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1.3.  CURRENT POLICY FRAMEWORK

A range of natural resource polices provide reasons for developing the salt transport models. These
include basinwide policies developed through the MDBC, and Statewide policies developed through
the NSW Government. The interrelationship of the key policies to this work are shown in Figure 1.1.

1.3.1. MDBC Integrated Catchment Management
Integrated Catchment Management (ICM) is the process by which MDBC seeks to meet its charter to:

“...promote and coordinate effective planning and management for the equitable,
efficient and sustainable use of the water, land and other environmental resources of the
Murray-Darling Basin.” (MDBC, 2001)

The ICM process requires that stakeholders consider the effect on all people within the catchment of
their decisions on how they use land, water and other environmental resources. The process uses
management systems and strategies to meet targets for water sharing and water quality. Two strategies
that fall under ICM are described in Section 1.3.2 and Section 1.3.3.

1.3.2. Murray-Darling Basin Ministerial Council Cap on water diversions

In 1997 the MDBMC implemented a cap on water diversions (“The Cap”) in the MDB. The Cap was
developed in response to continuing growth of water diversions and declining river health, and was the
first step towards striking a balance between consumptive and instream users in the Basin. The Cap
limits diversions to that which would have occurred under 1993/4 levels of:

e irrigation and infrastructure development;
e water sharing policy; and
e river operations and management.

1.3.3. Murray-Darling Basin Ministerial Council Basin Salinity Management Strategy

The MDBMC responded to the salinity problems predicted in the Salinity Audit with the Basin
Salinity Management Strategy (BSMS). The objectives of the strategy are:

maintain the water quality of the shared water resources of the Murray and Darling Rivers;
control the rise in salt loads in all tributaries of the basin;

control land degradation; and

maximise net benefits from salinity control across the Basin.

These BSMS is implementing nine elements of strategic action, including:

capacity building;

identify values and assets at risk;

setting salinity targets;

managing trade-offs;

salinity and catchment management plans,

redesigning farming systems;

targeting reforestation and vegetation management;

constructing salt interception works; and

ensuring Basin-wide accountability by monitoring, evaluating and reporting.

The last of these is particularly relevant to this work. The statutory requirements for the BSMS are
specified in Schedule C of the Murray-Darling Basin Agreement, replacing those parts that previously

4 | NSW Department of Water and Energy, April 2008
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referred to the 1988 SDS. The key parts of Schedule C that relate to the modelling work are discussed
in the following subsection.

1.3.3.1. Schedule C of the Murray-Darling Basin Agreement

Clauses 5(2), 5(3), 37(1) and 36(1)(a) of Schedule C dictate that the MDBC and the Contracting States
must prepare estimates of baseline conditions flow, salt load, and salinity for the benchmark period at
the end-of-valley target site for each of the major tributaries by 31 March 2004. These estimates must
be approved by a suitably qualified panel appointed by the MDBC.

The baseline conditions refers to the physical and management status of the catchment as of
1 January 2000, specifically:

land use (level of development in landscape);
water use (level of diversions from the rivers);
land and water management policies and practices;
river operation regimes;

salt interception schemes;

run-off generation and salt mobilisation; and
groundwater status and condition.

The benchmark climatic period refers to the 1 May 1975-30 April 2000 climate sequence; ie., rainfall
and potential evapotranspiration.

Part VIII of Schedule C refers specifically to models, and sets out the performance criteria for the
models. The models must be able to:

(1) Simulate under Baseline Conditions, the daily salinity, salt load and flow regime at
nominated sites for the Benchmark Climatic period.

(i) Predict the effect of all accountable Actions and delayed salinity impacts on salinity, salt
load and flow at each of these nominated sites for each of 2015, 2050, and 2100,

These model capabilities must be approved by a suitably qualified panel appointed by the MDBC.
There is specific prevision that the models are reviewed by the end of 2004, and at seven-yearly
intervals thereafter.

1.3.4. Catchment Action Plans

The NSW Government established the Catchment Management Boards Authorities in 2003, whose
key roles include developing Catchment Action Plans (CAPs), and managing incentive programs to
implement the plans. These are rolling three-year investment strategies and are updated annually.

The CAPs are based on defining investment priorities for natural resource management, and salinity is
one aspect that is considered where appropriate. Models can play an important role in identifying
where to target investment to achieve the best environmental benefit value for money which supports
prioritisation. Models also have a crucial role in monitoring, evaluation and reporting, if only because
they provide a means of separating the effects of the management signal from the dominant climate
signal. The models bring consistency and rigour to analysis of alternate management options, and help
comply with the Standard for Quality Natural Resource Management (NRC, 2005).

5 | NSW Department of Water and Energy, April 2008
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1.3.5. NSW Water Sharing Plans

The Water Management Act 2000 aims to provide better ways to equitably share and manage NSW’s
water resources. Water Sharing Plans are ten year plans that outline how water is to be shared between
the environment and water users. These plans cover both surface water and groundwater and both
inland and coastal areas and contain both rules for resource access and use.

1.3.6. NSW Salinity Strategy

In 2000, the NSW Government released the NSW Salinity Strategy. The Strategy brought together
previously divided approaches into one strategy revolving around salinity targets. The salinity targets
enable:

e Quantification of desirable salinity outcomes;

e Management of cumulative impacts of various actions at various sites

e Comparison of the environmental, economic and social benefits and costs for various
actions; and

e Choice of the most cost effective action to treat the problem.

The salinity targets were developed and recommended through the Catchment Management Boards.
To monitor the salinity targets and to assess the impacts of management options for land use changes
on these salinity targets, numerical modelling tools to estimate salt load wash off and salt load
transport became high priority. The modelling framework to meet these salinity strategies is described
in Section 1.4.

1.3.7. NSW Environmental Services Scheme

In 2002, the NSW Government launched the Environmental Services Scheme (ESS) seeking
expressions of interest from landholder groups. The aim was to identify the environmental benefits
that could be achieved by changed land use activity and to have them valued by the community. This
recognised that good farm management can slow the march of salinity, reduce acid sulfate soil and
improve water quality. The scheme provides financial support for some of these activities, and is one
of the actions under the NSW Salinity Strategy.

To judge the impacts of the proposed land use changes on end of valley and within valley salinity
targets has again put pressure on the need for numerical models that can simulate salt wash off
processes and salt transport processes.

1.3.8. CMA Incentive schemes

CMA incentive schemes are used as mechanisms for funding on ground works and measures. As with
the ESS, the aim is to buy environmental outcomes rather than output. Models are critical to
evaluating the expected outcomes from given outputs. Property Vegetation Plans (PVPs) are evaluated
with a Decision Support Tool which uses two salinity models. There is provision for incentive PVPs
as well as clearing PVPs and continuing use PVPs.

6 | NSW Department of Water and Energy, April 2008
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Integrated Catchment

Management
MDBMC Cap on MDBMC Basin Salinity
Basinwide diversions Management Strategy
. Catchment Action
Statewide Plans
Water Sharing Plans ! \ ! State Salinity Strategy

Figure 1.1. Relationship of Basinwide and Statewide policies and plans

14. DWE MODEL FRAMEWORK

NSW has developed a framework of models that link the surface water hydrology and salinity
processes to support salinity management. A range of processes are represented in models that vary
from the property scale to the basin scale. The scale of application of a model, in both spatial sense
and temporal sense, influences the model structure and detail. Aspects of natural processes that are
important at one scale may not matter at another.

Figure 1.2 shows the linkages between the surface water and salinity models, their application at
different scales and the desired outcomes of within valley and end of valley salinity targets.

1.4.1. Objectives of modelling

The primary objective of the modelling is to support the implementation of the CAPs. This requires
understanding and appropriate representation of the salt movement in and from the landscape to the
streams, and in the streams to the end of valley target locations.

