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Environmental Water Delivery:
Lower Goulburn River

Increased volumes of environmental water are now becoming available in the Murray Darling
Basin and this will allow a larger and broader program of environmental watering. It is particularly
important that managers of environmental water seek regular input and suggestions from the
community as to how we can achieve the best possible approach. As part of the consultation
process for Commonwealth environmental water we will be seeking information on:

e community views on environmental assets and the health of these assets
e views on the prioritisation of environmental water use
e potential partnership arrangements for the management of environmental water

e possible arrangements for the monitoring, evaluation and reporting (MER) of environmental
water use.

This document has been prepared to provide information on the environmental assets and potential
environmental water use in the Lower Goulburn River.

The Lower Goulburn River supports a number of important ecological values which have been
recognised at national, regional and local scales. Ecological values include the presence of a
number of threatened species of flora and fauna, infact native fish populations and areas of healthy
riparian vegetation. Potential water use options for the Lower Goulburn River include the provision of
baseflows for Reaches 4 and 5 as well as the provision of flow freshes in winter-spring and summer-
autumn. This is expected to enable growth, reproduction and small-scale recruitment for a range of
flora and fauna, including native fish.

A key aim in undertaking this work was to prepare scalable water use strategies that maximise the
efficiency of water use and anticipate different climatic circumstances. Operational opportunities
and constraints have been identified and delivery options prepared. This has been done in a
manner that will assist the community and environmental water managers in considering the issues
and developing multi-year water use plans.

The work has been undertaken by consultants on behalf of the Australian Government Department
of Sustainability, Environment, Water, Population and Communities. Previously prepared work

has been drawn upon and discussions have occurred with organisations such as the Victorian
Department of Sustainability and Environment, Goulburn-Murray Water, Goullburn Broken
Catchment Management Authority and the Murray-Darling Basin Authority.

Management of environmental water will be an adaptive process. There will always be

areas of potential improvement. Comments and suggestions including on possible partnership
arrangements are very welcome and can be provided directly to: ewater@environment.gov.au.
Further information about Commonwealth environmental water can be found at:
www.environment.gov.au/ewater.

Commonwealth Environmental Water

Department of Sustainability, Environment, Water, Population and Communities
GPO Box 787, Canberra ACT 2601

Tel: +61 2 6275 9245
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1. Overview

1.1  Scope and purpose of this document

Information provided in this document is infended to help establish an operational framework that
provides scalable strategies for environmental water use based on the watering needs of selected
assets. This document outlines the processes and mechanisms that will enable water use strategies
to be implemented in the context of river operations and delivery arrangements, water tfrading and
governance, constraints and opportunities. It specifically targets large scale water use options for
the application of large volumes of environmental water.

To maximise the system’s benefit, three scales of watering objectives are expressed:

1. Water management area (individual wetland features/sites within an asset).
2. Asset objectives (related to different water resource scenarios).
3. Broader river system objectives across and between assets.

Information provided focuses on the environmental watering objectives and water use strategy
for the Lower Goulburn River in northern Victoria, including options for the use of water held in
Goulburn storages.

As part of this project, assets and potential watering options have been idenfified for regions across
the Basin. This work has been undertaken in three steps:

1. Existing information for selected environmental assets has been collated to establish asset
profiles, which include information on hydrological requirements and the management
arrangements necessary to deliver water to meet ecological objectives for individual assets.

2. Water use options have been developed for each asset fo meet watering objectives under a
range of volume scenarios. Efforts are also made to optimise the use of environmental water to
nmaximise environmental outcomes at multiple assets, where possible.

3. Processes and mechanisms required to operationalise environmental water delivery have
been documented and include:

— delivery arrangements and operating procedures

— water delivery accounting methods (in consultation with operating authorities) that are
either currently in operation at each asset or methodologies that could be applied for
accurate accounting of inflow, return flows and water ‘consumption’

— decision triggers for selecting any combination of water use options

— approvals and legal mechanisms for delivery and indicative costs for implementation.

Lower Goulburn River



1.2 Catchment and river system overview

The Goulburn River extends from the northern slopes of the Great Dividing Range north to the
Murray River near Echuca. It has a mean annual discharge for the catchment of approximately
3,200,000 ML (CSIRO 2008), 50 per cent of which on average is diverted for use. The two major
water regulation structures on the river are Lake Eildon and Goulburn Weir. The mid sections of
the Goulburn River between Lake Eildon and Shepparton have a confined floodplain (up to
four kilometres wide). Constructed levees confine the floodplain along the Lower Goulburn River
below Shepparton. Flood water leaving the channel of the Lower Goulburn River downstream of
Shepparton either returns to the channel (where blocked by levees), or flows north via the Deep
Creek system that discharges to the Murray River downstream of Barmah. The Broken River is a
major tributary of the Goulburn River, discharging at Shepparton.

Lake Eildon has a capacity of approximately 3,334,000 ML, and provides water to the

maijority of the Shepparton, Central Goulburn, Rochester and Pyramid/Boort irrigation areas
(some volumes are also contributed by the Loddon and Campaspe Rivers). Water is diverted at
Goulburn Weir (located eight kilometres north of Nagambie) info the East Goulburn Main Channel
and is harvested info Waranga Basin (capacity 432,000 ML) via the Stuart Murray Canal and
Cattanach Canal.

The storage and release of water in Lake Eildon has significantly altered the hydrology of the
Goulburn River. Filling in winter fo spring and releases to meet irrigation and consumptive demand
mean that high flows in the mid Goulburn River channel now occur in summer to autumn, while
low flows occur in winter to spring due to harvesting in Lake Eildon. Below Lake Eildon flows increase
progressively due to tributary inflows. The natural seasonal flow pattern is retained below Goulburn
Weir (where water is diverted to meet irrigation and consumptive demand), but is substantially
reduced in volume from natural conditions. The recent decommissioning (2009-10) of Lake Mokoan
means that additional water is likely to enter the Goulburn River from the Broken River during winter
to spring. This is expected o bolster the natural pattern of higher flows in winter to spring and lower
flows in summer to autumn in the Lower Goulburn River.

The Lower Goulburn River is a high value wetland system. The floodplain consists of a large area of
habitat for fauna such as waterbirds and fish. It has a wide variety of wetland types and vegetation
types, and is an excellent example of a major floodplain system.

Environmental flow recommmendations have been developed for the Goulburn River (Coftingham
et al. 2003, 2007), based on five representative reaches of the river (Figure 1). The information and
recommendations contained in this document are based on the environmental watering needs of
the Lower Goulburn River, being Reach 4 (Goulburn Weir to Shepparton) and Reach 5 (Shepparton
to the Murray River) (Cottingham et al. 2003, 2007).
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1.3  Overview of river operating environment

Regulation of flows along the Goulburn River downstream of Lake Eildon is managed by Goulburn-
Murray Water (G-MW). Water sources for the regulated section of the Goulburn River comprise
releases from Lake Eildon and tributary inflows. Flows reaching Goulburn Weir are diverted to

the East Goulburn Main Channel and to Waranga Basin (via the Stuart Murray Canal and the
Cattanach Canal) to meet irrigation, stock and domestic, and urban demand. Water is also
released from Goulburn Weir to the Lower Goulburn River. Downstream of Goulburn Weir, the river
collects fributary inflows (including the Broken River) and irrigation drain inflows prior to discharging
to the Murray River near Echuca.

The region’s regulated surface water resources are covered by bulk entitlements for water
allocation from the Broken River and the Goulburn River and its tributaries for all urban water use.
There are private diverter licences in unregulated parts of the catchment.

In 2005-06 there was 1,958,600 ML of bulk entitlement and 28,900 ML of licensed private diversion
(CSIRO 2008). The Murray-Darling Basin cap on surface water diversions is set at 2,034,000 ML for
the combined Goulburn, Broken and Loddon systems (CSIRO 2008). The environmental water
reserve for the Goulburn Basin includes 124,600 ML held by the Victorian Environmental Water
Holder (VEWH), and passing flows released as a condition of consumptive bulk entitlements held by
G-MW. However, most of the environmental entitlement volume is not for the Goulburn River but for
the Murray and Snowy Rivers.

Goulburn Valley Water and North East Water are responsible for the urban water supply in the
Goulburn-Broken region. Coliban Water also diverts water from the Waranga Western Channel

for urban water supply. G-MW is responsible for the supply of bulk raw water in the regulated river
systems to these urban water corporations and manages the delivery of the raw water through the
channel system. G-MW is also responsible for managing groundwater and unregulated surface
water licensed diversions from the Goulburn-Broken catchment. G-MW operates Lake Eildon,
Goulburn Weir, Waranga Basin and Greens Lake as part of the Goulburn River system and Lake
Nillahcootie on the Broken River.

Environmental Water Delivery Lower Goulburn River
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Figure 1: Map of the Goulburn catchment including the 5 reaches of the Goulburn River
below Lake Eildon (courtesy DSE).
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Environmental water is managed by the Goulburn Broken Catchment Management Authority (GB
CMA), in cooperation with G-MW, the Victorian Department of Sustainability and Environment
(DSE) and the VEWH. The Goulburn water quality reserve is managed by G-MW.

Environmental flow recommendations have been developed for the five river reaches below Lake
Eildon (Cottingham et al. 2003, 2007). This document focuses on the two reaches below Goulburn
Weir (Reach 4 and Reach 5), considered in previous environmental flow projects:

e Reach 4: Goulburn River from Goulburn Weir fo Shepparton.
e Reach 5: Goulburn River from Shepparton to the Murray River.

Reaches 1-3, which include the Goulburn River from Lake Eildon to Goulburn Weir, were not
considered in this project as there is limited scope for the use of environmental water. This is due fo
irigation demand, which has resulted in an altered seasonality of flows, rather than a reduction in
overall flow volume.

Environmental Water Delivery Lower Goulburn River



2. Ecological values,

processes and objectives

2.1 Summary of ecosystem values for Reach 4
and Reach 5

Ecosystem values associated with the Lower Goulburn River include:

e The presence of infact native fish populations, including species such as Murray cod and
golden perch.

e Theintact and generally healthy riparian and floodplain areas, including river red gum
communities and other ecological vegetation classes and complexes.

e The presence of threatened flora and fauna species (see Appendix 1).

e [ts connection with other important rivers and floodplain systems along the Murray River,
providing habitat diversity and connection at landscape scales.

e The presence of a number of Ecological Vegetation Classes (EVCs) in the Murray Fans
bioregion, including Riverine Grassy Woodland, Sedgy Riverine Forest and Floodplain Riparian
Woodland, as well as protecting areas of endangered Plains Woodland and Riverine
Chenopod Woodland along the Murray River.

e The presence of a diversity of habitats including permanent and temporary wetlands found
within the floodplain (including billabongs, sloughs, marginal swamps, potholes, scroll swales,
anabranches and cut-off loops), and key wetlands such as the Gemmills Swamp nature
conservation reserve and Reedy Swamp state wildlife reserve and Loch Garry Wildlife
Management Cooperative Area.

Ecological values associated with the Lower Goulburn River are recognised by:

e [tslisting under the Directory of Important Wetlands in Australia as an wetland of national
importance.

e Itsstatus as a National Park (forests between Echuca and Shepparton).
e Ifs declaration as a Heritage River.

In addition to its own intrinsic values, the Lower Goulburn River is important at a regional scale,
complementing the ecosystem values recognised at nearby assets such as the Barmah-Millewa
Forest and Gunbower Forest. Water from the Goulburn River discharges to the Murray River
upstream of Gunbower Forest and contributes to the watering of this important Ramsar-listed site.
The Lower Goulburn River also meets a number of criteria applied by the Murray-Darling Basin



Authority (MDBA 2010) in selecting hydrologic indicator sites (Table 1), which are recognised as key
environmental assets across the Murray-Darling Basin.

Table 1: MDBA key environmental asset criteria met by the Lower Goulburn River
floodplain (MDBA 2010).

Criterion Description Values

1 The asset is recognised in and/or is The Lower Goulburn River floodplain is formally
capable of supporting species listed  recognised in, or is capable of supporting species
in, international agreements. listed in the Japan-Australia Migratory Bird Agreement

(JAMBA), the China-Australia Migratory Bird Agreement
(CAMBA) or the Republic of Korea-Australia Migratory
Bird Agreement (ROKAMBA). For a full list of species
listed under Commonwealth legislation that have been
recorded atf the Lower Goulburn River Floodplain refer to
Appendix 3.

3 The asset provides vital habitat. The Lower Goulburn River Floodplain’s ecological
features make it a high-value wetland system. The
floodplain consists of a large area of habitat for
fauna such as waterbirds and fish (Department of the
Environment, Water, Heritage and the Arts 2009h).

4 The asset supports Commonwealth-,  The Lower Goulburn River Floodplain meets this criterion
state-, or territory-listed threatened because it supports species listed as threatened under
species and/or ecological Commonwealth or state legislation. For a full list of
communities. species that have been recorded refer to Appendix 3.

2.2 Broad-scale ecosystem objectives

The Goulburn Broken Regional River Health Strategy 2005-2015 (GB CMA 2005) aims to achieve four
main objectives:

1. Enhance and protect the rivers that are of highest community value from any decline in
condition.

2. Maintain the condition of ecologically healthy rivers (as defined in the Victorian River Health
Strategy).

3. Achieve an ‘overall improvement’ in the environmental condition of the remainder of rivers.
4. Prevent damage from inappropriate development and activities.

Additional ecosystem objectives have also been proposed by the MDBA (2010), and are outlined in
Table 2.

Lower Goulburn River



Table 2: Proposed objectives and targets for the Lower Goulburn River Floodplain
hydrologic indicator site (MDBA 2010).

Objectives Justification of targets Target

1. To protect and restore water- As for Barmah-Millewa Forest and Gunbower-  Maintain 100%
dependent ecosystems that support  Koondrook-Perricoota Forest, any decrease of current extent
migratory birds listed in international  in the current area of wetlands would signal a of wetlands in
agreements. (Criteria 1). change in ecological character. good condition.

2. To protect and restore water-

dependent ecosystems that
provide vital habitat. (Criteria 3).

3. To protect and restore water-
dependent ecosystems that support
Commonwealth-, state- or territory-
listed threatened species and/or
ecological communities.

Objectives 110 3 As for Barmah-Millewa Forest and Gunbower-  Maintain 100% of current
Koondrook-Perricoota Forest, any change extent of red gum forest in
in the current area or health of vegetation good conditfion.
communities would signal a change in
ecological character. Maintain 100% of

current extent of
red gum woodland
in good condition.

Objectives 110 3 As for Barmah-Millewa Forest and Gunbower-  Provide conditions
Koondrook-Perricoota Forest, any reductionin  conducive to successful
the recorded frequency and abundance of breeding of waterbirds.

bird breeding or number of bird species would
signal a change in ecological character.

Interim ecological objective under The Living
Murray program.

More specific ecosystem objectives for the Lower Goulburn River, consistent with the general
objectives stated for the Goulburn Broken Regional River Health Strategy 2005-2015 (GB CMA 2005)
and those proposed by the MDBA (2010), have been used when developing environmental flow
recommendations (Cottingham et al. 2003) to meet the needs of vegetation, macroinvertebrates
and native fish.

Objectives relating fo aquatic and riparian vegetation are to:

e enhance the extent and diversity of aquatic vegetation (in-channel and wetlands)
e contribute to processes such as river productivity

e maintain diversity of river bank vegetation

e reduce the extent and impact of weeds

e mainfain confinuity and cover of river bank vegetation

e enhance the extent and diversity of aquatic vegetation.

