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Executive summary
The construction of major dams and weirs and regulation of the Murrumbidgee River and its
tributaries over the past hundred years has supported the development of diverse and
prosperous irrigated agricultural industries on which many of the communities in the
Murrumbidgee valley depend.
However, the growth and prosperity of agriculture and rural communities has had an impact on
the environment, with a reduction in the frequency, height and duration of flows linking important
floodplain environments with the rivers and creek systems that support them.
The Murrumbidgee Constraints Management Strategy (CMS) aims to reinstate the passage of a
modest pattern of environmental flows and optimise the environmental benefit gained from flow
events that will reconnect rivers and floodplain environments.
There is currently a range of river based constraints which prevent the passage of higher
environmental flows through the Murray-Darling Basin. Relaxing these constraints to allow flows
to reach the lower levels of floodplains will produce environmental benefits and reduce the
volume of water that needs to be recovered from irrigated agriculture. However, higher managed
flows will cause access and commercial impacts for adjoining farms, businesses and public
infrastructure, which must be mitigated if relaxation of constraints is to proceed.
The NSW Department of Primary Industry – Water is the project proponent for the CMS in the
Murrumbidgee valley.
The NSW Government approach to constraints management is aimed very firmly at achieving
not just positive environmental outcomes, but ensuring economic and socio-economic benefits
for farming businesses and communities as well.
The valley supports nationally and internationally significant ecological systems as well as
extensive areas of irrigated and dryland agricultural production, on which the economy of the
region depends. There is a range of flow constraints within the reach, with the main operational
constraint being an upper regulated flow of 30,000ML/day at Gundagai.
The CMS proposal aims to produce environmental, social and socio-economic benefits for the
Murrumbidgee valley, and proposes releasing managed environmental flows at levels that are
safe and have no unacceptable third party impacts. Relaxing flow constraints will allow for higher
flowrates and provide more flexibility managing environmental flow events to target optimal
environmental water delivery outcomes, with existing environmental water under the water
sharing arrangements.
This concept proposal proposes to increase the regulated flow limit of environmental water
releases in the Murrumbidgee River up to 40,000 ML/day at Wagga Wagga. This is 6.3 metres
depth at the Wagga Wagga gauge.1 A flow of this size would not be unusual to people who have
been living next to the river for some time. On average flows of this size already occur about five
times every 10 years.
Flows would be delivered from Blowering and Burrunjuck dams during tributary flow events to
take advantage of natural flow triggers and reduce the need for the release of additional
environmental water. It is not proposed to exceed the current flow constraint of 9,300 ML/day in
the Tumut River at Tumut.

1
The maximum target flow is below the minor flood level at Wagga Wagga of 7.3 metres, which is 50,000 ML/day. It is not
comparable to recent floods - the March 2012 flood peaked at 313,000 ML/day, which is 10.6 metres at the Wagga gauge. The
December 2011 flood peaked at 145,000 ML/day, which is 9.7 metres.
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It is proposed to target an environmental flow of up to 40,000 ML/day at Wagga Wagga for up to
a 3 day period followed by a natural recession (about 10% drop per day), with these flow events
occurring in the winter and spring period, if water is available.
In terms of the frequency of this type of environmental flow event, restoring flows of this
magnitude at Wagga Wagga would have significant benefits at a rate of three to four flows every
ten years.
The Murrumbidgee valley environmental flow requirements will be considered within the broader
Murray and Lower Murray Darling system requirements. A clearer program of future managed
environmental flow scenarios will be developed by the Office of Environment and Heritage as
part of the Environmental Watering Plans.
Under the Murray Darling Basin Plan, there is an opportunity in mid-2017 to adjust the
Sustainable Diversion Limit (SDL) for consumptive use upwards and reduce the amount of water
recovery required for the environment, if more efficient environmental water management and
use can be implemented.
The NSW Government has made a commitment to achieving triple bottom line outcomes in the
implementation of the Basin Plan. A key aspect of this is retaining as much water as possible
within commercial agriculture and finding more efficient ways to manage and deliver water to
achieve environmental benefits.
Constraints management has the potential to achieve greater environmental outcomes using
less water because it facilitates reconnection of floodplain environments more often and to a
greater degree than under current conditions. In this context constraints management
constitutes a “supply” measure under the SDL Adjustment process. Supply measures have the
potential to reduce the volume of environmental water required to achieve an equivalent
environmental outcome with managed environmental flow releases. If it proceeds, the NSW
Government has proposed that the Murrumbidgee valley project will form part of the SDL
Adjustment package supported by state jurisdictions.
A program of community engagement and consultation has been running since 2013 under the
MDBA. In mid-2015, DPI Water commenced the next stage of community engagement process
with the aim of developing and implementing constraints management options in a way that
gives careful consideration to landholder and community concerns and develops mitigation
strategies that meet the needs of floodplain businesses.
A significant volume of information outlining landholders’, Local Councils’ and business owners’
concerns regarding higher, more frequent environmental flows has been generated. Key issues
relate to commercial losses, land access, loss of productivity and increased business risks
caused by higher flow events. The NSW Government has committed that no relaxation of flow
constraints may proceed unless acceptable mitigation measures are in place.
Studies commissioned by the MDBA have assessed the impacts of relaxing constraints, and
increasing the height and duration of managed environmental flows. Though this initial work has
limitations, it has enabled potential mitigation measures to be identified and indicative costs of
implementation to be calculated at a catchment scale. Most studies of impact and mitigation cost
relied on desk top assessments and remote imaging, and there has been limited in-field
verification. The NSW Government has reviewed some of the studies of mitigation costs that
relate to farming businesses and included additional cost contingencies in this concept proposal
to account for any uncertainties in the data. Further investigations into the impact and cost of
mitigation to agricultural businesses will be undertaken between July and November 2016 to
ensure that information is accurate and applicable to on the ground issues and impacts from
constraints relaxation.
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As a further contingency for costing purposes, cost estimates for mitigation at a level of 45,000
ML/day at Wagga Wagga are nominated as the basis for the budget at this project concept
stage. This level of cost contingency has been adopted by DPI Water as it is deemed to provide
an acceptable level of protection for riparian landholders, within a defensible cost range.
A separate SDL Adjustment business case has been developed and is currently being
considered by the Commonwealth in regards to managing flows into the Yanco Creek, allowing
more flow to continue down the Murrumbidgee River for high flow events. Under these
conditions, a flow of 38,500 ML/day at Wagga Wagga would achieve similar results below the
Yanco Creek offtake as a flow of 40,000 ML/day at Wagga Wagga without the proposed Yanco
regulator.
If the Yanco regulator SDL adjustment proposal proceeds, there is an opportunity to reconsider
the target flow rate at Wagga Wagga and revise it downwards to 38,500 ML/day, reducing
impacts and costs by $2 million.
If the Murrumbidgee River Constraints Management Project forms part of the final SDL
Adjustment package, detailed project planning and design will continue from early 2017. One of
the first tasks would be to commence detailed, property by property assessments of the impacts
and changes to inundation patterns – safety, timing, height, frequency and duration. Landholders
would be involved in every step of this detailed design phase, which will inform three things –
risk management, impact mitigation and associated costs, and compensation payable to
landholders.
Regardless of the form of agreement made with landholders (event-based payments,
infrastructure, easements or other form of landholder agreement) standard compensation
considerations, that are consistent with just-terms compensation provisions in NSW legislation,
would apply. They are:
1. Deprivation of possession of the land’s surface.
2. Diminution of the land’s value.
3. Restrictions on use that may be made of the land or any improvements on it.
4. Temporary severance of land.
5. Additional costs, damages and losses arising from inundation.
There is an overriding commitment to working with riparian landholders and local communities in
the selection and adoption of mitigation measures, and the development of policies and
protocols to guide implementation. A compensation mechanism that is flexible, tailored to the
needs of individual businesses, equitable, fair and provides value for money for both
governments and stakeholders will be developed based on property-by-property assessments.
Some mitigation strategies may also deliver some benefits to landholders and local
communities.
The most significant risks to achieving the commercial, environmental and socio-economic
objectives of the Murrumbidgee River Constraints Management Project relate to inadequate
mitigation of, and compensation for, commercial impacts of inundation. The design and
development of fair and commercial mitigation and compensation strategies will go much of the
way to achieving a low residual project risk, and build confidence in the process and approach
adopted by the NSW Government, with affected landholders and communities.
The implementation of works and infrastructure on private and public lands, and the finalisation
of legal agreements with landholders and riparian business owners regarding easements or
alternative offset arrangements will only commence once all outstanding policies and protocols
are in place and agreed to, and detailed design and costings have been established.
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It is expected that project planning and design will continue through early 2017 with further
investigation into mitigation and cost of compensation and infrastructure on farms and in local
communities. A detailed design and planning phase will progress between 2017 and 2018, with
a view to implementing legal agreements and a program of works and measures between 2019
and 2024.
Within the acceptable range of constraint relaxation, the approach to delivering higher flows will
be incremental, with flow heights and durations gradually increased as the opportunities for
managed environmental flows arise. The impacts and effectiveness of mitigation strategies will
be carefully monitored before higher flows would be permissible.
At the March 2016 meeting of the Murray-Darling Basin Ministerial Council, Ministers again
emphasised the importance of Basin states working together to integrate their proposals for
measures to ease river flow constraints, and ensure that community consultation is effective in
identifying and developing options that mitigate any third party impacts. This concept proposal is
consistent with this Ministerial position.
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1 Introduction
Murray-Darling Basin communities and governments have made substantial efforts and
achieved significant gains in the restoration and maintenance of the health of river systems over
the past thirty years. While it is recognised that we will never return the rivers to their original
state, much of the prosperity and growth of industries, towns and agriculture in this region and
throughout Victoria and South Australia, can be attributed to the development of dams and water
management infrastructure over the past 100 years. Irrigation infrastructure has also contributed
to ecological diversity in areas on and off the floodplain.
Through restoring a part of the natural flow pattern and reconnecting lower lying areas of the
floodplain more often with the rivers and creeks that support them, steps can be taken towards
ensuring that the diversity and resilience of our natural systems are maintained and enhanced in
the long term. It has been recognised that in order for flows and floodplain connectivity to be
restored to some degree, system flow constraints need to be considered and addressed.
Under the Constraints Management Strategy (CMS) seven key geographic areas (river reaches)
were targeted for further investigation, including the:
1.
2.
3.
4.
5.
6.

Hume to Yarrawonga Reach of the River Murray.
Yarrawonga to Wakool Junction Reach of the River Murray.
South Australian Murray Reach.
Goulburn River.
Gwydir River.
Murrumbidgee River.

Harmonising environmental benefits derived from easing constraints across all of these reaches
is an important goal for Basin Governments as is ensuring that any adverse social and economic
impacts felt by riparian landholders and their associated communities are effectively and
adequately mitigated.
Importantly relaxation of river constraints will create environmental benefits using less water,
which means that more water can be retained for irrigated agriculture and productive use. The
NSW Government is committed to achieving a triple bottom line approach in the implementation
of the Basin Plan, balancing the needs of the environmental with the economic and socioeconomic wellbeing of regional and local communities.
Many of the local environmental benefits derived from easing constraints are partly realised on,
or in conjunction with, private land. Inevitably, there will also be disruption and inconvenience,
with associated commercial costs, to some farm businesses through more frequent flooding of
the lower reaches of their floodplains, cutting off access to areas of their farms for extended
periods, and the potential for elevated flood risks associated with natural rainfall events
occurring on an already wet floodplain. An important aspect of constraints management relates
to the provision of an adequate package of mitigation and commercial compensation measures
aimed at offsetting impacts to businesses and public infrastructure located along the reach.
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2 Background
2.1

The process of constraints management

Since the early days of the Basin Plan there has been a strong community view that
governments should look at more effective and efficient use of environmental water, including
revising river management practices, and not just rely on a solution based on a total volume of
water savings, as the only means of achieving environmental outcomes.
Following significant community concern regarding physical and operational constraints within
the Murray-Darling system, investigation into the factors constraining the passage of
environmental flows was identified as a key aspect for Basin Plan implementation. Early results
using hydrological modelling showed that for modest increases in peak flow heights, significant
environmental benefits could be achieved for the lower lying areas of the floodplain environment.
These are areas of the floodplain that are already inundated during naturally occurring overbank
flow events under current conditions. The aim of the CMS is to increase the frequency and
duration of inundation, which will have significant benefits to wetlands and forest ecosystems. As
these low lying areas are naturally flood prone they generally don’t support significant town or
farm infrastructure.
However, it is recognised that more frequent inundation of these low lying areas can cause
commercial losses through blocked access and lost production. As such it will be important to
identify in detail these impacts and put in place infrastructure, mitigation and compensation
measures that offset impacts under defined environmental flow conditions. A program of works
to address access issues relating to managed environmental watering events should also deliver
some benefits to farming businesses during times of natural inundation.
It is also recognised that easing constraints will not result in more frequent watering of wetlands
and vegetation communities higher up in the floodplain - above the acceptable height of
managed environmental flow events. As such it will be important for governments to consider
complementary measures such as the use of alternative water delivery infrastructure and farm
based and landholder led environmental watering initiatives, to deliver a more comprehensive
and effective environmental solution.
With the science and information around managed environmental watering continuing to
develop, it will also be important for governments to exercise a cautious and adaptive approach
to ensure that management of environmental water portfolios result in positive environmental
gains and not unintended negative impacts.
When the Basin CMS overview was completed by the Murray Darling Basin Authority in 2013, it
identified the key areas in the Basin where constraints management could best be used to
create environmental watering efficiencies. The mid Murrumbidgee valley is one of these key
areas. A process of investigation and consultation for the period from 2013 to 2024 was outlined.
Impacts on riparian landholdings and public infrastructure were identified, along with possible
mitigation strategies.
A Draft Murrumbidgee Reach Report and an annual report on the progress of investigations and
consultation were published by the MDBA in December 2014. A final Reach Report was
published in July 2015.
These reports investigated flows in the range between 30,000ML/day and 48,500ML/day (5.22
to 7.15m) at Wagga Wagga. It also indicated that there was community feedback and concern
over higher flows. As a result, Basin Governments made a decision to reduce the upper limit for
further investigations into constraints management to 40,000ML/day at Wagga Wagga.
On 17 October 2014, Basin Ministers agreed to progress the development of the Murrumbidgee
Constraints business case (Phase 2) to investigate opportunities to address physical and policy
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constraints to the delivery of higher regulated flows. It was agreed that investigations would be
limited to flows of up to 40,000 ML/day, and include the potential effects of higher flows on third
parties and mitigation options to address negative impacts (including easements and/or
infrastructure) to allow the delivery of these flows - to support improved river and wetland health
outcomes.

2.2

The Murrumbidgee Valley

The Murrumbidgee River spans almost 1,600 km, from its headwaters in the Snowy Mountains
to its junction with the River Murray downstream of Balranald (refer Figure 1).

Figure 1 Murrumbidgee key focus area

The headwaters of the Murrumbidgee system are regulated by a number of dams with Burrinjuck
on the Murrumbidgee, and Blowering on the Tumut River, being the main structures.
These structures have resulted in greatly modified flow patterns in the river. Many of the flows
that are needed to connect the river with floodplain creeks and billabongs, particularly in the midMurrumbidgee region, have reduced in frequency as a result of river regulation and the health of
these environments has therefore suffered.
The Murrumbidgee catchment is home to many sites of international, national and regional
environmental importance, including two Ramsar-listed sites: Fivebough and Tuckerbil Swamps
and Ginini Flats Wetland Complex. Two wetlands of national importance in the Murrumbidgee
Valley, and key environmental assets of the Murray–Darling Basin, are the Mid-Murrumbidgee
Wetlands and the Lower Murrumbidgee Floodplain.
The Murrumbidgee River is historically home to 212 native fish species, including:
•

Six state listed threatened species (Trout Cod, Murray Crayfish, Silver Perch, Southern
Pygmy Perch, Purple-spotted Gudgeon, River Blackfish) (FMA 1994);

•

One state listed threatened population (Murray-Darling Population of Eel-tailed Catfish)
(FMA 1994);

•

One state listed Endangered Ecological Community (Lower Murray) (FMA 1994); and

•

Three federally listed threatened species (Trout Cod, Murray Cod, and Silver Perch)
(EPBC 1999.

The Lower Murray Endangered Ecological Community includes all native fish species and
aquatic biota in the Murrumbidgee River downstream of Burrinjuck Dam, the Tumut River
2

Eight of the 21 native species which previously existed in the catchment are either locally extinct or survive at very low abundances.
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downstream of Blowering Dam and all their tributaries anabranches and effluents including
Billabong Creek, Yanco Creek, Colombo Creek, and their tributaries (NSW DPI, 2007). This
provides Endangered status to all native fish and other animal life within its boundaries. This
listing has several legal implications, including the establishment of heavy penalties for harming
(without appropriate authority) species or habitats that form part of the community, and requires
that potential impacts on the ecological community must be considered during development
assessment processes. It also sustains an extensive network of wetlands that are important to
the survival of these and other species, particularly waterbirds.
The remains of former river channels on the extensive floodplains downstream of Gundagai and
particularly downstream of Wagga Wagga mean that there are a large number of natural
lagoons and anabranch creeks on the mid-Murrumbidgee floodplain. Using satellite imagery of
flood events between 1989 and 1997, approximately 1,600 floodplain wetlands were identified
between Gundagai and Hay (Frazier 2001; Murray 2006 in MDBA 2012b), with most located
between Wagga Wagga and Carrathool (Frazier & Page 2006). The Mid-Murrumbidgee River
Wetlands are listed in the Directory of important wetlands of Australia (DoE 2014). The area
includes habitats critical to several fish species in the Murrumbidgee (Gilligan 2005).
One of the Mid-Murrumbidgee wetlands — the Lowbidgee floodplain wetlands — supports a
mosaic of red gum and black box woodlands, lignum shrublands, reed beds, aquatic sedgelands
and open water habitat, including Yanga Lake. The wetlands also support large colonial nesting
waterbird breeding events, a variety of frog species (including the nationally vulnerable southern
bell frog), and a variety of other native animals and plants. Around 200,000 ha of the Lowbidgee
floodplain wetlands are listed in the Directory of important wetlands of Australia (DoE 2014).
Downstream of Balranald, the Junction Wetlands support black box and red gum woodlands,
and provide a range of creek and open water habitats.
The Sustainable Yields Project undertaken by CSIRO in 2008 found that the frequency of flows
of 28,600 ML/day at Narrandera had halved since regulation, and the maximum period between
flows of this size had more than tripled, from 2.8 years to 9.7 years. Because peaks in river flows
attenuate (spread out) as they flow down river, the 28,600 ML/day flow at Narrandera is
equivalent to a flow of between 30,000 and 40,000 ML/day at Wagga Wagga.
Being able to provide connecting flows to the wetlands in the Mid-Murrumbidgee would help
them recover and reduce the likelihood of similar future declines. These connecting flows would
provide habitat and food for a range of native species including fish, frogs, turtles, water birds
and woodland birds.
During development of the Basin Plan, MDBA established environmental flow indicators which
are linked to the environmental water requirements and objectives of the Basin Plan. These are
outlined in the Assessment of environmental water requirements for the proposed Basin Plan:
Mid-Murrumbidgee River Wetlands (MDBA 2012).

2.3

Current constraints

Effective delivery of environmental flows as managed watering events is highly dependent on
existing system constraints (MDBA 2012). Delivery of environmental flows has been constrained
to 32,000 ML/day at Gundagai, as noted in the Water Sharing Plan (DIPNR, 2004). For example
at flows larger than 32,000 ML/day (5.11 metres at Gundagai), the Mundarlo Bridge, 30km
downstream of Gundagai, is overtopped and its closure disrupting local traffic, requiring the use
of an 80km diversion route to cross the Murrumbidgee River. More recently, it appears that a
flow of around 30,000 ML/day (4.9 metres) at Gundagai is now the more relevant flow limit for
Mundarlo Bridge, due to local changes in the channel profile. Additionally, even at flow levels
below 30,000 ML/day, water can spread onto low lying private property, which can further restrict
the ability of water resource managers to deliver flows that benefit the environment.
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3 Description of the measure
3.1

Objectives

The objectives of relaxing operating constraints within the Murrumbidgee Valley include:
•

achieving commercial, environmental and socio-economic benefits

•

ensuring that unacceptable third party impacts are identified and effectively mitigated

•

ensuring that managed environmental flows are safe, practical and achieve the greatest
environmental benefit with the least possible water

•

achieving better local and regional environmental outcomes through the provision of
higher managed environmental flows.