Property scale modelling is required to support decisions on land use change and property investments
on-farm. This required modelling of the effect of land use on runoff, salt washoff, and recharge.
Decisions at this scale can directly impact on the landholder’s income.

Moving from the property scale to catchment and then to basin scale requires the dryland salinisation
processes to be modelled together with wash off and groundwater interaction to estimate the water and
salt flowing into the river system.

The objectives of the basin modelling are to be able to assess the end of valley salinity levels, and
evaluating the performance of salinity management scenarios. To achieve this objective salt needs to
be transported down the river, amalgamated with other catchment runoff and salt loads. It is also
necessary to deal with such issues as dams and major irrigation developments (eg., Murrumbidgee
Irrigation).

Model results for salinity need to be available in both concentrations and total salt loads to meet the
needs of the policies. Results for impacts of land use changes on streamflow (runoff yields) are also
necessary.

1.4.2. Modelling requirements
The modelling had the following requirements:
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Daily predictions

Applicable across different scales - local (site, property, farm), landscape, sub-catchment,
catchment and basin

Applicable for all NSW catchments
Model complexity consistent with available data

Link to tools to evaluate economics, social impacts, environmental services, cumulative impacts
Represent land use changes and consequent impacts
must be able to model water management independently

1.4.3. Strengths and Limitations

The following points detail some of the strengths and weakness of this model framework:

Only technology available consistent with salinity targets — These models are the best available at
present to meet the needs of the policy. As time progresses it is expected advancements with these
model will improve the model capabilities and output.

Complements adaptive management approach in NSW

State of the art modelling appropriate for the temporal and spatial scales required by State and
National policy

Integrates catchment and instream processes
Model uncertainty

Data gaps and data uncertainty

Error propagation

Spatial generalisation
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PROCESS / OUTCOME
Physical scale Model
Recharge
and runoff for
Property various land uses PERFECT
T T T
v 04
Catchment 2CSalt

Effects of land use change
scenarios on runoff and
delivery of salt to streams

— ]

<=

River Basin IQQM

Routing of flows and transport of salt along rivers or streams

Contribution of land use change scenarios to instream targets

Evaluate interactions between: (i) water sharing and river operation scenarios and
practices (Water Sharing Plans); and (ii) salinity targets

Figure 1.2. Applications and linkages of DECC and DWE models at different scales
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1.5. STAGED MODEL DEVELOPMENT

The work reported here was developed in logical stages as shown in Figure 1.3. The tasks in Stage 1
were done in parallel. The initial estimate of salinity behaviour in the river system was done in Stage 2
using the work done for the Salinity Audit (Beale et al., 1999) as the starting point. The results from
this task were evaluated in the second task of Stage 2. The first task in Stage 3 was done if the results
from the model evaluation were not satisfactory. The final task in model development is running the
scenarios. The tasks for all three stages are discussed in more detail in the following subsections.

Stage 1 Model quality Data audit
assurance
Stage 2 Model development Data and model
as Salinity Audit evaluation

‘

Model calibration
(if necessary)

'

Scenario runs

Stage 3

Figure 1.3. Stages of model development

1.5.1. Stage 1: Model QA and Data Audit

The existent IQQM that had been configured and calibrated for the Barwon Darling River system was
the starting point for the in-stream salinity model. The software Fortran 90 source code that simulates
the salt transport is relatively untested, and therefore there is the possibility that it contains errors. A
set of Quality Assurance (QA) tests was done on the software and tributary model to eliminate any
software related errors that could confound interpretation of the results.

Representative data is needed to develop and calibrate the model. Records of discrete and continuous
Electrical Conductivity (EC) data are stored on DWE data bases. This data was extracted, and an audit
of the spatial and temporal characteristics of this data was made. This data was also screened, and
some important characteristics analysed. The representativeness of the data was assessed further in
Stage 2.

