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acknowledge and pay our respects to the Gunaikurnai as the Traditional Owners of the lands
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Gunaikurnai Land and Waters Aboragi@orporation on achieving water for Traditional

Owner cultural values and uses.
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Water dependent valuesf the Latrobe river system

The Latrobe system, comprising the Latrobe River, its tributaries ahdviiee LatrobéNetlands supports

plant and animal species of high conservation significance. The Latrobe River also provides an essential source
of freshwater to the Ramsdisted Gppsland Lakes site, of which thmver LatrobéVetlands are an important
component.
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In additional to the environmental values, the Latrobe system supports cultural, social, recreational and
economic valuessunaikurnai people are the traditional owners of Gippsland, and the Latrobe system.
Waterways and wetlands in the region contain ingat ceremonial places and for thousands of years the
Latrobe River provided resources such as food and medicines to the Gunaikurnai people.
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interrupted many of the natural river and wetland processes needed by native plants and animals to survive,

feed and breedWater for the environment is released into rivegstuariesand wetlands to improve their

health and protect environmental values.

Thisreport sets out the method and outcomes fronstady todetermine the water regime required to support
environmental values identified ftre rivers, estuary and wetlands of the Latrobe system.

Project approach

Thisinvestigation into thenvironmental wagr requirements for the Latrobe systemas undertakerin
accordancevith the FLOWS and EEFAM methdtesemethods are the adopted approach the
determination of environmental water requirements featerwaysand estuariesicross Victoriawhile thereis
significant complexity alsomeuncertainty indeterminingenvironmental water requirements, the methed
adopted forthis investigation sit within th#olistidmethods, which are becoming the standard approach
adopted globallyfor the assessient of environmental flow requiremengsefer Poff et al. 2017).

The key steps of this approach include establishing environmental objectives with stakeholders, and then using

hydraulic and hydrologic models, ecological knowledge and system understandiagrmine environmental
flow recommendations.
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There were three key groups involvedigveloping the environmental flow recommendatiémisthe Latrobe
system

1 Environmental FlowEechnical PanellheEnvironmentaFlowsTechnical Pan@rovide an
independent science Isa to inform the investigation, they provide expertise in areas of ecology,
hydraulics, hydrology, geomorphology, and water quality, and jointly make decisions and
recommendations.

1 Steering CommitteeThe Steering Committee oversee project implementapoovide direction on
the scope of work, and review and provide feedback for key milestones throughout the project.

1 Project Advisory GrouPAG) The PAG ensure that the broader stakeholder groups of the Latrobe
system are adequately representgmovidnga source of local knowledge and community
expectations.

This projectvas undertaken to provide ampdate to the environmental water requirements previously
established for the Latrobe system for the river reackesthi Tech2007)and the estuary (Brga et al. 2013),
incorporating new knowledge and system understanding, stakeholder expectations, and incorporating rivers,
wetlands and the estuary into one study.

Thespatial scopef the investigation has beehe regulated sections of the Latrobe,lirding the estuary and
Lower LatrobéNetlands(Dowd Morass, Heart Morass and Sale Compaogthe following tributaries of the
Latrobe River: Tanjil River, Tyers River, the Morwell River, Traralgon Creek, and the Thomson River estuary.
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Summary of environmental objectives

Environmental objectives guide theater requirement for the system and represéme values that society
seeks tamprove or maintain with water for the environmeiihe following evironmental objectivewere
developal with stakeholders and thenvironmentaFlowsTechnical PaneThese values have been informed by
existing waterway and estuary management strategies and related docuieatfill environmental

objectives and the relevant supporting information cariidagnd in Sectiod of this report.
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Maintain abundance,
improve breeding and
recruitment of native fish
(migratory, resident

freshwater, and estuary)
‘ populations

Maintain abundance a
improve extent of platypu
and rakali populations

Improve the condition
and increase the extent
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submerged, emergent
riparian andloodplain
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Refuge habitats for and
extent of frog
populations
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and processes
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and the barat the mouth
of the Latrobe River
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* freshwater turtle
populations

Improve abundance of
Il macroinvertebrates

Maintain abundance of
riparian zone birds.
Maintain or enhance
waterbird breeding,

Avoid adverse water
guality conditions,
including limiting
surface water salinity
in the estuary, and
maintaining

recruitment, foraging and
sheltering opportunities

and zooplankton

freshwater supply to
the wetlands. 6
populations

Water for the environment, provided to improve the health of rivers, wetlands and estuaries, can also help to
sustain cultural Vaes for Indigenous people. The cultural values of Indigenous people can be integrated into
investigations to determine environmental water requirements. An Aboriginal Waterways Assessment (AWA)
was undertaken by the Gunaikurnai Land and Waters Abor@inabration (GLaWAC) and will be used as an
input to the Latrobe Valley Regional Rehabilitation Strategy. The Traditional Owner cultural water values
including healthy country, meeting pla@giarenook)key species pelican (Boran) and musk duck (Tuk),
platypus (Begen)and fairy wrenYeerung and Djeetgiihave been incorporated into this environmental

water requirements investigation.

Flow recommendations

Using the best available scientific information, EmironmentaFlowsTechnical Panéleveloped criteria
outlining how the flow regime can support the achievement of the environmental objectives. Combining this
information with hydrologic and hydrayland hydrodynamianodelsof the rivers, estuary and wetlands, the
EnvironmentaFlowsTechnical Paneleveloped environmental flow recommendations for each reach and
wetland. These flow recommendations are expressed asthee, timing, duration, frequency and quality of
each flow cenponent. The different flow components for the river and estuary reaches are shown below.

The environmental flow recommendations can be found in

1 Section6.2of this report for river reaches
1 Section7.2for the estuary
1 Sectior8.2for the Lower Latrobe Wetlands.

The updated flow recommendations arising from this investigation differ from those developed from previous
studies. Some of the reasons for differences include:

1 refined and update@nvironmental objectives
1 updated ecological and system knowledge
1 improved hydrologic and hydraulic modelling.
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Theprovision of environmental water alone will not result in the attainment of the adaptetionmental
objectives; therefore, this report also includes recommendations for complementary measures. These
complementary measuréscluderiparian vegetation managemerstructural arrangements to improvish
movement, bed and bank stabilityanagenent, water quality managemerttje reinstatement ofneandes
previously cut off from the Latrobe Riyvandwaterinfrastructure upgrades. Monitoring also plays an important
role in understanding the role of environmental water and improving knowledge sfystem over time.
Recommendations for complementary measures have Heeeloped and arprovided in sectio.1 of this
report.

A separaténvestigation an supplementaryeport areunder development to complement this environmental
flow recommendatbns report This supplementary repcekplores thelifference between the curreritow
regime(and possible future flow regiméssed on climate and development scengréoxla flow regime that
includes theenvironmental flow recommendations. &kupplematary investigation and repowtill:

1 identify volumetricshortfalls
1 assess theerformance(compliance) against the flow regime of the current and future flow regimes
1 identify priorities for the provision of environmental water

Using the environmentaldw recommendations

The flow recommendations provided in this report are the minimum environmental flow regime needed,
alongside complementary measures, to meetdlyeeedenvironmental objectives. These flow
recommendations can be used to inform enviromtaéwater delivery and decisions about water sharing
across usersontemplated bythe Sustainable Water Strategy (SWS) andLéiebe Valley Regional
Rehabilitation Strategy (LVRRS
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1 Introduction

The Latrobesystem, comprising the Latrobe River, its tributaaesl the lower Latrobe wetlangsupports

plant and animal species of high conservation significance. The Latrobe River also provides an essential source
of freshwater to the Ramsdisted Gippsland Lak, of which the lower Latrobe wetlands are an important
component.

In order to optimise the value from water for the environment, and in preparation for a new iteration of the
Sustainable Water Strategp e developed in 2022020 for the Southern Regip the West Gippsland CMA
(WGCMA) requicka focussed study to improve the understanding of environmental water requirements and
shortfalls in the Latrobe system. Recommended through an initial scoping study (Alluvium 2018), this
investigation and repottave soughto updatethe understanding of the environmental water requirements

and shortfalls in priority reaches of the Latrobe system. A sound understanding of how much water is required,
and under what conditions the water is needed, is essentialgorarg that environmental values are

maintained and or improved in the system.

In addition to the above, the state government of Victoria has committed to the development of a Latrobe
Valley Regional Rehabilitation Strategy (LVRRS). The LVRRS seditishoadlsingerm plan for closure of the
existing Latrobe Valley coal fired power stations and accompanying open cut coal mines. As part of this closure
planning, the water demand at the mine sites may change. Changes could include the filling af pltsran
establish pit lakes.

An updated and improved understanding of environmental water requirements, and the risks associated with
not meeting these requirements, can be used to inform rehabilitation recommendations and support the
achievement of erixonmental outcomes through the period of change that is underway in the Latrobe system.

1.1 Project objectives and approach
Thescope of this projedticludes:

1 Review and update (where required) the environmental objectives and conceptual models to establish
an understanding of the current system condition and trajectory, water related threats to the values,
and conceptual flovecology relationships and develop robust, agreed and measurable ecological
objectives for the environmental flows in the system

1 Updae the hydraulic and hydrodynamic modelling (for selected reaches) and update the
environmental flow recommendations to reflect contemporary understanding of the system and the
revised objectives in line with the current FLOWS and EEFAM methods

1 Calculate strtfalls under different climate scenarios, prioritise the environmental flow
recommendations to achieve objectives and understand the risks of not delivering the environmental
water recommendations and the benefits of delivering the recommendationssjireiof
environmental, social, cultural and economic values) and clearly link risk/benefit with specific
components of the shortfall

This study includes freshwater reaches, estuary reaches and wetlands. Therefore, an approach that incorporates
FLOWS?2 andHEAM methods has been adoptétiese methods are the adopted approach for waterways

across Victoria; while there is significant complexity and uncertainty in understanding environmental water
requirements, the method adopted for this study is considerbdliatic methodwhich are effectively

becoming the standard approach adopted globally for assessing the environmental flow requirements of rivers
(refer to Poff et al. 2017The project outputs have been designed to provide environmental water managers

with the essential information needed for the planning and delivery of environmental. Waeaverall

approachto the project, consisting of five stages, is providdeigurel.
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Figurel. Project approach

Thespatial scopef this project is the regulated sections of the Latrobe, including the estuary and lower Latrobe
wetlands, excluding upstream of Lake Narracan (reaches 1 and 2) and excluding Lake Wellington. The scope also
includes the following tributaries of the Lat®River: Tanijil River downstream of Blue Rock Reservoir, Tyers

River downstream of Moondarra reservoir, the Morwell River downstream of Bodlaaralgon Creek,

downstream of the Taylors Road bridge, and the Thomson River estuary. Reach delineatiersalettion is

discussed in sectidh3and Appendix B.

\V/

_!: 0 20 km A
Legend ,5_\
—— Reach 1 - Upstream of Willow Grove (not in scope) —— Reach 9 - Tyers River ®  locality
—— Reach 2 - Willow Grove to Lake Narracan (not in scope) —— Reach 10 - Morwell River ] Latrobe basin
—— Reach 3 - Lake Narracan to Scarnes Bridge —— Reach 11 - Traralgon Creek Latrobe wetlands
——— Reach 4 - Scarnes Bridge to Kilmany South —— Thomson Estuary Dowd Morass
~—— Reach 5 - Kilmany South to Thomson River confluence —— Thomson River (not in scope) Sale Common
~—— Reach 6 - Downstream of Thomson River confluence —— Other waterways The Heart Morass
—— Reach 8 - Tanjil River Reach 7 - Lake Wellington (not in scope)

Figure2. Study area

TheEnvironmentaHows TechnicalPanelmembers and projeédeam contributing to this project are shown
below.
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|
Environmental flows technical panel

GeomorphologyHydrology & Hydraulics Ross Hardie
Aquaticfauna Lance Lloyd

Vegetation David Carew

Waterquality PeterNewall

Wetland vegetationreview Kay Morris

Hydrology analysis and Hydraulic model developm Ying Quek/ Ross Hardie (review)

Project manager Amanda Shipp

Figure3. Environmental (and estuary) Flows Technical Panel and project team

Stakeholder engagement
The following groupaere engaged with this project:

1 SteeringCommittee The purpose of the Steering Committe@sto oversee project implementation,
provide direction on the scope of work, and review and provide feedback for key milestones
throughout the project. The Steering Committee is comprised of represerstétora the following
organisations:

o Department of Environment, Land, Water & Planning (DELWP)

West Gippsland Catchment Management Authority (WGCMA)

East Gippsland Catchment Management Authority (EGCMA)

Victorian Environmental Water Holder (VEWH)

GunaikurnaLand and Waters Aboriginal Corporation (GLaWAC)

O O OO

1 Project Advisory Grouf he purpose of the Project Advisory Group (RveS}o ensure that the
broader stakeholder groups of the Latrobe system are adequately represented. This group will provide
a source blocal knowledge and community expectations. This group includes landholders and
business operators, Parks Victoria, Native Fish Australia, Gunaikurnai Land and Waters Aboriginal
Corporation (GLaWAC), Latrobe Field Naturalists, WGCMA, Gippsland Wadtend=@&ame\ustralia
Southern Rural Water, VEWH, EGCMA, DELWP, and VR Fish.

The first Project Advisory Group (PAG) meeting was held off fbecg¢mber 2018 and included input on
values, objectives, issues and opportunities, which has guided the rhsg¢eigait inSections - 4 of this
report. A second PAG meeting was heldlom 12" March 2019 to review the draft environmental water
recommendationsSections6 - 8). A summary of the input provided in &workshosis in Appendix A.

The PAG identified a setminciples for theEnvironmentaFlowsTechnical Panéb consider when developing
the flow recommendations:

Howc¢ We need to understand how the system works

Why ¢ Identify why the system and its values are the way they are

Environmental Water Requirements Repbetirobe Environmental Water Requirements Investigation 14



What¢ Look at different options and scenarios and considetys practical and feasible

Whenc Consider timescale when developing objectives and future changes in the system (climate
change, mine rehabilitation, salinity regime)

Traditional Owner cultural values

Water for the environment, provided to improve thealth of rivers, wetlands and estuaries, aetsohelp to
sustaincultural valuegor Indigenous peopleThecultural values ofndigenous peoplean be integrated into
investigatiors to determineenvirormental water requirements. An Aboriginal Waterways Assessment (AWA)
wasundertakenby the Gunaikurnai Land and Waters AborigiDatporation (GLaWA&hd will be used as an
input to the Latrobe Valley Regional Rehabilitation StrafdgyTraditional Owner cultural water values have
been incorporated intthis environmental water requirements investigation.

1.2 Purposeand structureof thisReport

This is theenvironmental waterequirementsreport for theLatrobe environmental water requirements
investigation The report is set out as follows:

I Part A Context and objectivegSection2 to 4)
This part includes an overview of water resource development in the Latrobe systesystamal
changes, issues and values to guideattmessmenEach environmental value is described in terms of
the current condition, and conceptual model of the water requirements and objectives for
environmental water determination.

1 Part BEnvironmental water requirements (Sectid@te 8)
Environmentalater requirementdor the Latrobe systenfreshwateriverreaches estuary andhe
lower Latrobe Wetlands, including environmental flow objectives and criteria, and hydrologic and
hydraulic modelling and assessment that guided theirements.

1 Part CEnvironmental watedelivery and manageme(®ectior9)
This part includemformation to help guide environmental water management in the Latsyistem
(including the implementation of the environmental water requirements).ifitlisdes
complementary measures, antbnitoring recommendation®r the system.

A separatesupplementaryeport under developmenprovides further information on the volumetric shortfalls
and performance under the current flow regime and possible future development and climate changes.

1.3 Reach and site selection

A site inspection was undertaken on 16 and 17 November 2018. AttendkeedEnvironmentaklows

Technical Panehembers (Ross Hardie, Lance Lloyd, and David Carew), Alluvium project manager (Amanda
Shipp), WGCMA project manager (Adrian Clements) and DELWP Steering Committee members (Natasha Sertori,
Brett Davis).

Based on a review of the availabl®ormation, one change to reach extents was recommerhebladopted.

The downstream part of reach 5 (downstream of Kilmany Sha#g) vegetatedloodplainthat is more

frequenty engagel, partly due to recent meander reinstatement wqréad it is alsinfluenced by Lake
Wellington and the Latrobe Estuary backwaldre Latrobe River between Rosedale and Kilmany South
(previously part of reach) was assessatiore similar to Reach 4 in terms of land use, channel morphology and
connectedness to the floothin. Therefore, Reach 4 now includes tterobe River from Scarnes Bridge to
Kilmany South (immediately downstream of Crooks Lane Bradgk)each 5 extends frokilmany South to

the Thomson River confluence

Representative sites have been selectecemhreach;these are described isppendix B
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Photo: Sale Common, October 2017 (Supplied by WGCMA)

Environmental Water Requirements Repbetirobe Environmental Water Requirements Investigation 16



2 Water resource development in the Latrobe system

2.1 Surface watec river reaches
The Latrobe River hagenrecog’SR a  Wg2NJ Ay 3IQ NAGBSNI I &

for consumptive demands, productive land ugesyer generatiorand urban development (Alluvium 2009).
Although the headwaters of the Latrobe River are unregulaiddage generally forested, much of this land
have been cleared for grazing and cropping (Earth Tech 2007).

The mid and lower Latrobe River, also known as the Latrobe Valley, is a highly regulated system with a
significant portion of land used for intenagricultural and mining activities. Within the Latrobe River
catchment, there are eight bulk and environmental entitlement holders that share the water resources available

in the system and comprise power generators, Southern Rural Water, GippslandaWatee Victorian
Environmental Water Holder.

There are three major storages present in the catchment (Gippsland Water 2012, Southern Rural Water 2018a,
Southern Rural Water 2018b):

1 Lake Narracan located on the Latrobe River upstream of the Yallourn gtati@n (8,600 ML)
1 Blue Rock Reservoir on the Tanjil River (198y230

1 Moondarra Reservoir on the Tyers River (30,300 ML)

These storages are operated by Southern Rural Water and Gippsland Water. A number of pipelines across the
supply system provideater for power generation, urban and industrial use. The entitlement holders are
entitled to a sharing of the capacity and inflows into Blue Rock Reservoir and Lake Nalwacam2017a).

144 GL

Blue Rock 109 GL 390 GL
Reservoir Moondara

Reservoir
345 GL 2
4 ®
@
)
Lake s
Narracan Th_oms - ﬁ
Bridge
—= — Rosedale

Wellington

APM@ ﬁh g -

3 Traralgon & IS S
> )
S @ Morwell ?‘?, [ Imgators
Al
48 GL Hazelwood 8 @ N
Power Loy Yang
40 GL 34 GL
—— Waterway
- —-- Waste water return
) B River flow gauges

NOT TO SCALE
** Source: Latrobe River REALM Modsl Update 2012 « Input Data Update Manual (GHD, 2013) Latrobe Valley

Figured. Schematic of the Latroli&iver system and mine sites, showing 1957 to 2012 average annual inflows
and selected flow gauges (DELWP 2017)

Lake Narracan is managed by Southern Rural Wategrandrilyprovides water for cooling the power station
generators in the Latrobe Valley. Lake Narracan is also supplemétité¢bwsfrom Blue Rock Reservoir (SRW
2018). Moondarra Reservoir is managed by Gippsland Water to provide water to industry and toa/ns in th
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Latrobe Valley. Blue Rock Reservoir is operated by Southern Rural Water and supplies water through a number
of pathways (Gippsland Water 2017). Blue Rock Reservoir:

1 supplies water to be used for generating electricity in the Latrobe Valley coal fire gdants

1 supplies water to Gippsland Water for water supply in towns in and around Latrobe Valley

1 pumps water to supplement natural inflow to Moondarra Reservoir in drier years (managed by
Gippsland Water)

91 extracts water from Tanjil River and Blue Roekervoir to supply water treatment plants in Moe and
Willow Grove (managed by Gippsland Water)

1 releaseavaterinto Latrobe River as part of the environmental water entitlement (VEWH 2017).

There are some constraints in the system; for exantipdelMoondara outlet,the Blue Rock outlet and the

channel capacity of the Tanjil River and lower Latrobe River act as constraints to the delivery of environmental
water in the Latrobe River. Lake Narracan can assist in mitigating these constraints, but with@ubttkba

storage capacity, this option is not always possible.

Tablel. Delivery constraints, adapted from in the Latrobe River Seasonal Watering proposif) 2018

Potential constraints Impact on priority watering action

Availab¢ outlet capacity share Limits release volume/timing

Total available outlet capacity Limits release volume

Flooding risks for private land in Tanjil River Limits ability to release larger volumes from Blue Rock
reach Reservoir

Maintenance of water levels in Lake Narraci Reduces capability to charge Lake Narracan with releases
duringwater ski season (JanuagyMarch) Blue Rock to allow for larger releases into Latrobe River
(impact on other entitlement holders) (related toprevious constraint

Flooding risks for private land in Latrobe Riv Limits release volume

Reach 5 Not this depends on the influence of Lake Wellington due |
wind conditions.

The longterm annual average yield for the Latrobe River downstream of the Latrobe Valley has been reported
to be around 844 GL (DELWP 2017). The upper Latrobe catchment and the inflow into Blue Rock Reservoir
contributes around 489 GL per ye@ine majortributaries (MorwelRiver, Tyers River, Narrac&reekand

Traralgon Creek) contribute around 355 GL into the Latrobe River peFygher downstream the Thomson

and Macalister Rivers contribute an additional estimated 390 GL per year. Additiotier)$ritautaries also
contribute around 34 GL into the Latrobe River, giving a total annual average yield for the Latrobe River at Lake
Wellington to be 1,268 GAIl{uvium 2013).

Bulk and environmental entitlements

The Latrobe system is a fully allocated system and has several bulk entitlements and two environmental
entitlements. A total 0208GL in bulk entitlements are currently held by Southern Rural Water, Gippsland
Water, and other users (Alluvium 2@ Table2). Average annual water use from 2€A@L5 was 115 GL,
around half the overall entitlement volume.

Water can be set aside for the environment through watgitlements, passing flows and other regulatory

limits on the water allocated to consumptive usé&assing flows set aside water for the environment through
conditions on bulk entitlements. These conditions specify minimum passing flow requiremefitkas @nd
immediately downstream of reservoirs to be provided for environmental purposes. A limit, called a permissible
consumptive volume, has been placed on allocation of water to consumptive users in the Latrobe basin.

There are two main environmentahtittements relevant to the study area:

1 Blue Rock Environmental Entitlement 2013
1 Lower Latrobe Wetlands Environmental Entitlement 2010
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Neither of these entitlements are specific volumetric entittements.Blhe Rock Environmental Entitlement
2013, whiclmow includes 9.45% of inflows into Blue Rock and a share of storage capacity, and the Lower
Latrobe Wetlands Environmental Entitlement 2010 allows watering of the Lower Latrobe wetlands

During the 2012016 water year, amendments were made to the Bloek Environmental Entitlement 2013 to
AYONBLIaS (GKS Sy@ANRYYSYyliQa LINBLERNIAZ2YlFf akKFENB 2F AyT¥Ff
recorded volume of Blue Rock Reservoir (VEWH 2016).

Two other environmental entitlements can also contrébwiter to the Latrobe estuary and lower Latrobe
wetlands through the Thomson River:

1 Macalister Environmental Entitlement 2010
1 Bulk Entitlement (Thomson Riv@Environment) 2005

Surface water hydrology

Surface water extraction and storage in Latrobe Riasin have impacted the hydrology of the system and the
condition of Lake Wellington. This flow regulation has decreased the volume and variability of downstream flow,
affecting sediment transport and disconnecting floodplains throughout the entirgEaethTech 2005; Tilleard

et al. 2009; Water Technology, 2013). Alluvium (2009) reported that the Latrobe River system is a flow stressed
system and is currently ovextracted. In particular, the development on the adjoining floodplains for

Hazelwood powestation, Loy Yang power stations, and Yallourn power station have compromised the stream
condition through ongoing water extractions and diversions from the Latrobe River and its tributaries.

The reduction in riverine flows in the Latrobe River asudtreshigh industrial/agricultural and urban demands
reduces the volume of riverine discharge into Lake Wellington. Lake Wellington is one of the largest lakes within
the Ramsar listeGippsland Lakes and wetlands system and is an important habitdafgeaange of resident

and migratory waterbirds, fish and vegetation communities. Tilleard et al. (2009) estimated that the average
freshwater discharge to Lake Wellington had reduced by 33% from the natural condition and could further
impact on the ecolgical system in Lake Wellington. The frequency and duration of flows that flush salinity from
the estuary and wetlands are limited by reduced flows in the Thomson, Macalister and Latrobe Rivers, further
threatening the existing character of the wetlandse CRCFE (1999 and 2001) estimated that total flow volume

in the Lower Thomson has reduced by around 50%, and median annual flows in the Macalister River have
reduced by 47%, while the Latrobe River still maintains around 70% of surface water flow.

Availabe data: stream gauges

Water Technology (2017) undertook a project to develop and analyse a field monitoring program to inform the
assessment of environmental flow responses in the lower Thomson and Latrobe River systems from 2013 to

2016. The streamgaugie NBf S@IF yiG (2 Sk OK NBIOK Ay (4KS [FTGNRBO6S wAQ
Water Measurement Information System (VWMi8)://data.water.vic.gov.au/monitoring.htnTable3 lists

the available gauge information that could be used for this FLOWS study.

1 https://www.water.vic.gov.au/watereporting/monthlywater-report/reports/2018/march2018/monthlywater-report-march
2018/environmentalvater-march2018
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Authority

Gippsland Water

Southern Rural
Water (SRW)

Loy Yang Power

Minister for
Environment

Energy Australia
Yallourn Pty Ltd

Victorian
Environmental
Water Holder
(VEWH)

Total

Entitlement Name

Boolarra (unregulated)
Erica (unregulated)

Mirboo North (unregulated)

Moe ¢ NarracanCreek
(unregulated)

Moondarra Reservoir(regulated)
Noojee(unregulated)

Thorpdale(unregulated)

Gippsland Wateg Blue
Rock(regulated)

Latrobeg Loy Yang B (regulated)

Latrobeg Southern
Rural(regulated)

Latrobe Reserve (regulated)

Latrobeg Loy Yang A(regulated)

Latrobeg Loy Yang 3/4
Bench(regulated)

Latrobeg Yallourn (regulated)

Blue RocEnvironmental
Entitlement (regulated)
Lower Latrobe Wetlands
Environmental Entitlement
(unregulated)

Table2. Bulk and environmental entitlements of the bk Valley- based on 2015 datgAlluvium 2013)

Entitlement Share of Capacity (%) Average annual use
volume (ML) (ML)
in 2015 Blue Rock Lake Moondarra 2010 10 2015
Lake Narracan Reservoir ( )
145 - - - 31
340 - - - 90
270 - - - 186
3,884 - - - 2,112
62,000 - - 100 39,057
73 - - - -
80 - - - 14
20,000 17.08 - - 3,458
20,000 8.61 16.40 14,559
2.10 - - 4,836
- 18.87 - - -
40,000 17.22 32.80 21,118
25,000 10.95 20.86 - -
36,500 15.72 29.94 - 25,330
- 9.45 - - 3,866
208,292 100 100 100 114,658

*Note> Blue Rock Reservoir volume is now 198280 ML-g¢posty information)
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Average annual
forfeiture (ML)

(2010 to 2015)

112
250
84

1,772

22,943
73
64

11,692
5,441

7,773

18,882

25,000
11,170

9,183

114,438

Water users

Residential and commercial
including power generation

power generation

Irrigation

Reserve for all bulk entittement
holder in Latrobe regulated
supply system

Power generation

Currently unused
Power generation

Environment

Environment



Table3. Gauges selected for each reach within this study.

Reach Reach name

number

3 Latrobe River (Lake
Narracan to Scarnes)

4 Latrobe River (Scarne
Bridge to Kilmany
South)

5 Latrobe River

(Kilmany South to
Thomson confluence)

Estuary Latrobe River
(Downstream of
Thomson River

Confluence)
Thomson River
8 Tanjil River
9 Tyers River
10 Morwell River
11 Traralgon Creek

Lower Latrobe
Wetlands

*Note: Gauge 226003 was used as a compliance point in the 2007 BldayBut the gauge ended on

Gauge number
226005*

226228

226227

226027

225232
226216
226028
226408
226023B
226611

226602

Gauge name

Latrobe River @
Thoms Bridge

Latrobe River @
Rosedale
(mainstem)

Latrobe River @
Kilmany South

Latrobe River @
Swing Bridge

Thomson River @
Bundalaguah
TanjilRiver @ Tanijil
South

Tyers River @ Pumy
House

Morwell River @
Yallourn

Traralgon Creek @
Traralgon

Heart Morass @
Rickety Bridge

Area 2 Sitel @
Dowd Morass Nth

09/04/2013, so a different gauge is referenced here

# Note. Previous compliance point for Reach 9 (226034) does not have aayaitale

N Water level gauge only

*Includes salinity at depth to detect the salt wedge

Gauge start
date
16/01/1962

1/12/1936

17/12/1976

22/06/2010

03/11/1976

2/04/1955

13/04/1990

2/03/2003

01/10/1998

13/06/2017

17/06/2003
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Gauge end date

04/09/2018

05/09/2018

06/09/2018

12/12/2018

05/06/2016

04/09/2018

2/01/1996

05/09/2018

27/11/2018

20/09/2018

31/01/2010
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Figure5. Flow gauges and field observation sites in the Latrobe River study area
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Hydrological analysisethodology

The FLOWS study process requires hydrological information that enaBlevihenmentaFlowsTechnical

Panetlto specify flow components in terms of magnitude, duration, frequency, timing, and rate of change and to
assess the degree to which the flow components are provagiglde current flow regime. Availability of tailored
hydrological statistics reduces subjectivity in the environmental flow assessment process.

Water resource model

The hydrological consideration of surface water requires daily time serieswfithpacted and current flows.

The unimpacted flow is a modelled flow regime where there is no impoundment (e.g. dams, weirs), extractions,
harvesting nor water diversions or transfers in the system. Unimpacted flows are also referred to the more
commonly sed term¢Wy | G dzN> £ Q Ff26d / dzZNNByld Ff2¢6 Aa || Y2RStft SR
resource development. These time series are derived from the existing REALI (palebe and Thomsen
Macalister}through a disaggregation process from mopttal daily time step. The hydrological analysis was

completed for river reaches and estuarine reaches under modelled natural and current flows from January 1957

to June 2017.

Concurrent work is being undertaken by DELWP to develop a daily model oteéhessisag the eWater

Source software; however, this model will not be complete within the required timeframes for the
environmental water requirements study. Daily inputs to the model have been developed and provided as input
to the project (GHD 201 7utther information on the water resource models and disaggregation process can

be found in Alluvium 2019.

Flow components

The FLOWS method requires recommendations to be made for a number of different flow comg€igargs (
6, Table4). Each component has a known or assumed important environmental funéitrerugh the method
is generic for Victoria, we have selected components critical for the reaches of the Latrobe Reecluded

in this study.

Tabled4. Hydrological description of the FLOWS method flow components

Flow

component Hydrological descrigtn Relevanperiod
Summer / Summer / Autumibaseflows are the natural dry period

Autumn 0A8ddzYYSNX | dzidzyy 0 Ff26a 2N Wol ¢ Simmer/Autumn
baseflows through the channel, keeping-stream habitats wet and pools full.

Summer / Summer / Autumifreshes are frequent, small, and short duration

Autumn flow events that last for one to several days as a result of localis Summer/Autumn
Freshes rainfall during the low flow period.

Winter / Spring Winter / Sprindpaseflows refer to the persistent increase in low ¢

baseflows base flow that occurs with the onset of the wet period. Winter/Spring

Winter / Spring High flow freshes refer to sustained increases in flow during the

Freshes high flow period as a result of sustaiher heavy rainfall events. Winter/Spring

More common in the wet
Bankfull Flows Bankfull flows fill the channel, but do not spill onto the floodplain period, but occurs in the

dry period
Overbank Overbank flows are higher and less frequent thankfull flows and MOTe common in the wet
. ' period, but occurs in the
Flows spill out of the channel onto the floodplain.

dry period
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Overbank

Bankfull
Winter/
Spring Fresh

Flow volume

Summer/
Autumn Fresh

Summer/Autumn
Baseflow ) _
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Figure6. Notional hydrograph showing commonly used terms to descrilfle¥hesgime in studies developingviEonmental water requiremenfddapted from Victorian
Environmental Water Holdérttp://www.vewh.vic.gov.au/environmentalater/what-is-environmentaiwater)
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Hydrological analysis results

Flow variability

Flow duration curves are used to summarise the entire flow distribution and can indicate the range of flows that
are impacted by land and water resoudm/elopment. They do not however allow examination of the

extremes of low flows and high flows or indicate seasonal impacts. Flow duration curves for the river reaches
are presented irigure7 - FigurelO (below).

100000 — R3_Summer / Autumn period (Natural)
R3_Summer / Autumn period (Current)
—— R3_Winter / Spring period (Natural)
. | R3_Winter / Spring period (Current)
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Figure?7. Flow duration curves of mean daily flow under natural and current conditions: reach 3
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Figure8. Flow duration curves of mean daily flow under natural and current congdigankes 4 and 5.
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Figure9. Flow duration curves of mean daily flow under natural and cureenlitionsreaches 8 and 9.
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Figurel0. Flow duration curves of mean daily flow under natural and current condigankes 10 and 11

These flow duration curves show that regulation and land use change have reducedrénearngé of flows
immediately downstream of Blue Rock Lake, Lake Narracan and Moondarra Reservoir-{RgaieT,3
reaches & 5 - Figure8, and8 & 9 - Figure9). Notably, the Tyers River (Reach 9) flow duration curve shows a
stepping pattern with constant moderate flows before dropping to constant low flows. This pattern is largely
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influenced by thepassing requirements of Moondarra Reservoir indicating that Tyers River is highly impacted by
the Reservoft

Discharges from the mines (Loy Yang and Yallourn) have increased low and moderate flows in Moamell River
Traralgon CreefReaches 10 and 1 Figurel0).

Seasonality

Flow regulation and extraction to meet domestic and agricultural demands can have a varied level of impact on
the flow regime temporally throughout the year and spatially across a catchiigmtel1 shows a comparison

of mean daily flows in each reach under natural and current level of development conditions for each month of
the year. Across the catchment, mean flows are higher in the months of June to Novembethieamonths

of December to May, for the main stem of Latrobe River and tributaries, and for natural and current flow
conditions.

Latrobe River main stem reaches (i.e. Reaches 3, 4 aamttiReach 9 (Tyers River) showed consistently lower
flows underthe current conditions than natural for all months of the year. The reduction in flow is consistent
with the diversion of water from the system for consumptive purposes. The Morwell River (Reach 10) and
Traralgon Creek (Reach 11) showed an increase ifoil@h months.

Reach 8 (Tanjil River) was found to have lower (than natural) flow rates in winter, consistent with the storage of
water, and higher than natural flow rates in summer, consistent with the release of stored water via the river
channel fodownstream consumptive use.

Cease to flow frequendpuration

An analysis of flows less than 0.01 ML/d was undertaken to assess cease to flow events, where events were
considered independent if 7 or more days ap@ah(e5). Negligible frequency or duration of cease to flow

events was observed in the modelled current or natural flow time series for the main stem of the Latrobe River
(Reaches 3 and 4) and Morwell River (Reach 10).

Tableb. Compariso of estimated cease to flow event frequency and duration under natural and current
conditions over 6@ear period.

Natural Current

Occurrence Mean Occurrence Mean

Reach#  Name (60 years)  duration (60years) duration

3 Latrobe River from Lakdarracan to 0 NA 0 NA
Scarnes Bridge

Latrobe River from Scarnes Bridge to

4 Kilmany South 0 NA S 2.6
s fmeRlelonAneySUe o w0 o
Tanjil River 1 7 0 NA
Tyers River 2 4.5 0 NA
10 Morwell River 0 NA 0 NA
11 Traralgon Creek 71 6.8 0 NA

2The consolidateBulk entittement (Moondarra Reservoir) Conversion Ordersp@@ifies a minimum passing flow in the Tyers Rivewbelo
the Moondarra Reservoir equal to the lesser of 30 ML/day and natural flow at this location, except when inflows to MResdaroi
are less than or equal to 25,000 ML over the previous six months period that the minimum passing flow is redutédhio 8 M
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2.2 Surface watec the Latrobe estuary

Located at the interface between the Latrobe catchment and the Gippsland Lakes, the Latrobe estuary is part of
the Gippsland Lakes estuarine wetland complex that discharges to the sea antrakes Hhe hydrology and
hydrodynamics of the Latrobe estuary have been investigathe iestuary flows studyNater Technology

2013) andhe Lower Latrobe and Thomsotilew responsemonitoring {Vater Technology 2017Jhe findings

of these reports @& summarised below.

Given the multiple inflowd.atrobe River and Thomson Riarjl presence of Lake Wellington, the

relationships between flow, water level and salinity in the Latrobe estuary are highly complex and spatially
variable. Water Technolog®(Q13) characterised the estuary into three zones, with similar flow, water level and
salinity relationships:

1 The lower estuary
[F1S 2S8SttAy3id2y (2 49 noplyY 6Sad 2F GKS gSadSNy ol
River inflows have limited efft on water level and salinity conditions with conditions from Lake
Wellington dominating this zon&ypically, saline water is only flushed from the lower estuary when
river flowsare greatethan 4,100 ML/day. Helical flow zones in river bends werdifigehthrough
hydrodynamic modelling, bringing saline water towards the surface and limiting availability of fresh
water for fringing wetlands.

1 The mid estuary
From the Latrob&homson confluence at the Swing Bridge, downstream to about to about 0eSkm w
2F GKS 6SaldSNy 61 GSNI O2y G NRf a0dNHZOGAZNBE . A3 5NIAY
Water levels and salinity are increasingly affected by river inflows in this zone, with saline water less
frequently present near the water surface than in the lower estUdrg.reachs predominately
freshwater although saline water may be present throughout the water column, especially in low flow
periods.

1 The upper estuary
The Latrobe and Thomson Rivers above the confluence and Sale Canal.
Water levels in this zone are stronglyuaficed by river inflows with predominately fresh water and
saline water restricted to deeper water and in extended low flow periods. Differentesrred
bathymetry mean that the Thomson River is more susceptible to salt wedge intrusion that the.Latrobe

These zoneare adopted for this study and apetlined inFigurel2.

Environmental Water Requirements Repbetirobe Environmental Water Requirements Investigation 31
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estuary ' . estuary

Wetland infrastructure Wetlands FLOW reaches

@ Proposed new or upgrades to existing structures Sale Common ——— Reach 5: Latrobe River from Kilmany South to Thomson confluence

@ Existing internal morass culverts Dowd Morass ——— Latrobe River estuary: Thomson River confluence to Lake Wellington

@ Existing North Bank culverts The Heart Morass —— Estuary: Thomson River

B Existing South Bank culverts ®m  |ocality 0 1 2km A
— Levees % Current gauge location | | | n

Figurel2. Latrobe estuary zone delineatiand wetland infrastructure@fter Water Technology 2058d Jacobs 20)5
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Flow variability

The relationship between flow and water level in the estuary is variable, which significant influence from Lake
Wellington water levels at different timeBigurel3).

Flow duration curves presentedhiigurel4 (below) show different influences reducing the entire range of

flows under current conditions for tributaries into the estuary (Upper Thomson), upper estuary (Swing Bridge)
and midestuary (Estuary). The flow duration curve for the Upa¢robe (Reach 5) are presentedrigure8

above. Upstream water resource development and land use changes have decreased the flows under current
conditions, particularly for the Thomson River base flows. These impacts may haveuakso tieel current

flow regime at the Swing Bridge and raigtuary.

The Thomson River exhibits a greater difference in water levels from natural to current than the Latrobe and
estuary. This greater difference may be due to a number of factors includitgydédevelopment, catchment
morphology, water resource development and the relative size of storages to the catchment (i.e. Thomson has a
large storage compared to a small input catchment, whereas the Latrobe has a smaller storage and a larger
input catchment).

35

~N

Water Level (m AHD)
&

0.5 -

0.5
100 1000 10000 100000 1000000

Combined Thomson and Latrobe Inflow (ML/d)

Figurel3. Relationship betweenmater level anadombined estuarinflows from Thomson and Latrobe Rivers at
the Swing Bridge (as reported in Water Technology 2013)
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Figurel4. Flow duration ciwve of mean daily flow under natural and current conditions: Swing Bridge and lower
estuary

Environmental Water Requirements Repbetirobe Environmental Water Requirements Investigation 34



1000000 — Upper estuary - Thomson River Summer / Autumn period (Natural)
Upper estuary - Thomson River Summer / Autumn period (Current)

—— Upper estuary - Thomson River Winter / Spring period (Natural)

Upper estuary - Thomson River Winter / Spring period (Current)

100000
|
)
-
s 10000
2
o
L
>
S 1000
a
100 \
10
0% 20% 40% 60% 80% 100%

Percentage of time flow exceeded (%)

Figurel5. Flow duration curve of mean daily flow under natural and current conditions: Thomson River

Seasonality

As discussed abovigw regulation and extraction to meet domestic and agricultural demands can have a
varied level of impact on the flow regime temporally throughout the year and spatially across a catchment.
Figurel6 andFigurel7 show a comparison of mean daily flows under natural and current level of development
conditions for eah month of the year.

There areconsistently lower flows under the current conditions than natural for all months of the year. The
reduction in flow is consistent with the diversion of water fromltagobe and Thomsaystens for
consumptive purposes.
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Figurel6. Mean daily flows (ML/d) per monfibr the Estuaryat Swing Bridge) foratural and current level of
development condition.
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development condition.

2.3 Surface wateg wetlands

The Lower Latrobe wetlands consist of Dowd Morass, Heart Morass and Sale Common and are an important
component othe Gippsland Lakes. Since European settlement, the frequency, duration and timing of flooding
and drying cycles in the wetlands have varied greatly. These wetlands require a dynamic regime with periodic
flooding, timelydrawdownsof water levels and comgte drying, to maintain and enhance their ecological
integrity.

The hydrology and hydrodynamics of the Lower Latrobe Wetlands have been investigated in SKM (2003), Water
Technology (2011), Water Technology (2014), Jacobs (2015) ared &1a[2018). Thdindings of these reports

are summarised below. There is also existing and proposed water management structures in all three wetlands,
influencing flows into and within the sites. Infrastructure within the wetlands was originally designed to drain

the wetands for agricultural purposes, instead of maintaining the natural flow regime. This means that active
watering of the wetlands was reliant on river heights and hydraulic head difference between the river and
wetlands. The water regime in all three wetlans now to some extent managed by regulators connected to

the Latrobe River (VEWH, 2017).

Sale Common

The flooding regime of Sale Common is dependent on the behaviour of Thomson and Latrobe Rivers and the
water levels of Lake Wellington (Water Technpl®@11). The main sources of unregulated inflows into the
wetland can occur through:

1 Overbank flows of the Thomson River at McAr@hgs, with flows passing along the depression at
/ 2EQ& . NAR3ISP { K2NI SNIJ RdzNI (A 2y erSud Sbpve 8000Mlyd 2 OO dzNJI A
and large flooding events can occur if flows in the Thomson River are above 21,600 ML/d.

1 Overbank flows of the lower Latrobe River north bank at locations between the Swing Bridge and the
existing water management structure. Thifi @écur if flows in the lower Latrobe River are above
15,000 ML/d.

In 2013, there was an upgrade to the regulating structure that improved the ability to deliver environmental
flows into Sale Common wetland from the Latrobe River. This regulator alqmnates a carp screen,
preventing adult carp from entering the wetland and allowingstablishment of wetland vegetation. