerably wider than
the subregion and includes Lachlan river basin and the Upper Macquarie catchment, in which
towns like Bathurst, Orange, Mudgee and Cowralldacommand a significant proportion of that
revenue. For the four years to September 2011, the Dubbo LGA averaged $175 million/year from
visitors, Warrumbungle LGA averaged $36 million, Walgett LGA $30 million, and Gilgandra LGA
$11 million (DNSW, 2013).

2The ABS Census defines a category of employment as Agriculture, forestry and fishing. It is assumed that in the Cesuiivaé§imstforestry
and fishing are not significant in this statistic.
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S
Table4 Employment profile for the Central West subregion, expressed by sector as percentage employed. Data are _g
from the National Regional Profile 2007 to 2011 g
Industry Dubbo LGA | Other LGAs Combined (DD
% % % ;
Arts and recreation seives 1.6% 1.0% 1.3% @)
Accommodation and food services 7.3% 5.5% 6.6% %
Administrative and support services 2.5% 1.9% 2.2% 2
Agriculture, forestry and fishing 3.3% 29.6% 15.0% QC_J
Construction 7.4% 4.7% 6.3% §h
Education and training 9.3% 9.3% 9.4% %
Electricity, ga, water and waste services 1.5% 1.4% 1.5% g
Financial and insurance services 2.4% 0.9% 1.8% %
Health care and social assistance 14.8% 11.3% 13.4% %
Information media and telecommunications 1.1% 0.4% 0.8% @
Manufacturing 6.8% 2.9% 5.2% =
Mining 0.9% 1.9% 1.4% =
Professional, scientific and technical service 4.3% 2.6% 3.6% %
Public administration and safety 7.5% 7.0% 7.3% ;
Rental, hiring and real estate services 1.4% 0.5% 1.0% %
Retail trade 12.5% 8.7% 11.0% (g_
Transport, postal and warehousing 4.9% 4.4% 4.7% g
Wholesle trade 4.1% 2.8% 3.5%
Other services 4.7% 3.1% 4.1%

Source: ABS (2014)
¢KS AAE WhiKSND t20Ff 32@SNYYSyd | NBL&a o[D!'aov FINB .23lys [ 22

1.1.2.2.3Land use

Land use in the subregion is dominated by extensgrécalture with 63% of the subregion area

used for grazing on natural and modified lands and 23% for cropping. Forestry, conservation and
other natural environments account for about 10% of the subregion area. While economically
important, irrigated croppig covers only 2% of the valley. Cotton is the main irrigated crop, but
wheat and cereals, fodder and pasture, lucerne, oilseeds and vegetables are also Tableb.
summarises land use in the subregion.

Three lad use zones can be distinguishedrigure9. In the northwest, around the Macquarie
Marshes, grazing on natural vegetation dominates production systems. Through the central
subregion, grazing on modified pastsrand cropping systems intermingle, with grazing on
modified pastures becoming more dominant in the east and around Nyngan. In the eastern third,
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grazing on modified pasture lands predominates, but with extensive areas of minimal use lands.
North-east of ibbo and south of Gilgandra there are sizable areas of production forestry, as well
as northeast of Coonamble on the border with the Namoi subregion. The Macquarie Marshes,
Warrumbungle Ranges and a small belt of land in the upper Talbragar catchmdre hiamoi

Hunter divide are used for nature conservation. The lands around Dubbo are a focus for intensive
land uses.
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[ central West subregion

Catchment scale land use (2012)
1 Conservation and Natural Environments
- Nature conservation

- Other protected areas

- Other minimal use

2 Production from Relatively Natural Environments
:I Grazing natural vegetation
- Production forestry

S5 T
J P
MV‘M&%

Watercourse

3 Production from Dryland Agriculture and Plantations

|:| Plantation forestry
- Grazing modified pastures
I:l Dryland cropping

- Dryland horticulture
4 Production from Irrigated Agriculture and Plantations

- Irrigated plantation forestry
- Grazing irrigated modified pastures

E Irrigated cropping

- Irrigated horticulture

Figure9 Land use in the Central West subregion
Sourcedata: Catchment scale land use mapping for Australidaip November 2012ABARER012)
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5 Intensive Use
- Intensive horticulture

I: Intensive animal production
- Urban and intensive uses

- Rural residential
I Wining and waste

6 Water

- Water
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Table5 Land use areas in the Central West subregion

Land Use Area Percentage
(kn?)