1.5.2. Stage 2: Initial model development and data and model evaluation

This stage was subject to satisfactorily correcting software errors, and completing processing of
salinity data. A “first cut’ estimate of salinity was made based on the work done for the Salinity Audit,
and evaluated against the processed data. This stage tested the possibility that the prior work would
produce satisfactory results when converted to a different modelling environment, and would have had
the advantages of minimising to recalibrate the models, and also resulted in consistent outputs with
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those from the Salinity Audit. As these outputs were used to generate salt targets, this is a desirable
outcome. For this reason the similarities and differences between the results are analysed in some
depth in Appendix B.

The outputs required from the salt transport model are similar to those required for the Salinity Audit
‘current’ case as reported in Beale et al., 1999. There are two principal differences in the specifications
for the output.

(1) The Baseline Conditions: water sharing policies used to estimate diversions and
corresponding river flow were for the 1993/4 levels of development; whereas this work
uses 1 January 2000 conditions.

(i) Benchmark climatic period: was 1 January 1975-31 December 1995; whereas the current
benchmark period is 1 May 1975-30 April 2000.

(iii) Time step: monthly were needed for the Salinity Audit, whereas daily are needed for the
BSMS.

There are also important differences in the methods used:

(iv) Combining tributary flows and salt loads. The Salinity Audit was done using monthly
flows processed in EXCEL spreadsheets, whereas this work uses the 1QQM daily
simulation model.

(v) Salt balances: The checks to ensure tributary salt loads were consistent with observed data
in the mainstream was done using salt loads in the Salinity Audit, whereas this work will
be using resultant concentrations.

The results were evaluated by first evaluating how representative the data was, and also by comparing
model results with salinity observations at target locations to assess the model’s performance. The
model evaluation uses objective statistical methods, supported by interpretation and presentation of
time series graphs. The statistical methods express measures of confidence in: (i) the ability of the data
to represent the system behaviour; and (ii) with what levels of confidence do the model results
reproduce the data. These statistical measures were developed to reflect judgements made from
traditional visual interpretations of graphs of time series or exceedance plots of the results from
simulations compared against observations. The rationale behind this approach is to have a consistent
and rigorous way to assess and report results.

1.5.3. Stage 3: Model calibration and scenario modelling

Pending the results of the model evaluation, the inflows to the river system will be revised to better
match distributions of salinities at the evaluation points.

The model will then be adjusted to represent various conditions of the river valley. The adjustments
would be made to river management operations such as environmental flow rules, irrigation diversion
rules. The first scenario will be the Baseline Conditions model to represent the flow and salt loads that
represent catchment conditions as at 1 January 2000.
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2. The Barwon-Darling River System

2.1. PHYSICAL FEATURES OF THE CATCHMENT

2.1.1. General

The Barwon-Darling River is one of the major rivers of the Murray-Darling Basin (Figure 2.1). The
Barwon River is formed by the confluence of the Macintyre and Weir Rivers upstream of Mungindi
and flows south-west for 600 km to Wilcannia. It then passes through the Menindee Lakes before
flowing south to join the Murray River at Wentworth. Between Mungindi and Bourke, it receives
water from several major river basins (four of which are covered in Volumes 3 to 6 of this report) but
has virtually no catchment area of its own. The area drained by the Barwon-Darling River increases
from 49,470 km? at Mungindi to 132,200 km? at Walgett, 386,000 km? at Bourke and 569,800 km?
at Wilcannia. The area downstream of Wilcannia is not covered in this report as it is modelled by the
MDBC as part of the Murray River System model.

[ NSW Major Catchments
[ Barwon-Darling
[ Murray Darling Basin

300 0 300 600 Kilometres

Figure 2.1. Relationship of Barwon-Darling River catchment to Murray-Darling Basin
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There are no cities or large towns in the Barwon-Darling River; the largest towns are Cobar and
Bourke with populations of about 4,500 and 3,000 people respectively. There are several smaller
towns, such as Walgett, Brewarrina, Wilcannia, Collarenebri and Mungindi with populations of 500 to
2,000 people as well as a few settlements with less than 100 people (Figure 2.2).