Objectives relating to macroinvertebrates are to:

e maintfain or restore a trophic structure and diversity with a balanced representation
of all functional groups

e achieve an Ausrivas O/E scores = Band A
e maintain or restore biomass to equivalent level of rivers elsewhere (e.g. Ovens)

e maintain dynamic, diverse food webs that support higher organisms and contribute
o river health.
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Objectives relating to native fish are to provide:

e suitable in-channel habitat for all life stages

e suitable off-channel habitat for all life stages

e passage for all life stages

e cues for adult migration during spawning season

e access to floodplain and off-channel habitats for spawning and/or larval rearing
e low flows for recruitment and survival

e floodplain and bench inundation for the exchange of food and organic material between the
floodplain and channel.

Cottingham et al. (2007) also identified the following ecosystem objectives for geomorphology
processes and in-channel primary production (phytoplankton, periphytic algae and
macrophytes):

e maintain natural rates of sediment dynamics (erosion and deposition) and natural patterns of
geomorphic diversity

e support dynamic, diverse food webs for phytoplankton, periphyton and macrophyte
production rates, biomass levels and community composition which more closely resembles
un-impacted sites.

The full list of flow-related ecosystem objectives proposed by Cottingham et al. (2007) is presented
in Appendix 2.

Coftingham et al. (2003 and 2007) used the FLOWS method to assist in the identification of critical
flow components, as part of the total flow regime, to protect, sustain or restore specific flow
dependent assets or values. The key elements of the FLOWS process include (DNRE 2002):

e an objective setting process that links environmental objectives to flow objectives and
recommendations

e the use of an environmental flows scientific panel

o the use of hydrologic and hydraulic analysis tools in the interpretation and development of
recommendations.

Environmental Water Delivery Lower Goulburn River



3. Watering objectives

The 2003 study by Cottingham et al. examined how water that might be released from Lake Eildon
to the Murray River as part of The Living Murray initiative could be used to protect or enhance

the ecological condition of the Goulburn River. At that time, the study could only make limited
assessments of future water delivery scenarios, as there was no information on the volume and
timing of water that might be required for the Murray River. There was also only very limited
information from which to develop recommendations for watering floodplain areas, and these
were limited to recommendations for the reach immediately below Lake Eildon.

After 2003, the expansion of water markets led to increased inter-valley transfers (IVTs) and the
possibility of significant use of IVTs in the Lower Goulburn River, particularly between January

and March (Cottingham et al. 2007). The scientific panel that developed environmental flow
recommendations in 2003 was reconvened in 2007 to consider the implications of summer IVTs for
the Lower Goulburn River. This subsequent study was somewhat restricted in scope as it focused on
in-channel IVTs and did not include specific flow-related ecosystem objectives for the floodplain
and wetlands. However, some overbank flows were recommended based on in-channel and
riparian process objectives.

Overall, the overbank recommmendations in 2003 and 2007 were developed on a hydrological basis,
rather than to specifically meet defined floodplain ecosystem objectives and the riverine objectives
influenced by floodplain ecosystems and hydraulics. To fill this gap, DSE completed a study that
specifically examined the water requirements of the Lower Goulburn River floodplain (DSE 2011). The
study was based on floodplain assets, such as ecological vegetation classes (EVCs) and wetlands,
along Reaches 4 and 5 of the Goulburn River. The study concluded that flow events of between
25,000 - 40,000 ML/d (7 years in 10) would maintain or improve the condition of floodplain assets.

3.1 Asset watering objectives

A detailed assessment of ecosystem objectives and their flow requirements was provided by
Cottingham et al. (2007) when considering summer inter-valley transfers along the Lower Goulburn
River. This study identified a range of flows that would be required to meet objectives and also
accounted for inter-annual variability that would be expected under different climatic conditions.
A suite of watering options for Reaches 4 and 5 of the Goulburn River are presented in Appendix

2. The 10" percentile, 30™ percentile, 50" percentile and 70" percentile years can be considered
representative of extreme dry, dry, median and wet years, respectively. This work, along with the
floodplain recommendations of DSE (2011), provides the basis for the potential watering options in
Table 3, which might be pursued under a range of climatic scenarios.
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Table 3 is based on the watering needs of Reach 4 (Goulburn Weir fo Shepparton), as this reach
has a greater diversity of features and habitats than Reach 5. Releases from Goulburn Weir to meet
the watering needs of Reach 4, along with fributary inflows, will also offen meet the watering needs
of Reach 5. In addition, supplementary releases over and above that required for Reach 4 can be
made to meet the needs of Reach 5 based on information in Appendix 2.

It should be noted that the scenarios for extreme dry, dry, median and wet years are only indicative
of what might occur during a watering year. Such categorisations infer that a particular year
remains constant (i.e. a dry year remains dry) and independent from other scenarios. In reality,
climatic and flow conditions can vary seasonally and annually. In addition, climatic conditions

are not always indicative of flow conditions and vice versa. For example, a dry spring may be
followed by a wet summer, with water availability being that of a median year overall. Climatically,
conditions may be dry or very dry, but because of water demand and delivery, flow conditions in a
river may be that of a median or wet year.

While the Cottingham et al. (2007) work was instigated to advise on upper flow limits over the
summer to autumn period of IVT releases, both it and the work of Cottingham et al. (2003) included
floodplain inundation recommendations, suggesting events of between 20,000-60,000 ML/d.
Subseqguent investigation by the Department of Sustainability and Environment (DSE 2011) found
that most of the floodplain features such as EVCs and wetlands were inundated at discharges
between 25,000 - 40,000 ML/d. The feasibility of delivering such flood events, including how best

to deliver or supplement flows whilst avoiding damage to private property and infrastructure, is an
issue requiring further investigation.

Recent flooding (events in 2010 and early 2011) along the Goulburn River following prolonged
drought has also removed the chronic need for flood events for the next two to three years,
although there are ecosystem benefits with high flow events in consecutive years (e.g.
establishment of floodplain and wetland seedlings set the previous year, consecutive bird breeding
events). Opportunities to augment tributary inflows and deliver small flood events should be
considered as they arise. Blackwater events that have occurred after inundation of the floodplain
(e.g. December 2010) serve as a reminder that ‘managed’ flood events may be more beneficial in
winter and spring, when temperatures are lower.

Recent management of the Goulburn River (2007-2010) has been adjusted according to a
Quadlification of Rights (QoR) (Cottingham et al. 2010). While it is unlikely that such conditions will
be imposed again, they can be considered to represent an ‘extreme dry’ climatic scenario. The
QOR specifies a minimum flow of 150 ML/d from Goulburn Weir, down from 250 ML/d under normal
conditions as prescribed by the Bulk Entitlement (BE). The QoR also changes the passing flows at
the McCoys Bridge gauging station, which is the most downstream gauging site on the Goulburn
River, and is located slightly upstream of its confluence with the Murray River:

e For the months of November to June inclusive, a minimum average monthly flow of 2560 ML/d at
a daily rate of no less than 200 ML/d (previously 350 ML/d and 300 ML/d).

e Forthe months of July fo October inclusive, a minimum average monthly flow of 150 ML/d at a
daily rate of no less than 100 ML/d (previously 400 ML/d and 350 ML/d under the BE).

Flow objectives under these and similar circumstances include:

e avoid critical loss of threatened species and communities (Murray cod, golden perch)

e maintfain key refuges (deep and shallow water habitat, connection between in-channel
habitats)

e avoid irretrievable damage or catastrophic events (minimise low dissolved oxygen (DO)
events, fish kills)

e mainfain minimum base flows and water quality.

Environmental Water Delivery Lower Goulburn River
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PART 2:
Water Use Strategy




4. Environmental Water

Requirements

4.1 Baseline flow characteristics

Current flow is less than natural flow over the non-irrigation season for all reaches of the Goulburn
River downstream of Lake Eildon, because of the water being harvested in Lake Eildon during these
months. In contrast, summer releases from Lake Eildon for irrigation supply mean that flows are kept
unnaturally high between Lake Eildon and Goulburn Weir.

Historically, releases from Lake Eildon during the irrigation season typically peaked at around 10,000
ML/d. In recent years, drought combined with improved farming practices have reduced peak
irrigation season releases, which are now in the order of 6,000 ML/d.

Prior to the infroduction of inter-valley trading, most of the water released from Lake Eildon for
supplying irrigation demands was diverted at Goulburn Weir. Reach 4 and Reach 5 of the Goulburn
River are downstream of Goulburn Weir. Consequently, flows through Reach 4 were generally
regulated fo a minimum of 250 ML/d prior to 2005-06 (72 per cent of the fime in the non-irrigation
season and 79 per cent of the fime in summer). Reach 5 was less regulated, because of the
contribution of tributary inflows, such as the Broken River. The difference between the natural and
current flow duration curves for Reach 4 and Reach 5 (as modelled in 2006) is shown in Figure 2

to Figure 5.
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Figure 2:Flow duration curve for the non-irrigation season in the Goulburn River Reach 4,
downstream of Goulburn Weir prior to 2006 (SKM 2006).
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Figure 3: Flow duration curve for summer (Dec-May) in the Goulburn River Reach 4,
downstream of Goulburn Weir prior to 2006 (SKM 2006).
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Figure 4:Flow durafion curve for non-irrigation season in the Goulburn River Reach 5,
Shepparton to the Murray River prior to 2006 (SKM 2006).
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Figure 5: Flow duration curve for summer (Dec-May) in the Goulburn River Reach 5,
Shepparton to the Murray River prior to 2006 (SKM 2006).
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In more recent fimes, flows in Reach 4 and Reach 5 during the irrigation season have been
increased by inter-valley transfers from Lake Eildon to the Murray River. In 2005-06, inter-valley
fransfers were delivered in a single period from January to March (Figure 6), but delivery in several
shorter duration periods is also possible in any one year. Expectations are that water trades will
result in typical inter-valley transfers of 1,000 - 2,000 ML/d, with peaks of up to 4,000 ML/d. However,
short duration peaks of up fo 8,000 ML/d are considered possible (Cottingham et al. 2007). Note
that such transfers could only occur outside periods of significant irrigation demand (at Goulburn
Weirn) as there is insufficient channel capacity in the mid-Goulburn to pass 8,000 ML/d over
Goulburn Weir in addition to supplying high irrigation demands.
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Figure 6: Pattern of flow at Murchison and McCoys Bridge during the summer and
autumn of 2005-06. The duration of events above 1,000 ML/d and 2,000 ML/d are shown
(Cofttingham et al. 2007).

The daily flow model of the Lower Goulburn River is known as the Goulburn-Broken-Campaspe-
Loddon REALM model. At the time of preparing this document, the model had not been updated
for several years and many of the assumptions in the model were out of date. Hence gauged flow
data has been used in the information presented below.
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The period of data assessed (Table 4 and Table 5) is from 1974 to 2010. This period of record includes
arange of climatic conditions, including the recent drought conditions and the wetter conditions
during the 1970s. In these tables, the 30™ percentile flow is the flow that is not exceeded on 30 per
cent of all days in that month over the historical period (i.e. 30 per cent of July days had a flow at
Shepparton below 513 ML/d over the historical period). These tables show that a minimum flow of
150-300 ML/d has historically been maintained in the Lower Goulburn River and that, in median
and wet years, the streamflow in these reaches peaks in winter fo spring. Note that the values in
Table 4 and Table 5 are derived independently for each month. The seasonal pattern of average
daily flows through Reach 4 and Reach § of the Goulburn River (Figure 7) are similar to the seasonal
pattern of percentile flows.

A daily Source-Rivers model of the Goulburn River is currently being developed by SKM for the
GB CMA and the eWater Cooperative Research Centre (eWater CRC). This model currently only
includes the main stem of the river to model possible flow management during unregulated
winter and spring flows, and does not include many of the complex operating rules associated
with irrigation water delivery. Further development of this daily time step model will assist with the
modelling of environmental flows on the Goulburn River in the future.

Table 4: Streamflow (ML/d) for the Goulburn River at Shepparton (1974-2010); Reach 4.

Extreme dry year Dry year Median year Wet year
(minimum on record) (30™ percentile (50™ percentile (70™ percentile
daily flow) daily flow) daily flow)
Jul 190.3 513.3 747.4 3.221.9
Aug 204.3 699.5 2,433.0 8,463.2
Sep 214.9 812.0 2,661.2 9.024.6
Oct 185.1 579.6 943.0 2,165.4
Nov 282.0 491.2 665.5 1,150.8
Dec 235.4 419.5 516.1 692.4
Jan 151.9 423.0 522.2 756.6
Feb 167.5 403.0 483.0 664.0
Mar 176.1 422.6 501.9 645.5
Apr 198.4 427.8 499.8 5922
May 214.7 410.8 492.9 698.8
Jun 274.2 493.0 670.1 1,272.5

Lower Goulburn River



Table 5: Streamflow (ML/d) for the Goulburn River at McCoys Bridge (1976-2010); Reach 5.

Extreme dry year D] AVAV/-Ye] Median year Wet year
(minimum on record) (30™ percentile (50" percentile (70" percentile
daily flow) daily flow) daily flow)
Jul 203.5 538.0 782.2 3.454.1
Aug 195.9 726.5 2,568.0 9,639.7
Sep 186.2 921.0 3.329.0 9.444.5
Oct 232.5 675.3 1,178.5 2,5658.8
Nov 304.8 570.4 807.6 1,299.9
Dec 204.0 493.0 618.7 754.1
Jan 202.8 481.8 595.0 794.9
Feb 2579 455.0 566.9 781.0
Mar 245.2 439.0 535.0 7169
Apr 272.0 460.6 565.8 688.0
May 327.5 483.4 607.2 825.4

Jun 291.7 475.5 659.8 1,378.0
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Figure 7: Average daily flow recorded at streamflow gauges at McCoys Bridge (405232)
and Shepparton (405204) between 1977 and 2010.

4.2 Environmental water demands

Environmental water can be used to supplement flows to deliver the proposed flow components
or events identified earlier in this document (Table 3, Section 3). Delivering these flows can increase
habitat availability, ensure connection between habitats and support water quality. The actual
volumes of water required will vary depending on antecedent conditions that affect inflows. The
volumes identified in Table 6 and Table 7 are examples based on meeting the shortfall between a
limited number of flow targets (310 ML/d, 400 ML/d, 500 ML/d, 540 ML/d, 610 ML/d, 830 ML/d or 860
ML/d) and modelled flow in Reach 4 and Reach 5 for extreme dry, dry, median and wet years.

Flows were modelled in the monthly Goulburn Simulation Model (GSM). To calculate shortfalls in
meeting daily recommendations, it was assumed the monthly flow was distributed evenly across
the month. The categorisation of extreme dry, dry, median and wet years was based on Goulburn
system allocations, as explained further in Section 5.

Based on this information, up to 6,000 ML is required to supplement baseflow in an extreme dry year
and up fo 110,000 ML could be required o supplement baseflow in a wet year. This indicates that
Commonwealth environmental water holdings in the Goulburn system would be sufficient fo meet
baseflow targets in a very dry year, but water would need to be traded into the system to meet

the higher baseflow targets in dry to wet years. The monthly distribution of shortfalls for each flow
threshold is contained in Appendix 3.

Environmental Water Delivery Lower Goulburn River



Historically, based on gauged flows for the Goulburn River at Shepparton (405204) and the
Goulburn River at McCoys Bridge (405232), the delivery of a summer to autumn fresh of up to
6,600 ML/d has rarely been met. The only years there have been flows greater than 6,600 ML/d
during summer to autumn in the Lower Goulburn River are 1975, 1984, 1986, 1988, 1989, 1992 and
2005, which were all wet years, with the exception of 2005. The summer fresh recommendation is
applicable to dry, median and wet years.