In particular, this measure is seeking to deliver environmental flows in the Murrumbidgee that
are high enough to provide beneficial watering of wetlands in the Mid-Murrumbidgee to achieve
the following outcomes:
•
•
•
•

filling of wetlands to provide benefits to wetland vegetation and fauna
flushing of organic matter (leaf litter, etc.) to limit build up and improve water quality
movement of organic matter and other food sources from the floodplain to the river
channel to improve the health of fish and other native animal population
improvement of the lateral and longitudinal connectivity of the system, allowing
movement of fish and other fauna for breeding and other lifecycle processes.

This measure is also put forward as a supply measure, as it will allow higher flows that provide
increased environmental outcomes.
Given consumption and irrigation needs, it is not possible, nor is it the goal, to return regulated
rivers to their ‘natural’ or ‘without-development’ flows. This concept proposal investigates making
modest regulated releases from storages, generally when higher flows downstream would have
occurred if dams were not there. That is, the moderate environmental flows being proposed will
‘top up’ natural rainfall or unregulated tributary flows, to increase either their peak or duration.
Work by the MDBA has shown that it will enable better environmental outcomes from the use of
environmental water, and could enhance the magnitude of SDL adjustments that will reduce the
need for further water recovery under the Basin Plan.
This concept proposal is consistent with the Constraints Management Strategy and has been
developed in accordance with the Phase 2 Assessment Guidelines for Supply and Constraint
Measure Business Cases.

3.2

Potential flow heights, duration, frequency, and seasonality

This concept proposal explores the potential for relaxing the current flow constraints up to
40,000 ML/day at Wagga. The approach proposed includes working with landholders, State
Government agency personnel and affected stakeholders to observe and trial flows, gradually
increasing above the current operational threshold of 30,000 ML/day in (winter and spring
months). This will be coupled with the investigation and implementation of practical mitigation
strategies that would allow the passage of managed flows, without unacceptable third party
risks, up to a limit of 40,000 ML/day.
The maximum target flow proposed of 40,000 ML/day equates to a river height of is 6.4 metres
at the Wagga Wagga gauge. This is below the minor flood level at Wagga Wagga (7.3 metres)
which is 48,300 ML/day and is not comparable to recent flood river heights. The March 2012
flood peaked at 313,000 ML/day (10.6 metres) at the Wagga gauge. The December 2011 flood
peaked at 145,000 ML/day, which is 9.7 metres. Figure 2 provides a graphical representation of

5 DPI Water, October 2016

Constraints management strategy - Murrumbidgee concept proposal

the targeted flow rate level verses flood levels at the Wagga gauge. NSW State Emergency
Service defined flood classifications (minor, moderate and major flood) levels are colour coded.

Figure 2 Target flow rate verses flood levels at the Wagga Wagga gauge

It is not proposed to exceed the current flow constraint of 9,300 ML/day in the Tumut River at
Tumut Township.
WaterNSW has undertaken inundation modelling to determine the equivalent flow for other
centres along the Murrumbidgee and these are given in Table 1. To accommodate uncertainties
it is proposed that mitigations are made to cover effects above the target flows – that is the
target flow with a ‘buffer’ or freeboard. For that reason a further scenario was considered for
mitigations, which was the equivalent of 45,000 ML/day at Wagga. It is also shown in Table 1.
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Table 1 Target and buffer flow for 40,000 ML/day at Wagga Wagga

Target Flow
40,000
(ML/day) at
Wagga

Height (metres)

With buffer
added (ML/day)

Height with
buffer added
(metres)

Burrinjuck Dam to Tumut
Confluence (Gobarralong)

28,500

5.42

33,500

5.84

Tumut River as entering
Murrumbidgee

9,300

NA

9,300

NA

Gundagai

38,000

5.63

43,000

6.03

Wagga

40,000

6.41

45,000

6.96

Narrandera

35,800

6.28

38,800

6.48

Yanco Creek

3,500

4.47

3,900

4.6

Darlington Point

27,000

5.54

29,100

5.67

Carrathool

24,800

6.48

27,300

6.62

Hay

23,400

7.37

25,700

7.71

Balranald

12,000

6.20

13,000

6.29

Gauge/river section

Following feedback from landholders in the Collingullie to Gundagai areas two smaller flow
scenarios were also included for investigation. These are for 32,000 ML/day (5.45 metres) at
Wagga Wagga, and for 35,000 ML/day (5.83 metres) at Wagga Wagga. Again, a buffer has
been modelled and mapped around both of these flows which are 5,000 ML/day greater at
Wagga Wagga than the actual target flow. The flows at each gauge are given for the 35,000
ML/day scenario at Table 2 and for the 32,000 ML/day scenario at Table 3.
Table 2 Target and buffer flow for 35,000 ML/day at Wagga Wagga

Target Flow
35,000
(ML/day)

Height
(metres)

With buffer
added
(ML/day)

Height
(metres)
with buffer
added

Burrinjuck Dam to Tumut Confluence
(Gobarralong)

23,500

4.95

28,500

5.42

Tumut River as entering Murrumbidgee

9,500

NA

9,500

NA

Gundagai

33,000

5.2

38,000

5.63

Gauge/river section
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Target Flow
35,000
(ML/day)

Height
(metres)

With buffer
added
(ML/day)

Height
(metres)
with buffer
added

Wagga

35,000

5.83

40,000

6.41

Narrandera

31,000

5.94

35,600

6.28

Yanco Creek

3,000

4.25

3,500

4.47

Darlington Point

24,200

5.31

27,000

5.54

Carrathool

20,500

5.96

24,800

6.48

Hay

18,000

6.41

23,500

7.37

Balranald

9,000

5.79

12,000

6.20

Target Flow
32,000
(ML/day)

Height
(metres)

With buffer
added
(ML/day)

Height
(metres)
with buffer
added

Burrinjuck Dam to Tumut Confluence
(Gobarralong)

18,500

4.95

22,500

4.85

Tumut River as entering Murrumbidgee

9,500

NA

9,500

NA

Gundagai

28,000

5.2

32,000

5.11

Wagga

32,000

5.45

37,000

6.07

Narrandera

29,000

5.94

33,000

6.09

Yanco Creek

2,700

4.25

3,200

4.34

Darlington Point

22,700

5.31

25,300

5.4

Carrathool

19,300

5.96

21,600

6.11

Hay

16,850

6.41

18,900

6.59

Balranald

8,000

5.54

10,000

5.97

Gauge/river section

Table 3 Target and buffer flow for 32,000 ML/day at Wagga Wagga

Gauge/river section
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A separate SDL Adjustment business case has been completed for the construction of works to
regulate flows into Yanco Creek. To take this into account, a further scenario has been run with
the Yanco Creek regulator in place. The regulator would enable flows to be restricted to a lower
target flow than would occur currently. This reduced flow in Yanco Creek allows more water to
go down the Murrumbidgee and means that flows do not need to be as high in the
Murrumbidgee upstream of the Yanco Creek offtake. This means a flow of 38,500 ML/day (6.24
metres) at Wagga Wagga can be considered to achieve similar results in the Murrumbidgee
below the Yanco offtake, as the Wagga Wagga flow of 40,000 ML/day, without the Yanco
regulator in place.
The relevant flows along the river and the equivalent buffer flow are provided in Table 4. If the
Yanco regulator proposal is successful, the target flows at Wagga may be able to be scaled
back accordingly.
Table 4 Target and buffer flow for 38,500 ML/day at Wagga Wagga with Yanco Ck Regulator

Target Flow
38,500
(ML/day)

Height
(metres)

With buffer
added
(ML/day)

Height
(metres) with
buffer added

Burrinjuck Dam to Tumut
Confluence (Gobarralong)

27,000

5.28

32,000

5.72

Tumut River as entering
Murrumbidgee

9,500

NA

9,500

NA

Gundagai

36,500

5.51

41,500

5.92

Wagga

38,500

6.24

43,500

6.80

Narrandera

34,900

6.22

37,900

6.43

Yanco Creek

2,500

3.99

2,500

3.99

Darlington Point

27,000

5.54

29,100

5.67

Carrathool

24,800

6.48

27,300

6.62

Hay

23,500

7.37

25,600

7.71

Balranald

12,000

6.20

13,000

6.29

Gauge/river section

It is envisaged that these higher flow levels would generally be achieved by delivering water
when tributaries below the major dams are responding to rainfall. This would take advantage of
natural triggers and reduce the volume of water needed to be delivered from Burrinjuck and
Blowering Dams.
It is important to note that the key objective of higher peak flows in the Murrumbidgee is to have
flows high enough in the river channel to start filling wetlands in the Mid-Murrumbidgee, not to
achieve higher peaks at the end of the system.
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The higher environmental flows would generally be delivered in winter and spring3 when natural
tributary flow events typically happen. The peak of the flows would be from three to four days
with a natural rate of recession following the peak. The ideal frequency is likely to be around
three to four additional flows per decade.
Hydrologic modelling has been undertaken to simulate how often high flow events would occur.
This modelling identifies periods where the triggers are met to make releases from the major
storages, including suitable downstream tributary inflows, and whether there is sufficient
environmental water available to undertake the releases. Appendix 7 describes this hydrological
modelling.
Flows in the range proposed are still relatively common, and this concept proposal recommends
only a modest increase in the frequency of these events. It is envisaged there would be around
three to four events restored per decade.

3.3

Anticipated ecological outcomes

Relaxing flow constraints to allow for higher and more frequent managed environmental flow
events will enhance the reconnection of the lower floodplain with the rivers and creeks that
sustain them. The expected environmental outcomes resulting from relaxing flow constraints to
allow targeted environmental flows up to a maximum regulated flow limit of 40,000ML/day at
Wagga Wagga include:
•
•
•
•
•

Enhanced growth and reproduction of vegetation communities;
Increased diversity of plant and animal species;
Increased support for bird and native fish breeding;
More effective transfer of carbon and nutrients from the floodplain to river systems to
energise food webs;
More frequent flushing out sediments, salts and alkaline water from the deeper holes in
the river system.

The floodplain ecosystems that exist in the Murrumbidgee Valley consist of some of the largest
red gum forests and lignum wetlands in southern Australia in the Lower Murrumbidgee floodplain
(Lowbidgee), and an extensive system of wetlands and floodplain vegetation (mid Murrumbidgee
wetlands) distributed along the river predominantly between Wagga Wagga and Hay.
The forest and wetland areas in Lowbidgee contain a diverse range of wetlands types including
red gum, black box, open grasslands, swamps, marshlands, reed beds and lakes and
billabongs. Maintaining this diversity of ecosystems types is an important objective for
environmental managers. In addition to these well recognised forest and wetland areas, the
Murrumbidgee River supports over 10,000 hectares of permanent and ephemeral wetland and
creek systems along the river, many of which exist on private land, and approximately 44,000
hectares of floodplain vegetation that includes river red gums, black box, and shrublands.
The height, timing, frequency and duration of managed environmental water events will vary and
depend on natural cues, such as unregulated flows from the tributaries to the reach to trigger
commencement.
A detailed description of environmental benefits derived from managed environmental flow
events made possible by relaxing constraints is provided in Appendix 1.

3

Some landholders have expressed a preference for flows in late autumn. While under most circumstances winter and spring flows
would be more environmentally beneficial, delivering some flows in autumn may warrant further investigation in the planning and
implementation phase.
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3.4

Potential adverse ecological impacts – within reach and whole-of-system

Relaxing flow constraints provides water managers with greater flexibility to achieve
environmental benefits. It is well-recognised by environmental water managers that there are
risks associated with managed environmental flow events that may result in adverse
environmental outcomes, including the spread of pest animals and plants, loss of native trees,
hypoxic blackwater, blue-green algae and the spread of disease.
The risk of adverse impacts can be reduced by appropriate planning, weed and pest animal
management programs, and watering design for inundation duration, flow recession, and
flushing purposes. Although this strategy principally focuses on higher flows in the September to
April period, environmental water delivery throughout the year is required to strengthen the
resilience and recruitment of native plants and animal populations.

3.5

How flow rates would be delivered operationally

Generally, flows would be delivered when tributaries downstream of the dams are contributing
significant flows due to a local rainfall event. This has two advantages: the tributary flows provide
natural triggers that wildlife (such as fish) respond to, and it also reduces the contribution of
water needed from Blowering and Burrinjuck dams to bring the flow to the desired levels. Further
downstream, Tombullen Storage also provides some limited capacity to top up flows by up to
1,400 ML/day.
It is important to note that the flow levels being investigated are the total flows — that is, the
level achieved from dam deliveries and the tributary inflows combined. For example, if a flow of
40,000 ML/day is sought and tributary flows are providing 15,000 ML/day, then dam deliveries
would be 25,000 ML/day.
Decisions on whether to target these higher flows in a particular year are made by environmental
water holders (the NSW Office of Environment and Heritage, and the Commonwealth
Environmental Water Holder) in consultation with the Murrumbidgee Environmental Water
Advisory Group. In making these decisions, application of the water sharing plan requirements
will consider the time since the wetlands were previously connected to the river, the condition of
the wetland communities, the amount of water available, any risks and what other priorities there
are. Should it be decided that an event was desired in that year, the actual decision on when to
deliver would be dependent on tributary events. A technical advisory group, including water
holders, the river operator (WaterNSW), DPI Water and others as needed, would assess
tributary flows from rainfall events to determine if the flows are large enough to provide a base
for the target flow.
During an event, WaterNSW would analyse the tributary inflows and calculate the volumes
required from the dams to achieve the desired flow level downstream. WaterNSW is rolling out a
computer-aided river management system across the Murrumbidgee that will improve their
ability to determine what release rates are required from the dams.
Regulated flows from Blowering Dam are limited to 9,000 ML/day and the flow at Tumut (which
includes flows from the Goobarragandra River) is limited to 9,300 ML/day. This means that the
remaining flow to top up the tributary inflows must come from Burrinjuck Dam. As the outlet
capacity of Burrinjuck Dam is limited to a maximum of 29,100 ML/day, this means that for flows
above 38,000 ML/day, contributions from the tributaries are required. However, due to the
desirability of natural cues, it is unlikely that any of the flows investigated in this study would
occur without tributary contributions.
Key concerns raised through consultation with landholders have been around the inaccuracies
of inundation modelling at the local level (i.e. in relation to their properties), and increased
potential for flooding during an environmental watering event. To help provide confidence that
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these issues can be managed, it is proposed to develop operational trials in conjunction with
local communities to validate the mitigation measures that have been developed from flow
modelling and inundation mapping. It is proposed that the flow trials would be undertaken in
successive increments – similar to the additional inundation mapping at 32,000 and 35,000
ML/day.
This would provide greater certainty about where inundation was occurring, which would provide
confidence that measures such as levees, crossings, and easements would be able to provide
the level of mitigation needed.
Trials would also provide an opportunity for operational delivery of flows to be demonstrated
under controlled conditions, and for communication arrangements with landholders to be tested
at more modest flows below the target of 40,000 ML/day at Wagga.
Development of trials would be integrated into the consultation and engagement activities
proposed for the implementation of this measure. In this way, confidence in operational systems
and mitigation measures could be established during the course of the project, rather than after
all measures were completed.

3.6

Operational risks

Potential operational risks associated with the proposed relaxation of constraints are identified
through a high level risk assessment. Many of these risks currently exist and are being
managed. The proposed relaxation of constraints does not necessarily exacerbate the existing
operational risks; however the risks will require consideration in implementation of the
constraints program. Table 8 Section 6 outlines the identified risks, including operational risks,
and associated mitigation strategies.
A key operational risk that has been raised through consultation is the potential for releases to
result in flows that exceed, or over-shoot the target flow during an event due to unpredictability
around rainfall and inflows to the river from tributaries downstream of the dams.
Key operational management strategies include:
•
•
•
•

Improved forecasting of releases through tools such as the Computer Aided River
Management (CARM) decision support system, considering weather forecasts and
antecedent conditions.
Trials of flows in increasing steps to ensure that sufficient operational control can be
demonstrated, and to ensure avenues of communication with landholders are
established and effective.
Managed timing of releases considering factors such as environmental asset needs, pest
species patterns and potential dam imbalances (refer to Section 3.6.1).
Improved community education and notification regarding high flow releases and
improved channels of communication for riparian landholders.

CARM is an expert Decision Support System (DSS) specifically created for river operations,
based on the application of an internationally recognised hydrodynamic modelling system. This
system is improving the daily operation of the Murrumbidgee River, and will reduce the current
level of operational surplus flows. This, in turn, allows water to be released at other times to
provide better outcomes for the environment.
The fully integrated hydrodynamic model incorporates hydraulic, hydrologic, and forecasting
models to manage catchment inflows, releases, deliveries and manages water resources more
efficiently and transparently. This is expected to be able to provide a greater capability for
delivery of higher environmental flows without exceeding operational limits.
3.6.1

Maintaining storage balance
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The Murrumbidgee River regulated water delivery regimes impact the availability of water in the
two key storages, at Burrinjuck Dam and Blowering Dam. Blowering Dam storage provides the
largest and most reliable supply (from Snowy Scheme releases), but is outlet constrained by the
capacity of the Tumut River at approximately 9,000 ML/day. At times, when Blowering Dam
storage is high but Burrinjuck Dam is low, allocations are restricted because the limited outlet
capacity means that some residual storage in Blowering cannot be released before the irrigation
season ends. Releases up to 9,000 ML/day are typically made for long periods of time from
Blowering Dam to minimise this problem.
The proposed shift in environmental release patterns from predominantly summer irrigation
demands to winter/spring releases, combined with environmental (piggybacking) releases at
large flow rates from Burrinjuck Dam, could impact the out-of-balance issue.
Historical release data was interrogated to identify triggers for out of balance occurrences.
Combined with hydrological time series modelling outputs, flow balance scenarios4 were
assessed to identify any change in out of balance occurrences. The simplified modelling results
show:
1. The major change on storage imbalances attributable to held environmental water is a
significant improvement in the balance of volumes between storages. This is due to the
spreading of demand throughout the water year rather than concentrating it in the
summer months.
2. The operation of environmental releases, even under an eased constraint scenario, does
not significantly impact storage imbalances because the majority of the target flows can
still be provided from Blowering Dam (i.e. Blowering is usually being drawn down more
quickly than Burrinjuck, evening up the imbalance).
3. The results are partly influenced by the assumptions around the timing and scale of
combined environmental release events.
Conclusions to inform proposed operational release regimes include:
1. Out-of-balance effects will not be realised in the current water year if both storages are
high, however if dry conditions persist and the dams don't refill there could be some
impacts in future years.
2. If the environmental flow event occurs during the irrigation demand period (October to
February), drawdown from the storages can be very high while combined environmental
releases are made.
If releases are limited to the pre-October period, then out-of-balance is not expected to
be an issue and could in fact improve overall water availability.

3.7

Accountability and evaluation of environmental outcomes

Landholders and communities want assurances that constraints management and higher and
more frequent managed environmental flows will deliver the outcomes promised by
governments. It will be important to identify clear lines of responsibility and accountability for the
delivery and management of environmental flow events, as well as monitor and evaluate the
benefits and any negative impacts that arise as a result of managed environmental flows.

4

Assumed daily environmental flow release volume based on the following criteria:
1. Between the period 1 June to 30 November.
2. Minimum 3-day flow greater than 15,000ML/d at Gundagai.
3. For daily flows >20,000ML/d, target 40,000ML/d at Gundagai.
4. For daily flows <20,000ML/d but >15,000<ML/d, target 30,000ML/d at Gundagai.
5. Number of days in the previous 6 months that Gundagai flows exceeded:
a. if 20,000ML/d exceeded more than 15 times, cease environmental releases
b. if 15,000ML/d exceeded more than 20 times, cease environmental releases.
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A more detailed design of a monitoring and evaluation program will be completed in the next
stages of project development.