N

# <100
# 100 - 2000
# >2,000

200 0 200 400 Kilometres

Figure 2.2. Cities and towns in Barwon-Darling River catchment

The Barwon-Darling River System can be considered as three regions or reaches, based on whether it
is principally a source region/reach of streamflow, or whether it is a region/reach of extraction or loss:

(vi) Barwon River from Mungindi to Walgett (source region/reach)
(vii) Barwon-Darling River from Walgett to Bourke (source & extraction region/reach)

(viii) Darling River from Bourke to Wilcannia (loss region/reach)

2.1.2. Stream network

2.1.2.1. Barwon River from Mungindi to Walgett

The Barwon River is formed by the confluence of the Macintyre and Weir Rivers, about 25 km north-
east of Mungindi. From Mungindi, it flows south-west through a broad floodplain for 150 km to
Walgett. Tributaries include: the Moonie River from Queensland; the Boomi River and Gil Gil Creek
from the Border Rivers catchment; the Gwydir and Mehi Rivers from the Gwydir catchment; and the
Namoi River and Pian Creek from the Namoi catchment. The Barwon River also receives water from
the effluent streams and extensive floodplain areas that characterise the lower reaches of these river
valleys.
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Only a small amount of irrigation, about 20% of the total for the system, occurs in this reach.

2.1.2.2. Barwon-Darling River from Walgett to Bourke

The Barwon River flows due west from Walgett to Bourke, a distance of about 200 km. It is at the
junction with the Culgoa River, just upstream of Bourke, that the Barwon becomes the Darling River.
Inflows in this reach include: the Castlereagh River, Marthaguy Creek, Macquarie River, Marra Creek
and Bogan River from the Macquarie catchment; and the Narran Lake outflow, Bokhara River and
Culgoa River from the Condamine-Balonne catchment. These catchments also have extensive
floodplain areas in their lower reaches, which contribute large volumes of water to the
Barwon-Darling River during floods.

Most of the irrigation diversions, nearly 65%, from the Barwon-Darling River occur in this reach.

2.1.2.3. Darling River from Bourke to Wilcannia

From Bourke, the Darling River flows south-west through a broad, flat floodplain for about 300 km to
Wilcannia. The lower half of the river has several lagoons and interconnected shallow depressions that
store large quantities of water during major floods (Rajendran and Sharma, 1995). Some of this water
returns to the river but much is lost through evaporation and seepage. Although the River is joined by
the Warrego and Paroo Rivers from the north and a sizeable residual catchment to the south-east, this
reach receives virtually no inflows in this reach. As the area is dry and flat and the watercourses ill-
defined and ephemeral. The area is so dry that Cobar, which lies 250 km to the south of Bourke and is
the largest town in the catchment, obtains its water from the Macquarie River system.

A small amount of water is diverted for irrigation in this reach but a much greater quantity is lost
through evaporation and seepage.

2.1.3. Hydrometeorology

2.1.3.1. Rainfall

Average annual rainfall in the Barwon-Darling River catchment ranges from about 500 mm in the east
to 260 mm in the west (Figure 2.3). The catchment receives most of its rainfall in the warmer part of
the year (Figure 2.4), peaking in the summer months of January and February. A residual mass curve
of the rainfall from 1890 to present (Figure 2.5) shows that:
o the first half of the nineteenth century had extended periods of lower than average rainfall,
¢ the third quarter had fairly average rainfall with alternating periods of higher and lower than
average rainfall, and
e the BSMS Benchmark Climatic period (ie the fourth quarter of the figure) has extended
periods of higher than average rainfall as well as short periods of drought such as 1979-
1980 and 1995-1996. Fuller details of the Benchmark Climatic period can be seen in the
detailed annual total rainfall at Bourke (Figure 2.6).
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Figure 2.3. Average annual rainfall in Barwon-Darling River catchment

Average monthly rainfall at Bourke (1890-2000)

Rainfall (mm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 2.4. Average monthly rainfall at Bourke 1890-2000.
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Residual mass curve of rainfall
at Bourke
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Figure 2.5. Residual mass curve of rainfall at Bourke