Table 6: Additional annual volumes (GL) required o meet baseflow targets related to
ecosystem objectives for Reach 4 of the Lower Goulburn River,

Baseflow 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting baseflow target year-round (GL)
Year Min Max  Min Max Min Max Min Max Min Max Min Max Min Max
Very Dry 0.0 0.0 29 5.8 n/a n/a n/a n/a 34.2 54.3 n/a n/a n/a n/a
Dry n/a n/a n/a n/a 0.0 15.8 0.0 20.6 0.0 30.9 1.2 65.1 2.0 70.5
Median n/a n/a n/a n/a 0.0 19.2 0.0 25.3 0.0 38.7 0.0 85.1 0.0 91.5

Wet n/a n/a n/a n/a 0.0 21.0 0.0 28.8 0.0 43.6 0.0 102.6 0.0 110.8

Table 7: Additional annual volumes (GL) required to meet baseflow targets related to
ecosystem objectives for Reach 5 of the Lower Goulburn River.

Baseflow 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shorifall in meeting baseflow target year-round (GL)

Year Min Max Min Max Min Max Min Max Min Max Min Max Min Max
Very Dry 0.0 0.0 0.8 3.1 n/a n/a n/a n/a 28.3 40.3 n/a n/a n/a n/a
Dry n/a n/a n/a n/a 0.0 9.2 0.0 14.0 0.0 22.4 0.0 59.5 0.0 649
Median n/a n/a n/a n/a 0.0 9.4 0.0 13.2 0.0 22.1 0.0 68.2 0.0 74.5
Wet n/a n/a n/a n/a 0.0 16.6 0.0 25.0 0.0 419 0.0 98.5 0.0 106.7

Table 8 shows that if a fresh is delivered solely from environmental water releases (i.e. without any
natural inflow contributions downstream of Lake Eildon), the volume of water required above
baseflow to deliver a peak flow of up to 6,600 ML/d ranges from 38,000 ML to 46,000 ML.



Table 8: The additional volume of water required to deliver a fresh of 6,600 ML/d to the
Lower Goulburn River above varying baseflows.

Baseflow Additional water required to deliver fresh of 6,600 ML/d above baseflow volume* (GL)
500 ML/d 459
540 ML/d 449
610 ML/d 43.3
830 ML/d 38.7
860 ML/d 38.1

Note:Assumes a rate of rise of 1.35 and a rate of fall of 0.85 from recorded baseflow either side of the event.

Table 9 shows the volume of water required above the hydrographs recorded at Shepparton
(405204) and McCoys Bridge (405232) that would be needed to reach a threshold of 6,600 ML/d
in the Lower Goulburn for some select summer to autumn rainfall-runoff events. Required event
volumes for similar recorded flood peaks can vary according to the pattern of flow either side of
the recorded flood peak.

Table 9: The additional volume of water required in Reach 4 to deliver a fresh of
6,600 ML/d to the Lower Goulburn River above recorded peaks.

Recorded peak Additional water required to deliver fresh of 6,600 ML/d*
February 1987 1810 ML/d 45 GL
March 1988 2605 ML/d 29 GL
March 2010 3365 ML/d 32GL
January 2008 5000 ML/d 18 GL

Note:Assumes a rate of rise of 1.35 and a rate of fall of 0.85 from the recorded baseflow either side of the event.

Proposals have also been made for winter to spring bankfull events of up to 19,000 ML/d and
overbank events of 25,000 to 40,000 ML/d (DSE 2011). Based on recorded flow for Shepparton
(405204), winter o spring flows above 19,000 ML/d have been recorded in 20 years since 1974 (5.6
yearsin 10). Over this period, flows greater than 25,000 ML/d have been recorded in 17 years (4.7
years in 10) while flows greater than 40,000 ML/d have been recorded in 8 years (2.2 years in 10).
Bankfull events can be considered in all dry, median and wet years. Overbank events are proposed
in 7 out of 10 dry, median and wet years. This is greater than the observed frequency of overbank
flows recorded historically since 1974.

Table 10 shows the volume required downstream of Goulburn Weir to enhance and extend
historical flow peaks to the desired bankfull and overbank peak flow and duration. Up to
140,000 ML would have been required in Reach 4 for the bankfull flow event, whilst up to
420,000 ML would have been required in Reach 4 for the overbank events. Required event
volumes for similar recorded flood peaks can vary according to the pattern of flow either side
of the recorded flow peak.

Lower Goulburn River



Table 10: The additional volume of water required in Reach 4 to deliver a bankfull event
of 19,000 ML/d or overbank events of 25-40,000 ML/d to the Lower Goulburn River above
recorded peaks.

Recorded peak Additional water required to deliver event (GL)*
(ML/d)
Bankfull Flow of Overbank Flow of Overbank Flow of
19,000 ML/d 25,000 ML/d 40,000 ML/d
Sep 1998 20,905 141 218 418
Aug 1999 16,632 136 214 413
Sep 2000 24,864 0 74 256
Sep 2005 18,608 141 222 419

Note:Assumes a rate of rise of 1.35 and a rate of fall of 0.85 from the recorded baseflow either side of the event.



5. Operating Regimes

5.1 Infroduction

This section presents potential operational triggers for the implementation of environmental flow
proposals. These friggers should be used as a guide and refined based on operational experience
aofter watering events. Operational water delivery involves several steps including:

e identifying the target environmental flow recommendations for the coming season
e defining triggers to commence and cease delivering those recommended flows

e idenfifying any constraints on water delivery, such as available airspace in irrigation channels,
the potential for flooding of private land, delivery costs, limits on releases from flow regulating
structures and interactions with other environmental assets.

5.2 Identifying target environmental flow
recommendations

The selection of target environmental flows in each of the different climate years is tfriggered by the
allocation in July, as shown in Table 11. For example, when the high reliability water share allocation
in July is 100 per cent but the low reliability water share allocation is less than 20 per cent, then

the suite of recommendations assigned to the dry climate year would be targeted. Allocations
have been used as a surrogate for anticipated flow conditions in the Goulburn River, because the
differences in within-channel flow in different climate years, previously presented in Section 4.1, are
largely influenced by the use of allocations for irrigation supply. If flow conditions change rapidly,
such as in a major runoff event, consideration should be given to aiming for higher volume events
associated with a wetter climate year. The selection of the suite of target flows should be flexible
and in response to conditions in the Goulburn River, because the flow thresholds for achieving the
ecological benefits aligned with each threshold, partficularly for the higher flow events, are not
precisely known at the current time.

Lower Goulburn River



Table 11: |denfifying seasonal target environmental flow recommendations.

Climate year for selecting flow Goulburn high reliability water share Goulburn low reliability water share
recommendations allocation in July allocation in July

Extreme dry <70% 0%

Dry 71% - 100% <20%

Median 100% 21-80%

Wet 100% >80%

Using these triggers, the frequency of extreme dry years is approximately 1.4 years in 10, dry years
occur approximately 2.5 years in 10, median years occur approximately 3.6 years in 10 and wet
years occur 2.5 years in 10. This data is based on modelled allocations at the start of July, but
allocations from mid-July could be used if a start of July allocation is not announced.

5.3 Delivery triggers

Proposed operational triggers for delivering the suggested environmental flow proposals are
presented in Table 12

The delivery of the baseflow requirements in all years occurs continuously over the season specified
in the flow recommendations, and will occur from the nominated start date. These flows are within-
channel and can be delivered via releases from Lake Eildon if not already being provided (for
example, to meet inter-valley transfer requirements).

The summer to autumn pulse flow of up to 6,600 ML/d has historically (since 1974) been rarely met. If
this pulse flow is required as recommended in all but extreme dry years, opportunities to contribute
fo natural flow peaks is limited. As described in the following section on travel fime, releases

from Lake Eildon are likely to lag behind natural flow peaks of any runoff events from tributaries
downstream of Yea. It is therefore recommended that environmental water managers licise with
the VEWH, GB CMA and G-MW to identify opportunities to deliver flows by piggybacking onto
natural floods in the Acheron and Rubicon Rivers. Delivery will need to ensure that flows at Trawool
do not exceed the minor flood level of 21,700 ML/d. Estimating the volumes required to meet a
farget of up o 6,600 ML/d downstream of Goulburn Weir will be difficult because of variability in
river losses and attenuation, as well as releases and subsequent diversions at Goulburn Weir for
irrigation supply and water users en route. The need for environmental water is likely o be minimised
if the summer to autumn pulse can occur at a time when baseflows downstream of Goulburn Weir
are higher due to inter-valley transfers for irrigation users in the Murray River. If a natural event in

the upper tributaries cannot be piggybacked, environmental water managers should try to time
releases with delivery of inter-valley transfers, which will depend on river operation decisions in the
Murray. G-MW can provide advice on the likely timing and magnitude of inter-valley transfers in any
given season.

The winter to spring bankfull event of up to 19,000 ML/d and overbank event of 25,000 fo 40,000
ML/d have historically (since 1974) not been met at the required frequency. Opportunities to frigger
or supplement events of this magnitude are limited by upstream flooding constraints. If a peak flow
is observed on Acheron and Rubicon Rivers, water released from Lake Eildon will reach Trawool

at approximately the same time as the tributary flows, contributing to the peak magnitude of the
event. However, minor flooding occurs at Trawool when flows exceed 21,700 ML/d (see Table 14). It
would be necessary to ensure releases from Lake Eildon did not cause or contribute to flooding of
private land along this reach of the Goulburn River.



Piggybacking on events observed in fributaries downstream of Trawool would provide

greater flexibility to release extra water from Lake Eildon while remaining below the Trawool
minor flooding threshold. However, due to travel times along the Goulburn River, water released
from Lake Eildon will not catch up to events observed on tributaries downstream of Trawool
(including the Broken River).

As such, there is limited opportunity to trigger the winter to spring bankfull and overbank events. The
occurrence of these events will remain reliant on natural events.

Table 12: Summary of proposed operational regime for achievement of
environmental objectives.

Climate Flow objective in Season/ Average Trigger for delivery
year Goulburn River (Reach4  timing return
and 5) period
Extreme 310-610 ML/d baseflow Nov-Jun Allvery dry  Maintain throughout season with releases
dry years from Lake Eildon as required.
Dry 500-830 ML/d baseflow Nov-Jun All dry Maintain throughout season with releases
years from Lake Eildon as required.
6,600 ML/d for 7 days Nov-Jun All dry Licise with G-MW to look for opportunities to
years deliver water from Eildon in conjunction with

inter-valley transfer deliveries and/or runoff
events in the Acheron and Rubicon Rivers.

19,000 ML/d for 5 days Jul-Oct All dry Licise with G-MW to supplement runoff events
years in the Acheron and Rubicon Rivers.

25,000-40,000 ML/d for Jul-Oct 7 years

5 days in 10

Median 500-860 ML/d baseflow Nov-Jun Allmedian  Maintain through season.

years

6,600 ML/d for 7 days Nov-Jun Allmedian  Liaise with G-MW to look for opportunities to
years deliver water from Eildon in conjunction with

inter-valley transfer deliveries and/or runoff
events in the Acheron and Rubicon Rivers.

19,000 ML/d for 5 days Jul-Oct Allmedian  Liaise with G-MW to supplement runoff events
years in the Acheron and Rubicon Rivers.

25,000-40,000 ML/d for Jul-Oct 7 years

5 days in 10

Wet 500-860 ML/d baseflow Nov-Jun All wet Maintain through season.

years

6,600 ML/d for 7 days Nov-Jun All wet Licise with G-MW to look for opportunities to
years deliver water from Eildon in conjunction with

inter-valley transfer deliveries and/or runoff
eventsin the Acheron and Rubicon Rivers.

19,000 ML/d for 5 days Jul-Oct All wet Liaise with G-MW tfo supplement runoff events
years in the Acheron and Rubicon Rivers.

25,000-40,000 ML/d for Jul-Oct 7 years

5 days in 10

Lower Goulburn River



The GB CMA is investigating options to use the volume stored in Goulburn Weir o release flows fo
coincide with natural flow peaks along the Broken River, thereby providing increasing flows in the
Lower Goulburn River downstream of Shepparton. The volume released from Goulburn Weir would
then require some supplementing from Lake Eildon releases. This would involve some operational
adjustments, such as managing deliveries along the irrigation channels from Goulburn Weir. It may
only be practically feasible during winter.

5.4 Travel time

Travel time along the Goulburn River downstream of Lake Eildon has been assessed based on
recorded streamflow data and is illustrated in Figure 8. This analysis shows fotal travel time along
the Goulburn River fo be in the order of six days when upper system fributaries are not significantly
influencing flow. Total fravel fime along the Goulburn is based on the following reach fravel fimes:

Lake Eildon to Trawool — one to two days.

Trawool to Seymour — zero o one day.

Seymour to Shepparton — one to two days.

Shepparton to Loch Garry — one day.
e Loch Garry fo McCoys Bridge — one day.

Figure 8 shows flow at Lake Eildon, Trawool and Seymour at a time when upper system tributaries
(represented by the Acheron and Rubicon Rivers) are not significantly influencing flow.
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Figure 8: Goulburn River tfravel fime: Lake Eildon to Seymour.
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Figure 9 shows flow at Seymour, Shepparton, Loch Garry and McCoys Bridge af a fime when

the Broken River is not significantly influencing flow. This ploft illustrates that fravel time between
Seymour and Shepparton is in the order of two days, travel time between Shepparton and Loch
Garry is in the order of one day and travel fime between Loch Garry and McCoys Bridge is in the

order of one day.
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Figure 9: Goulburn River travel fime: Seymour to McCoys Bridge.
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Figure 10 shows flow in the upper system fributaries (Rubicon and Acheron Rivers) and at Trawool at
a time when tributary inflows are driving downstream flow patterns (rather than flow at Lake Eildon).
In this plot, the Rubicon and Acheron Rivers are peaking at the same time, although the Acheron
River is contributing more flow. This plot shows that travel time between the peak on the outlet of
the upper system fributaries and Trawool is in the order of one day. This is the same as the fravel time
for releases from Lake Eildon to Trawool.

This means that if a peak is observed (or predicted) on the upper system tributaries, water can be
released from Lake Eildon and will reach Trawool at approximately the same fime, contributing to
the peak magnitude of the event.

In releasing water from Lake Eildon to supplement peak flow events from the upper system
tributaries, it is important to predict total flow at Trawool (inclusive of tributary inflows and releases
from Lake Eildon) to ensure releases from Lake Eildon do not cause or contribute fo overbank

flooding at Trawool.
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Figure 10: Goulburn River travel time: upper system tributaries.
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Figure 11 shows flow on the Broken River just downstream of Lake Nillahcootie (Moorngag) and just
upstream of the Goulburn River confluence (Orrvale). This plot demonstrates that travel fime along
the Broken River from Moorngag to Orrvale is in the order of two days. It is assumed that travel time
from Orrvale to Shepparton on the Goulburn River is less than one day.

As such, peak flows observed in the upper Broken River (downstream of Nillahcootie) will reach
Shepparton in approximately two days. This is less than the time taken for releases from Lake Eildon
to reach Shepparton (approximately four days). Thus if a peak flow is observed in the upper Broken
River, water released from Lake Eildon will not reach Shepparton in time to contribute to the event
(unless the event is prolonged).
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Figure 11: Goulburn River fravel time: Broken River.
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The volume of water required to be released from Lake Eildon to achieve a peak flow of a specific
magnitude is influenced by inflows and losses along the flow path. An analysis of the correlation
between flow at Shepparton and flow downstream of Goulburn Weir (Murchison) (see Figure 12)
indicates that flow in the Goulburn River at Shepparton is on average approximately 38 per cent
higher than flow at Murchison due to local catchment inflows downstream of Murchison (reducing
the volume which must be met from releases).

The correlation between flow at different locations along the river decreases with distance
upstream. This is due to the influence of system operations such as the variable nature of diversions
(particularly at Goulburn Weir) and the variable nature of releases from Lake Eildon which switch on
and off rapidly in response to tributary inflows and changes in demand. Further analysis of flows or
extraction of modelled data is required to better understand the contribution typically made from
tributaries between Lake Eildon and Goulburn Weir.
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Figure 12: Correlation between flow at Shepparton and flow at Murchison.

5.5 Flooding

The Goulburn River downstream of Shepparton is confined within a levied floodway but its capacity
is inadequate to convey even moderate flood events. To reduce the probability of overtopping

the levees, water is allowed to pass from the floodway into Bunbartha Creek at Loch Garry, Deep
Creek, Wakiti Creek, Hagens Creek and Hancocks Creek. Of these, the Loch Garry regulator has by
far the highest capacity of 60,000 ML/d.

The Loch Garry regulator and levees are a part of the Loch Garry Flood Protection District. The aim
of the scheme is to provide protection against frequent low level flooding. Loch Garry is a 48 bay
regulator located around 16 kilometres downstream of Shepparton. Prior to the construction of the
levees, floodwater would have regularly broken out of the Goulburn River at Loch Garry and flowed
info Bunbartha Creek. Operation of Loch Garry is based on Shepparton river heights. Removal of
bars commences 24 hours after the Shepparton gauge level has exceeded 10.36 metres (110.487
mAHD) with all bars being removed 24 hours after the river level at Shepparton has exceeded 1096
metres. The capacity of the levied river floodway downstream of Shepparton is shown in Table 13.
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Table 13: Capacity of the levied river floodway downstream of Shepparton (Water
Technology 2005).

River Reach Capacity (ML/d)

Upstream of Loch Garry (Medland Rd) 185,000 ML/d (40 year ARID)
Loch Garry to Deep Creek Outlet 85,000 ML/d (7 year ARI)
Deep Creek Outlet u/s McCoys Bridge 75,000 ML/d (5 year ARI)
McCoys Bridge 65,000 ML/d (4 year ARI)
Downstream of McCoys Bridge to Yambuna Forest 60,000 ML/d (3 year ARD)
Yambuna Choke 37,000 ML/d (2 year ARI)

Flows corresponding to minor flood, moderate flood and major flood levels are shown in Table
14. Minor flooding results in inconvenience, with low lying areas next to watercourses inundated,
requiring the removal of stock and equipment and the closure of minor roads. For moderate
flooding, some houses may require evacuation. Under major flooding, properties and fowns are
likely to be isolated and major traffic routes closed, with numerous evacuations required (SKM
2006).

It should be noted that the recommended overbank (25,000 to 40,000 ML/d at Shepparton) flood
event in the Lower Goulburn River is above the minor flood threshold at Shepparton, Trawool

and Seymour. As such, further consultation is required with G-MW, DSE and the VEWH before
environmental water could be used to contribute to these peak flow events.

Table 14: Goulburn River flood flows (SKM 2006).

Station Minor Flood (ML/d)  Moderate Flood (ML/d) Major Flood (ML/d)
405203 Goulburn River at Lake Eildon 14,500 26,000 40,000
405201 Goulburn River af Trawool 21,700 41,500 83,000
405202 Goulburn River at Seymour 22,800 38,900 80,900
405200 Goulburn River at Murchison 29,200 58,800 79,670
405204 Goulburn River at Shepparton 22,500 67,780 87,000
405232 Goulburn River at McCoys Bridge 29,200 50,000 62,600

Flows from the Goulburn River can only pass through three gaps in the Bama Sandhills:

e atthe Yambuna Choke
e through aflood course associated with Madowla Lagoon
e at highriver stage, along Yambuna Creek to Warrigal Lagoon and Kanyapella Basin.

The last two of these three gaps are now blocked by levees. Flood flows also find their way through
a fourth gap in the sandhills via overflows to Deep Creek and the Murray River.

Lower Goulburn River



The maximum capacities of each of the outlet structures along the Lower Goulburn are given in
Table 15. Note that these figures are estimates of the maximum capacities during major floods,
when the outlets are surcharged. Flows through Loch Garry, for example, would be significantly
reduced for small fo medium sized floods (Water Technology 2005).

Table 15: Lower Goulburn outlet structure capacities (Water Technology 2005).

Outlet Capacity (ML/d)

Loch Garry regulator 60,000
Deep Creek outlet 3,000
Wakiti Creek outlet 3,100
Hagens Creek outlet 100
Hancocks Creek outlet 3,700

5.6 Storage releases

The minimum flow immediately downstream of the Lake Eildon Pondage is established by Clause

11 of the Goulburn Bulk Entitlement Conversion Order 1995. The general minimum flow requirement
is 120 ML/d, however if 24 month inflows exceed trigger levels, additional passing flows described in
Clause 6 of the Bulk Entitlement become available. Under these provisions, minimmum flows increase
to 250 ML/d, and an additional 80,000 ML can be passed downstream during November, to
provide water fo effluent lagoons for one day up fo a maximum release of 16,000 ML/d.

During the irrigation season, releases to satisfy downstream requirements generally exceed the
minimum flow requirements. G-MW bases its requirements for Lake Eildon releases on:

o Daily assessment of release requirements:

For supply of bulk water orders for irrigation areas, diversion customers or other authorities,
including inter-valley transfers.

— To minimise unregulated releases at Goulburn Weir by taking into account irrigation
demand, natural catchment inflow below Lake Eildon and weather conditions.

— To supply transmission losses.
— Forrelease requirements downstream of Goulburn Weir.

e Target operating levels at Waranga Basin, fo avoid long periods of high release from
Lake Eildon.

e Maximum regulated release from Lake Eildon, which is 10,000 ML/d.

Inter-valley transfers have resulted from net frade from the Goullburn to the Murray River systems.
Water may be called out from Lake Eildon at different times of the year to assist in meeting Murray
River requirements. The transfer of water from Lake Eildon to the Murray River can be achieved
through the following river systems:

e  Goulburn River, utilising the reach downstream of Goulburn Weir.

e Broken Creek, utilising the East Goulburn Main Channel to outfall water to Broken Creek and
then through to Rice’s Weir.

o Campaspe River, utilising the Waranga Western Channel to outfall water o the Campaspe
downstream of Campaspe Siphon.
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Additional water loss is estimated and applied when using the Broken Creek and Campaspe River
bypass routes.

When Lake Eildon is being operated to meet a downstream release requirement, G-MW places
an order for the flow required downstream of the regulating pondage with AGL Hydro. AGL Hydro
then operates the power station and regulates the pondage to best meet requirements (within
agreed pondage operating limits), whilst passing the ordered flow downstream. This includes
communicating what flows can be passed through the pondage hydro station with the power
station operator. If the Lake Eildon power station is unavailable, then G-MW regulates water using
the low level outlet, spillway valves or spillway gates, into the pondage. AGL Hydro continues to
manage releases from the pondage to meet downstream flows.

The pondage provides AGL Hydro with some flexibility to make higher releases during periods of
higher electricity demand without additional water being released downstream of the pondage.
However, there are fimes when releases for electricity generation will exceed the pondage’s ability
to regulate the water. AGL Hydro has up to 80,000 ML a year that it can pass downstream of the
pondage in addition to G-MW's downstream requirements. The pattern of releases is unknown,

but is likely o be affected by electricity pool prices, the volume of irrigation releases already
generating electricity, and the ability of AGL Hydro to generate power from its portfolio of electricity
supply sources. Releases must comply with the conditions of the bulk entfitlement as follows:

e  Maximum rate of rise is 150 mm/h with a maximum flow increase of 3,500 ML/d.

e  Maximum rate of fall is an instantaneous fall of 150 mm and then 30 mm/h to a maximum of
450 mm/d for the first day, with 30 mm/h and 300 mm/d thereafter.

The two target curves in Schedule 5 of the G-MW Goulburn Bulk Entitlement 1995 form the basis of
the flood operating procedures for Lake Eildon (Figure 13). The two curves represent the target filling
for normal and wet years, with the wet year curve used where G-MW considers that wet conditions
will continue, and the risk of Lake Eildon not filling is low.
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Figure 13: Lake Eildon filling targets — Schedule 5 of the G-MW Bulk Entitlement
(SKM 2000).
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Operations will initially allow Lake Eildon to fill fo the selected target curve. Once the target

curve has been reached, releases are made to keep to the target curve. During periods of high
inflows, the storage may be allowed to exceed the target curve to provide some flood mitigation.
Releases are then made to return the storage to the target storage level. The magnitude and
fiming of releases is based on the rate of inflow o the storage, any ability to surcharge the storage,
downstream inflows and flooding, and the potential for further significant inflows. The release
capacity from Lake Eildon is shown in Table 16.

Table 16: Lake Eildon discharge capacity (SKM 2006).

Storage Volume (% of capacity)  Storage Volume (ML) Storage Level (m) Discharge Capacity (ML/d)
10.0 338,790 248.9 20,500
16.6 562,391 255.3 20,300
20.0 677,580 257.8 23,600
30.0 1,016,370 264.2 24,500
40.0 1,355,160 269.2 23,400
50.0 1,693,950 273.5 25,000
60.0 2,032,740 277.2 26,300
70.0 2,371,530 280.5 27,450
77.4 2,622,235 282.8 28,200
80.0 2,710,320 283.6 34,330
90.0 3,049,110 286.3 92,835
100.0 3,387,900 288.9 183,930

Goulburn Weir, which forms Lake Nagambie, is a concrete and masonry structure that provides a
sufficient water level to allow diversions to the Stuart-Murray Canal, Cattanach Canal and the East
Goulburn Main Channel. At its full supply level of 124.24 mAHD its capacity is 25,000 ML, and it has a
surface area of 1,130 hectares. Lake Nagambie is used extensively for recreation.

The offtake to the Stuart-Murray Canal is located immediately west of the weir structure, while
offtakes to the East-Goulburn Main Channel (east side of the weir) and Cattanach Canal (west
side of the weir) are located further upstream of the weir.

The Goulburn Bulk Entitlement sets minimum flow criteria at two points downstream of Goulburn
Weir. The first immediately downstream of Goulburn Weir requires a weekly average of 250 ML/d,
and a minimum daily rate of 200 ML/d. The second passing flow requirement occurs at McCoys
Bridge and varies over the year. Requirements are:

e ForNovember to June inclusive a minimum average monthly flow of 350 ML/d and a daily
requirement of no less than 300 ML/d.

e ForJuly to October inclusive a minimum average monthly flow of 400 ML/d with a daily
requirement of not less than 350 ML/d.

Other demands downstream of Goulburn Weir include in-valley consumptive demand from rural
and urban customers, and any inter-valley transfer volumes to be passed to the Murray River.



46

Demands downstream of Goulburn Weir and minimum passing flows at McCoys Bridge can be met
fully or in part by unregulated tributary inflows, including inflows from the Broken River.

Goulburn Weir operations need to consider meeting downstream requirements, maintaining
discharge capacities from the weir and maximising the volume of unregulated inflows that can

be harvested to Waranga Basin. During the June to September period, with no or low demand
requirements, the operating level of Goulburn Weir is generally varied within 300 mm below full
supply level (FSL) to increase harvesting capacity. Up to 7,000 ML/d can be harvested into the
Waranga Basin. However as irrigation demand and the need to allow the offtakes to operate at or
near capacity increases, the ability to vary the level at Goulburn Weir diminishes. In addition, the
community around Lake Nagambie generally prefers the pool level fo remain near FSL for public
amenity reasons.

Inflows exceeding the diversion capacity to Goulburn Weir can be harvested up to FSL, however
once the storage reaches FSL all additional inflows above diversion capacity are passed
downstream.

5.7 Interactions with other assets

The Goulburn system, which supplies the Lower Goulburn River, is also a source of supply for:

e baseflows in Broken Creek (via the East Goulburn Main Channel)

e deliveries along the Waranga Western Channel to the Campaspe and Loddon Rivers and the
Boort wetlands

e deliveries to the Murray River sites, of which Koondrook-Perricoota Forest is the closest to the
outlet of the Goulburn River.

Co-ordination of flow events with watering of Barmah-Millewa Forest is likely to provide benefits

for the Murray River sites being watered downstream of the Goulburn River. Travel time along the
Murray River from Hume Dam is longer than the travel fime along the Goulburn River from Lake
Eildon, so environmental water managers are able to order deliveries to match outflows from the
Barmah-Millewa Forest. However, high or flood flows from the Goulburn River can cause Murray
River flows to bank up (back water impacts), forcing more Murray River water north through the
Edward-Wakool system and reducing flow rates through the Barmah-Millewa Forest. It is not clear af
what magnitude back-water impacts commence and this is an area requiring further investigation.

It is also noted that flooding of the Goulburn River into Koondrook-Perricoota Forest via the Murray
River can create water quality problems in the Wakool River, such as blackwater events, which
occur when organic matter from the floodplain (or upper banks) becomes entrained in the water
column, particularly during warm conditions.
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5.8 Water delivery costs

5.8.1 Delivery costs

Environmental water holdings in the Goulburn system incur an annual service point fee of $200.
However, there is no delivery cost for environmental water delivered from Lake Eildon to the
Goulburn River.

Storage costs for 2011-12 for the Goulburn system are $3.54 per ML held in the spillable water
account, $6.98 per ML of high reliability water share and $3.54 per ML of low reliability water share.
Storage charges are also applicable to water shares held in other systems, from which water may
be fraded to the Goulburn system (e.g. the Murray River).

Note that delivery charges are subject to review on an annual basis. Refer to hitp://www.g-
mwater.com.au/customer-services/feesandcharges for more information.

5.8.2 Carryover costs

Carryover is unlimited in the Goulburn system. Any allocation and carryover greater than

100 per cent of the total entitlement is quarantined in the spillable water account. This water
becomes available to frade or use once Goulburn Murray Water makes a declaration that there

is a low risk (less than 10 per cent probability) of the storage spilling later in the season. After the
declaration is made, any water that has not spilled is fransferred out of the spillable water account
back into the available balance of the allocation bank account, and a volumetric charge is
applied (G-MW 2011).
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6. Governance

6.1  Water planning responsibilities

The Northern Region Sustainable Water Strategy (NRSWS) provides the strategic direction for water
management across northern Victoria (DSE 2009). The NRSWS also presents the community an
agreed level of health target for the Goulburn River system. The Victorian Government has agreed
fo try and meet the health target through various mechanisms, including the use of environmental
water. G-MW has responsibility for the planning and delivery of water to the Lower Goulburn River.
In doing so, G-MW collaborates with:

e The GB CMA to deliver environmental water, including the Goulburn system water quality
reserve, and inter-valley transfers to the Murray River. Note that while G-MW can make
recommendations regarding the delivery of inter-valley transfers to support GB CMA objectives,
the actual delivery of inter-valley transfers is governed by the MDBA who are working towards
the management of the larger Murray-Darling Basin and are not compelled to follow G-MW'’s
recommendations.

e The VEWH, responsible for managing Victorian environmental water holdings.

Water shares in the Goulburn system can be used to deliver water from the headworks storage in
Lake Eildon, Goulburn Weir, Waranga Basin and Greens Lake.

6.2 Delivery partners, roles and responsibilities

The major strategic partners in delivering water to the Lower Goulburn River include:

e The VEWH as the manager of Victorian environmental water holdings.
e  GB CMA as the environmental water manager for the Goulburn system.

e G-MW as the BE holder, manager of the major reservoirs and irrigation areas in the
catchment, and also the licensing authority responsible for groundwater and surface
water licensed diversions.

e  Goulburn Valley Water is responsible for urban water supply in the catchment.

Both the GB CMA and G-MW cooperate with the VEWH in the delivery of environmental water, as
well as with the MDBA in relation to water transfers (inter-valley transfers) from the Murray system.

Lower Goulburn River



6.3 Approvals, licences, legal and
administrative issues

6.3.1 Water shepherding and return flows

In Victoria, the policy position presented in the Northern Region Sustainable Water Strategy is to
allow all entitlement holders to reuse or frade their return flows downstream provided that (DSE
2009):

o thereis adequate rigour in the calculation and/or measurement of return flows
o the return flows meet relevant water quality standards
e qadditionallosses (if any) are taken info account

e thereturn flows can be delivered in line with the timing requirements of the downstream user,
purchaser or environmental site

o the system operator can re-regulate the return flows downstream, with a known and immaterial
spill risk, if the entitlement holder is requesting credits on a regulated system.

The Australian Government does not currently have the ability to deliver water from its water
shares for the Goulburn system, so it must transfer its allocations to the VEWH for water to be used. If
environmental water allocations are tfransferred to the VEWH then the ability to reuse those flows in
the Murray River depends on the conditions of the individual entitlements.

If the point of delivery for environmental water is specified as at McCoys Bridge, which is near the
confluence of the Goulburn River and Murray River, then this will ensure that all reaches of the
Goulburn River receive the benefit of environmental water released from Lake Eildon.

If in the future environmental water is delivered directly to the Lower Goulburn River, then credits for
return flows to the Murray River can be granted under G-MW'’s bulk entitlements for the Victorian
Murray and Goulburn systems. The application for the credits would be submitted by G-MW and
the credits would be granfed to G-MW. Environmental water managers would then need an
agreement with G-MW and MDBA Murray River Operations to have these return flows credited to
their allocation bank account for the Murray River downstream of Barmah Choke.

6.4 Trading rules and system accounting

6.4.1 Water trading

The Goulburn River from Lake Eildon to Goulburn Weir is located in Trading Zone 1A, while the
Goulburn River from Goulburn Weir to the Murray river is located in Trading Zone 3. A map showing
the Victorian and southern NSW water trading zones is shown inFigure 14. Table 17 provides an
overview of frading capability between zones.
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Additional Trading Rules

All frade except to unregulated tributaries is with an exchange rate of 1.00. Trade into the
unregulated river zones of the Goulburn (zones 110, 111, 112 and 130) can only be fransferred as
a winterfill icence, which becomes available in the following year. The water share volume is
increased by 19 per cent when transferred to a winterfill licence, and decreased by 19 per cent
when bought from a winterfill icence. Trade (of allocation or entitlement) into Murray Irrigation
Limited areas (zone 10B) attracts a 10 per cent loss of share volume.

Permanent tfrade is currently limited to 4 per cent per year from irrigation districts in Victoria. G-MW
advises via media release when these limits are reached for individual irrigation districts. There are
various exemptions for this limit specified in the trading rules on the Victorian Water Register. For

more information on water trading rules, see the Victorian Water Register (http://waterreqister.vic.

gov.au/).

A service standard for allocation trade processing fimes has been implemented by the Council of
Australian Governments (COAG):

o Interstate — 90 per cent of allocation frades between NSW/Victoria
processed within 10 business days.

e Interstate — 90 per cent of allocation frades to/from South Australia
processed within 20 business days.

o Intrastate — 90 per cent of allocation tfrades processed within 5 business days.

This means that the environmental water managers must make any allocation trades well in
advance of a targeted runoff event.

Water trading attracts water trading fees. If water frading occurs without the use of a broker, the
fees are currently less than $80 for Victoria within state trade. See the Victorian Water Register for
Victorian fee schedules at http://www.waterreqister.vic.gov.au/Public/ApplicationFees.aspx

6.4.2 \Water storage accounting

Unlimited storage carryover is allowed in the Goulburn system, but water above 100 per cent of
the water share volume can be quarantined in a spillable water account when there is risk of Lake
Eildon spilling. Any water in the spillable water account cannot be accessed until the risk of spilling
has passed (assessed by the G-MW Water Resources Manager based on storage levels and likely
inflows). If a spill occurs, prior to a declaration being made by G-MW, then the balance held in
the spillable water account will be reduced in proportion to the volume to spill (G-MW 2011). The
annual deduction for evaporation is 5 per cent of carried over volume. The fee for fransferring
water from the spillable water account back to the allocation bank account is $3.52 per ML for
the Goulburn system. See http://www.g-mwater.com.au/customer-services/carryover#1 for more
information.

6.4.3 Water delivery accounting

G-MW has an allowance for conveyance losses within its bulk enfitlement for the Goulburn system.
If conveyance losses increase because water is being delivered to environmental assets, then these
additional losses would be negotiated between G-MW and environmental water holders.

Environmental Water Delivery Lower Goulburn River



/. Risk assessment

and mifigation

The risk assessment outlined in Table 18 provides an indication of the risks associated with the
delivery of environmental water in the Lower Goulburn system. It should be noted that risks

are not static and require continual assessment to be appropriately managed. Changesin
conditions will affect the type of risks, the severity of theirimpacts and the mitigation strategies
that are appropriate for use. As such, a risk assessment must be undertaken prior to the
commencement of water delivery. A framework for assessing risks has been developed by
SEWPaC and is included at Appendix 6.



‘(moleq sysi
BUIPOO}) 885 — S{UIDISUOD MOJ UIYLIM) paiinbal so sewn|oA
JO JUBWISN[PD PUD $8UIODIN0 WIBLSASODS PUD |PDIBO|0IPAY
palIsep 8yl 8ASIYDD Paspa|al (S)OUIN|OA JDYL UOIDULIBUOD

'SUOILDD0|[0 BUIIDWILSS UBYM ‘Alnsseoeu
11 '$8SS0] 10) MOJ|Y 18l UINGINOS) BUO|D $8SS0| MBIASY

‘Bulds-1a{uIm Of SMOJ)

NUDQIBAO Pa||0I4U0D Bulliwil Ag paonpal 8q 0s|D PINO0D
Bulpooy Yiim OQ MO JO sl 8L “BUIPOO) YiM INDD0 4yBiul
10U} JI8IOMYODIQ PUD O MOJ JO ¥SU Y4 Buionpal ‘|euupyd
18AI 8y} BADS| JOU |[IM pasodolid sMOJ) ISOIA “(StusuyoLo
o108 aIyysng Bulpnoul) sjusWyYDL0D Aloingul

UJOJ) SMOJUI UDYJ I8yl ‘sesos|al UoP|IF )07 WOl
paLpUIWIOP SI MOJ SO patoadxe O Ul Alenodal

$S9SSD O} O JO Bunoyuow YIAD 99 8yl 8anuiuod

'|0JIUOD 1O UOIDDIPDIS PUD
20UD||I8AINS PENUIUOD — sejAydoIoDW DIHONDbD BAISDAU|

‘a|qpolonId suou - dind

‘(Ajyijun) Alosseoeu SoMm SIyL JI “Jeiom
aulos (8Nn|Ip) ©oNpal o) uodn PajjPd &g PIN0D SAISSSl
Aljonb Je1om UINgINOS 8yl PUD PBIOHUOW S| ALIUIIDS

S SIYL ©SIUIIUIW PINOYS SMOJ} SNONUILUOD JO ©OUDUSLIUIDIA|

s|oiu0D

Mo

wnipaN

wnIPSN

ybIH

wnipsiN

MO

Mo

aop|d
ul |opuod
UM

19AS isly

Jouln AAiun
SIPISPOIN 9|qISsOd
loulin Al
'SUOI{IPUOD

luspadsiun

uo Puipuadep

10[OIN '9]|qIssOd
SllJElelel AjMI
JoulA Aiun
a}pISPON Aiun

@ouanbesuo)

poouyiin

JOAIY] UINQINOS) 1oMOT 8L Ul AISAI[SP ISIOM ULIM PBI0ID0SSD Ysik|:gL @]1apL

19\ UINQIN0S Mojeg ainipiedua]

19{OM 108} 0} pajoadxe Jou s| || “INoWASS pub uop|i3
907 Usemiag ainpiedwal JISIoM SIO8LD Ajulouwl
Uop|Ig X407 WOl SIeloM WOH0J J1ep|oD JO 8spejal ay|

'SOAILOB[C0 ©A8IYDD O} palinbal I8{oM JO SOUIN|OA
|ONOD Ul S||D4HIOUS JO POOYII8Y1| 8Y4 S8SD8I0UI SIY]
‘palinbal AjpN1own seuiN|oA 84 JO UolpwWIisaIepUN Ul

1nsal Aouw AopIN2oD Bulj|epoN Buljjlepow uo pusdsp

suoldo AleAl|op JoLoM ULM PBIDIOOSSD SOUWN|OA

'(1102 "Wwiod 'siad 'YIND g9 ‘10T '9) sjusns
NUDQUSAO Ul UID|dpPOoOo) 8y} UO paulbiel 89 UDD 19
00l 4O 18P0 8y} Ul 1oy sisebbns Bul||opo|A 'S8iol MOJ
ybly 4o ApINDIIDd ‘UOPI|IF 9407 JO WDBIISUMOP SOSSO|
10 epnyubow BuipioBai Auipliaoun ybily si a1ay|

‘Bupds/iaiuim siyl 1eAl 8y Buojo paousuedxe spool
OM} JO PUODSS BU} UYLIM Palindd0 (0|0Z Jequiaoaq)

Ajlus281 SOy [[Y Usl PUD LUSAS I810MYOD|] VY 'SOUDINGIL

Pa108}P-31YSNQ WOI) JJOUNI JUSUIYDIOD O} PSINCLLD
useg SADY sjUSAS O MO| JUSD8Y ‘(00T JIPIOUIS ‘00T
uyo0y ‘B'8) SUIWIBISP O} NDWIP SOM SYLoap asay}
JO 8sNDO JopX8 By} Yybnoyyo paipoldwi Buieq Og
MO| UHM “ISALY UINGINOS 8L Ul Pa1IN220 SADY S|IIY YslH

‘uoibal 8y} $s0I00D
IN220 (puUPHIBDS *B'8) saiAydoiopuw dipNDD SAISDAU|

“ysy
SAILDU JO 10U} Ylim BUO|D IND20 UDD Bulpesig dind

‘pasodoid seuwn|oA 8yl 1o sysu ALulos esod
JOU Op pUD A}IoNb POOB JO BID JSAR| UINGINOS JIOMOT
8y} 0} JI9M\ UINGINOS PUD UOPIIF 8407 WOJ) S8S08|8Y

JOAR| UINQINOS) 8y}
Buo|o senss] ||0S S10JINS PIOD JO 8OUSPIAS OU S| 818y ]

uouduosaq

"uop|i3 807 WOy
sespa|el 18jom P|oD

painbal seuwn|oA
pup AIg[IOAD
J8}OM JO UolPWIST

$SO| JoJOM

(SiUBA® JajoM)oD|q
woly 'B'9) Og Mo

so100ds OAISDAU|

Ajuyos

$/10S 21DJINS PIOY

odAisly

Lower Goulburn River



'SIUIDIISUOD AloAllop
Ol eNp 8|qISD8] A|LUBIIND JOU BID SSAIIOS(CO MOJI YUDTIBAQD

'SIUBAS MO} JO AIBAIIBP YLIM Spiozoy [pliusiod
pup Afluswio ol|gnd JO ssO| [PliUSI0d JO UOIIDDUIION

'UOISOI® YUDQJ SAISSOOXS
PIOAD UOPIIF &Y 1P [P} PUD &Sl JO S8yl a1pudoiddy

‘(Uop|ig e1o7 Jo

wioslisuUMop Ajaiolpaulwll P/ 00S 71) SIoAS| POOY Joujw
MoJeq uipwal 0} sioipiedo JaAl AQ peboubu AjoAILo0D
24 ||IM SSSDB|81 IS{DM [DIUSUIUOIAUS WOJ) BuliNsal SMO|4

s|oiu0d

WnIPS

MO

MO

MO

aop|d
ol uod
UM

ISASISlY

‘SJUIDIISUOD MO} O} BNP SJUBAS YUDGISAO

SIDISPOIN Ao 10} SOAI}O8[CO |DIUSUIUOIIAUS SASIYDD O} AlljIgou|
"JOA BY}

JOUIIN 9|qISSOd 4O $18SN [PUOIHDS8IDS8] O} sl PUD Alusawio ol|gnd JO $SOT
SIDISPOIN AAun ALI|IQDISUl YUDQ PUD UOISOIS SAISS8OXT

"Uop|I3 9407 JO WDBISUMOP P/TIN 00S 7L
B1DISPOIN AAun 10 BUIDUBWIUWIOD “I8AL 8y} BUO|D $8}Is BUIPOO}) JO XSIY

oousnbasuo) pooyiai uonduosaqg

Puipool4

adApisiy



8. Environmental Water

PENEINES

8.1 Environmental water provisions

G-MW's bulk entitlement (Eildon-Goulburn Weir) specifies a number of environmental water
provisions. Minimum passing flows under the entitlement are:

e A minimum flow of 120 ML/d from the Eildon Pondage Weir. This is increased to 250 ML/d when
24-month Lake Eildon inflows are high. Threshold 24-month inflows are listed in Clause 6 of the
enfitlement.

e A minimum average weekly flow of 250 ML/d from Goulburn Weir over any seven day period, at
a daily rate of no less than 200 ML/d.

e Any additional flow necessary to maintain a minimum average monthly flow at the McCoys
Bridge gauging station of 350 ML/d for the months of November to June inclusive (at a daily
rate of no less than 300 ML/d) and 400 ML/d for the months of July to October inclusive (at a
daily rate of no less than 350 ML/d).

Other environmental water specified under the entitlement includes:

e 80,000 ML for flood release. This water is available to be released below Eildon Pondage
Weir in November under very specific circumstances relating to 24 and 12 month inflows and
maximum release constraints.

e 30,000 ML for water quality. This water is available only as required to maintain water quality in
the waterway.

Lower Goulburn River



8.2 Current water holdings

Commonwealth environmental water holdings (as at October 2010) in the Goulburn system are
summarised in Table 19. These include 65,000 ML of high reliability water share and 10,000 ML of
low reliability water share in the Goulburn system. The volume of Commonwealth environmental
water available for use in the Goulburn system can be increased at any time by selling allocations
tagged as sourced from elsewhere in the southern connected Murray-Darling Basin and
purchasing an equivalent volume in the Goulburn system, subject to the trading rules described

in Section 6.4 and the availability of water for purchase in the Goulburn system. The volume of
Commonwealth environmental water elsewhere in the southern Murray-Darling Basin (as at
October 2010) includes up to approximately 194,000 ML upstream of the Barmah Choke and
308,000 ML downstream of the Barmah Choke. These volumes continue to change as the Australian
Government continues its purchasing of water entitflements — the most up to date figures can be
found at www.environment.gov.au/ewater.

Environmental water currently held under Bulk Entitlements by the VEWH in the Goulburn system are
summarised in Table 20.
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Table 19:Commonwealth environmental water holdings (as at October 2010).