Grazing modified pastures 21321.8 45.6%
Cropping 9,896.6 21.2%
Grazing natural vegetation 7,898.1 16.9%
Conegrvation and natural environments 3,381.9 7.2%
Production forestry 1,245.0 2.7%
Irrigated cropping 946.2 2.0%
Residential, manufacturing, utilities, transport, service: 767.8 1.6%
Water 698.5 1.5%
Land in transition 473.7 1.0%
Plantation forestry 493 0.1%
Grazing irrigated modified pastures 34.0 0.1%
Mining 9.0 0.0%
Irrigated horticulture 8.2 0.0%
Intensive production 3.9 0.0%
Horticulture 0.5 0.0%

Source: ABARES (2012)

In late 2012, the NSW Government introduced its Strategic Regional Lariblitsetoprotect

valuable residential and agricultural land across the State from the impacts of minirepand

seamgas activity(NSW Government, 2014). Information was releaisedanuary 2014, identifying

the areas of Biophysical Strategic Agricudturandg land of high quality soil and water resources
capable of supporting high levels of agricultural producti@cross NSW, which are deemed
ySOSaal N (2 &adzZlIR2 NI GKS adl iSQa bPmu 0AftAZ2Y
exclusion anes were also identified={gurel0).
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Namoi River
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CEN-112-017

CSG exclusion zones [ central West subregion | | Biophysical strategic agricultural land

I | Residential || Viticulture D Bioregion Watercourse 0 25 50
S I

I:l Future residential I:l Equine Kilometres

Figure10 Coal seam gas exclusion zorieghe Central West subregion
Source data: Strategic Agricultural Lands (NSW Government, 2013)

1.1.2.2.4Indigenous heritage

The Macgarie river basin formed part of the lands originally occupied by the Wiradjuri, Wailwan,
Wongaibon and Ngemba Aboriginal nations. The name Wiradjuri means ‘people of the three
rivers' and refers to the Macquarie, Lachlan and Murrumbidgee rivers, whioh thermprimary

source of food for the Wiradjuri people. The Wailwan people inteattive area between

Gilgandra and Brewarrina, centred around the town of Warren and including the Macquarie
Marshes. The Wongaibon people occupied lands to the west of Nyingha west of the

subregion.

Terramungamine Aboriginal Place, near Dubbo, is the only Indigenous burial ground listed under
section 86(4) of th&lSW National Parks and Wildlife Act 1gR¥PW Act), which protects listed
sites from harm or desecration. Tlaeea is covered by the Terramungamine Indigenous Land Use
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Agreement and is managed by Dubbo City Council. Scarred trees, grinding groves, Indigenous
burials and other Indigenous objects can be found there. There are other significant Indigenous
sites neaNarromine, northwest of Nyngan and nortkast of Coonabarabran, that are located
outside the subregion.

1.1.2.3 Climate

The climate of the subregion is characterised by hot, dry summers and cool winters. Maximum
temperatures average 32 to 3€ through the sumnreand 16 to 18C through the winter, while
minimum temperatures are typically about 17 to 4@ in summer and 5 °C through winter

(Figurell). Using the Képpen climate classification, the navist is classed dwot and

persistently dry. There is a narrow subtropical belt with no dry season through the centre of the
subregion (Nyngan to Coonamble), and in the south and east the climate is temperate with no dry
season and hot summers.