Annual rainfall at Bourke
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Figure 2.6. Annual rainfall at Bourke 1975-2000

2.1.3.2. Evaporation

Average Class A pan evaporation in the Barwon-Darling River catchment ranges from around
1800 mm/year in the south-east to well over 2000 mm/year in the north and west (Figure 2.7).
Evaporation is also strongly seasonal, varying from 2.3 mm/d during July at Bourke, to 10.2 mm/d
during January.
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Figure 2.7. Average annual Class A Pan evaporation in Barwon-Darling River catchment (1973-1995)

2.1.4. Groundwater interactions.

Groundwater interaction with river systems is discussed here as it may directly affect salt balance in
some reaches of the Barwon-Darling River. Salt from groundwater can enter the river system by two
pathways: (i) capillary rise from shallow water tables and mobilisation in surface runoff; or
(i) groundwater discharge directly into the river system. Similarly, salt can exit the river system when
recharging groundwater occurs.

Movement of groundwater into and out of a river system may have a minimal effect on the overall
water balance. However, groundwater is usually more saline, and small volumes of it may
significantly increase river salt loads and salinity.

The way in which surface and groundwater systems interact depends on the depth of the watertable
(Figure 2.8). Where the watertable is close to the base of the riverbed, the reach is hydraulically
connected and will gain or lose water according to the relative hydraulic heads of the two systems.
Disconnected reaches always lose water, with the rate of seepage limited by the hydraulic conductivity
of the riverbed.
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Figure 2.8. Types of river reach with respect to groundwater interaction
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(after Braaten and Gates, 2002)

Generally, whether a river section is hydraulically connected has a geographic distribution
(Figure 2.9). Most upland streams are hydraulically connected, receiving flow from fractured rock
aquifers. In the foothills of the ranges, narrow floodplains overlying bedrock and relatively high
rainfall produce shallow alluvial water tables and strong hydraulic connections between river and
aquifer. The direction of flux can vary over time. Water lost from the river during a flood or period of
high regulated flow will recharge the aquifer, which may then drain back to the river when the flow is
lower.

Typically, arid conditions, wide alluvial plains and deep groundwater in the lower parts of the valley
lead to long stretches of river which are hydraulically disconnected. According to Braaten and Gates
(2002), the Barwon River upstream of Walgett and the Darling River below Bourke are both
hydraulically disconnected. However, other studies have shown that the Darling River below Bourke
is affected by saline inflows from the regional groundwater system, particularly during periods of low
flow (Williams, 1993 and Woolley, 1997).
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Figure 2.9. Hydraulic connection between rivers and groundwater (after Braaten and Gates, 2002)

2.1.5. Land use

Land use in the Barwon-Darling River catchment is dominated by grazing (Figure 2.10). The small
area remaining is used mostly for forestry or nature conservation / minimal use with a tiny area of
irrigated crops along the Barwon River between Walgett and Bourke.
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Figure 2.10. Landuse in Barwon-Darling River catchment

2.2. WATER RESOURCE MANAGEMENT

Although many of the contributing river valleys are regulated, the Barwon-Darling River is an
unregulated system with no major storages. Weirs along the river provide sufficient depth for water to
be pumped out for irrigation and town water supplies but they are not large enough to play any
regulatory role.

As the Barwon-Darling River is unregulated, irrigation development is heavily dependent on large,
privately-owned, on-farm storages. Irrigation licences specify an annual volume and the river flow
thresholds above which water can be accessed for irrigation of crops and/or filling on-farm storages.

2.3.  SALINITY IN CATCHMENT

Salinity is a threat in the Barwon-Darling River System. However, all known dryland salinity areas
occur in the catchments of the contributing river basins (see Volumes 3 to 6 of this report) rather than
in the small catchment areas directly associated with the Barwon-Darling River.

Salt loads from the NSW contributing river basins of the Barwon-Darling Basin were estimated as part
of the Salinity Audit (Beale et al., 1999) and are shown in Table 2.1.
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