4 Impacts, mitigation and costs
Studies to assess the extent of the impacts of relaxing constraints and increasing the height and
duration of managed environmental flows have been undertaken. Potential mitigation measures
have also been identified and scoped along with preliminary costs of implementation at a
regional scale. Most have been based on desk top assessment relying on inundation modelling
and remote imagery such as aerial photos and satellite images, with limited in-field verification.
There are likely to be mitigation measures that have not been identified and costed, and there
will need to be further work done in the field and at an individual property level with affected
landholders to more accurately assess impacts, develop the scope of mitigation works and
measures and establish more accurate and detailed costings.
At this concept stage of project development, substantial contingencies are budgeted to offset
future changes in scope and cost.
Some mitigation strategies will deliver other positive benefits to landholders and local
communities. At this stage of project development it will only be possible to identify the likely
range of mitigation measures and indicative costs. Cost contingencies will be built in to offset the
current level of uncertainty in scope and cost.
If the project proceeds to a detailed design and planning phase, a program of property by
property investigations, together with a more detailed assessment of impacts on public
infrastructure and riparian businesses will commence in early 2017.
There will be no relaxation of constraints implemented unless all third party impacts are
mitigated to an acceptable level.

4.1

Third party impacts

This concept proposal presents the outcomes of work to assess third party impacts, mitigation
measures and costs, which aimed to address key uncertainties and/or limitations in the work that
was undertaken in the CMS prefeasibility assessment (completed in 2014) and during feasibility
assessment.
If the Yanco Regulator proposal is supported, the target flows at Wagga Wagga may be able to
be scaled back accordingly. This is anticipated to result in reduced inundation impacts and lower
constraints based landholder mitigation costs. Refer to Appendix 3 and Appendix 5 for the
marginal landholder inundation impacts and costs. However, inclusion of the Yanco Regulator
proposal may also result in reduced benefits to wetland and forest inundation above the Yanco
offtake, due to the slightly lower flows.
4.1.1

Projects commissioned

Independent consultants were engaged to undertake six projects to inform the assessment of
impacts, mitigation measures and costs. These projects focused on:
•
•
•
•
•
•

Levee works;
Private agriculture;
Public infrastructure;
Specialist businesses;
Implementation and approvals; and
Benefits of environmental flows in the Lowbidgee.

14 DPI Water, October 2016

Constraints management strategy - Murrumbidgee concept proposal

Table 5 Completed Impact, Mitigation and Costing Studies Relevant to the Murrumbidgee Reach

Subject

Author

Date of Report

Reference

Private Agricultural Land

GHD

21 March 2016

GHD (2016)

Public Infrastructure

AECOM

11 May 2016

AECOM (2016 a),
AECOM (2016 b)

Levees

AECOM

6 April 2016

AECOM (2016 c)

Specialist Activities

Jacobs

17 May 2016

Jacobs (2016)

Design, Approvals and Works
Supervision

Jacobs

29 March 2016

Jacobs (2015)

These projects provided more detailed information that was not available during the earlier prefeasibility work, and is summarised in the following sub-sections. Further details on each of the
projects are included in Appendix 2.
4.1.2 Modelling of inundation areas
In order to inform the assessment of impacts, mitigation options and costs it was necessary to
estimate spatially how higher managed flows would inundate areas of land.
For the Murrumbidgee River from the main dams to the lower reaches near Hay, the WaterNSW
hydraulic model developed for use in their Computer Aided River Management package (CARM)
and GIS processing were used to generate inundation extent maps.
For the Lower Murrumbidgee River, the MDBA commissioned CSIRO to prepare inundation
mapping using the River Murray Flow Inundation Model (RiMFIM).
Modelled flow levels in combination with geo-spatial information such as digital elevation were
used to model the extent of inundation (i.e. derive an inundation footprint). The inundation
extents were also calibrated and validated against a range of other information, for example
known gauge heights, landscape features, and vegetation.
Revised inundation mapping for the mid-Murrumbidgee took account of validation against
remotely sensed data as well as feedback from local stakeholders. In the lower Murrumbidgee it
was not necessary to undertake large-scale remote sensing validation.
Further updating of inundation modelling is underway, with key areas adopting the use of 2D
software and physical survey (eg mid-Murrumbidgee) to verify on-ground conditions.
To inform the concept proposal, a range of modelled inundation extents were used. These
inundation extents covered a range of flows up to and including the maximum regulated flow rate
being considered in each reach.
In the Murrumbidgee additional buffers beyond the maximum regulated flow rates under
consideration were also used to test the degree to which spatial uncertainty in the modelled
inundation extents would affect impacts and costs.
4.1.3 Hydrological basis for this assessment
Increasing the regulated flow limit would result in a changed hydrological regime, which would
result in impacts, and mitigation measures that would be required to address those impacts, and
associated costs.
Hydrologic modelling was undertaken using the Murrumbidgee Integrated Quantity and Quality
Model (IQQM) to define this potential future flow regime, and to inform the assessment of
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impacts, mitigation measures and costs. The Murrumbidgee IQQM model has been used in the
development of water sharing plans and, more recently, the Basin Plan. The modelling
undertaken using the IQQM is described in more detail in Appendix 7.
Importantly, the modelled future flow regime has been configured to make releases whenever
flow triggers were met in the June to November window each year, and thus represents a
maximum extent to which future opportunities could arise to deliver environmental water, if
constraints were relaxed to 40,000 ML/day at Wagga Wagga. It is important to recognise that in
practice, not all these opportunities would necessarily be taken up. Hence, the impacts,
mitigation measures and costs identified in this concept proposal represent an overestimate of
the actual impacts, mitigation measures and costs that would be required.
4.1.4

Impacts identified

The consultants used the flow footprint maps prepared by WaterNSW as a basis for a desktop
assessment of how flows would affect agricultural land, townships and public infrastructure,
large-scale irrigation infrastructure, native vegetation and wetlands across the reach.
Notwithstanding the concerns expressed in the accuracy of the inundation maps, the addition of
local knowledge and experience provided by landholders, local government and state
government agency staff resulted in the identification of the following main potential third party
impacts related to relaxing flow constraints:
•
•
•
•
•
•

temporary land severance during periods of inundation
loss and damages to agricultural land (crops, tolerant pastures, vulnerable pastures,
horticulture) through inundation as well as an increase in grazing pressure from native
animals seeking refuge from inundated public reserves over extended periods.
costs, damages and losses to farm infrastructure (tanks, troughs, pumps, fences)
farm management costs (weed control, animal health, clean up and farm planning)
costs and damage to public infrastructure (roads, tracks, culverts, bridges, levees
landscaping)
costs and damage to specialist activities (quarry, residential properties, turf farm).

A summary of the scale and extent of impact created by easing flow constraints at 40,000
ML/day is provided in Appendix 3.
There remains landholder concern over the accuracy of the mapping and it will be important to
generate a more accurate picture of the extent and scale of impact through monitoring natural
flow events that move through the river.

4.2

Positive commercial, environmental and socio-economic outcomes

Improving the connectivity of floodplain ecosystems with the rivers that support them will deliver
some commercial and socio-economic benefits for the region, although it is acknowledged that
the shift of water away from irrigation production to environmental end use through government
buy-backs in particular, has had negative socio-economic consequences in many of the
communities in Murrumbidgee reach.
Upgraded farm infrastructure will improve access to all areas of properties during naturally
occurring high flows, adding value to the farm asset. Private irrigation operators will have
opportunities to generate additional income by delivering environmental water.
Other benefits include:
•

potential for some grazing benefit as a result of short duration inundation events, honey
and forestry production benefits in floodplain forests

•

strengthening native fish populations, leading to increased local and regional economic
activity from recreational fishing, and
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•

further reduction in river salinity levels and other improvements in water quality
parameters.

These commercial, environmental and socio-economic outcomes have not been included in the
final costs of mitigation contained in this proposal.
Changes to flow regimes as a result of the constraints measure would result in such benefits to
communities and/or stakeholder groups. Quantifying such benefits, for example in monetary
terms5, is methodologically complex and can have a range of limitations. As an alternative,
CSIRO conducted a case study to investigate a range of realised and expected, direct and
indirect benefits from a healthier river, wetlands and floodplain environment. The findings from
the study serve as an example of broader benefits that can accrue at local scale.
The study found a range of strong linkages between people’s wellbeing and river and riverine
landscape health. Examples of these linkages are:
•
•

•
•

Benefits from opportunities for employment as a result of increased visitor interest in
areas with a healthy and appealing natural environment.
Multiple benefits to floodplain grazing, for example:
- Improvements to the hydrological regime attributed to increased grazing yields.
- Indirect benefits from increase in biodiversity (bird species) were attributed to the
higher predation rates by the birds on pest species in crops (and therefore less
input costs for pest control).
Benefit links to community and social cohesion, for example through opportunities to
acknowledge and celebrate a shared history; increase in opportunities to come together
for events, and opportunities to learn more about the river and riverine environments.
Perceptions and expectations of benefits that may accrue in the future, for example
diversified economic opportunities from activities such as fishing, eco-tourism, carbon
farming, woodcutting.

More detail on these additional economic and socio-economic benefits is provided in Appendix
4.

4.3

Mitigation options

There remain community concerns that funding may not be sufficient, or that effective mitigation
measures have been considered for all issues raised. A key concern remains that unintended,
adverse consequences, in particular the increased risk of flooding events occurring on top of
managed environmental flows, may not be adequately mitigated. Further study into increased
flooding risk is proposed to be undertaken to better understand this important element of
potential impact.
Mitigation options that have been discussed with community representatives include:
Infrastructure to protect assets and establish/maintain access:
• Works to fix existing minor flooding issues and offset increased frequency and duration of
inundation on private and public land, including road upgrades, bridge improvements and
upgrading, relocating existing or building new flood control structures, including levees.
• Replacing low-lying crossings on private land with permanent structures that enable
access during both regulated and unregulated flows. Those structures would be built to
allow access during higher flows levels than those planned for the CMS. These crossings
would need to allow passage of farm machinery, consider fish passage and meet
floodway planning requirements.

5

A sum-total of broader benefits in monetary terms was not the scope of this study. The study applies qualitative methods to
exemplify how and what types of benefits can accrue at local scale.
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Financial compensation for costs and damages:
• Negotiated agreements (easements, compensation payments, environmental services
payments, other) with riparian landholders and private businesses (e.g. quarries) that will
compensate for environmental flows inundating privately owned parts of the floodplain).
• Arrangements with private and public infrastructure owners (e.g. Councils) to fund the
upgrade works required to create, reinstate, maintain access under a higher flow regime.
• The consideration of an environmental insurance or other perpetual fund that could be
drawn on when managed flows create impacts outside an agreed magnitude.
Information and notification systems:
• Information systems that give communities advance notice of environmental flows so that
preventative steps can be taken well before water arrives.
• Observation of naturally occurring flow events and gradually increasing planned flows to
test for effects on communities before permanent changes to rules around constraints
are agreed to.
• Operational strategies and improved hydrological information to manage the risk of flows
being higher than intended.
Additional impacts and mitigation strategies will need to be investigated in detail during the
detailed design and cost phases of project development and all will require more detailed onground assessment, design and cost analysis and assessing against legal requirements before
any program of implementation could be commenced.
The main mitigation options are expected to include:
•

•
•
•

Negotiated agreements with public and private landholders, which may take the form of
easements or environmental services payments that enable regulated water to inundate
privately owned parts of the floodplain
Capital works on private infrastructure (especially bridges and crossings)
Reinstatement works on public infrastructure (e.g. roads, bridges, crossings)
Operational practices.

In addition to the above, mitigation activities could also include information and notification
systems:
•
•
•

4.4
4.4.1

Information systems that inform communities of environmental flows in advance so
people can take whatever preventative steps they need to take well before the arrival of
water
Observation and trials of potential flows to be conducted on an incremental and staged
basis to test for effects on communities before permanent changes to rules around
constraints are agreed to
Operational strategies and improved hydrological information to manage the risk of flows
being higher than intended.

Mitigation cost
Approach to costing of mitigation

Studies to better understand the regional costs of mitigation measures have been undertaken for
the MDBA over the past two years (see Table 5). These studies fell into two broad groups:
commercial impacts on farms and other businesses within the floodplain; and, public
infrastructure.
Datasets used to identify the extent of impact of inundation and interrupted access, crossings
and other farm based infrastructure may not be accurate at a local level, and the farm based
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costing methodology used broad regional and sub-regional scale assumptions to develop
costings for key elements of a package of commercial compensation measures.
It is acknowledged that the information gathered on costs was intended to be used to calculate
preliminary catchment-wide mitigation and compensation costs. As such, this information is not
sufficient to support accurate assessments of impacts or mitigation strategies at a local or farm
level, which will require property-by-property assessment in the next phases of project
development.
A renewed approach to costing impacts and mitigation will be commenced once more accurate
information on the extent of impact and the timing, frequency and duration of future
environmental flow events is available.
In summary, mitigation strategies that were costed at a regional scale included:
Infrastructure to protect assets and establish/maintain access:
•
•
•

Infrastructure works on farms (upgrade crossings, bridges, upgrade internal tracks,
reposition pumps) – estimated the number of properties where infrastructure works may
be required and the cost of representative engineering works.
Capital works on public infrastructure (property access upgrades, specific public
infrastructure).
Works on levees (overtopped and flood controlling).

Financial agreements to offset costs and damages:
• Commercial Landholder Agreements on private land to include compensation to offset
the costs associated with loss of agricultural production such as loss or damage to
pastures, loss or damage to crops, reduction in productive land value, increased
livestock husbandry costs, fencing costs, clean-up costs, costs of moving pumps and
effects of interrupted access.
• Financial Agreements with Local Councils for the costs associated with the reinstatement
and repair of public infrastructure – up front financial agreement to cover the future costs
of road rehabilitation, replacement of culverts, impacts on landscaped areas and
increased costs associated with operational responses associated with flood
preparations, for example, road closures, alternative traffic arrangements.
• Commercial Agreements with specialist activities (quarry, residential properties, turf farm)
including the cost of easements and infrastructure options.
Easements have been used to inform the initial estimate of valley-scale costs on the basis that
they would provide water managers with the right to pass managed flows, subject to the terms of
the easement. The cost of easements would reflect the long-term impact of such an
arrangement, including the various impacts identified in section 4.1 and Appendix 3 to this
document. Easements would be negotiated with landholders through a voluntary process. It is
proposed that access to independent expert advice would be provided to landholders to help
them participate in negotiation and legal processes.
While there is a precedent for such a process (the acquisition of easements to allow higher
managed flows of up to 25,000 ML/day in Hume-Yarrawonga) considerable time and effort will
likely be required to set up and manage relationships with affected landowners, gather detailed
information relating to impacts on individual properties, agree and apply principles by which
easements should be costed, and implement legal and other administrative arrangements
The community has expressed concerns about how easements affect land title and there has
been interest in investigating alternative options that provide a more flexible approach to
financial agreements, such as the payment of an environmental access grant or environmental
rental, the establishment of an environmental insurance fund or a combination of these. These
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ideas will need to be further developed and costed during the detailed planning and design
phases from late 2016. The cost of establishing easements is considered to provide a
reasonable approximation of the scale of costs these more flexible approaches might generate.
Capital works on private infrastructure have been proposed on the basis that they would be
necessary to mitigate impacts on infrastructure such as pumps, and maintain access to areas of
land which would suffer from ‘interrupted access’ caused by proposed higher flows. Works on
private infrastructure would need to be negotiated with landholders through the same voluntary
process as easements or other negotiated payments. Again, the previous Hume-Yarrawonga
process provides a precedent, and the time and effort required to implement such works needs
to be recognised.
Reinstatement works on public infrastructure have been proposed on the basis that they would
mitigate the additional impacts of more frequent higher flows on public assets, and would be
more appropriate than capital works in most cases, as those capital works would either be more
expensive, and/or create problematic flow-on effects (e.g. raising a road would effectively create
a new levee, and re-direct flows to other locations, leading to further issues).
It is proposed that agreements would need to be negotiated with individual councils or asset
owners, through which those councils or asset owners would agree to a specified flow regime
being allowed to affect their assets in perpetuity, and upfront funding would be provided in
consideration for such an arrangement. Similar to the proposed easements, time and effort
would be required to set up and manage arrangements with affected asset owners, agree on
details of the impacts on their assets, agree on the basis by which costs would be met, and
implement legal and other administrative arrangements.
Works on levees are expected to be required to rectify potential levee failure and maintain
capacity / condition of levees over a 30 year lifespan. These works include crown depression
repair, levee widening, slope restoration, drainage works, full and partial levee replacements,
vegetation removal and burrow repair. Engineering consultants have recommended responsive
mitigation work following short and long flow events.
While some work in this area has commenced, further work would be undertaken throughout the
implementation phase.
4.4.2 Uncertainties
This concept proposal has also built buffers and/or contingencies into the proposed mitigation
options and/or costs, to take into account inherent risks or uncertainties. Key uncertainties
included:
•
•
•
•
•
•

Actual frequency, timing and duration of environmental flows (refer also to discussion in
section 3.2);
Potential errors in inundation modelling (refer also to discussion in Appendix 7);
Knowledge of the extent of interrupted access, on a property-by-property basis;
Economic assumptions;
Appropriate balance between easement and infrastructure-based mitigation measures (noted
in section above); and
Costs of engineering works, including assumed levels of damage with increased
environmental flowrates.

Key uncertainties, and how they were considered in the context of the proposed impacts and
mitigation activities, are summarised in Table 6.
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Table 6 Mitigation measures assumed, and approach to taking into account uncertainties

Impact

Assumed
mitigation activity

Key uncertainties

How uncertainties were considered

All impacts

All mitigation
activities

Actual frequency,
Hydrological modelling was deliberately
timing and duration of designed to represent an upper limit to
environmental flows
potential new flow regime. See
discussion in Section 5.1.

Inundation of
agricultural land

Easements

Area of land that
Buffer scenario corresponding to flows of
would be inundated
45,000 ML/day at Wagga Wagga
(uncertainty in
Sensitivity testing of area of land
inundation modelling).
assumed to be inundated
Economic
Sensitivity testing around key economic
assumptions (e.g.
parameters
land value, agistment
costs, clean-up
Contingencies built into easement costs
costs).

Impacts on farm
infrastructure
Farm
management
issues

Interrupted
access to private
agricultural land

Easement negotiation
costs
Combination of
easements and new
or upgraded bridges
and crossings

Area of land that
would suffer from
interrupted access
(uncertainty in
inundation modelling).
Economic
characteristics of the
land (e.g. land value,
agistment costs)
Appropriate mix of
easements vs
infrastructure works.

Sensitivity testing of area of land
assumed to suffer from interrupted
access
Sensitivity testing around key economic
parameters
Two options were considered: (i) an
easements focused option (whereby
infrastructure works would be proposed
only to the extent they would be more
cost effective than easements) and (ii)
an infrastructure focused option which
assumes a preference for infrastructure
works.

Damage to public
infrastructure

Reinstatement
activities

Quantum of
Sensitivity testing of quantum of key
infrastructure affected infrastructure items
(uncertainty in
Sensitivity testing of hydrological
inundation modelling)
assumptions (frequency of flow events)
Frequency on which
Contingencies built into infrastructure
such reinstatement
costs
activities would be
required

Significant
impacts on public
infrastructure
requiring capital
works

Capital works

Cost of engineering
works required
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Impact

Impacts on
specialist
activities

Assumed
mitigation activity

Key uncertainties

How uncertainties were considered

Combination of
Area of land that
Buffer scenario corresponding to flows of
easements and
would be inundated
45,000 ML/day at Wagga Wagga
infrastructure works (uncertainty in
Two options were considered: (i) an
inundation modelling).
easements focused option (whereby
Appropriate mix of
infrastructure works would be proposed
easements vs
only to the extent they would be more
infrastructure works. cost effective than easements) and (ii)
an infrastructure focused option which
assumes a preference for infrastructure
works.

Further detail on uncertainties is included in Appendix 6.