The mean annual rainfall of ¢hsubregion is 506hm. Across the subregion, it ranges from
1070mm/year in the Warrumbungle Ranges to 4#@/year in the northwest. Higher mean
rainfallalso occusin the hills east of Coolah. At Dubbo, mean rainfall isrfai8year and at

Nyngan in thevest it is 450nm/year (Figurel3). The headwaters of the Macquarie River have
been included irFigurel3to show rainfall in the higher runoff yielding areas of the swefaater
basin.Figurel2 shows the annual time series of rainfall from 1900 to 2011 for the subregion. The
annual mean for this period is 520m, but it can be seen that there is considerable variability

with a low of 260mmin 1902 during the federation drought and a maximum of 116 in 1950.

The orange line shows the low frequency trend for the record. The years between 1900 and 1946
were on average drier (458m/year) than the latter half of the 20th century (565m/year). The
millennium drought is weakly evident in the subregion with the rainfall mean oid®0year for

2002 to 2009 being 3tim/year less than for the full record. Rainfall is sumrmeminant, varying
from 175mm (60 mm/month) for the December to February peridd 115mm (40 mm/month)
between June and Augudtifurell).

(a) (b)
300 40
E 250 35
£ ~ 30
> \
Z 200 % o5
= —
g 150 3 20
©
§ 100 g 15
= £ 10
50 w = 5
Ol 1 1 1 1 1 1 1 1 1 1 J Ol 1 1 1 1 1 1 1 1 1 1 J
J FMAMUJJ A S OND J FMAMUJ J A S ON D
e RAINTAI|  e— PET e V|| cm—\]aX

Figurell Mean monthly rainfall and potential evapotranspiration (a) and mean monthly maximum and minimum
temperatures (b) over the subregion

Source data: derived from (i) Mean monthly and mean annual rainfall data (BoM, 2013a) and (ii) Mean monthly and mean annual
maximum, minimum and mean temperature data (Bureau of Meteorology, 2013b)
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Potential evapotranspiratin (PET) was calculated on a daily time step using the Penman method
with a wind spline for the period 1981 to 2012. The spatial pattern of mean annual PET for this
period is shown irrigurel4, including the headaters of the Macquarie River which are outside
the subregion. Mean annual PET ranges from 1640in the southeast around Coolah to

2150mm in the northwest and east of Coonamble. Higher rates occur to the west of the
subregion and lower rates in the lnigr elevation, higher rainfall areas to the sotghst. Mean
monthly PET ranges from &min June to 270nmin December and January, reflecting the
annual temperature patternKigurell). On average, potential eparation is limited by water
availability throughout the yeaifgurell), so actual ET rates are not as high as the potential.
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Figurel2 Annual rainfall averaged over the Central Westtgegion for 1900 to 2011. The orange line shows the low
frequency variability
Source dataBureau of Meteorology2012)
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Figurel3Mean annual rainfall distribution
Source data: Bureau of Meteorology (2013c)
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Figurel4 Mean annual potential evapotranspiration distribution
Source dataBureau of Meteorology (2014)

In a recent report by the South Eastern Australdimate Initiative (SEACI) (CSIRO, 2010), the
significance of the period from 1997 to 200@svassessed relative to other recorded droughts
since 1900 and as an indicator of what the future climate might look like. While it was found that
this period was the driest in the 110+ year record for the sezdaltern corner of Australia with
rainfall 5to 30% less than the 1895 to 2008 mean, in the Central West subregion, the rainfall was
either within 5% (southern margins of subregion) or 5 to 20% greater (north and western
subregion) than the longerm mean. However, modelled stienflow was estimateda be

5to 30% lower in those areas where rainfall showed little change from thetkenmg mean and

5to 50% greater for the more northerly areas where the 1997 to 2009 rainfall was above the long
term mean. In general, analysis has shown that the impadt@amflow of a small percentage
change in rainfall is enhanced with a 5% reductiome@anrainfall leading to a 10 to 15%
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