System Licence Volume (ML) Water share type
NSW Murray above Barmah Choke 0.0 High security
1565,752.0 General security
VIC Murray above Barmah Choke 32,361.3 High reliability water share
5,674.1 Low reliability water share
Ovens” 70.0
Total above Barmah Choke 32,361.3 High security/reliability
161,426.1 Low security/reliability
NSW Murray below Barmah Choke 386.0 High security
32,558.0 General security
VIC Murray below Barmah Choke 78,7219 High reliability water share
A3 Low reliability water share
Murrumbidgee*** 64,959.0 General security
20,820.0 Supplementary
Goulburn 64,919.6 High reliability water share
10,480.0 Low reliability water share
Broken** 20.0 High reliability water share
4.2 Low reliability water share
Campaspe 5,124.1 High reliability water share
395.4 Low reliability water share
Loddon 1,179.0 High reliability water share
527.3 Low reliability water share
South Australia 43,297.4 High reliability
Total below Barmah Choke 193,628.0 High security/reliability

(excluding Ovens, Broken and

LT DO L) 114,371.0 Low security/reliability

Notes:

* The Australian Government holds 70.0 ML of regulated river entitiement on the Ovens System; however this water
cannot be tfraded outside of the Ovens Basin.

**The Australian Government holds 20.0 ML of high reliability water share and 4.2 ML of low reliability water share
on the Broken System; however this water cannot be traded outside of the Broken Basin.

*** The Australian Government holds 20,820 ML of supplementary water shares on the Murrumbidgee System;
however this water cannot be traded outside of Murrumbidgee system.

Lower Goulburn River



Table 20: Environmental water held by the VEWH in the Goulburn system.

Water holding

Environmental Entitlement
(Goulburn System —The
Living Murray) Further
Amending Order 2009

Bulk Enfitlement
(Goulburn System - Snowy
Environmental Reserve)
Amendment Order 2009

Goulburn River
Environmental
Entfitlement 2010

Environmental Entitlement
(Goulburn System —
Environmental Water
Reserve) 2010

Volume

141,046 ML of low reliability water shares

(sales package).

19,164 ML of high reliability water shares

(G-MW recovery package).

20,461 ML of high reliability water
shares (Shepparton irrigation area
modernisation project).

15,780 ML of low reliability water
shares (Shepparton irrigation area
modernisation project).

3.900 ML of high reliability water share (pipelining

of Normanville waterworks district).

14,812 ML of high reliability water share
(Goulburn system improved measurement of small
volume supplies to irrigation districts program).

2,000 ML of high reliability water share
(Goulburn strategic measurement project).

1,432 ML of high reliability water share

(Wimmera-Mallee Pipeline Savings)

Prior to the completion of Stage 1 of the Northern
Victoria Irrigation Renewal Project (NVIRP):

The volume of water that has been allocated
to the environment from the modernisation

savings account.

After the completion of Stage 1:

The volume equivalent to one-third of the total
volume saved in the Goulburn component of

the Goulburn Murray Irrigation District, with the
characteristics of high reliability and low reliability

water shares.

8.3 Seasonal allocations

Comments

Committed to meet Living Murray
objectives, but may be useful in
the Lower Goulburn in fransit.

Generally released in summer to
supply Murray irrigation demands.

Trading zone 1B

Exact volumes to be confirmed
after completion of NVIRP works.

This entitlement was gazetted but
was disallowed in the Victorian
Parliament in June 2010.

Victorian allocations are announced by G-MW twice monthly and are published at http://www.Q-
mwater.com.au/news/allocation-announcements/current.asp. Long-term seasonal allocations for

the Goulburn system and Murray River are shown for October and April as indicative of spring and
autumn in Figure 15 and Figure 16. This information is sourced from the MSM-Bigmod post-TLM run

(#22061).
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Figure 15: October seasonal allocations for the Goulburn and Murray River systems.
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Figure 16: April seasonal allocations for the Goulburn and Murray River systems.
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The allocation expected to be available (in terms of announced allocation) to the environment
under different climate conditions is susnmarised in Table 21. The volume of water expected to

be available to the environment under different climate conditions is summarised in Table 22.

The calculation of the volume of water expected to be available to the environment under

each climate condition is based on the volume and type of entitlements held and the expected
announced allocation for each climate condition (from modelling). This fable shows that around
20 per cent of high reliability water shares (13,000 ML based on October 2010 holdings) would be
expected to be available in the Goulburn system in spring of a very dry year and around 100 per
cent of high reliability water shares and 95 per cent of low reliability water shares (75,000 ML based
on October 2010 holdings) would be expected in a wet year. Note that the models used to derive
these allocations can over-estimate allocation in very dry years.

Tables 21 and 22 were provided by SKM and based on allocation information from the MSM-
Bigmod model of the Murray River system with The Living Murray deliveries in place (run #22061).
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8.4 Water availability forecasts

A description of likely water availability for the Victorian Murray and Goulburn systems is provided
by G-MW when allocation announcements are made. Allocation announcements are generally
made on the 15" of each month (or the next business day). However, when allocations fo high
reliability water shares are less than 100 per cent, allocation announcements are made on the 1¢
and 15" of each month (or the next business day).

The current allocation announcement and a description of likely future water availability for
the remainder of the season can be sourced from: http://g-mwater.com.au/news/allocation-
announcements/current.asp. Historical announcements and forecasts can be sourced from:
http://g-mwater.com.au/news/allocation-announcements/archive.asp.

Additionally, G-MW publishes a seasonal allocation outlook prior to the start of each irrigation
season providing a forecast for opening October and February allocations for the following season.
The seasonal allocation outlooks are published on G-MW'’s website (see Media Releases). In years
with high water availability, only the seasonal allocation outlook may be prepared (i.e. water
availability forecasts may not be provided with allocation announcements).
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PART 3:
Monitoring and Fufure Options




9. Monitoring, evaluation

and improvement

9.1 Existing monitoring programs and frameworks

Assessing ecosystem response to specific environmental flow releases as a form of intervention
analysis is a challenging exercise (Chee et al. 2006). Being able to apply traditional study designs is
often problematic, as control sites (similar features to the test site, but without the intervention) are
usually lacking (i.e. there is not another Goulburn River). Similarly, establishing ‘before” conditions is
difficult given the nature of river regulations and flows delivered from natural rainfall-runoff events.

The Victorian Environmental Flows Monitoring and Assessment Program (VEFMAP) was established
specifically to assess ecosystem response to new environmental flow regimes. VEFMAP is being
implemented across northern Victorian rivers, including the Goulburn, Campaspe and Loddon
Rivers (Chee et al. 2006, SKM 2007). Water quality and quantity is monitored as part of the Victorian
Water Quality Monitoring Network and the North East Regional Water Monitoring Partnership
(NERWMP). The following section provides a guide to the parameters that could be considered for
future monitoring of environmental water releases. They do not provide guidance on aspects of
study design, site selection and sampling frequency.

There are numerous long-term flow gauges along the Goulburn River. Key streamflow gauges are
listed in Table 23. A full list of available streamflow gauges can be found on the Victorian Water
Resources Data Warehouse (DSE 2010). G-MW collects operational data for headwork storages
and irrigation distribution channel systems.

Lower Goulburn River



Table 23: Flow monitoring along the Goulburn River.

Reach
Description

Reach
Number

1 Lake Eildon fo
Molesworth

2 Molesworth to
Seymour

3 Seymour fo
Nagambie

4 Goulburn Weir
to Shepparton

5 Shepparton
to the Murray
River

Living Conformance

Murray assessed

confribution af Reach 5

405203C

4052018

4052028

405259A

405200A

405204C

405276A

405232C

405232

Relevant Hydrographic Stations

Site Name

Goulburn River @ Eildon

Goulburn River @ Trawool

Goulburn River @ Seymour

Goulburn River @ Goulburn
Weir

Goulburn River @ Murchison

Goulburn River @ Shepparton

Goulburn River @ Loch Garry

Goulburn River @ McCoys
Bridge

Goulburn River @
McCoys Bridge

Adequacy of Gauge (pers comm. Leon
Tepper - Thiess Tatura)

There is an unstable stage/discharge
relationship at this site due to seasonal weed
growth along the gauging station reach. This
has most impact on flows of <1,000 ML/d.

For flows between 1,000 and 4,000 ML/d

the uncertainty is better than 8% at 95%
confidence limit.

Likely issues with lower flows (<1,000 ML/d).

The site relies on a natural channel control
giving poor low flow sensitivity and a mildly
unstable stage discharge relationship.

Low flow gaugings are undertaken 2 km
upstream of the site.

The stage/discharge relationship is stable.
Flow data uncertainty is better than 4% at
95% confidence level.

Flood measurement only >3.5 m. Upon
request only.

The conventional method of monitoring
flow using a stage discharge relationship is
not adequate for this site. The site is subject
to hysteresis, different types of loop rating
curves occur during each event. Acoustic
technology is therefore currently being used
to collect flow data. The result is that the
uncertainty in flow is now better than 7% at
95% confidence level.

Since major works on and around the low
level rock weir downstream of this site, the
low flow data is only reasonable. The site is
still stabilising. The flow accuracy is within
+5.0to +7%. The site is subject to hysteresis,
different types of loop rating curves occur
during each event. Acoustic technology is
needed.

Flood site only.

The low flow data is reasonable with flow
accuracy at +5to +7%. The site is subject

to hysteresis, different types of loop rating
curves occur during each event. Acoustic
technology is needed. The sites accuracy
can be questioned once flood flows depart
from the main stream upstream of the
monitoring site.

See above.
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As well as flow monitoring at the sites listed in Table 23, water quality parameters (including colour,
dissolved organic carbon, dissolved reactive phosphorus, electrical conductivity, total Kjeldahl
nitrogen, oxidised nitrogen, pH, total phosphorus and turbidity) are measured on a monthly basis at:

e FEildon (site 405203)
Trawool (site 405210)

e  Seymour (site 405202)

e Goulburn Weir (site 405259)
e Murchison (site 405200)

e Shepparton (site 405204)

e McCoys Bridge (site 405232).

In addition, the G-MW undertakes contfinuous DO monitoring at Goulburn Weir and the GB CMA
monitors DO at Shepparton and McCoys Bridge. This allows the GB CMA and G-MW to respond to
the onset of low DO conditions by increasing flow delivered o the Lower Goulburn River from Lake
Eildon and Goulburn Weir.

Fish populations (including fish larvae) along the Lower Goulburn River are surveyed annually

as part of the Murray-Darling Basin Sustainable Rivers Audit (SRA), whilstmacroinvertebrate
communities are monitored by EPA Victoria as part of its fixed sites monitoring network and also as
part of the SRA (SKM 2007). Vegetation condition on the river bank is assessed as part of the Index
of Stream Condifion assessment, which adopts the *habitat hectares” approach that compares
species and life forms af randomly selected sites against a benchmark. Index of Stream Condition
vegetation assessments are conducted at the top of the bank and provide little consistent
information about plants lower down the river bank and in the river channel.

The Victorian Environmental Flows Monitoring and Assessment Program (VEFMAP) monitoring has
been established for the Lower Goulburn River to monitor habitat availability and the response of
vegetation, fish populations and macroinvertebrate populations to environmental flows. Given
that this document is aligned with previous environmental flow recommendations for the Goulburn
River, the VEFMAP provides a valuable baseline from which to assess ecosystem response fo future
environmental flows. Parameters to be monitored are considered further in sections 9.3 and 9.4.

9.2 Operational water delivery monitoring

Monitoring the delivery of environmental water along the Lower Goulburn River can be undertaken
using the flow gauging sites previously listed in 9.1. In addition, the Department of Sustainability,
Environment, Water, Population and Communities has a pro forma Operational Monitoring

Report to capture information related to releases, such as event details, risk management, initial
observations and other issues (included at Appendix 4). This information is expected to form input
into subsequent delivery plans, as well as any applications for return flow credits.

Environmental Water Delivery Lower Goulburn River



9.3 Key parameters for monitoring and
evaluating ecosystem response

The environmental watering objectives for the Lower Goulburn River (Table 3) seek fo:

e Provide suitable in-channel habitat (area of slow, shallow water) for all small bodied fish life
stages and for in-channel and littoral vegetation.

e Provide deep water habitat for large-bodied native fish.
e Entrain litter packs available as food/habitat source for macroinvertebrates.
e Maintain water quality suitable for macroinvertebrates.

e Provide snag habitat within the euphotic zone to provide habitat and food source for
macroinvertebrates.

e Maintain natural rates of sediment dynamics (erosion and deposition) and natural patterns of
geomorphic diversity.

¢ Increase habitat variability for macroinvertebrates and native fish, and increase habitat quality
by maintaining or improving water quality (including in pools) and mobilising fine particulate
matter.

e Achieve phytoplankton, periphyton and macrophyte production rates, biomass levels

and community composition more resembling un-impacted sites to support dynamic,
diverse food webs.

VEFMAP monitoring established for the Lower Goulburn River (SKM 2007) includes:

Physical habitat surveys - river cross sections, qualitative estimate of habitat area and velocity,
visual estimate of substratum composition, woody debris load assessment.

e Water quality assessment - monthly in-situ physico-chemical water quality monitoring.
e Riparian and in-channel vegetation surveys.

e Adultfish surveys.

e Macroinvertebrate surveys.

VEFMAP provides informnation that can be used to assess future environmental flow releases,
including that achieved with the delivery of environmental water. Current monitoring undertaken
as part of VEFMAP for the Goulburn River, including flow components, hypotheses and indicators, is
summarised in Appendix 5.

9.4  Potential monitoring gaps

VEFMAP was established to assess ecosystem responses to changes in watering regimes over time
(e.g. five years). It was not designed to assess ecosystem responses to individual or short-term

flow events. The main issue for assessing the effectiveness of environmental water (in isolation) is

fo establish a study design that provides the best possible inference that ecosystem response is
due to any particular environmental release(s). Particular attention is required on establishing the
‘before” conditions to allow ‘before-after’ comparisons. Appropriate experimental designs are best
considered once the type for flow release(s) is determined (e.g. baseflow, fresh, overbank flow).
Monitoring considerations when planning to deliver environmental water are summarised in Table
24 (see also Appendix 5 for references to VEFMAP).
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Table 24:Monitoring considerations for the delivery of environmental water.

Asset/ Objective Existing monitoring Additional monitoring
ecosystemattribute required
Aquatic and Enhance the extent and diversity of aquatic  VEFMAP frequency Frequency and timing of
riparian vegetation  vegetation (in-channel and wetlands). will not be sufficient monitoring fo coincide
to detect changes with individual watering
Increased contribution to processes such as N response fo events to assess the effect
river productivity. individual watering of its environmental water
events. in isolation from the wider

Maintain diversity of riverbank vegetation. VA,

Reduce extent and impact of weeds.

Maintain continuity and cover of riverbank
vegetation.

Enhance the extent and diversity of
aquatic vegetation.

Macroinvertebrates  Trophic structure and diversity with As above. As above.
a more balanced representation of
all functional groups.

Ausrivas O/E scores = Band A.

Biomass equivalent to rivers elsewhere
(e.g. Ovens).

Maintain dynamic, diverse food webs that
support higher organisms and contribute to
river health.

Native fish Suitable in-channel habitat for all life As above. As above.
stages.

Suitable off-channel habitat for all
life stages.

Passage for all life stages.

Cues for adult migration during
spawning season.

Access to floodplain and off-channel
habitats for spawning and/or larval rearing.

Low flows recruitment and survival.

Floodplain and bench inundation for
exchange of food and organic material
between floodplain and channel.

Geomorphology Maintain natural rates of sediment Existing monitoring Additional monitoring
dynamics (erosion and deposition) and is appropriate for can be considered
natural patterns of geomorphic diversity. larger channel- to evaluate sediment

forming events movement and pool
(i.e. approaching depth for smaller flow

bankfull discharge). freshes.

Phytoplankton, Phytoplankton, periphyton and macrophyte None. Additional monitoring
periphyton and production rates, biomass levels and is required.
macrophyte community composition more resembling

production un-impacted sites to support dynamic,

diverse food webs.

Lower Goulburn River



10. Opportunities

The GB CMA is investigating options to use the volume stored in Goulburn Weir to release flows to
coincide with natural flow peaks along the Broken River, thereby providing enhanced flows in the
Lower Goulburn River downstream of Shepparton. The volume released from Goulburn Weir would
then require some supplementing from Lake Eildon releases. This would involve some operational
adjustments, such as managing deliveries along the irrigation channels supplied from Goulburn
Weir. This is currently being considered by the GB CMA, but may only be feasible during winter. If
the use of Goulburn Weir is not possible, opportunities to deliver the desired summer to autumn
fresh on the back of inter-valley transfers should be further explored with G-MW.

There are a number of breaks in the levee system along the Lower Goulburn River, which means
that at 40,000 ML/d, approximately 15 per cent of the water goes to the Deep Creek system and
then the Murray River. The GB CMA is considering putting regulators on these breaks to keep more
water on the floodplain between the river channel and the levees. Regulating structures are

also being considered for the Loch Garry system. These are some areas of vegetated floodplain
below Loch Garry that could be watered, and this would also help with operating the river more
efficiently. Both these opportunities are being considered by the CMA (G. Earl, GB CMA, pers.
comm. 2011).

Water from the Goulburn River can also be used to supplement flows to assets on the Murray River
downstream. Coordinating the use of environmental water with other releases in the Murray River is
an area to be considered once watering options plans for Murray River assets have been prepared.
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Appendix 1: Key species and communities

Key species in the Lower Goulburn River.

Scientific name

Common name

EPBC
Status

Presence*

Migratory

FFG listing

Plants

Amphibromus fluitans

Avristida jerichoensis var.
subspinulifera

Brachyscome muelleroides

Callitriche cyclocarpa

Craspedia canens

Cullen parvum

Myriophyllum porcatum

Sclerolaena napiformis

Swainsona murrayana

Invertebrate

Synemon plana

Fish

Bidyanus bidyanus

Craterocephalus fluviatilis

Maccullochella macquariensis

Maccullochella peelii peelii

Macquaria australasica

Melanotaenia fluviatilis

Tandanus tandanus

Amphibians

Litoria raniformis

River swamp wallaby grass

Jericho wire-grass

Mueller Daisy

Western water-starwort

Grey billy-buttons

Native scurf-pea

Ridged water-milfoil

Turnip Copperbur

Slender Darling-pea

Golden sun month

Silver perch

Murray Hardyhead

Trout cod

Murray cod

Macquarie Perch

Murray-Darling rainbow fish

Freshwater catfish

Southern bell or growling grass
frog

Lower Goulburn River

CE

May

Known

Likely

Known

Known

Likely

Likely

Likely

May

Known

May

Known

Known

May

Known

Known

Known



Scientific name

Common name EPBC Presence* Migratory FFG listing
*x

Status

Pseudophryne bibronii

Reptiles

Aprasia parapulchella

Delma impar

Varanus varius

Birds

Anseranas semipalmata

Anthochaera Phrygia

(Xanthomyza Phrygia)

Apus pacificus

Ardea alba

Ardea ibis

Botaurus poiciloptilus

Botaurus poiciloptilus

Burhinus grallarius

Chthonicola sagittata

Gallinago hardwickii

Grantiella picta

Grus rubicunda

Haliaeetus leucogaster

Hirundapus caudacutus

Lathamus discolor

Merops ornatus

Neophema pulchella

Ninox connivens connivens

Ninox strenua

Pedionomus forquatus

Polytelis swainsonii

Brown foadlet

Pink-tailed worm lizard

Striped legless lizard

Lace goanna

Magpie goose

Regent honeyeater

Fork-tailed swift

Great egret

Cattle egret

Australasian bittern

Australasian bittern

Bush stone curlew

Speckled warbler

Latham’s snipe

Painted honeyeater

Brolga

White-bellied sea-eagle

White-throated needletail

Swift parrot

Rainbow bee-eater

Turquoise parrot

Barking owl

Powerful owl

Plains wanderer

Superb parrot

Known

Likely

Likely

May

May

May

May

Known

Known

Known

Known

Known

Known

Known

Likely

May

Likely

May

Known

Known

Known

May

May

Terrestrial,
wetlands

Marine

Marine,
wetlands

Marine,
wetlands

Wetlands

Terrestrial

Terrestrial

Terrestrial



Scientific name Common name EPBC Presence* Migratory FFG listing

Status *x

Rostratula australis Australian painted snipe \% May L

Stictonetta naevosa Freckled duck - Known L

Tyto novaehollandiae Masked owl - Known L

novaehollandiae

Mammals

Petaurus norfolcensis Squirrel glider - Known L

Dasyurus maculatus maculatus  Spot-tailed quoll \% May L

Phascogale tapoatafa Brush-tailed phascogale - Known L
E Endangered

CE Critically endangered
L Listed (threatened)
V Vulnerable
The presence of species has been ascertained through:

* EPBC Act, Protected Matters Search Tool website
Department of Sustainability and Environment, Biodiversity Interactive Map website
Victorian Department of Sustainability and Environment (2007) Advisory List of Threatened Vertebrate Fauna in Victoria
- 2007. Department of Sustainability and Environment, East Melbourne, Victoria.

Department of Sustainability and Environment (2005) Advisory List of Rare or Threatened Plants in Victoria — 2005.
Victorian Department of Sustainability and Environment, East Melbourne, Victoria.

Victorian Department of Sustainability and Environment (2009) Advisory List of Threatened Invertebrate Faunain
Victoria - 2009. Department of Sustainability and Environment, East Melbourne, Victoria.
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Appendix 2: Flow Recommendations for
Reaches 4 & 5

The following provides the flow recommendations outlined in Cottingham et al (2007).

Flow duration bounds identified for Reach 4 ecological objectives.

Note: The values in the table represent the proportion of fime that discharge may exceed a particular bound (e.g. 0.85 =
85%). The various percentile years provide opportunities for inter-annual variability, providing different exceedence levels for
extreme dry (10™ percentile), dry (30" percentile), median and wet years (70" percentile).

Recommended

o
=2
£
13}
©
9)
O
T
Qo
(o)
9o
o
0
w

Flow Element Code
Discharge (ML/d)
10th percentile year
30th percentile year
70th percentile year
90th percentile year

median year

Minimum
Maximum

Summer - Lower Bound

Mi4 FOO3b 540 0.90 095 0.95 0.98 0.99

Mi1 FOO7a 310 0.70 0.80 1.00 1.00

MiI3 FOO7a 310 099 099 0.99 099 099

Mi2 FO08b 400 0.90 093 0.95 0.98 0.98

n. fish FO08b 400 0.74 0.95 099 0.99 099

n. fish FOO7b 500 097 0.98 099 099 099

Mié FO03b 540 0.80 090 0.95 0.99 099

Mi2 FOO8c 830 0.70 093 0.95 0.98 0.98

Geod FO26i 856 0.36 0.71 094 1.00 1.00 1.0 1.00
Geod FO26h 1186 0.1 0.57 0.75 0.88 0.96 1.0 1.00
Mi1 FOO7c 1500 0.10 0.30 0.45 0.75

MI3 FOO7¢c 1500 0.15 0.30 0.40 0.70

Geod FO26g 1660 0.30 0.47 0.63 0.74 094 1.00
Geod FO26f 2223 0.1 0.25 0.40 0.60 0.71 1.00
Geod FO26e 3142 0.01 0.06 0.20 0.43 0.55 0.86
Geo3d FO26d 4490 0.05 0.24 0.37 0.64
Geod FO26¢ 6590 0.08 0.16 0.42
Geod FO26b 10700 0.04 0.27

Lower Goulburn River



Recommended
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Flow Element Code
Discharge (ML/d)
10th percentile year
30th percentile year
70th percentile year
90th percentile year

median year

Minimum
Maximum

Geold FO26a 19000

Summer Upper Bound

Geold FO26i 856 0.36 0.71 0.94

Geold FO26h 1186 0.11 0.57 0.75 0.88 0.96

Mi1 FOO7c 1500 0.70 0.90 090

Geod FO26g 1660 0 0.30 0.47 0.63 0.74 094

Geod FO26f 2223 0 0.11 0.25 0.40 0.60 0.71

Geod FO26e 3142 0 0.01 0.06 0.20 0.43 0.55 0.86
Geod FO26d 4490 0 0 0 0.05 0.24 0.37 0.64
Geod FO26¢c 6590 0 0 0 0 0.08 0.16 0.42
Geod FO26b 10700 0 0 0 0 0 0.04 0.27
Geod FO26a 19000 0 0 0 0 0 0 0.07

Autumn Lower Bound

Mi2 FO08b 400 090 0.93 095 098 0.98
n. fish FO08b 400 099 0.99 099 099 0.99
Mi4 FOO3b 540 0.70 090 0.95 098 099
Mié FOO3b 540 0.70 090 095 0.99 0.99
MI2 FOO8c 830 0.50 0.65 0.80 095 0.98

Winter Lower Bound

n. fish FO08b 400 0.99 099 099 0.99 099
n. fish FOO7b 500 0.80 0.86 0.88 0.90 0.96
Mi4 FOO3b 540 0.85 0.90 095 0.98 0.99
Mié FOO3b 540 0.80 090 095 099 0.99

Mi2 FOO8c 830 0.90 093 095 0.98 0.98



Recommended
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Flow Element Code
Discharge (ML/d)
Minimum

10th percentile year
30th percentile year
median year

70th percentile year
90th percentile year
Maximum

Spring Lower Bound

n. fish FOO8b 400 0.99 0.99 099 099 0.99
Mi2 FOO8b 400 090 093 095 0.98 0.98
n. fish FO08b 400 099 0.99 099 099 099
n. fish FOO7b 500 0.81 0.85 091 0.95 099
Mi4 FO03b 540 0.70 090 095 098 099
Mié FO03b 540 0.70 0.90 0.95 0.99 099
Mi2 FOO8c 830 0.90 0.93 0.95 0.98 0.98
n.fish FO27a 24000 0.05 0.13 0.31

Spring Upper Bound

n fish FO27a 24000 0 0 0.08 0.19 0.47

Lower Goulburn River



Flow duration bounds identified for Reach 5 ecological objectives.

Note: The values represent the proportion of time that discharge may exceed a particular bound (e.g. 0.85 = 85%). The various
percentile years provide opportunities for infer-annual variability, providing different exceedence levels for extreme dry (10"
percentile), dry (30" percentile), median and wet years (70" percentile).

Recommended
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Flow Element Code
Flow Threshold (ML/d)
Minimum

10th percentile year
30th percentile year
median year

70th percentile year
90th percentile year
Maximum

Summer - Lower Bound

MIT FOO07a 240 0.70 0.80 1.00 1

MI3 FOO7a 240 0.99 099 099 099 099

n. fish FOO7b 320 090 090 099 099 099

Mmi2 FOO8b 540 0.90 0.92 0.95 0.98 0.98

n. fish FO08b 540 0.99 0.99 0.99 0.99 0.99

Mi4 FO03b 770 090 0.95 095 0.98 099

MI6 FOO3b 770 0.80 0.90 0.95 0.99 0.99

Mi2 FOO08c 940 0.70 092 0.95 098 0.98

Geod FO26i 1096 0.38 0.75 0.88 0.96 1.00 1.00 1.00
Geod FO26h 1505 0.17 0.53 0.64 0.82 0.94 1.00 1.00
Geod FO26g 1993 0.02 0.17 0.40 0.60 0.73 097 1.00
Geod FO26f 2711 0 0.09 0.21 0.35 0.60 0.87 1.00
Geod FO26e 3800 0 0 0.05 0.20 0.40 0.66 1.00
Geod FO26d 5240 0 0 0 0.02 0.22 0.43 0.71
Plankt. FOO2c 6060 0 0.17

Algae

Geold FO26¢ 7560 0 0 0 0 0.08 0.18 0.47
Geold FO26b 13000 0 0 0 0 0 0.03 0.38
Geo3 F026a 23900 0 0 0 0 0 0 0.09

Summer - Upper Bound

Geod FO26i 1096 0.38 0.75 0.88 0.96 1.00 1.00 1.00

Geod FO26h 1505 0.17 0.53 0.64 0.82 094 1.00 1.00



Recommended

Flow Threshold (ML/d)
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Flow Element Code

10th percentile year
30th percentile year
70th percentile year
90th percentile year

median year

Minimum
Maximum

Geo3d FO26g 1993 0.02 0.17 0.4 0.60 0.73 0.97 1.00
Geod FO26f 271 0 0.09 0.21 0.35 0.60 0.87 1.00
Geo3 F026e 3800 0 0 0.05 0.20 0.40 0.66 1.00
Geo3d FO26d 5240 0 0 0 0.02 0.22 0.43 0.71
MI2 FOO4c 5610 0.01 0.01 0.02 0.30 0.50

M4 FOO4c 5610 0.01 0.01 0.02 0.25 0.45

Plankt. FO02c 6060 0.19 0.30

algae

Geo3d FO26¢c 7560 0 0 0 0 0.08 0.18 0.47
MI2 FOO2b 8910 0.01 0.01 0.01 0.05 0.15

Geod FO26b 13000 0 0 0 0 0 0.03 0.38
Geol FO26a 23900 0 0 0 0 0 0 0.09

Autumn - Lower Bound

n. fish FOO7b 320 099 099 099 0.99 099
Mi2 FOO8b 540 090 092 095 0.98 098
n. fish FOO8b 540 099 0.99 099 0.99 0.99
Mi4 FOO3b 770 0.70 090 095 0.98 0.99
Mi6 FOO3b 770 0.70 0.90 095 099 099
Mi2 FOO8c 940 0.50 0.65 0.80 095 0.98

Autumn - Upper Bound

Mi2 FOO4c 5610 0.01 0.01 0.02 0.30 0.60
Mi4 FOO4c 5610 0.03 0.10
Mi2 FO02b 8910 0.01 0.01 0.01 0.01 0.05

Winter - Lower Bound

n. fish FOO7b 320 0.99 0.99 0.99 0.99 0.99

n. fish FO08b 540 0.99 099 0.99 0.99 099

Lower Goulburn River



Recommended
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Flow Element Code
Flow Threshold (ML/d)
Minimum

10th percentile year
30th percentile year
median year

70th percentile year
90th percentile year
Maximum

Mi4 FO03b 770 0.85 0.9 0.95 0.98 099
Mié FO03b 770 0.8 0.9 0.95 0.99 0.99
Mi2 FO08c 940 09 092 0.95 0.98 0.98

Winter - Upper Bound

Mi2 FO02b 8910 0.2 0.3 0.65 0.8 0.9

Spring - Lower Bound

n. fish FOO7b 320 0.99 0.99 0.99 0.99 0.99
MI2 FOO08b 540 09 0.92 0.95 0.98 0.98
n. fish FOO8b 540 0.99 0.99 0.99 0.99 0.99
n. fish FOO08b 540 0.99 0.99 0.99 0.99 0.99
Mi4 FOO3b 770 0.70 0.90 0.95 0.98 0.99
Mié FOO3b 770 0.70 0.90 0.95 0.99 0.99
MI2 FOO8c 940 0.90 092 0.95 098 0.98
Plankt. FOO2c 6060

algae

Spring - Upper Bound

Mi4 FOO4c 5610 0.42 0.70 0.85 0.95 1.00
Plankt. FOO02c 6060 0.35 0.66 0.73 0.86 1.00
algae

MI2 FOO2b 8910 0.10 0.40 0.65 0.80 1.00

n. fish FO27a 24000 0 0.05 0.13 0.26 0.54



Flow stressors and their components

Code Description Elements

FOO1 Mean hydraulic residence time (hours/km) -

FO02 Proportion of time when euphotic depth is less than n times the mean depth n=0.2,0.25,0.3
FOO03 Proportion of time when mean shear stress is less than n N/m? - leading to n=123

deposition of fine sediments

FO04 Proportion of time when mean shear stress is more than n N/m? - leading to n=5,6,7
possibly biofilm instability

FO05 Water level fluctuation characterised by the amphibious habitat index n=10, 20, 30, ..., 90
calculated at euphotic depth for the n% exceedence flows (in the pre-
regulation regime)

FO06 Maximum inundation duration at heights up the bank corresponding fo n=10, 20, 30, ..., 90
the water surface levels for the n% exceedence flows (in the pre-regulation
regime)

FOO07 Proportion of time when there is less than n m?/m slow shallow habitat (d<0.5 n=123,..5

m, v<0.05 m/s).

FO08 Proportion of time when there is less than n m?/m deep water habitat defined n =5, 10, 15, 20
asd>1.5m

FO09 Maximum continuous rise in stage (m) -

FO10 The distribution of daily change in stage characterised by the n per centile n=10,90
values (m)

FO11 Mean illuminated volume of water (m® per m length of channel) -

FO12 Mean ratio of euphotic depth to mean water depth -

FO13 Mean ratio offall velocity (n m/s) fo mean water depth n=0.2,0.4and 094

FO14 Mean illuminated area of benthos (m? per m length of channel) =

FO15 Mean illuminated area of benthos with velocity less than nm/s (m? per m n=0.2,0.3,04and 0.9

length of channel)

FO16 Proportion of time when benthos has been in euphotic zone for at least n=14and 42

n days, calculated for water surface levels corresponding to the m%

exceedence flows (in the pre-regulation regime) m=10, 20, 30, ..., 90
FO17 Number of independent events when benthos has been in euphotic zone for  n= 14 and 42

at least ndays, calculated for water surface levels corresponding to the m%

exceedence flows (in the pre-regulation regime) m=10,20, 30, ...,90
FO18 Mean water depth (m) during periods when benthos is in euphotic zone for n=14and 42

at least n days calculated for water surface levels corresponding to the m%

exceedence flows (in the pre-regulation regime) m=10, 20, 30, ..., 90
FO19 Proportion of time benthos is in the euphotic zone, calculated for water m=10, 20, 30, ..., 90

surface levels corresponding to the m% exceedence flows (in the pre-
regulation regime)

F020 Proportion of time benthos is below the euphotic zone, calculated for water m=10,20, 30, ..., 90
surface levels corresponding to the m% exceedence flows (in the pre-
regulation regime)

Lower Goulburn River



Code Description Elements

FO21 Number of overbank events

F022 The distribution of daily rises in stage characterised by the n™ per centile n=10,90
values (m)

FO23 The distribution of daily falls in stage characterised by the n'™ per centile n=10,90
values (m)

F024 The distribution of daily falls in stage characterised by the n'" per centile n=10, 50, 90

values (m) for flow bands defined by the flows Qi ML/d
=0, 4000, 100000

FO25 Proportion of time water level is within a range defined by water surface levels m=10, 20, 30, ..., 90
corresponding tfo the m% exceedence flows (in the pre-regulation regime)

FO26 Proportion of time water level is above a specified depth above bed m=10, 20, 30, ..., 90
corresponding to them% exceedence flows (in the pre-regulation regime)

FO27 Proportion of time flow exceeds24,000 Ml/d
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Lower Goulburn River



Appendix 3: Monthly environmental water
demand shortfalls

Additional volumes required to meet baseflow targets related to ecosysiem
objectives for Reach 4 of the Lower Goulburn River - extreme dry (high reliability
water share allocation of 70% or less).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min Max  Min Max  Min

January 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 5.4 n/a n/a n/a n/a
February 0.0 0.0 0.0 2.1 n/a n/a n/a n/a 4.0 8.6 n/a n/a n/a n/a
March 0.0 0.0 0.0 0.1 n/a n/a n/a n/a 5.1 6.0 n/a n/a n/a n/a
April 0.0 0.0 0.0 0.5 n/a n/a n/a n/a 4.2 7.0 n/a n/a n/a n/a
May 0.0 0.0 0.0 19 n/a n/a n/a n/a 4.7 8.2 n/a n/a n/a n/a
June 0.0 0.4 0.0 3.2 n/a n/a n/a n/a 0.0 9.7 n/a n/a n/a n/a
July 0.0 0.0 0.0 2.1 n/a n/a n/a n/a 0.0 8.4 n/a n/a n/a n/a
August 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 6.3 n/a n/a n/a n/a

September 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 6.0 n/a n/a n/a n/a

October 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 1.4 2.7 n/a n/a n/a n/a

November 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 3.0 n/a n/a n/a n/a

December 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 0.0 n/a n/a n/a n/a



Additional volumes required to meet baseflow targets related to ecosystem
objectives for Reach 4 of the Lower Goulburn River - dry (100% high reliability water
share allocation, and low reliability water share allocation of 0-20%).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min Max Min Max Min

January n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

February n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

March n/a n/a n/a  n/a 0.0 3.4 0.0 4.5 0.0 6.5 0.0 12.9 0.0 13.8
April n/a n/a n/a n/a 0.0 4.4 0.0 5.6 0.0 7.8 0.0 14.6 0.0 15.5
May n/a n/a n/a n/a 0.0 5.5 0.0 6.7 0.0 8.8 0.0 15.4 0.0 16.3
June n/a n/a n/a  n/a 0.0 5.4 0.0 6.7 0.0 8.8 0.0 15.6 0.0 16.6
July n/a n/a n/a n/a 0.0 5.1 0.0 6.3 0.0 8.4 0.0 16.0 0.0 16.9
August n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

September n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0 2.2

October n/a n/a n/a n/a 0.0 1.0 0.0 2.2 0.0 4.3 0.0 109 0.0 11.8

November n/a n/a n/a n/a 0.0 0.0 0.0 0.2 0.0 2.4 0.0 9.2 0.0 10.2

December n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Lower Goulburn River



Additional volumes required to meet baseflow targets related to ecosystem
objectives for Reach 4 of the Lower Goulburn River - median (100% high reliability
water share allocation, and low reliability water share allocation of 21-80%).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min Max  Min Max
July n/a n/a n/a n/a 0.0 5.1 0.0 6.3 0.0 8.4 0.0 15.0 0.0 159
August n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

September n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

October n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 1.4 0.0 8.0 0.0 8.9

November n/a n/a n/a n/a 0.0 0.0 0.0 0.2 0.0 2.4 0.0 9.2 0.0 10.1

December n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

January n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
February n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
March n/a n/a n/a n/a 0.0 3.3 0.0 4.4 0.0 6.5 1.2 128 2.0 13.7
April n/a n/a n/a n/a 0.0 3.4 0.0 4.6 0.0 6.8 0.0 13.6 0.0 14.5
May n/a n/a n/a n/a 0.0 5.4 0.0 6.6 0.0 8.7 0.0 156.3 0.0 16.2

June n/a n/a n/a n/a 0.0 6.2 0.0 7.4 0.0 9.6 0.0 16.4 0.0 17.3



Additional volumes required to meet baseflow targets related to ecosystem
objectives for Reach 4 of the Lower Goulburn River - wet (100% high reliability
water share allocation, and low reliability water share allocation of 81-100%).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min  Max Min Max

July n/a n/a n/a n/a 0.0 3.8 0.0 5.0 0.0 7.1 0.0 13.7 0.0 14.6
August n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

September n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

October n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.1 0.0 7.0

November n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.5 0.0 6.4

December n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

January n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

February n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

March n/a n/a n/a n/a 0.0 4.8 0.0 6.0 0.0 8.0 0.0 14.4 0.0 16.2
April n/a n/a n/a n/a 0.0 3.1 0.0 4.3 0.0 6.5 0.0 13.3 0.0 14.2
May n/a n/a n/a n/a 0.0 5.7 0.0 69 0.0 9.0 0.0 15,6 0.0 16.5
June n/a n/a n/a n/a 0.0 2.5 0.0 3.8 0.0 59 0.0 127 0.0 13.7

Lower Goulburn River



Additional volumes required to meet baseflow targets related to ecosystem
objectives for Reach 5 of the Lower Goulburn River - exireme dry (high reliability
water share allocation of 70% or less).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min Max Min Max  Min
July 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 59 n/a n/a n/a n/a
August 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 0.1 n/a n/a n/a n/a

September 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 3.5 n/a n/a n/a n/a

October 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 09 4.5 n/a n/a n/a n/a

November 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 1.2 2.1 n/a n/a n/a n/a

December 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 0.0 n/a n/a n/a n/a

January 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 0.0 49 n/a n/a n/a n/a
February 0.0 0.0 0.0 1.4 n/a n/a n/a n/a 49 79 n/a n/a n/a n/a
March 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 4.5 5.3 n/a n/a n/a n/a
April 0.0 0.0 0.0 0.0 n/a n/a n/a n/a 3.4 6.2 n/a n/a n/a n/a
May 0.0 0.0 0.0 1.2 n/a n/a n/a n/a 4.0 VA5 n/a n/a n/a n/a

June 0.0 0.0 0.0 19 n/a n/a n/a n/a 0.0 8.4 n/a n/a n/a n/a



Additional volumes required to meet baseflow targets related to ecosystem
objectives for Reach 5 of the Lower Goulburn River - dry (100% high reliability water
share allocation, and low reliability water share allocation of 0-20%).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min Max  Min Max  Min
July n/a n/a n/a n/a 0.0 1.4 0.0 2.6 0.0 4.7 0.0 1.3 0.0 12.2
August n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

September n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

October n/a n/a n/a n/a 0.0 0.0 0.0 0.6 0.0 2.7 0.0 9.3 0.0 10.2

November n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 2.1 0.0 89 0.0 9.8

December n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

January n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
February n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
March n/a n/a n/a n/a 0.0 3.4 0.0 4.5 0.0 6.6 0.0 12.9 0.0 13.8
April n/a n/a n/a n/a 0.0 2.4 0.0 3.7 0.0 5.8 0.0 12.6 0.0 13.6
May n/a n/a n/a n/a 0.0 4.3 0.0 5.5 0.0 7.6 0.0 14.2 0.0 15.1
June n/a n/a n/a n/a 0.0 2.5 0.0 3.8 0.0 59 0.0 12.8 0.0 13.7

Lower Goulburn River



Additional volumes required to meet baseflow targets related to ecosystem
objectives for Reach 5 of the Lower Goulburn River - median (100% high reliability
water share allocation, and low reliability water share allocation of 21-80%).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min Max  Min Max
July n/a n/a n/a n/a 0.0 2.2 0.0 3.4 0.0 5.5 0.0 12.1 0.0 13.0
August n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

September n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

October n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7 0.0 5.6

November n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 1.2 0.0 8.1 0.0 9.0

December n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

January n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
February n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
March n/a n/a n/a n/a 0.0 2.8 0.0 39 0.0 59 0.0 12.1 0.0 12.9
April n/a n/a n/a n/a 0.0 19 0.0 3.1 0.0 5.3 0.0 12.1 0.0 13.0
May n/a n/a n/a n/a 0.0 4.3 0.0 5.5 0.0 7.6 0.0 14.2 0.0 15.1

June n/a n/a n/a n/a 0.0 3.3 0.0 4.5 0.0 6.7 0.0 13.5 0.0 14.4



Additional volumes required to meet baseflow targets related to ecosystem
objectives for Reach 5 of the Lower Goulburn River - wet (100% high reliability
water share allocation, and low reliability water share allocation of 81-100%).

Flow target 310 ML/d 400 ML/d 500 ML/d 540 ML/d 610 ML/d 830 ML/d 860 ML/d

Modelled shortfall in meeting flow target (GL)

Month Min Max  Min Max
July n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.7 0.0 6.6
August n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

September n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

October n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7

November n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.5 0.0 6.4

December n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

January n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
February n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
March n/a n/a n/a n/a 0.0 1.3 0.0 2.5 0.0 4.5 0.0 109 0.0 11.8
April n/a n/a n/a n/a 0.0 0.0 0.0 0.0 0.0 2.0 0.0 8.8 0.0 9.7
May n/a n/a n/a n/a 0.0 4.3 0.0 5.5 0.0 7.6 0.0 14.2 0.0 15.1
June n/a n/a n/a  n/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 4.0

Lower Goulburn River



Appendix 4. Operational Monitoring Report

Commonwealth Environmental Watering Program

Operational Monitoring Report

Please provide the completed form fo <insert name and email address>, within two weeks of completion of water
delivery or, if water delivery lasts longer than 2 months, also supply intermediate reports at monthly intervals.

Final Operational Report Intermediate Operational Report Reporting Period: From To

Site name
Location

Contact Name

Event details

Risk management

Other Issues

Initial Observations

Photographs

<EWDS to prefill> Date
GPS Coordinates or Map Reference for site (if not previously provided)
Contact details for first point of contact for this watering event

Watering Objective(s) <EWDS to prefill>

Total volume of water allocated for the watering event
CEW:

Other(please specify) :

Total volume of water delivered in Delivery measurement
watering event

Delivery mechanism:
CEW:

Method of measurement:
Other (please specify):

Measurement location:

Delivery start date (and end date if final report) of watering event
Please provide details of any complementary works

If a deviation has occurred between agreed and actual delivery volumes or delivery
arrangements, please provide detail

Maximum area inundated (ha) (if final report)
Estimated duration of inundation (if known)'

Please describe the measure(s) that were undertaken to mitigate identified risks for the
watering event (eg. water quality, alien species), please attach any relevant monitoring data.

Have any risks eventuated? Did any risk issue(s) arise that had not been identified prior fo
delivery? Have any additional management steps been taken?

Have any other significant issues been encountered during delivery?
Please describe and provide details of any species of conservation significance (state or
Commonwealth listed threatened species, or listed migratory species) observed at the site

during the watering event?

Please describe and provide details of any breeding of frogs, birds or other prominent species
observed at the site during the watering event?

Please describe and provide details of any observable responses in vegetation, such as
improved vigour or significant new growth, following the watering event?

Any other observations?

Please attach photographs of the site prior, during and after delivery?

1 Please provide the actual duration (or a more accurate estimation) at a later date (e.g. when intervention
monitoring reports are supplied).

For internal use. Permission will be sought before any public use.
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Appendix 6; Risk assessment framework

Risk likelihood rating

Almost certain
Likely

Possible
Unlikely

Rare

Risk consequence rating

Critical

damage
Major
Moderate

intensive efforts
Minor Minor instances
Insignificant

Risk analysis matrix

LIKELIHOOD

Almost certain

Likely Low
Possible Low
Unlikely Low
Rare Low

CONSEQUENCE

Insignificant

Is expected to occur in most circumstances

Will probably occur in most circumstances

Could occur at some time

Not expected to occur

May occur in exceptional circumstances only

Major widespread loss of environmental amenity and progressive irrecoverable environmental

Severe loss of environmental amenity and danger of contfinuing environmental damage

Isolated but significant instances of environmental damage that might be reversed with

of environmental damage that could be reversed

No environmental damage

Moderate Maijor

Medium Severe

High

Medium Medium High Severe
Low Medium High Severe
Low Low Medium High
Low Low Medium High

Critical

Severe