4.5

Estimation of the mitigation costs

Private agricultural, business and infrastructure mitigation cost estimates have been made
based on the buffer flow of 45,000 ML/day at Wagga Wagga as the base option, representing
the target flow of 40,000 ML/day at Wagga Wagga and an allowance for additional mitigation
measures to provide a “buffer” against any operational uncertainty in delivering the targeted flow
rate.
Two sets of cost estimates are presented in this concept proposal: moderate estimates and high
estimates. The cost estimates have been predominately developed by independent consultants.
The moderate estimates include a lower level of contingency, while the high estimates include a
higher level of contingency.
Contingencies were added through a two stage process. Firstly, consultants added a level of
contingency to their base cost estimates for easements, infrastructure, levees, and specialist
activities. Secondly, contingencies were added in the form of additional infrastructure
implementation costs to cover design, approvals and/or site supervision, where these potential
costs were not already considered.
The estimated costs reflect what would be required to implement the mitigation activities
identified in Table 6. This includes both an easement approach (Option 1) and an infrastructure
approach (Option 2).
The estimated costs incorporate an escalation factor of 2.68 percent per year for each year
between 2015 and project implementation. This is consistent with Commonwealth requirements
for cost escalation in supply and constraints measure project business cases.
Table 7 summarises the mitigation cost estimates, with details provided in Appendix 5. The key
assumptions, caveats and contingencies associated with the cost estimates are outlined in
Appendix 6.
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Table 7 Mitigation cost estimates (moderate and high contingencies)

Mitigation activity

Easements, including negotiations and group
advice costs

Estimated cost ($m) moderate
54

6

Estimated cost ($m) high
54

7

(inclusive of negotiation (inclusive of negotiation
costs)
costs)

New or upgraded private infrastructure,
such as private bridges, crossings, pumps

10

10

Operational response

1.7

1.8

Reinstatement works on public
infrastructure

7.4

8.9

Capital works on public infrastructure

9.5

19.8

0.8 - 5.2

1.5 - 10.4

(Option 1 - 2)

(Option 1 - 2)

Levees

1.8

2.5

Additional infrastructure implementation
costs

2.6 - 4.9

18.2 - 27.4

(Option 1 - 2)

(Option 1 - 2)

Specialist activities
(Quarry, residential properties, turf farm)

Program Management Costs

Total Costs

25

30

113 - 119

146 - 164

(Option 1 - 2)

(Option 1 - 2)

6

Escalation factor applied based on implementation commencing in 2017/18 and continuing until 2021/22.

7

Escalation factor applied based on implementation commencing in 2017/18 and continuing until 2021/22.
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5 Community and stakeholder response
A program of community engagement and consultation has been running since 2013 under the
CMS. A series of community meetings and public submissions between 2013 and 2015 have
generated a significant volume of information outlining the ideas and concerns of landholders,
Local Councils and business owners related to higher and more frequent environmental flows.
Key issues relate to financial losses, land access, loss of productivity and increased business
risks caused by damaging natural flow events. Governments have committed to only allowing
constraints management to proceed to implementation if third party impacts are managed in a
way that is acceptable.

5.1

Stakeholder comments

5.1.1 Pre-feasibility
During the prefeasibility phase in 2014, initial hydrodynamic modelling produced extent of
inundation mapping for a range of targeted over bank environmental flows along the
Murrumbidgee floodplain. The modelling results, culminating in the flood inundation mapping,
facilitated discussion on the CMS in consultation with affected landholders, community groups,
local councils and water user associations with regard to the constraints relaxation/removal and
the mitigation of any third-party impacts.
Approximately 75 meetings/discussions occurred on the CMS during the prefeasibility phase.
Landholders perceived higher flows differently depending on how far down the river their
property is located. In the western area, particularly downstream of Hay, inundation is generally
seen as beneficial to the country and supports pasture growth. Higher up the river, where rainfall
is more reliable, inundation can be disruptive to agricultural operations and pose a risk to
livestock, particularly if a regulated flow event is followed by a natural flow event.
During on-ground discussions, four small groups of landholders expressed concerns –
Mundarlo, Collingullie, Upper Yanco Creek and Darlington Point.
Landholders’ concerns about higher flows include pasture damage, impacts on irrigated areas,
restricted access, damage to fencing, the need to clean up debris that accumulates on land
following the recession of water, introduction of weed species and the need to move stock and
pumps.
Wagga Wagga, Narrandera and Darlington Point. Councils are concerned about low-lying
access roads and crossings as well as issues with stormwater drainage.
The community at large is concerned about a number of other issues (section 4.1.4) including
the effect of higher-than-expected tributary inflows coinciding with the releases.
Irrigator representatives were concerned that delivery of higher flows may require more water to
be delivered from Burrinjuck Dam than Blowering Dam due to flow constraints in the Tumut
River. Under certain circumstances, this can lead to a potential dam imbalance, which may limit
water deliveries to irrigation until later in the irrigation season. Preliminary modelling indicates
the operation of combined environmental release events does not significantly impact storage
imbalances, however operational release regimes need to be planned (section 3.6.1).
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5.1.2

Concept proposal consultation

Consultation during this phase was guided by a stakeholder engagement plan. This included
establishment of a landholder reference group, two rounds of public information sessions at key
locations, a series of one-on-one meetings with over 50 landholders, and a mail out of
information about the project to riparian landholders along the length of the Murrumbidgee
regulated river system in November 2015.
In total, since the Constraints management project began in the Murrumbidgee in 2013, 128
meetings have been held and over 300 people have participated, many on multiple occasions. In
2015, during the concept proposal development phase, 90 separate meetings were held.
The following stakeholder groups were identified and consulted:
•
•
•
•

•
•

Riparian landholders (represented in the Yanco area through the Yanco Creek and
Tributaries Advisory Committee (YACTAC), other areas do not have a representative
body)
Irrigators (represented through the WaterNSW Customer Services Committee)
Councils - represented through the Murray Darling Association of Councils, and in
addition each council in the area has been individually engaged
Water and natural resource managers (represented through the Murrumbidgee
Environmental Water Allowance Reference Group) and also engaged separately where
necessary. Managers included the Commonwealth Environmental Water Office, NSW
Office of Environment and Heritage, WaterNSW, DPI Fisheries, the NSW State
Emergency Services and the Local Land Services
Environmental interests, represented on the Environmental Water Allowance Reference
Group, including the Murrumbidgee Field Naturalists and the Nature Conservation
Council
The Wiradjuri, Nari Nari, Walgalu, Muthi Muthi and Wadi Wadi nations have been
identified as having an association with country downstream of Burrinjuck and Blowering
dams to the Murrumbidgee’s junction with the Murray, and the area influenced by the
Junction. An Aboriginal representative attends the Murrumbidgee Environmental Water
Allowance Reference Group and the Nari Nari Tribal Council and the Aboriginal
facilitators of the Murrumbidgee Local Land Services and DPI Water Aboriginal
Community Water Facilitator for the area were also consulted.

Updates have been given regularly at the:
•

•
•

Environmental Water Allowance Reference Group: which includes representatives from
the Lowbidgee landholders, irrigators, the Murrumbidgee Field Naturalists, government
water managers, Aboriginal community and observers representing Yanco landholders
and Collingullie landholders;
The WaterNSW Customer Service Committee (includes representatives from various
irrigator groups and local government);
Murray Darling Association meetings: members from a number of councils along the
Murrumbidgee;

There is no one group representing riparian landholders. To overcome this, landholders were
engaged using a number of approaches:
•
•
•

A landholder reference group was set up and met in July 2015 and members were
contacted subsequently on multiple occasions to obtain advice;
Over 50 one-on-one meetings have been held with landholders in key areas in 2015;
A series of public landholder meetings were held in Darlington Point, Narrandera, Galore,
Collingullie, Oura and Gundagai in August 2015;
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•
•
•

•

•
•
•

Nine highly affected properties have had in-depth interviews with agricultural consultants
to determine detailed costs to assist with developing mitigation cost estimates for the
region;
The MDBA used mapping to determine which properties were within 50 metres of the
inundation area. Addresses were obtained for all these properties and they were sent a
newsletter informing them of the project and also providing an opportunity for feedback;
To this end, the newsletter was combined with a series of drop in sessions at Gundagai,
Oura, Wagga, Collingullie, Narrandera, Darlington Point, Hay and Balranald in November
2015 and which were advertised in the letters. A contact phone number and email
address was also provided for landholders to contact the MDBA for them to obtain further
information or provide feedback;
Meetings were held with Councils along the river (Harden, Gundagai, Junee, Wagga,
Narrandera, Leeton, Murrumbidgee, Carrathool, Hay, Wakool and Balranald) or
teleconferences were utilised to establish possible effects on them and cover mitigation
measures and costings. These meetings also included engineering consultants to
improve estimates of the costs of mitigation measures;
One quarry is potentially affected by the flows and it has been consulted. The meeting
included engineering consultants to help determine the potential mitigation costs.
Another smaller quarry would have access issues and they have also been visited;
The MDBA website has had information available on the constraints project and also has
the Murrumbidgee reach report available; and
A fact sheet was also developed and provided to attendees at the August 2015 round of
public meetings and at subsequent meetings.

5.1.3 Community concerns
The way flows are perceived varies as you move down the river. In the lower Murrumbidgee,
particularly below Hay, where rainfall is lower, inundation is generally seen as beneficial, wetting
the soil profile to support native pasture. Higher up the river, where rainfall is more reliable,
inundation tends to negatively affect agricultural operations.
In terms of benefits, there are also areas upstream of Hay where inundation could be beneficial.
In some parts of the lower Yanco Creek system, higher flows would be welcomed for their
benefits to the health of the low-lying country. In the Sandy Creek system, which comes off Old
Man Creek near Galore, flows could provide benefits by pre-wetting the creek channel to reduce
losses during the irrigation season. Parts of the Sandy Creek system are also thought to benefit
from flooding.
Generally however, inundation is perceived as detrimental in areas in the eastern part of the
floodplain. In areas where significant portions of paddocks are inundated or cut off, there is
concern about both the immediate and after-flow effects. Moving stock can be difficult at short
notice, as would be the case in areas such as around and upstream of Wagga Wagga, which is
approximately two days flow travel time from the dams. Additionally, newborn lambs and calves
are not able to walk or be mustered easily.
In isolated areas, stock can be difficult to manage, particularly if they are lambing or calving at
the time. It is also a problem if shearing is planned and access to shearing sheds is cut. Duration
of inundation is important — farmers need to check and manage stock regularly for fly strike and
other pests and diseases.
Providing agistment, fodder or using a higher paddock to feed the stock all has costs to the
farmer.
Several farmers underlined that once the flow recedes, that is not necessarily the end of the
story. Some areas are in depressions that can take a long time to dry out. It can also take a long
time for pasture to recover or re-establish, and stock must be withheld until this has occurred. If
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inundated for too long, the plants will die and then the area will need to be re-sown which takes
time and money. There will also be lost production for the time it takes the plants to re-establish.
For areas where lucerne is grown, farmers noted how difficult it was to maintain customers if you
are not able to provide a regular supply of lucerne hay.
The councils of Wagga Wagga, Narrandera and Darlington Point are concerned about their
stormwater drainage systems. These concerns and others about low-lying roads have been
considered in the effects and mitigations assessed in Appendix 3.
Some landholders noted concerns about the risk of intense rainfall happening at the same time
as a high flow, resulting in a higher flow than anticipated. This could be a concern where there
are major tributaries — that is, upstream of Wagga Wagga. However, some of the ephemeral
streams in the stretch directly below Wagga Wagga — notably Houlaghans Creek and
Bullenbung Creek — can contribute substantial flows to the river on rare occasions. This risk is
reduced by the short travel times from the dams to the junctions with these creeks (generally
less than 2 days travel time). The comprehensive gauging of tributaries and the use of the
Computer Aided Management System to manage flows also assists in reducing any risk of overdelivery.
Other landholders noted that the use of water early in the season to achieve a high flow would
create airspace in Burrinjuck and Blowering dams, and reduce the risk of major flooding while
the airspace remained.
The risk will need to be managed by river managers, taking into account the weather forecast for
the delivery period. It should be noted that the time from delivery to where the major tributaries
come in is relatively short in the Murrumbidgee — it is approximately two days from the dams to
Wagga Wagga. Houlaghans Creek comes in directly below Wagga Wagga, and Bullenbung
Creek is around an additional day’s flow downstream. These relatively short travel times should
give river operators the opportunity to adjust releases should rain be forecast.
Irrigator representatives expressed concern that the delivery of higher flows may require more
water to be delivered from Burrinjuck Dam than Blowering Dam due to flow restrictions in the
Tumut River, therefore reducing the proportion of water available in Burrinjuck later to meet peak
irrigation demands. This risk has been considered in Section 3.6.
At the August 2015 round of public meetings there was opposition to the increase in flows from a
number of farmers at Collingullie, Oura and Gundagai. Their concerns included effects on
property, the need for assurance that flows will not exceed the target, and the way
compensation, such as easements, may be provided. They also stated that they believed
independent advice should be provided to landholders to assist them in understanding the
issues during any negotiation for compensation.
Since those August 2015 public meetings, 33 one-on-one meetings were held with landholders
in the Gundagai, Oura and Collingullie areas. In general the majority of landholders understood
the reason for the flows, but a small number were either opposed to environmental watering or,
conversely, highly supportive. With mitigation measures in place, the majority of landholders
indicated that they could accept the effects of the project. However three landholders indicated
they were unsupportive of any increase in flows. An example of the concerns raised in the
Collingullie area has been included at Appendix 9.
The concept proposal proposes a number of mitigation activities to prevent or compensate for
impacts caused by higher environmental flow delivery in section 4.3.
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5.1.4

Local Aboriginal groups

Initial contact with local Aboriginal groups, as well as ongoing conversations with representatives
from Murray Lower Darling Rivers Indigenous Nations (MLDRIN) indicate that, in general,
overbank flows that benefit country are desirable, provided any possible negative effects are
addressed. Negative effects include changes that may disturb cultural heritage sites, such as
changes to levies, and also concern about increasing erosion or black water events.
Local Aboriginal representatives have also emphasised the importance of an engagement
process that involves people in a meaningful and ongoing way over time, rather than a ‘fly in, fly
out’ approach. Given the significant overlap of Aboriginal nations between constraint reaches
and the high demand placed on individual Aboriginal representatives to meet the needs of
governments in providing a voice for their people, a coordinated, multi-reach approach is
indicated for the ongoing engagement of local Aboriginal representatives in constraints work.
There is also an opportunity to discuss the possibility of delivering higher overbank
environmental flows, in more general discussions with local Aboriginal groups about
environmental and cultural heritage flows.

5.2

Beyond July 2016

5.2.1 Business case development
Basin Governments have agreed to provide additional time to finalise business cases which
support investment in SDL Adjustment projects. This means that for the Murrumbidgee CMS the
NSW Government has additional time from August to November 2016 to conduct additional
investigation and consultation around the impacts, and mitigation and compensation strategies
associated with relaxing flow constraints.
It is proposed that this period of business case development will include:
•
•
•
•
•
5.2.2

Clearer definition of the CMS measure across the Murrumbidgee;
Identifying mitigation strategies and associated costs on private agricultural land,
including landholder-led case studies;
Small group consultation and discussion around the extent and nature of impacts and the
principles of a program of mitigation and compensation;
One on one discussion with Councils and affected businesses located in the floodplain.
Provision of information on constraints management generally to the broader reach
community.
Detailed design and planning phase

Whilst Basin Governments are still working through the detail of the SDL Adjustment process, it
is expected that beyond 2016, the project will move to a detailed design and planning phase,
involving a significant program of ongoing engagement with affected riparian landholders,
businesses and local councils. Affected stakeholders will be engaged in the development
mitigation packages.
There will be important further work to develop the detail around the project relating to:
•

detailed property by property assessments of the impacts and changes to inundation
patterns – safety, timing, height, frequency, duration. Those property assessments would
inform three things – risk management, impact mitigation and associated costs, and
compensation payable to landholders.

•

building an equitable and fair framework for the delivery of mitigation measures and
compensation, including the nature of Landholder and Council Agreements

•

ensuring that, for the duration of the CMS, there will be sufficient funds available for
impacts to be mitigated and fair compensation to be paid
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•

river operating protocols, processes and risk management

•

legal treatment of floodplain structures

•

investigations into impacts, and detailed design, planning and costing of mitigation works
and measures at a farm level.

Overall project development and detailed planning and design are expected to take until 201719. During this time affected properties will be assessed individually using specialist advisors
engaged by landholders and paid for by government to assist them to determine the extent of
impact and create acceptable packages of mitigation and commercial compensation.
Observation and monitoring of natural flow events and trialling of small to moderate managed
environmental flow events will yield quantitative information to inform increased flows within the
reach. The role of riparian landholders will be important in observation and information gathering
relating to the extent and distribution of flows and inundation, and positive and negative impacts
over time. They will need to be resourced to do this and there will need to be information
systems built to receive and manage the data and information generated.
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6 Project risks
A range of risks have already been assessed as part of the CMS process and the development of the reach report by the MDBA and through
consultation with stakeholder groups. Some of the most significant risks that have been identified are summarised in Table 8, along with proposed
mitigation strategies. A process of detailed risk identification and analysis will be undertaken as part of the detailed design and planning.
Table 8 Potential risk mitigation strategies

Risk
ID
1

Risk description

Potential mitigation strategies

Lack of landholder participation in
and support for farm based
mitigation options.

Establish and practice effective landholder and community engagement and consultation
Involve landholders in the development of policy and protocols to guide detailed project planning and property
assessments
Gain agreement and support for the implementation and funding program
Continue to involve landholders in monitoring and evaluation of environmental flow events
Take an incremental approach to raising the height of environmental flows to build knowledge and confidence
(“learn by doing”)

2

Extent of mitigation strategies does Include contingencies and buffers in the calculation of inundation levels
not adequately address the impacts
Engage professional expertise in the definition and verification of potential impacts and mitigating strategies;
of higher environmental flows in the
targeted range.
Benchmark impacts and mitigation strategies with other areas of the basin
Clarify assumptions and how these impact on project uncertainties, risks and scope
Refine information on impacts and mitigating options in the planning phase through more detailed on-ground
assessments
Implement the new operating regime with a stepped approach to monitor flow impacts
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Risk
ID
3

Risk description

Potential mitigation strategies

Current cost estimates for project
Engage professional expertise in cost estimation at all phases of project development
implementation, including mitigating
Clarify assumptions and how these impact on uncertainty, risk, scope and input costs
strategies are inaccurate or
inadequate.
Include defined contingency for investment decisions to account for costing uncertainty
Refine costs in planning phase through more detailed on-ground assessments

4

Landholders reject CMS proposal

Engage early to give landholders the information they need to make an informed decision about CMS
Use local knowledge to deliver the most suitable mitigation measures
Mitigate and/or compensate commercial impacts

5

6

Potential legal challenge by
landholders or third parties

Engage early with a view to having as many stakeholders as possible at ease with the process

Exacerbated flood risk associated
with unexpected rainfall events
during or following the delivery of
higher managed flows resulting from
relaxed physical constraints.

Implement new operating regime with a stepped approach and ongoing monitoring and evaluation to assess
changing flood risk

Mitigate and/or compensate commercial impacts

Update models and inundation layer maps to better represent flow behaviour under a wide range of
antecedent conditions
Develop consistent policy and protocols within Basins states to deal with exacerbated flood risk potential from
higher managed environmental flows
Ensure consistent flood hazard warning policy across Basin states

7

Natural high flow or flood events
delay construction of mitigating
structures.

Plan to undertake construction during summer dry periods
Use contractors experienced in working on floodplains
Build in contingencies for delays due to flooding
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Risk
ID
8

9

10

Risk description

Potential mitigation strategies

Constraints management is not well
coordinated between reaches
preventing full realisation of
anticipated environmental
outcomes.

Involve river operators in project development

A trial flow during the planning and
implementation phase exceeds the
specified inundation footprint for the
flow leading to a loss of community
confidence in the ability of operators
and inundation mapping and
modelling tools.

Analyse cause of over-inundation, share lessons learned and mitigation with Basin stakeholders

Ensure the alignment of new flow limits in all reaches
Install enhanced rainfall and stream gauging networks to improve rainfall-runoff models and understanding of
system responses, especially in unregulated tributaries

Monitor natural flow events to verify flow inundation modelling and increase confidence in assessment of
potential impacts and mitigation strategies
Involve landholders in the monitoring and evaluation of natural and trial flow events
Use a stepped approach to managed environmental events and monitor impacts

Inaccurate flow inundation modelling Incorporate an adequate physical buffer area for assessing the scale of potential impacts
leads to an underestimate of the
Use the most up to date datasets and special imagery available
scale of potential impacts.
Refine assumptions and how these impact on project uncertainty, risk and scope
Include generous allowances at all stages of project development to account for modelling uncertainties
Test higher/longer flows using a stepped approach to monitor flow impacts early, to address implications for
implementation
Verify the scale of impacts with historical accounts from landholders
Build in detailed on-ground assessment in the planning phase of the project

11

Uncertainty around legal status of
Develop a consistent protocol across Basin states for assessment and action related to existing licensed and
existing floodplain structures on
unlicensed floodplain structures
farms is creating concern that
farmers may be liable for the cost of
upgrade or rectification.
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7 Future project phases
7.1

Project proponent

The NSW Department of Primary Industries – Water will be the project proponent.

7.2

Sustainable Diversion Limit Resource Units

This measure will involve works and measures in the Murrumbidgee (SS15) Sustainable
Diversion Limit resource unit.

7.3

Eligibility for Commonwealth funding

NSW confirms that this is a new project, additional to those already included in the benchmark
assumptions under the Basin Plan. Pending a final decision to proceed with this project, its
implementation is expected to:
•
•
•

remove or ease a physical or other constraint on the capacity to deliver environmental
water to the environmental assets of the Murray Darling Basin;
allow environmental water to be used more effectively; and
be designed, implemented and operational within agreed timeframes.

The project is not part of a ‘pre-existing’ Commonwealth funded project and has not already
been approved for funding by another organisation, either in full or in part.
If the project proceeds to implementation is it expected that it will be funded in its entirety by the
Commonwealth Government.

7.4

Project timeline and key task areas

To ensure that communities are appropriately consulted, and the proposal is well understood,
the next stages of project development will need to include further refinement of impact of easing
constraints, mitigation strategies and costs of mitigation as well as design of a program of
compensation. There are policy issues to be resolved that relate to treatment of legacy
structures within the floodplain, and the actual process with which compensation agreements will
be negotiated and recorded.
DPI Water will work with stakeholders to identify the most appropriate processes and
organisational structures to support a government and community partnership, capable of
identifying and progressing local solutions to increase the effectiveness of managed
environmental watering events and effectively mitigating against any third party impacts. This
partnership approach will include developing the most effective way of administering and
applying mitigation and compensation packages, including using existing government agency
structures, outsourcing, engaging the services of private delivery partners, creating a purpose
built delivery agency or a combination of these.
While Basin Governments are yet to confirm the SDL Adjustment process, it is expected that this
will continue up to November 2016 when a more detailed project outline will be required by
Basin Governments.
A period of detailed planning and design will need to be undertaken throughout 2017 and 2018
and involve farm by farm assessments and negotiation of agreements. There will also be
assessment of impact and mitigation at a local Council level and associated with impacted
businesses within the floodplain.
An indicative project timeline is provided in Appendix 8. Each of the key stages of project
planning is discussed in further detail below.
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7.4.1

Development of supporting principles, protocols and policies

A number of policy areas require further development before a final suite of mitigation strategies
can be implemented. Some of these are already under review and development but most will
require further study and consultation, including:
•

adapting existing protocols to guide private property access for detailed farm
assessments, monitoring of flow heights and evaluation of environmental outcomes

•

treatment of licensed and unlicensed floodplain works

•

further exploration of alternative landholder agreement mechanisms.

7.4.2

Community engagement and consultation

Ongoing engagement and consultation with riparian landholders, Local Government and other
project stakeholders will be an essential inclusion during detailed planning, design and
implementation phases. It is expected that a program of engagement, consultation and
communication will be developed for commencement in late 2016 and consider:
•

communication of key project outcomes and progress to the broader communities within
the valley

•

The most effective way to engage stakeholders, including landholders during project
development

•

road testing mitigation and compensation strategies using a selection of farm case or
sub-reach studies

•

engagement of landholders at a property by property level

•

engagement with Local Councils to deliver best value for money mitigation works.

Systems that involve riparian landholders in the observation and monitoring of impacts and
benefits of both natural and trial flows should be developed further. Information systems capable
of storing and retrieving community and landholder generated information should be considered.
The cost of ongoing consultation must be included in the project budget from 2017 to 2024.
7.4.3

Detailed assessment and selection of mitigation strategies

Riparian landholders want mitigation strategies that are commercially focussed to offset any
production losses, damages and establish access to conduct their farming businesses. Owners
of public infrastructure want to ensure that their ratepayers are not negatively impacted
financially in maintaining access or reinstating infrastructure as a result of higher managed
environmental flow events. Basin Governments want adequate mitigation of third party impacts
to allow them to manage environmental flows within the agreed boundaries unimpeded and that
offer good value for money to tax payers and all Australian citizens.
Whilst investigations into mitigation strategies have focussed on the establishment of easements
and infrastructure to facilitate access, there are a range of alternate strategies that landholders
and NSW government agencies have identified that will require further consideration and study.
These include the possibility of the development of options, such as an event based payment.
In addition the impact on water supply pump infrastructure needs to be quantified and
appropriate mitigating measures identified. The investigations to date have considered mitigation
options at a regional scale. Detailed planning and design will include individual property
assessments in consultation with landholders.
Areas for further investigation to more accurately assess the extent of impact, the nature and
scope of mitigation options and more accurate costings area provided in Table 9.
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Table 9 Recommended further work to assess impacts, mitigation options and costs

Issue

Further work that would be required

Inundation footprint

Knowledge of the inundation footprint needs to be further
improved in selected areas. This would involve:
•
•
•

on-ground survey work to inform refining existing
inundation models,
on-ground monitoring and assessment of actual flow
events, involving local stakeholders (e.g. monitoring
and measuring flows over specific properties)
potentially, aerial photography of actual flow events.

Compensation for losses

Development of a fair and equitable compensation framework

Proposed operating regime

Future environmental watering and/or river operation decisions
could provide more detail regarding the future environmental
flow regime (height, timing, duration, frequency).

Improved monitoring and
forecasting

Investigate development of more intense monitoring and
rainfall/runoff forecasting to better inform behaviour of
environmental flow events.

Private crossings

Property-by-property assessment is required to identify specific
private crossings that are affected, and specific mitigation
measures required.

Levees

On-ground assessment of impacts on levees, and mitigation
measures, required to improve upon feasibility desktop
analysis.

Public infrastructure (e.g. roads,
crossings)

Need to negotiate agreements with asset managers (e.g.
councils) and further work required to ground truth impacts,
mitigation measures and costs.

Detailed design of program
implementation model

Identify, design and cost potential delivery models that will
include:
•
•
•
•
•
•

Specialist businesses

implementation of detailed design and costing
management and allocation of funding
landholder and stakeholder engagement and support,
agency coordination and engagement
implementation of legal agreements
delivery, monitoring and evaluation of the project
(works, governance, procurement, value for money).

Require further work to ground truth of impacts, mitigation
measures and costs, at a property-by-property level.

The selection of mitigation strategies should include least cost options to ensure that:
•

affected parties are at least no worse off;

•

CMS flows deliver positive economic, social and environmental; and
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•

mitigation and compensation measures align with other government precedents.

Considerable time and effort will be required to establish and manage relationships with affected
landholders, gather details relating to impacts on individual properties, agree on principles
relating to selection, scope and costing of mitigating measures, and negotiate legal and other
administrative arrangements.
7.4.4 Design of funding program for mitigation and compensation
An important consideration in the detailed planning stage will be how funding for mitigation
works and measures will be allocated. An important principle in designing a program of
mitigation will be that all impacts are equally worthy of consideration. The project is committed to
ensuring that affected landholders, Councils and businesses have equitable access to the
mitigation and compensation. Mitigation measures must be commercially realistic, verifiable, fair
and reasonable and meet the needs of floodplain businesses.
It will be important to establish the total scope and location of mitigation works to ensure that
sufficient funding is able to be secured, prior to any funding being allocated. Implementation will
need to be staged and where possible, economies of scale generated. Project costs will need to
be accelerated to accommodate any time lags between design and implementation.
The inclusion of local knowledge and strong governance will be essential to ensure that the
implementation and investment program is practical and commercially focussed at a local scale,
although this will need to be consistent with existing government regulations, standards and
policies in relation to design of works, contractual and legal arrangements and procurement.

7.5

Implementation program

The implementation of works and infrastructure on private and public lands, and the finalisation
of legal agreements with landholders and riparian business owners regarding will commence
once:
•

all outstanding policies and protocols are in place and agreed to;

•

detailed investigation and design of works programs have been completed; and

•

accurate costings have been established.

It is expected that these issues will be dealt with during the detailed planning and design phase
of the project between 2016 and 2019, with a view to roll out of a program of works and
measures between 2019 and 2024.
Implementation of constraint relaxation will only occur after mitigation measures and strategies
are in place. It is recommended that the approach to flow relaxation will be incremental, with flow
heights and durations gradually increased as the opportunities for managed environmental flows
arise. Implementation will be a process of measuring the impacts and effectiveness of mitigation
strategies carefully monitored before higher flows would be permissible.

7.6

Governance and project management

Once agreement is reached to progress the Constraints Management Strategies in NSW, overall
project governance and project management arrangements will be established in compliance
with NSW Government requirements.
The planning and implementation of managed environmental flow events is coordinated through
existing inter-agency and interstate committees, with responsibility assigned to the designated
NSW Government agencies.
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Appendix 1

Environmental benefits and outcomes

A1.1 Ecological objectives and targets
Relaxing constraints in the Murrumbidgee, would contribute towards achieving the site specific
ecological targets and flow indicators for the Mid-Murrumbidgee wetlands identified as important
during development of the Basin Plan.
By improving inundation along the Murrumbidgee, this measure would also contribute to
pursuing the enhanced environmental outcomes of Schedule 5 of the Basin Plan, in particular
(2)(f) and (2)(g):
(f) Providing opportunities for environmental watering of an additional 35,000 ha of
floodplain in South Australia, New South Wales and Victoria, improving the health of
forests and fish and bird habitat, improving the connection to the river, and replenishing
groundwater; and
(g) Achieving enhanced in-stream outcomes and improved connections with low to
middle level floodplain and habitats adjacent to rivers in the southern Murray-Darling
Basin. (Commonwealth Government of Australia, 2012)
The Basin-wide Environmental Watering Strategy (2014), identifies maintaining vegetation,
wetlands and waterbirds as important outcomes and identifies overbank flows as important to
recharge wetlands and important for floodplain vegetation, fish and waterbirds, as well as
productivity. In addition, the Basin-wide Environmental Watering Strategy also identifies the
importance of using environmental water to mimic natural patterns as this is most likely to
produce desired environmental responses. (Murray-Darling Basin Authority, 2014c)
This proposal aligns with the river flows and connectivity outcomes identified in the Basin-wide
Environmental Watering Strategy, specifically:
Improved connectivity with bank-full and/or low floodplain flows by 30–60% in the
Murray, Murrumbidgee, Goulburn and Condamine–Balonne. (Murray-Darling Basin
Authority, 2014c)
Over time, delivering higher flow pulses that mimic a more natural watering regime would also
help to deliver on the water quality objectives of the Basin Plan.

A1.2 Anticipated ecological benefits – within reach
Addressing constraint relaxation will allow managers to reinstate integral parts of the flow regime
and support lateral and longitudinal connectivity within the reach. Reinstating lateral and
longitudinal connectivity within the river reach will benefit native vegetation, waterbirds and
native fish, which are all important components of healthy functioning water-dependent
ecosystems and therefore, excellent indicators of the overall health of a river system.
Increasing the regulated flow limit of environmental water releases in the targeted waterways
enhances the ability to provide greater lateral connectivity with the floodplain, whilst also
improving the flexibility of delivering different flow regimes in the targeted systems and
contributing to the longitudinal connectivity of the Murrumbidgee.
Outcomes from the proposed measures could contribute to improved floodplain productivity and
access to wetland habitat. Reconnecting the river to the lower floodplain, anabranch creeks and
lagoons has multiple environmental benefits, including supporting the recovery, growth and
reproduction of vegetation communities. The vegetation communities provide habitat and food
for native animals, including fish, frogs, turtles, waterbirds and woodland birds.
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Native fish have evolved in natural, highly variable systems characterised by extreme
environmental conditions (Humphries et al. 1999; Baumgartner et al. 2013). From diverse
wetting and drying cycles, to fluctuating temperatures, these conditions provide important
seasonal cues for native fish, with hydrological variability in particular playing an integral role in
influencing the structure and diversity of aquatic communities (Baumgartner et al. 2013; Rolls et
al. 2013). A variety of life history and recruitment styles have been developed by different fish
species in response to the range of environmental conditions experienced across the Basin and
there is a need to cater for these differences across various spatial and temporal scales (NSW
DPI 2015a).
Flow, habitat and connectivity are all required for sustainable fish populations (Mallen-Cooper
and Zampatti 2015), with flows playing a range of important roles (NSW DPI, 2015b), including:
•
•
•
•
•

The creation of hydrodynamic diversity needed for fish habitat (particularly for species
that rely on flowing habitats, such as Murray Cod, Silver Perch, Trout Cod and Macquarie
Perch);
Maintaining health of in-stream and emergent vegetation and other habitat features
needed by many fish species;
Influencing quality, size and persistence of refuge habitats in dry periods;
Inundation of benches and floodplains to support carbon and other nutrient cycling, which
is important for system productivity and fish maintenance, recruitment and condition; and
Enabling access to a range of aquatic habitats and providing cues that stimulate
movement, such as for spawning or larval dispersal, with movement opportunities
including upstream or downstream, and lateral movement into off-channel habitats such
as wetlands (MDBA, 2014).

Inundation
The area of floodplain vegetation and wetlands that could benefit from these flows is substantial.
At flows of 40,000 ML/day (6.3m) at Wagga Wagga, approximately 10,000 ha of wetland and
approximately 44,000 ha of floodplain vegetation could be watered.8
Table A1 - 1 shows the estimated areas of wetlands and floodplain vegetation that are inundated
by the flows being investigated. The table also notes the portion of that area that is able to be
watered by channels off the Maude and Redbank weirs of the Lowbidgee. The areas were
determined using the flow footprint mapping.
Table A1 - 1 Environmental benefits of different levels of change

Wetlands (Australian National
Aquatic Ecosystem)
Flow rate

32,000 ML/day at
Wagga (5.44 metres)

8

Floodplain vegetation: river red gum,
black box and shrublands (including
lignum)

Total

Of which, able
to be watered by
Lowbidgee
weirs

Total

Of which, able to
be watered by
Lowbidgee weirs

16,639 ha

7,662 ha

54,769 ha

29,763 ha

These figures include the area above Hay, as well as the areas mapped below Hay excluding the area influenced by the Maude
and Redbank weirs.
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Wetlands (Australian National
Aquatic Ecosystem)
Flow rate

Floodplain vegetation: river red gum,
black box and shrublands (including
lignum)

Total

Of which, able
to be watered by
Lowbidgee
weirs

Total

Of which, able to
be watered by
Lowbidgee weirs

35,000 ML/day at
Wagga (5.78 metres)

17, 243 ha

7,847 ha

59,265 ha

30,824 ha

38,500 ML/day at
Wagga (6.15 metres)

Not assessed

10,195 ha

Not assessed

51,319 ha

40,000 ML/day at
Wagga (6.3 metres)

20,833 ha

10,195 ha

95,578 ha

51,319 ha

Overbank events (including floodplain and off-channel inundation) are important in providing
broader connectivity to floodplains and other off-channel habitats, providing for ecosystem ‘reset’, and large-scale nutrient and sediment cycling. These are important for fish, promoting
spawning, recruitment, movement and healthy fish. Fish need access to habitat at several life
stages, including access of larvae and juveniles to suitable nursery habitat with flows of the right
velocity and refuge from predators. These flows can create some risk of Carp movement and
breeding, particularly regular long duration events in off-channel wetlands (NSW DPI 2015b).
Blackwater
The flows would flush out organic matter from inundated areas. This is an important process to
reduce the severity of future blackwater events. If the period between events is prolonged, the
volume of leaf litter and other organic matter can build up to a point where the next flood will
cause a damaging low-oxygen blackwater event. This is akin to bushfire risk — if the fuel load in
an area builds up and is not managed with fuel reduction burns, the next fire can be highly
destructive. So too for the organic matter that fuels blackwater events — managed flows to the
lower floodplain can help to reduce the fuel load before the next flood and reduce the severity of
any blackwater event.
Food
Flows that inundate floodplains and intermediate flows inundating in-channel benches support
productivity and nutrient cycling, important for aquatic fauna (such as fish, crustaceans and
frogs) condition and growth. The flows being targeted would direct organic matter to the river. In
moderate amounts, the contribution of organic matter to rivers is beneficial and important in
driving the food web of river systems.
Organic matter is broken down by bacteria, which are then eaten by microcrustaceans such as
copepods. These then provide food for fish larvae. Fish larvae have very small mouths and are
only able to eat small prey. Without sufficient food of the appropriate size like copepods, fish
larvae starve. Fish may successfully spawn, but without sufficient food, the fish larvae will not
survive. For example, Sharpe (2011) associated higher growth rate and lower mortality of youngof-year Golden perch with the higher zooplankton density and water temperature in floodplain
lakes as compared to the adjacent Darling River channel. Flows that support primary productivity
and provide food sources for larval and juvenile life-stages will also benefit pre-spawning fitness
of adults, allowing them to produce more off spring. This will in-turn provide suitable and
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abundant food resources for piscivorous water-birds, and enhance breeding and the survival of
young.
Downstream
Some areas of the Lowbidgee Floodplain are able to be watered via channels from Maude and
Redbank weirs. However, some floodplain areas are not able to be watered via channels and
they require higher river flows to be inundated. These areas are the floodplains upstream of
Maude, north of the river from Maude to Redbank, and downstream of Balranald including the
Junction Wetlands. In addition, even for those areas that can be watered via channels from
Maude and Redbank weirs, inundation via higher flows is more beneficial because there is
superior connectivity between the river and the wetlands during overbank flows. This allows fish
and other wildlife, as well as plant seeds and propagules, to move into and out of the wetlands,
allows for the exchange of nutrients and organic matter, and provides more natural cues for
native species.
Flow pulses can also stimulate upstream/downstream (longitudinal) as well at river-floodplain
(lateral) movements of adult and juvenile fish of many species. Movements are made for the
purposes of spawning, dispersal, to access alternative foraging habitats, and to seek refuge from
threatening processes (Mallen-Cooper and Zampatti 2015). Some species may undertake large
‘macro-scale’ movements up to hundreds of kilometres, or smaller ‘meso-scale’ movements of
hundreds of meters to tens of kilometres within and between wetlands and reaches of a river
channel (e.g. Golden perch, Murray Cod). Some smaller species conduct movements over
smaller ‘micro –scales’ of less than one kilometre (Mallen-Cooper and Zampatti 2015).
High flows from the Murrumbidgee also provide significant benefits to the Murray and Lower
Murray, particularly in helping build higher flows that inundate adjacent billabongs, creeks and
floodplains. The contribution to Murray flows from the Murrumbidgee is however, limited by
channel capacity in the Lowbidgee (as previously discussed). This factor, in conjunction with the
high level of attenuation of flows (as they move down the Murrumbidgee), means the main driver
of peak flows at Balranald is the total volume of an event, not the size of the peak in the upper
Murrumbidgee. The objective of higher peak flows in the Murrumbidgee is therefore, to drive
connectivity with Mid-Murrumbidgee wetlands, not to achieve higher peaks at the end of system.
High flows at the end of the system can be achieved by longer duration in-channel flows.

A1.3 Anticipated ecological benefits – whole-of-system
While the key objectives of this measure relate to benefits within the Murrumbidgee there would
be benefits for the Murray-Darling system as a whole. These benefits include:
•
•
•

Improved longitudinal connectivity with improved movement of fish and other fauna as
well as carbon and other nutrients.
Improvements in the health of the wetlands that connect the Murrumbidgee and Murray –
that is, the Junction Wetlands.
Modest increases in the peak flow achievable at the end of the system, which could
improve inundation outcomes in the Murray floodplain wetlands. However, as mentioned
above, the natural restrictions in channel capacity in the lower Murrumbidgee means that
increases in flow heights at the end of the Murrumbidgee system are limited.

A1.4 Alignment with existing plans, strategies and environmental objectives
When combined with relaxed flow constraints in other reaches of the Murray River and tributary
systems, implementation of the Yarrawonga to Wakool CMS would contribute to pursuing the
enhanced environmental outcomes of Schedule 5 of the Basin Plan, in particular (2)(f) and
(2)(g):
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“(f) providing opportunities for environmental watering of an additional 35,000 ha of
floodplain in South Australia, New South Wales and Victoria, improving the health of
forests and fish and bird habitat, improving the connection to the river, and replenishing
groundwater; and
“(g) Achieving enhanced in-stream outcomes and improved connections with low to
middle level floodplain and habitats adjacent to rivers in the southern Murray-Darling
Basin.” (Commonwealth Government of Australia, 2012).
The Basin-wide Environmental Watering Strategy, identifies maintaining vegetation, wetlands
and waterbirds as important outcomes and identifies overbank flows, with water volumes greater
than the channel capacity, as important to “recharge wetlands and important for floodplain
vegetation, fish and waterbirds, as well as productivity.” In addition, the Basin-wide
Environmental Watering Strategy also identifies the importance of using environmental water to
mimic natural patterns as this is “most likely to produce desired environmental responses”
(Murray Darling Basin Authority, 2014c).
This measure would also align with the river flows and connectivity outcomes identified in the
Basin-wide Environmental Watering Strategy, specifically:
“Improved connectivity with bank-full and/or low floodplain flows by 30–60% in the
Murray, Murrumbidgee, Goulburn and Condamine–Balonne.” (Murray Darling Basin
Authority, 2014c).
In addition this measure can assist in restoring connectivity between the River Murray and its
surrounding floodplains, also identified as one of the 2014-15 environmental watering priorities:
“Connectivity in the River Murray System: improve riparian, littoral and aquatic vegetation
(e.g. Ruppia tuberosa) and native fish populations by increasing ecosystem connectivity
through coordinating water delivery in the River Murray system.” (Murray Darling Basin
Authority, 2014).
This measure would help to achieve several of the Commonwealth Environmental Water
Holders (CEWH) environmental water delivery objectives, outlined in the following tables. These
objectives have been developed with existing constraints in place, and may expand if constraints
could be relaxed.
The objectives are presented for water availability scenarios. The scenarios refer primarily to the
amount of environmental water that is available in a given year, thus determining the
environmental watering objectives (Cooling and SKM, 2012). When water is scarce it will be
used to maintain ecosystem viability, and when water is abundant it will be used to promote
long-term ecosystem health and increase the size and resilience of populations (Cooling and
SKM, 2012).
Environmental water is used most efficiently when building on natural flows (Cooling and SKM,
2012). Environmental water availability scenarios are not entirely independent of ambient flow
conditions. It is most likely that environmental water reserves will be low when river flows are
low, and that higher flows will already be occurring in years when environmental water reserves
are high. Given this, the following tables describe median to wet water availability scenarios.
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Appendix 2

Impact and mitigation cost methodology summary

Table A2 - 1 provides a list of the studies commissioned by the MDBA into the extent of impact
and cost of mitigation in the CMS. Table A2 - 2 provides a summary of these studies.
Table A2 - 1 List of studies commissioned by the MDBA

Subject

Author

Date of Report

Reference

Private Agricultural Land

GHD

29 March 2016

GHD (2016)

Public Infrastructure

AECOM

11 May 2016

AECOM (2016 a),
AECOM (2016 b)

Levees

AECOM

6 April 2016

AECOM (2016 c)

Specialist Activities

Jacobs

17 May 2016

Jacobs (2016)

Design, Approvals and Works
Supervision

Jacobs

21 March 2016

Jacobs (2015)

Table A2 - 2 Overview of projects commissioned

Project

Consultant(s) Tasks

Sub-tasks

Methods used

Levee works

AECOM

Collate data on characteristics
of the levee network

Expert analysis

Assess levee works
required in the
Yarrawonga-Wakool,
Murrumbidgee and
South Australia key
focus areas and
associated costs

Review publicly available
information relating to levee
condition
Assess potential impacts and
response measures
Prepare cost estimates for
proposed response works

Private
agricultural
land

GHD

Refine prefeasibility
Reassess key assumptions,
assessment of impacts e.g. land use, land value,
on agriculture, and the impacts, and recalculate costs
costs of easements
that may be required
over the land in light of
those impacts
Reassess hydrological
assumptions, i.e.
frequency/timing/duration of
flows, and recalculate costs
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Consultation
with informed
stakeholders
(e.g. local
agricultural
experts)
Draw on
modelling
undertaken by
MDBA
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Project

Public
infrastructure

Consultant(s) Tasks

AECOM

Sub-tasks

Methods used

Develop local level
story about how
different regions/types
of land affected, and
appropriate mitigation
options (including
relationship between
easement and
infrastructure works)

Detailed consultations with
landowners to understand
nature of local-level impacts in
detail, and appropriate
mitigation options

Case studies
with
landowners

Assess benefits to
agriculture, where they
exist, and the value of
those benefits

Detailed consultations with
landowners to understand
nature of any local-level
benefits

Expert analysis
building on
other findings
of project

Identify and cost works Assess where private
on private
infrastructure works would be
infrastructure
required to complement
easements, and estimate costs
of those works

Expert
analysis,
drawing on
findings of case
studies with
landholders

Refine assessment of
public infrastructure
(e.g. roads, crossings,
bridges, stormwater),
how it might be
affected by changes in
flows, and mitigation
options and costs.

Reassess and refine existing
GIS-based datasets

Expert analysis

Consult with regional
stakeholders to refine
understanding of impacts on
specific infrastructure items,
and works required

Consult with
regional
stakeholders

Estimate costs of infrastructure Expert analysis
works
Implementation Jacobs
costs

Assess what
processes would be
required to implement
mitigation measures,
and estimate costs of
those processes

Stocktake of approval and
management requirements
relevant to implementing
mitigation measures

Expert analysis

Estimate costs of processes

Expert analysis

Prepare advice on implications Expert analysis
of potential governance options
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Project

Consultant(s) Tasks

Sub-tasks

Methods used

Specialist
activities

Jacobs

Identify specialist activities
which would be affected, and
develop methodology for
identifying potential impacts
and appropriate mitigation
measures.

Expert analysis

Engage with potentially
affected businesses and
develop story about how
affected

Consult with
regional
stakeholders

Consider specialist
activities (e.g. caravan
parks, golf courses,
quarries and Murray
Shacks), how they
might be affected by
changes in flows, and
mitigation measures
and costs

Develop indicative estimates of Expert analysis
costs
Benefits

CSIRO

Assess potential social Develop methodology for
Expert analysis
and economic benefits assessing social and economic
that may arise from
values
flows under CMS
Apply methodology in context
of case studies

Consult with
regional
stakeholders

A brief description of the methodology used in each study is provided below. All costing studies
were based on frequency data from hydrological modelling based on 45,000ML/day at Wagga
Wagga.
Private Agricultural Land - GHD (2016)
•
•
•
•
•
•
•
•
•

Based on inundation maps (from hydraulic modelling by Water NSW) and hydrological
modelling (supplied by MDBA) - hydrologic modelling provided an overestimate of the
number of opportunities available for managed environmental watering events.
Land use based on data from Australian Collaborative Land Use and Management
Program (ACLUMP).
Aggregated land use into 4 categories – Grazing Tolerant Pasture, Grazing Vulnerable
Pasture, Crop and Horticulture.
Overlaid cadastral data to determine property details. The number of properties is
considered an overestimate resulting from isolated small pixels occurring in the modelled
data which are being interpreted as individual properties.
Costing based on whole of reach estimates, not accurate at an individual property scale.
Visited 9 farms in the reach to test assumptions.
Assumed that for every ha of inundated land there is 1.36ha of interrupted access (based
on farm visits).
Assumed that the areas of interrupted access are higher production value than inundated
land.
Adjusted stocking rates, crop production yields, and agricultural land worth for each land
use within each sub-reach.

45 DPI Water, October 2016

Constraints management strategy - Murrumbidgee concept proposal

•

•
•
•
•
•

Costed loss of production for each land use for each sub-reach for flow events less than
7 days duration and more than 7 days duration, as well as additional costs to business
eg clean up, fence repair, moving pumps, additional livestock husbandry costs, weed
control, reestablishment of vulnerable pastures.
Costed every event identified by the hydrological modelling across a 114 year period, in
today’s dollars (considered to be significantly higher than the actual number of managed
flow events likely to occur under actual conditions).
Applied published gross margins and expressed reduction in production and increased
costs as a reduction in gross margin to arrive at a percentage equivalent to the “degree
of affectation”.
Applied the degree of affectation against the agricultural land worth of the sub-reach and
land use type.
Infrastructure costs including crossings, culverts, raising of tracks, erosion control and
pump raising were based on an allowance of $50,000 per farm for all farms experiencing
a level of inundation greater than 10 ha.
Assumed a cost of negotiation with individual landholders and provision of farm advice to
landholders based on a representative group approach.

Public Infrastructure – AECOM (2016)
•

•

•
•
•
•
•
•

Based on inundation maps (based on hydraulic modelling by WaterNSW) and
hydrological modelling supplied by MDBA (hydrologic modelling provided an
overestimate of the number of opportunities available for managed environmental
watering events).
Based on stakeholder consultation, identified three response measures to address
impacts on public infrastructure:
Asset reinstatement: rectification work undertaken following an environmental flow to
reinstate the asset to a similar condition and function to that in place prior to the
environmental flow;
Operational response: actions taken by the asset owner to manage the
environmental flow prior to, during or post the event;
Capital works: work undertaken to improve an assets ability to maintain functionality
during an environmental flow so as to avoid the need for asset reinstatement work.
Created “moderate” and “high” costs for each flow scenario with the high cost providing
an allowance for the level of uncertainty.
Considered costs for events less than 7 days duration and greater than 7 days duration.
Built on the work done as part of the pre-feasibility study with the quantity of impact and
costs modified as a result of revised modelling and stakeholder consultation which
identified new response measures, new asset types and costing assumptions.
Study focussed on impacts to sealed roads, unsealed roads, tracks, bridges, culverts,
fords, landscaped areas and sole access to properties.
The cost was calculated on the marginal difference between the existing flow range and
the modelled flow range for each scenario, over a 30 year period.
Costs are expressed in present value.

Levees – AECOM (2016 c)
•
•
•
•

Existing reports and GIS data layers were reviewed to determine the extent and quality of
all available levee data.
While some data was accurate most was inaccurate and in some cases non-existent.
There was little data available on levee condition.
A custom-built GIS tool was produced to allow the high quality topographical LiDAR data
to be used as a basis for digitising the location of existing levees.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•

Levees on both public and private land were identified.
Levees were categorised as overtopped, flood controlling, earthen, unsealed road or
track, sealed road or track, public and private.
Potential levee failure mechanisms and deterioration modes were linked to
environmental flow events less than 7 days duration and more than 7 days duration.
In the absence of age and condition data, levees were assumed to be constructed since
the 1950s and considered in the last 30 to 40 year period of their expected life.
Levee reinstatement costs have been estimated for a 30 year period.
No regular maintenance costs were included in the costs.
The cost of undertaking levee condition inspections on public land was identified and
estimated as an annual cost over 5 years.
Costs were assumed to be evenly spread over the 30 year period.
Assumed that expenditure commences in 2017 and concludes in 2046.
All costs have been escalated at 2.68% per year.
All costs are expressed in present value.
Response measures were broken down into itemised tasks and expressed as a $/m cost.
Costs such as repair, widening, restoration, replacement, vegetation removal, traffic
management and temporary traffic diversion were included.
Contingencies were applied where costing uncertainties existed.

Specialist Activities – Jacobs (2016)
•

•
•
•
•
•
•

The specialist activity types included in the study included residential property, tourism
and recreational assets (caravan parks, river based businesses, cafes, cellar doors),
primary industry excluding broad acre agriculture, dairy and orchards (quarries,
aquaculture, forestry).
Case studies were undertaken on a number of representative businesses.
Desk top assessment using GIS to determine businesses potentially affected.
Costs were calculated for clean-up, turf repair, access track repair, daily rate business
losses and infrastructure options, including construction of new levees and raising
access tracks.
Costs were estimated over the difference between the current number of flow events and
the number of modelled events over a 30 year period.
Costs were escalated at a rate of 2.68% and presented in present value.
For a 40,000Ml/day flow at Wagga Wagga the study identified 4 residential and 9 primary
industry assets that were potentially impacted.

Table A2-3 summarises the approaches taken to key issues in development of mitigation
measures and costs.
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Table A2 - 3 Key issues addressed in feasibility assessment of impacts, mitigation measures and costs

Issue

Hydrology
(what flows could be delivered, when,
and how often)

Crossings
(how many crossings are affected,
their specifications, and what would
need to be done to mitigate impacts)

Roads

Approach taken in prefeasibility
phase (2014)
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Implications for this concept
proposal

Used the MDBA’s BP2800RC relaxed Revised and improved hydrological
constraints model scenario, developed model (refer to Appendix B).
in 2012 to inform finalisation of the
Basin Plan.

Better reflects the potential
hydrological opportunities to deliver
higher flows.

It was assumed that all crossings
which were found to intersect with a
modelled inundation layer would be
affected and would require capital
works.

Takes into account estimate of how
many crossings would actually require
capital works.

It was assumed that all roads (of
certain classes) which were found to
(which roads are affected, their
intersect with a modelled inundation
specifications, and what would need to
layer would be affected. It was also
be done to mitigate impacts)
assumed that the majority of these
roads would require capital works.
Levees

Improvements in feasibility phase
(2015)

This assumption was tested through
ground truthing with on-ground
stakeholders, and through further
analysis of the appropriate mix
between crossings and other mitigation
options (e.g. easements).

This assumption was tested through
ground truthing with on-ground
stakeholders.

Works on levees were not considered. A desktop analysis was undertaken to
identify potential levee works. While
this work has considerable limitations
due to limitations of relevant spatial
data, it represents a considerable
improvement.

Note however that it was not possible
to specifically identify individual
crossings on private land; this would
require detailed property-by-property
consultations and would be undertaken
in the implementation phase.
Recognises that in many cases
stakeholders have indicated that rather
than major capital works, inundation of
roads would be better addressed
through a mechanism to allow for
reinstatement activities.
Takes into account potential works on
levees, albeit identified through a
desktop analysis.
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Approach taken in prefeasibility
phase (2014)

Improvements in feasibility phase
(2015)

ALUM land use classifications
underpinned the modelling of
easement costs. These land use
classifications can sometimes be
misleading in assessing impacts of
flows, as they represent the dominant
land use for a particular cadastre,
rather than the land that is affected
(e.g. if only part of the cadastre is
inundated).

Land use classifications were refined
Assumptions are as accurate as
through analysis of aerial photography. possible in the context of a regional
level assessment.

Other assumptions relevant to
easements
(e.g. land values, gross margins,
impacts on agriculture)

Assumptions were made drawing on
publicly available datasets.

Assumptions were tested with local
Assumptions are as accurate as
experts, and through consultations with possible in the context of a regional
landholders.
level assessment.

Specialist activities

Did not consider specialist businesses
or single residences

Issue

Land use assumptions
(what agricultural land uses would be
affected)

(e.g. quarries, turf farms, single
residences)
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Implications for this concept
proposal

While there may be individual cases
where there are inaccuracies, these
inaccuracies are expected to balance
each other out overall, and have an
insignificant effect on the overall
assessment.

While assumptions will not necessarily
be accurate at a micro (e.g. property)
level, this is expected to provide a
reasonable overall assessment.
Considered during feasibility phase. A
selection of specialist businesses were
identified as case studies and studied
in detail, including through on-ground
consultations.

Assessment of impacts, mitigation
options and costs is considered
appropriate for a regional level
assessment.
Further work would need to be
undertaken during implementation
phase to assess implications for
individual businesses in detail.
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Issue

Other impacts on landowners (e.g.
pumps, fences) and options for
mitigating those impacts.

Approach taken in prefeasibility
phase (2014)

Improvements in feasibility phase
(2015)

Implications for this concept
proposal

Considered other impacts but only to a Considered in more detail in the
Assessment of impacts, mitigation
limited extent.
feasibility phase, and discussed
options and easement costs takes into
through consultations with landholders. account these impacts in a general
sense.
It was not possible to consider all
impacts in detail, particularly at a micro
(e.g. property) level. This would be
undertaken in the implementation
phase.

Interactions between different
mitigation measures (e.g. easements
vs infrastructure) and the appropriate
mix of mitigation measures in different
contexts.

Noted during the prefeasibility phase,
but not considered.

Considered through a high-level costbenefit assessment.

Assessment takes into account these
interactions in a regional context.
Quantum of infrastructure mitigation
options (e.g. private crossings) is
therefore considered reasonable for
feasibility purposes.
It was not possible however to identify
specific measures at a micro (e.g.
property) level. This would be
undertaken in the implementation
phase.

Implementation and approvals
processes
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Considered through addition of a
contingency allowance.

Considered in detail, including through Assessment recognises these
assessment of what processes would processes. However they have not
be required in different jurisdictions.
been costed in detail as specific
processes required would be subject to
implementation and governance
arrangements which have not yet been
agreed.
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Issue

Approach taken in prefeasibility
phase (2014)

Improvements in feasibility phase
(2015)

Spatial uncertainties associated with
Recognised but not taken into account. Considered through:
implementation of environmental flows,
A buffer scenario which
including:
considered impacts associated
Potential for flows to be higher
with flows of 45,000 ML/day at
than anticipated, for example if
Wagga Wagga
water releases are combined with
Sensitivity analysis of key input
natural events, and there is more
parameters (e.g. areas of land
rain than expected
affected, km of road affected) to
Uncertainties in inundation
take into account implications of
modelling and mapping
spatial uncertainty for cost
estimates
Potential for channel cross
sections to change over time
Contingency in cost estimates.
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Implications for this concept
proposal
Assessment recognises that there are
uncertainties and takes them into
account.
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Appendix 3

Summary of impacts

Table A3 - 1 shows a summary of the potential impacts that were identified through these
consultancies9 and the possible activities to mitigate those impacts, for the maximum flow rate
being considered (40,000 ML/day at Wagga Wagga) with no work on the Yanco Regulator.
Table A3 - 1 Impacts and mitigation options, maximum regulated flows of 40,000 ML/day at Wagga Wagga

Impact Type
Inundation of
agricultural land

Extent of Impact
Number of properties
10
affected
Cropping

3,218 ha

Tolerant pasture

44,142 ha

Vulnerable pasture

5,741 ha

Horticulture
Impacts on farm
infrastructure

Farm management
issues

9

1,042

Easements

Upgraded or new
infrastructure, such
as bridges, crossings
or pumps

2 ha

Haysheds, silos,
livestock yards

Generally located off the
floodplain and it is considered
there will be minimal impact

Pumps

Water pumps are used for
irrigation water supply and
livestock drinking water. These
need to be removed when a
high flow is anticipated.
Depending on the location and
type of pump, this can result in
a significant increase in
management time.

Fences

Flooding could result in a buildup of debris along fences and
weaken their structure and
reduce longevity

E.g. animal health,
weeds, clean up and
farm planning

Mitigation activity

Range of impacts

The potential River Murray impacts related to relaxing Murrumbidgee constraints are not included in this concept
proposal. The impacts are likely to be minor and should be considered as part of the full River Murray assessment.
10
Affected properties were identified as those on private agricultural land that were subject to inundation (based on
modelling) within any part of the property boundary. “Property” means an area of land subject to private tenure and
delineated as such in the relevant state land/property register. The “number of properties” is likely to be different to the
“number of landholders as one property may have multiple owners, and one landholder may own multiple properties.
The individual costings reports for each reach provide more information on the number of properties with inundation
extents categorised by size.
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Impact Type
Interrupted access to
private agricultural land

Extent of Impact
Area of land
Affected private bridges
Affected private
crossings

Damage to public
infrastructure

On-ground property
assessment required to
develop estimate. 290
properties were assessed as
having inundation of >10 ha
and are considered more likely
to have affected bridges and
crossings.
4,178m

Unsealed roads

8,612m

Shared user paths

5,808m
12

Bridges

4

Other
Isolated Property
Access road upgrades
– assuming 1% of
impacted properties
require 100m of
unsealed road upgrade

379ha
8,612m

Mundarlo Bridge
Bereena Rd Crossing
Stormwater drainage system flood gates and pumps at
Wagga Wagga
Stormwater drainage flood gate and pump system at
Narrandera
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Reinstatement
activities

420,725m

Culverts

Landscaping

Significant impacts on
public infrastructure

72,220 ha

Sealed roads

Tracks

Mitigation activity

Raise road

New capital works
and upgrades
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Impact Type

Extent of Impact
Upgrade of Pine Hill to Lake Talbot Drainage Channel

Mitigation activity
11

Darlington Point Mobile Pump Station
Collingullie Town Bore Supply System
Sandy Point Beach Access
Impacts to overtopped
levees

Impacts to flood control
levees

Impacts on specialist
activities

Earthen

49,500 m

Unsealed Road / track

6,500 m

Sealed Road

1,900 m

Earthen levees

93,300 m

Unsealed track levees

39,600 m

Sealed road levees

4,600 m

Turf Farm

Capital response
measures

1

Infrastructure only

8

A combination of
easements and
infrastructure
upgrades

4

Easements only

Quarries
Residential/rural
residential properties

11

Capital response
measures

Narrandera Council mentioned this upgrade as something that would be nice to, but agreed that this wasn’t necessary to mitigate
CMS flows.
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Table A3 - 2 provides a breakdown of the number of private agricultural properties that are as
affected, by inundation area.
Table A3 - 2 Inundation area per property, 40,000 ML/day at Wagga Wagga

Total inundation area per
property

Number of properties

Percentage of total properties

Less than 1 ha

438

41%

1 ha to 10 ha

328

31%

10 ha to 50 ha

159

15%

50 ha to 100 ha

41

4%

> 100 ha

90

9%

All properties

1,056

100%

Source: derived from Table 3, GHD (2015) CMS Private Agricultural Land Murrumbidgee Reach Report.
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Appendix 4
Economic and socio-economic benefits of higher
environmental flows
CSIRO STUDY
It is generally accepted that broad benefits accrue from improvements in environmental health.
Changes to flow regimes as a result of the constraints measure would result in such benefits to
communities and/or stakeholder groups. Quantifying such benefits, for example in monetary
terms12, is methodologically complex and can have a range of limitations. As an alternative,
CSIRO conducted a case study to investigate a range of realised and expected, direct and
indirect benefits from a healthier river, wetlands and floodplain environment. The findings from
the study serve as an example of broader benefits that can accrue at local scale.
Scope
CSIRO was commissioned to undertake a study which aimed to identify broader benefits that
may accrue to communities and stakeholders from the proposed flows.
Assessment of broader benefits is a complex undertaking, and required a multidisciplinary
approach. The study included separate components for gathering social, economic and hydroecological data and information.
The study did not attempt to quantify benefits in economic terms. While cost-benefit methods are
often used to inform policy and decision making, quantifying benefits from improved
environmental health has in many instances proven difficult. Quantification is most feasible in
cases where benefits are relatively direct and appropriate to monetise, for example in relation to
increase to tourism in the form of visitor numbers, or value of agricultural production. However,
benefits may also be indirect and diffuse, and therefore difficult to value by quantitative
measures.
Instead, the study applied qualitative social science methods to gain a broader understanding of
potential benefits from management efforts to improve river and riverine landscape health. The
CSIRO study used such qualitative methods to explore the role and position of the local river
and riverine environment in the lives, opportunities and wellbeing of people who live nearby.
Methodology and approach
The study described the Lowbidgee area in terms of its local environmental assets (river, lakes,
wetlands and floodplain and associated natural landscapes and ecology), as well as the area’s
socio-economic opportunities and challenges. The study found that psycho-social linkages
between human wellbeing and the environment are demonstrable and widely accepted. A factor
in these linkages is the value people place on the environmental assets. Linkages can also be
indirect, for example manifest via perceived opportunities arising from the health and functioning
of the environmental assets. Further, linkages are also described as actual, e.g. related past or
current experiences, or expected in the future. The study provides examples of the range, type
and depth of such linkages from a local stakeholder perspective.
20 stakeholders were interviewed (face-to-face in all but one instance) over a two week period
during September 2015. The interviews were semi-structured, and investigated three broad
topics: community quality of life and wellbeing; values associated with the river, wetlands, and
lake environments; and benefits associated with environmental watering events. A scenario of

12

A sum-total of broader benefits in monetary terms was not the scope of this study. The study applies qualitative
methods to exemplify how and what types of benefits can accrue at local scale.
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proposed inundation under the Basin Plan Constraints Management Strategy was used to
explore possible benefits.
The participants were drawn from graziers, town residents, business operators, community
groups, and local leaders (both informal and formal). Some participants held multiple roles within
the community and their information was often able to provide several perspectives on a topic.
Participants were recruited from a variety of sources including a desktop review of community
activities, plans, and directories; community networks; local government; and state water and
national park authorities.
What was taken into account
The potential benefits to the local community were analysed and organised into themes, or types
of benefits. These were:
•
•
•
•
•

Improved landscapes, amenity and aesthetics;
A sense of place and identity;
Diversified and sustainable agricultural production;
Growing tourism opportunities; and
Creating new knowledge.

The study provides an interpretation of the role these benefits for local people, and strength of
potential linkages with a potential future managed flow regime which would improve the health of
the river and riverine environment.
The interviews also provided information about risks and negative outcomes. These are
identified and discussed in the study, and reported as ‘community concerns’ about the flows.
Outcomes
The study found a range of strong linkages between people’s wellbeing and river and riverine
landscape health. Examples of these linkages are:
•
•

•
•

Benefits from opportunities for employment as a result of increased visitor interest in
areas with a healthy and appealing natural environment.
Multiple benefits to floodplain grazing, for example:
- Improvements to the hydrological regime attributed to increased grazing yields.
- Indirect benefits from increase in biodiversity (bird species) were attributed to the
higher predation rates by the birds on pest species in crops (and therefore less
input costs for pest control).
Benefit links to community and social cohesion, for example through opportunities to
acknowledge and celebrate a shared history; increase in opportunities to come together
for events, and opportunities to learn more about the river and riverine environments.
Perceptions and expectations of benefits that may accrue in the future, for example
diversified economic opportunities from activities such as fishing, eco-tourism, carbon
farming, woodcutting.

Interviewees were supportive of the proposed flow scenario. However, many considered that the
benefits may not be realised, for example that the flows might not be sufficient to improve the
environment, or that environmental releases could cause detrimental impacts in the community
(for example severe black water events). The study suggests that it could be beneficial for
people in the area to have a point of access to information about flow release, and opportunities
to better understand and predict how the river will ‘behave’. Another key concern raised was
about the community ‘not being heard’ about their point of view and support for improvements to
environmental flow regimes, e.g. being ‘drowned out’ as strong and vocal industry and other
interest groups dominate the public debate.

57 DPI Water, October 2016

Constraints management strategy - Murrumbidgee concept proposal

Appendix 5

Estimated costs

Consultants commissioned by MDBA as described in Appendix 3, have produced the majority of
cost estimates. These cost estimates along with additional budget items included as
contingencies will be updated through new costing work to be undertaken by DPI Water, when
more accurate information on extent of inundation and the timing, frequency and duration of
future environmental flow scenarios is available.
Table A5 - 1 provides a summary of the estimated costs and issues accounted for when
estimating costs. Escalation at 2.68% per annum over the assumed implementation years is
included in the estimates.
Table A5 - 1 Estimated mitigation costs

Mitigation
activity

Issues taken into account in
estimating costs

Easements

•

Inundation impacts on tolerant
pastures

•

Inundation impacts on
vulnerable pastures

•

Inundation impacts on crops

•

Effects of interrupted access,
including loss of grazing,
delayed harvesting

•

Livestock husbandry

•

Fencing

New or upgraded
infrastructure,
such as private
bridges,
crossings, pumps

Costs of representative
engineering works

Operational
response

•

Asset Managers (Councils)
have incur additional
resourcing costs associated
with flood preparations.

•

Enacting flood mitigation
controls (such as road
management/closing and
shutting off backflow
prevention valves) was a
common cost, not captured by
asset costing.

Estimates of numbers of properties
where infrastructure works may be
required
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Estimated cost ($m) moderate

Estimated cost ($m) high

(inclusive of negotiation (inclusive of negotiation
costs)
costs)
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Mitigation
activity

Issues taken into account in
estimating costs

Reinstatement
works on public
infrastructure

•

Rehabilitation of roads
(potholes, pavements,
regrading)

•

Maintenance of tracks

•

Replacement or reinstatement
of culverts

•

Grading and removal of debris
in fords

•

Impacts on landscaped areas

Capital works on
public
infrastructure

Isolated Property Access road
upgrades

per 100m of unsealed
road
Mundarlo Bridge
Bereena Rd Crossing
Stormwater drainage system flood
gates and pumps at Wagga Wagga
Stormwater drainage flood gate
and pump system at Narrandera
Upgrade of Pine Hill to Lake Talbot
Drainage Channel
Darlington Point Mobile Pump
Station
Collingullie Town Bore Supply
System
Sandy Point Beach Access
Specialist
activities

Option 1: Easement focused

(Quarry,
residential
properties, turf
farm)

Option 2: Infrastructure focused
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Estimated cost ($m) moderate

Estimated cost ($m) high
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Mitigation
activity

Issues taken into account in
estimating costs

Estimated cost ($m) moderate

Estimated cost ($m) high

Levees

Works on levees

TOTAL COSTS: Option 1

84.8

98.0

TOTAL COSTS: Option 2

89.2

107.0

Additional infrastructure implementation costs
Independent consultants were commissioned to provide advice on infrastructure implementation
costs (refer to Table A5-2). It identified capital expenditure (CAPEX) rates that provide an
indicative estimate of engineering design, approvals and construction costs associated with
infrastructure works. Estimates derived using these CAPEX rates were compared to the
contingencies already included in the costing consultancies in their assessment of costs
associated with Private Agriculture, Public Infrastructure, and Specialist Activities.
In some cases the contingencies applied in the costing consultancies did not appear to provide
sufficient cover for estimated design, approvals and construction costs. The marginal difference
(i.e. the potential additional infrastructure implementation costs) is also presented in Table A5-2.
It was also recommended that consideration be given to bundling of small projects into a
package of works, as this would provide cost savings. Table A5-2 therefore presents potential
additional infrastructure implementation costs as a low estimate (where it is assumed that
projects are bundled, and cost savings are thereby realised) and a high estimate (where it is
assumed that projects are not bundled).
Table A5 - 2 Additional infrastructure implementation costs

Mitigation activity

Estimated cost ($M)

New or upgraded
private bridges and
crossings

Assuming infrastructure works are
required on 145 properties

Capital works on public
infrastructure

Isolated Property Access road upgrades

Mundarlo Bridge
Bereena Rd Crossing
Stormwater drainage system flood gates
and pumps at Wagga Wagga
Stormwater drainage flood gate and pump
system at Narrandera
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Mitigation activity

Estimated cost ($M)
Upgrade of Pine Hill to Lake Talbot
Drainage Channel
Darlington Point Mobile Pump Station
Collingullie Town Bore Supply System
Sandy Point Beach Access

Specialist Activities

Option 1: Easement focussed
Option 2: Infrastructure focused

TOTAL COSTS

Option 1

3.58 to 18.19

Option 2

4.94 to 27.4

Program delivery
Program delivery is based on long-term governance arrangements (Section 7.6). Appropriate
resourcing will be required for program management and technical delivery including mitigation
responses to third-party impacts (e.g. easements and infrastructure upgrades). Effective
program management will be required to ensure accountability under relevant legislation, and for
effective stakeholder engagement, negotiation and approvals processes in implementing
constraints measures.
A key issue will be resourcing working with landholders at a detailed one-on-one level working
towards negotiating property level agreements. For the Murrumbidgee CMS this means over
1,000km of river length and at least 800 directly affected riverbank landholders. Public and
private infrastructure works also requires working with 14 local councils, riverbank landholders
and multiple regional authorities and river user groups.
Estimated program and technical delivery staff costs for 9 to 10.5 fulltime equivalent staff are in
the order of $25 to $30 million over 10 years.
Additional scenario with Yanco Creek regulator
The base case scenario considered for cost estimation assumed relaxed flows of up to 40,000
ML/day at Wagga Wagga, with no upgrades to the Yanco Creek regulator.
As an alternative scenario, GHD also considered what would occur if the Yanco Creek regulator
was to be upgraded. An upgrade to the Yanco Creek regulator was assumed to mean that a flow
of 38,500 ML/day at Wagga Wagga could achieve similar results in the Murrumbidgee below the
Yanco Creek offtake. The following table shows the marginal landholder inundation impacts and
costs of this alternate scenario.
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Table A5 - 3 Marginal change in impacts and costs associated with alternate scenario (assuming works on
Yanco Regulator)

Change
Impacts

NSW
Number of properties affected

-16

Native pastures (ha)

-1,307

Improved pastures (ha)

-379

Crops (ha)

No change

Horticulture (ha)

No change

Estimated total cost of mitigation

-$2,060,000

Source: derived from Tables 14, 15, 19 and 20 of GHD (2015) CMS Private Agricultural Land Murrumbidgee Reach
Report.

Flow buffer cost impact estimates
For both the base case and with Yanco Creek regulator scenarios, GHD also assessed the
marginal costs associated with a buffer flow from 40,000 to 45,000 ML/day (for Scenario 1) and
38,500 to 43,500 ML/day (for Scenario 2).
For Scenario 1 (40,000 ML/d), it is estimated that that the marginal cost would be $5.9 million
and that an additional 57 properties would be affected.
For Scenario 2 (38,500 ML/D), the marginal cost was calculated to be $5.6 million, with an
additional 63 properties impacted.
These calculations were predicated on an assumption that buffer flows would occur with the
same frequency, timing and duration as flows in the flow band from 30,000-40,000 ML/day.
However, it should be noted that the buffer is intended to take into account only the small
possibility (rather than the certainty) of flows exceeding the target.
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Appendix 6
Key cost estimate assumptions, uncertainties and
contingencies
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Key assumptions and implications
Key assumptions associated with the cost estimates, and the implications of those assumptions and caveats associated with the estimates are
provided in Table A6 - 1.
Table A6 - 1 Key assumptions and implications associated with the cost estimates

Issue

Assumptions

Implications for cost estimates

Hydrology

Cost estimates are based on very specific hydrological. For costing
purposes, it has been assumed that the outcomes of that hydrological
modelling represent an outer envelope of what is hydrologically feasible, if
constraints were relaxed.

Expected to result in overestimate rather than
underestimate

Easements

Assume that land values, agricultural gross margins and impacts of higher
flows can be generalised in a model.

Estimates are considered fit for purpose at regional
level but not at a more local scale.

Model assumptions have been ground truthed through consultation with
relevant local experts, but by necessity they are still average values. In
reality they would vary from property from property.

A contingency of 10 percent has been built into the
easement costs.

Easements – administrative A $5,000 administration cost has been assumed per property. These costs Estimate may be too low if stakeholders require a
costs
include establishing the criteria for calculation of the level of compensation, different level of administrative cost to what was
site inspections and negotiations with land owners and legal costs to
required in Hume-Yarrawonga.
include easements on land titles. Based on previous experience in
negotiating easements along the Hume-Yarrawonga and Mitta-Mitta
regions.
Private crossings
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In the context of the timeframes available for the feasibility work, and
associated constraints to on-ground consultation with landowners, it was
not possible to identify precisely which private crossings would require
infrastructure works. The number of private crossings, and the nature of
works required, has been estimated on a regional basis, drawing on
intelligence gathered from sample case study properties.

Estimates are considered fit for purpose at regional
level but not at a more local scale.
A contingency ranging from 50 to 160 percent has
been built in. Estimates are considered more likely
to be overestimates than underestimates.
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Issue

Assumptions

Capital works on public
infrastructure

These assets were identified by stakeholders (e.g. councils) and reviewed Cost estimates are considered prefeasibility in
by engineering experts (AECOM). However, there were practical limitations terms of accuracy. A contingency of 15 to 60
to the level of detail to which cost estimates could be made for these works. percent has been built in to the base cost
estimates. A further 12 to 160 percent contingency
has been added to cover additional implementation
costs. Estimates are considered more likely to be
overestimates than underestimates.

Reinstatement works on
public infrastructure

Identified through a desktop analysis, supplemented by consultation with
Estimates are considered fit for purpose at LGA
stakeholders (e.g. councils). However, there were practical limitations to the level but not at a more local scale
level of detail to which the consultation process could consider individual
infrastructure items.

Works on levees

Desktop assessment only. Insufficient data and time meant it was not
feasible to consider levees through a detailed on-ground assessment.
Assumed works required once in 30 years.

Specialist activities

Identified through a desktop analysis, supplemented by selected case
studies from which costs have been extrapolated.

Implications for cost estimates

Cost estimates are considered prefeasibility in
terms of accuracy. A contingency of 40 to 120
percent has been built in to base cost estimates. A
further 12 to 17 percent contingency has been
added to cover potential additional implementation
costs. This range represents the relative
uncertainty relating to certain levee types.
Estimates are considered more likely to be
overestimates than underestimates.
Estimates are considered fit for purpose at regional
level but not at a more local scale, or for individual
activities (or categories of activity).
A contingency of 100 percent has been built in to
base cost estimates. A further 30 to 100 percent
contingency has been added to cover potential
additional implementation costs. Estimates are
considered more likely to be overestimates than
underestimates.
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Assessment of cost estimate uncertainties
A number of key cost uncertainties were also tested, through analyses of what would happen if key assumptions were changed. The outcomes of
these analyses are presented in Table A6 – 213. These results were used to inform the setting of contingencies used in the costing estimates.
Table A6 - 2 Outcomes of cost uncertainty analyses

Impact

Key uncertainties considered

Analyses undertaken

Implications for cost estimates

Inundation of
agricultural land

Area of land assumed to be
inundated

Buffer scenario corresponding to 45,000 ML/day at Wagga
Wagga

Increases estimated costs by $5m

Impacted area varied by up to +/-20 percent

Up to

Economic characteristics of land
(e.g. land value)

Land worth varied by up to +/- 20 percent

Up to

Agistment costs varied by up to +/- 50 percent

Variation either way:

Farm management

Clean up and management costs varied by up to +/- 50 percent

Lower band:
Upper band:

Interrupted
access to private
agricultural land

Easement negotiations

Negotiation costs varied by up to +/-50 percent

Variation either way:

Area of land assumed to be
inundated

Buffer scenario corresponding to 45,000 ML/day at Wagga
Wagga

Additional:
Variation either way with up to

Interrupted access area varied by up to +/- 50 percent
Economic characteristics of land
(e.g. land value)

Land worth varied by up to +/- 20 percent

(Included in the above)

Agistment costs varied by up to +/- 50 percent

13

Note that the figures assume the starting point is the base case scenario of 40,000 ML/day at Wagga Wagga without Yanco Creek regulator upgrades.

14

This cost estimate would not vary up and down in equal measure as its sensitivity is a factor of effect on gross margin, which cannot exceed 100%.
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Impact

Key uncertainties considered

Analyses undertaken

Appropriate mix of easements vs
infrastructure works

Range of combinations of easements and infrastructure works
considered, from least cost to upper bound

Impacts on public Test key assumptions underlying
infrastructure
the cost estimates, and assess
the implications of varying these
assumptions for the estimated
reinstatement cost.

Sealed roads
(inundation length change by 20 percent change; and quantities
reduced by 10 percent)

Implications for cost estimates

The variables with the greatest cost
impact are: on the PV for the
Murrumbidgee Reach are:

Unsealed roads
(quantities increased by 20 percent)

Capped cost for reinstatement of
Landscaped Areas -25%

Tracks
(quantities doubled)
Shared Path/Walking Track (increase repair intervals from 50m
every 20m)
Culverts (replacement quantities doubled, and end wall
reinstatement quantities doubled)

Operation Response cost to 90% of
events only -10%

Uncapped cost for reinstatement of
Landscaped Areas +9%

Culverts (applied clean up only costs to 2/3 of events)
Bridge (applied clean up only costs to 2/3 of events)

Change in the repair cost of tracks +9%

Landscaped Area (+-2% change in quantity allowance)
Landscaped Area (uncapped)
Landscaped Area (assume $10,000/shire only)
Total Cost (activate response 90% of events only)
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Change in the repair cost of shared
path/walking tracks +12%
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Impact

Key uncertainties considered

Analyses undertaken

Implications for cost estimates

Impacts on
specialist
activities

Test key assumptions underlying
the cost estimates, and assess
the implications of varying these
assumptions for the estimated
mitigation costs

Twenty sources of uncertainty were included in the analysis (see
JACOBS unpublished, 2015(6)). A Monte-Carlo analysis method
was used to develop distribution ranges for key outputs by
varying inputs according to the limits set by the uncertainty data.
Two types of distribution were applied; even distributions where
the uncertain parameter could take on any value within the
specified bounds with equal probability, or triangular whereby the
uncertain parameter would take on central values more often
than extreme values.

The Monte Carlo analysis produced a
probability distribution of estimated
costs. The expected (P50) and high
(P90) costs were reported as the
moderate and high estimates by the
study.

Levee works

It is expected that the 100 percent
contingency would be sufficient to
cover potential cost factors identified in
the Monte Carlo Analysis.

No sensitivity analysis was undertaken

Contingency cases
Two sets of cost estimates are presented in this concept proposal: moderate estimates and high estimates. Independent consultants have
predominately developed the cost estimates. The moderate estimates include a lower level of contingency, while the high estimates include a
higher level of contingency.
Contingencies were added through a two stage process. Firstly, consultants added a level of contingency to their base cost estimates for
easements, infrastructure, levees, and specialist activities. Secondly, contingencies were added in the form of additional infrastructure
implementation costs to cover design, approvals and/or site supervision, where these potential costs were not already considered.
Table A6 - 3 and Table A6 - 4 summarise the added cost contingencies. Contingencies for specific infrastructure items varied depending on those
items, and this is reflected in ranges in the table.
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Table A6 - 3 Moderate cost contingency assumptions

Source of cost
estimates

GHD

GHD

AECOM

Easements

Private infrastructure

Contingency

10 percent

No contingency, but GHD 15 to 25 percent
40 to 60 percent 100 percent
has advised that $50,000
(new capital typically
per property is generous
25%)

Jacobs

Not added

Additional
implementation costs

Additional to above
50 percent
(assume bundled
approvals)

Levees

Jacobs

Base costs

Plus other costs
(negotiation and
advice)

Public infrastructure

AECOM

Added to capital
works component

Additional to
above

12 to 50 percent

12 percent

Specialist activities

Added to
infrastructure
component

MDBA/States

Program
management
Assumes starting
from scratch (i.e. no
resources already
available)
Not added

30 percent

Table A6 - 4 High cost contingency assumptions

Source of cost
estimates

GHD

GHD

AECOM

Base costs

Easements

Private infrastructure

Contingency

10 percent

No contingency, but GHD 40 to 60 percent
has advised that $50,000
(capital typically
per property is generous
50%)

Plus other costs
(negotiation and
advice)
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Public infrastructure

AECOM

Jacobs

Levees

Specialist activities

80 to 120
percent

100 percent

MDBA/
States
Program
management
Assumes starting
from scratch (i.e. no
resources already
available)
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Source of cost
estimates
Jacobs
Additional
implementation costs
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GHD

Not added

GHD

Additional to above
160 percent
(assume approvals are
not bundled)

AECOM

AECOM

Added to capital
works component

Additional to
above

17 to 160 percent

17 percent

Jacobs

Added to
infrastructure
component
100 percent

MDBA/
States
Not added
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Appendix 7

Modelling results

A7.1 Hydrological modelling method
To establish the likely frequency and duration of environmental flows, modelling was undertaken
using the existing NSW Integrated Quantity and Quality Model (IQQM) for the Murrumbidgee
River. This is an established modelling platform and accepted as industry best practice, and was
used to inform the water sharing plans and the Basin Plan The Murrumbidgee IQQM can be
configured to represent different levels of water use and management rules, and is generally
used in conjunction with approximately 120 years of recorded rainfall and inflow information to
simulate how the system would behave under the climatic variability over that time.
Hydrologic modelling undertaken to assess the potential frequency, timing and duration of
higher environmental flows resulting from the relaxation of flow constraints has used the existing
NSW IQQM platform. The modelling approach considered the Southern connected system (i.e.
the River Murray System, Goulburn and Murrumbidgee) as an inter-connected single hydrologic
unit.
For the Murrumbidgee constraints relaxation modelling, flows of up to 33,000 ML/day at
Gundagai were modelled. Flows at Gundagai (rather than Wagga) were modelled because
Gundagai was the reference point that was configured in the model. NSW Water statistical
analysis of historical flow data suggests that 33,000 ML/day at Gundagai is an appropriate proxy
for flows of 40,000 ML/day at Wagga Wagga.15
The method applied in the modelling aims to mimic natural flow cues and uses a probabilitybased approach to calculate environmental demands.
The model uses historical inflow data to determine environmental water delivery based on
natural flow cues that reflect dry and wet cycles and natural variability. For the purposes of the
model, environmental flow demands for winter and spring seasons are placed at locations
throughout the system. The locations are specified based on the delivery patterns to meet the
environmental water requirements used to inform the SDLs in the Basin Plan. The contribution of
regulated flows is capped at a maximum limit for the delivery of flows within the Southern
connected system. These demands trigger water to be released from storages to meet
environmental demands, which are limited as in Table A7-1. The limit provided in the table is an
absolute upper limit and is likely to be effectively utilised only during very wet years. For
relatively dryer years, this limit is much lower as determined by limit-curve based on percentiles
of monthly cumulative natural flows.
The model assumes environmental flows are limited by channel capacity (also set out in Table
A7-1); the maximum allowable limit for each location; environmental water allocation and other
operational constraints.
Environmental demands are then estimated as a fraction of natural (without development) flows
at each location. The fraction that is applied is calculated monthly based on percentiles of
monthly cumulative natural flow data for the June to May water year. The fractions are relatively
higher for the Winter-Spring months in the wetter years than for those months in the relatively
drier years. The wetter years and drier years are identified based on monthly cumulative inflows
to headwater storages, such as Hume dam in the upper Murray, and Burrinjuck dam in the upper
15

Two different proxy flowrates at Gundagai for the 40,000 ML/day target at the Wagga gauge are adopted.

For hydrological modelling considering event timing, frequency and duration; 33,000 ML/day based on a statistical event comparison
between the sites is used.
A conservative approach is taken to estimate inundation areas with a flow rate of 38,000 ML/day at Gundagai used to represent
40,000ML/day constraints relaxation at Wagga.
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Murrumbidgee. During extremely wet and dry years, particularly the wettest 10% of the years
and driest 10-30% of years on record, environmental demands are not applied. The
environmental demands are then used as inputs to the model.
The model produces daily estimates of environmental releases from storages, over a modelled
114-year period from 1895 to 2009. The 114-year sequence of daily model outputs was used to
inform the concept proposal through:
•

Analysis of statistics of specified types of flow events (e.g. numbers of flow events lasting
less than 7 days in length, or more than 7 days in length, in specified time periods). Such
statistics informed analysis by GHD, AECOM and Jacobs on the impacts of relaxed
constraints for agriculture, public infrastructure and specialist activities.

•

Hydrographs created from the model outputs. These hydrographs informed the sections
of the concept proposal on proposed changes to hydrology and the operating regime.

Table A7-1 shows the limits applied to environmental demand for the relaxed constraints
scenario of 33,000ML/day at Gundagai.
Table A7 - 1 Limits applied to environmental demand

Location

Environmental demand limit (ML/d)

Narrandera

44,000

Maude

20,000

Balranald

12,000

*Note that this maximum environmental demand limit is generally applied to the wet years. For dryer years, the
maximum environmental demand is capped by limit curve to reflect likely water availability, and is much lower.

Assumed flow regime changes
To inform cost estimates, it was necessary to define a baseline flow regime, and a post-CMS
flow regime, as inputs to the costing methods.
•

The baseline flow regime was assumed to be represented by modelling outputs from the
MDBA’s baseline diversion limit (BDL) model run. The BDL flow regime represents preBasin Plan water recovery condition and is a modelled representation of flows in the
Basin, taking into account a 114-year climate sequence from 1895 to 2009, and
assuming a level of development as per 2009. Refer to MDBA (February 2012)
Hydrologic modelling to inform the proposed Basin Plan: methods and results, section
3.3.

•

The post-CMS flow regime represents post-Basin Plan water recovery condition and
delivery of environmental water by relaxing channel capacity constraints, and was
assumed to be represented by modelling outputs from the MDBA’s relaxed constraints
model run (described in the previous section of this document). This modelling also took
into account the amount of water available to the environment when simulating releases
from the major storages high flow events.
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The BDL flow regime represents the most appropriate baseline for cost estimates, noting that:
1. The costs that will be incurred in implementing mitigation options (e.g. easements or
infrastructure works) would reflect the outcomes of negotiations with stakeholders, who
will need to agree to those options, and associated funding, before they can be
implemented.
2. If mitigation options (e.g. easements and/or infrastructure works) were to be pursued,
negotiations over costs would need to be with reference to a baseline which stakeholders
can relate to (i.e. represent their recent lived experiences).
3. The BDL flow regime is an appropriate representation of this baseline. A non-modelled
baseline (e.g. actual flows) would not be appropriate as it would not be possible to
compare it to the relaxed constraints modelled 114-year flow regime.
Table A7 - 2 Summary of modelled hydrological changes
Baseline Scenario
Flow
Threshold
(ML/d)
@ Wagga
Wagga

(Operating Arrangements as at 2009)
Number
of Events
(1895 –
2009)

Average
Duration of an
Event

Proportion of
Years with at
least 1 event

(Days)

(%)

Constraints relaxed to allow managed flows of up
to 40,000 ML/day at Wagga Wagga*

Number of
Events

Average Duration
of an Event

(1895 – 2009)

(Days)

Proportion of
Years with at
least 1 event
(%)

> 20,000

480

8.0

87

568

9.0

89

> 30,000

313

5.3

69

373

5.8

72

> 40,000

190

4.6

54

224

4.5

60

*Based on model which assumed channel capacity constraints are relaxed to 33,000 ML/day at Gundagai.

A7.2 Inundation mapping
In order to inform the assessment of impacts, mitigation options and costs it was necessary to
estimate spatially how higher managed flows would inundate areas of land. This section
describes how inundation maps were produced.
CMS pre-feasibility phase (2014)
During the CMS pre-feasibility phase hydraulic models and GIS processing were used to
generate inundation extent maps. Two approaches to hydraulic modelling16 were used in various
reaches (see Table A7-3). Modelled flow levels in combination with geo-spatial information such
as digital elevation were used to model the extent of inundation (i.e. derive an inundation
footprint). The inundation extents were also calibrated and validated against a range of other
information, for example known gauge heights, landscape features, and vegetation.

16

RiM-FIM was developed by the CSIRO; MIKE was commissioned on behalf of the MDBA (and former Murray-Darling Basin
Commission). For a more detailed summary, please see the technical report published December 2014 and available from the
MDBA website: “Flow inundation mapping & impact analysis. CMS pre-feasibility technical report”.
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The inundation extent was captured and presented spatially using GIS tools (e.g. raster format
transformed to polygon shapes). The use of GIS has two key advantages: access to geo-spatial
analytical techniques (for example to identify location, size, and type of tenure or land use for
affected properties), and the relative ease of presenting flow rate implications in the form of
maps (for example for discussions with stakeholders).
In order to provide a reference point for analysis, and consultations with stakeholders, each
inundation extent was related to a specified flow rate at a reference gauge or location. Further
details of the methodology are described in the technical report Flow inundation mapping &
impact analysis17 (MDBA, 2014).
CMS feasibility phase (2015) – Murrumbidgee reach
The inundation maps used to inform the feasibility phase were revised from the inundation
extents which had been used in the pre-feasibility phase. The updated inundation extents used
for Murrumbidgee during the feasibility phase therefore have some spatial as well as hectare
variations from those used for the pre-feasibility phase. Key changes compared to the maps
used in pre-feasibility in the Murrumbidgee were:
• Updates to take into account further modelling for the mid-Murrumbidgee by WaterNSW,
and in the lower Murrumbidgee by CSIRO.
• Revised inundation mapping for the mid-Murrumbidgee took account of validation against
remotely sensed data as well as feedback from local stakeholders. In the lower
Murrumbidgee it was not necessary to undertake large-scale remote sensing validation.
• Further updating of inundation modelling is ongoing, and includes surveying points in
areas likely to have inundation of private land. In addition 2D modelling is being
undertaken for areas around Collingullie (mid-Murrumbidgee).
To inform the concept proposal, a range of modelled inundation extents were used. These
inundation extents covered a range of flows up to and including the maximum regulated flow rate
being considered in each reach.
In the Murrumbidgee additional buffers beyond the maximum regulated flow rates under
consideration were also used to test the degree to which spatial uncertainty in the modelled
inundation extents would affect impacts and costs.
The scenarios mapped are summarised in Table A7 - 3

Table A7 - 3 Modelled flow inundation extents

Flow extent (ML/day)
Reach

Murrumbidgee - mid

Murrumbidgee - lower

Inundation

Spatial buffer

20,000

43,500*

30,000

45,000

38,500*

Reference location
or gauge

Hydraulic
model used

Wagga Wagga

MIKE-11 &
MIKE Flood
RiM-FIM

40,000
*Note that an alternative scenario was considered in which it was assumed there would be a regulator on
Yanco Creek. This scenario used a 38,500 ML/day inundation extent, plus a 43,500 ML/day buffer extent

17

For further details, see above report.
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Mike Flood 2-D model improvements are continuing. Priority areas for topographical field survey
are identified and initial survey work has been completed. The surveyed areas provide improved
definition (heights) of levee and flood runner detail compared to what was available in the terrain
data. Also improved resolution terrain data (5m grid) has been adopted in the improved models.
An example worst case scenario (45 GL/d with 3 days duration) output at Wagga Wagga is
provided below. Figure A7-4 is a preliminary inundation map still to be validated with the
historical events but it provides improved resolution and accuracy in mapping inundation.

Figure A7 - 4 Improved 2-D model example output

A7.3 Application of flow inundation mapping to impact, mitigation options and
cost analysis
Consultants used the flow inundation extents, overlaid with other geo-spatial information, such
as land-use, roads, crossings, tenure, to identify structures and types of land and production that
would be affected by different CMS flow options. The information served as a basis for
identifying and costing the impacts and potential mitigation options.
In some instances this processing uncovered inaccuracy in the mapping. In addition, the
inundation extents were shared and tested with local stakeholders as well as experts with local
knowledge. Some of the maps were refined further as a result of these consultations. Where
feedback from local stakeholders and GIS processing indicated discrepancies, consultants took
account of local knowledge for the purpose of costings calculations (for example by adjusting
figures for hectares etc.). Consultants also updated the maps by comparing them with outcomes
of remote sensing (e.g. aerial photographs).
The inundation extents were considered fit-for-purpose to assess impacts and estimate costs at
a regional scale to inform a concept proposal, and as a starting point for discussions with local
stakeholders.
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However, it is important to recognise that the extents were not intended to accurately assess
impacts or costs at a local or property level. While the impact and cost assessment included
case studies at property level, these case studies were intended to inform the regional level
assessment, not a property-level assessment. Such assessment would be the subject to an
implementation phase, and conducted on a case by case basis. Flow trials during
implementation would also assist in refining assessments of required works and easements.
If the CMS were to progress to implementation, the existing flow inundation mapping would
function as a starting point for identifying and contacting property owners who may be directly
affected, and for discussions and negotiations. It would also be necessary to update further the
inundation maps through improved modelling, further analysis of aerial photography, and/or
further consultations with stakeholders regarding details of inundation in specific locations.
Table A7 - 5 Summary of updates and revision to flow inundation mapping – feasibility phase

Source of update
Inundation extent layers at given
flow rates

Revised
modelling

Landholder
feedback

Remote
sensing

Other
stakeholder/
local experts

Murrumbidgee – mid

√

√

√

√

Murrumbidgee – lower

√

√
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Appendix 8

Implementation plan

This draft Implementation plan outlines the key phases, estimated times, key tasks and
dependencies that will be required if the Murrumbidgee constraints concept proposal were
progressed to implementation. The six key phases identified and discussed in this
implementation plan are:
1.
2.
3.
4.
5.
6.

Governance arrangements.
Information refinement.
Private tenure mitigation options.
Public tenure mitigation options.
Operational trials.
Delivery of relaxed constraint flows.

If this concept proposal progresses to the implementation phase, the implementation plan will
require further development.
Figure A8 - 1 depicts the timing and relationship between phases. It shows the establishment of
governance, followed by a period of information refinement, negotiations, construction and
transfer of private and public assets. Introduction of relaxed constraint flows are initiated when
mitigation measures are in place. Delivery of increased flows will be an incremental process,
slowly working towards maximum flow rates over time.

Figure A8 - 1 Relationship between key phases of implementation

A key element of the implementation plan is the development of operational trials to validate the
mitigation measures that have been developed from flow modelling and inundation mapping. It is
proposed that, subject to consultation with landholders, the flow trials would be undertaken in
successive increments – similar to the additional inundation mapping at 32,000 and 35,000
ML/day.
This would provide greater certainty about where inundation was occurring, which would then
provide confidence that measures such as levies, crossings, and easements would be able to
provide mitigation as intended.
Trials would also provide an opportunity for operational delivery of flows to be demonstrated
under more modest conditions, and for communication arrangements with landholders to be
tested below the target of 40,000 ML/day at Wagga.
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Development of trials would be integrated into the consultation and engagement activities
proposed for the implementation of this measure.
In this way, confidence in operational systems and mitigation measures could be established
during the course of the project, rather than after all measures were completed.
The indicative project timeline for the Murrumbidgee Constraints project is shown in Figure A8 2.
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Figure A8 - 2 Indicative project timeline

MURRUMBIDGEE CONSTRAINTS MANAGEMENT STRATEGY - INDICATIVE PROJECT TIMELINE
Project phases including stakeholder engagement

2016

2017

2018

2019

2020

2021

2022

2023

2024

2016

2017

2018

2019

2020

2021

2022

2023

2024

Stakeholder engagement - life of project advisory groups
Define timing, duration, height and frequency of managed env. flows (NSW agencies)
High level mitigation costing - private agriculture
Detailed mitigation costing - private agriculture
Individual mitigation costing - private agriculture
High level mitigation costing - Councils and businesses
Detailed mitigation costing - Councils and businesses
Individual mitigation costing - Councils and businesses
Mitigation and compensation package types developed and finalised
Policy - land access and legacy structures
Infrastructure design and approvals
Monitor natural flow events
Private land negotiation - access and compensation
Council land negotiation - access and compensation
Construct, commission, transfer
Planning and observation of gradually increasing trial flows (tba)
Milestones
Basin Ministers' decision (tba)
SDLs come in to effect 1 July 2019
Completion of agreed constraints measures 30 June 2024
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Appendix 9

Mid-Murrumbidgee landholders submission
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Appendix 10
requirements

Addressing eligibility criteria and information

Table A10 - 1 identifies the eligibility criteria and information requirements from Section 3 and
Section 4 of the Phase 2 Assessment Guidelines for Supply and Constraint Measure Business
Cases that are relevant to this concept proposal. It also identifies which section of the concept
proposal addresses each criteria and/or requirement.
Table A10 - 1 Where the concept proposal addresses eligibility criteria and information requirements

Guidelines
section

Heading

Requirement

Concept proposal
section

4.1

Project Details

Key Project Details and Overview

2.2, 2.3, 3

4.2

Ecological values of the
site

Description of the ecological
values of the site

3.3, Appendix 1

4.3

Ecological values and
targets

Confirm objectives and targets

3.3, Appendix 1

4.4.1

Anticipated ecological
benefits

Proposed outcomes from the
investment

3.3, Appendix 1

4.4.2

Potential adverse
ecological impacts

Assessment of potential adverse
impacts

3.4, 6

4.5.1

Current hydrology and
proposed changes

Clear articulation of current and
proposed hydrology

2.2, 3.2

4.5.2

Environmental water
requirements

Water requirements of new
inundated areas

2.2, 3.3, Appendix 1

4.6

Operating regime

Explanation of the role of each
operating scenario

3.5, 3.6

4.7

Assessment of the risks
and impacts

Assessment of risks and
mitigation options

6

4.8

Technical feasibility and
fitness for purpose

Evidence that the project
infrastructure is technically
feasible

4.1, 4.2, 4.3, Appendix
2 – Appendix 7

4.9

Complementary actions
and interdependencies

Confirm interaction with other
initiatives

3.2, 4.5

4.10

Costs, benefits and
funding arrangements

Detailed costing and list of
benefits

4.4, Appendix 3, 4 5,
and 6

4.11.1

Stakeholder management
strategy

Confirm stakeholder list and
stakeholder management strategy

5

4.11.2

Legal and regulatory
requirements

Legal and regulatory requirements

Will align with multiple
jurisdictional
requirements and
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Guidelines
section

Heading

Requirement

Concept proposal
section
satisfy govt. investment
principles.

4.11.3

Governance and project
management

Governance and project
management

7, Appendix 8

4.11.4

Risk assessment of project
development and delivery

Risks from project development
and delivery

6
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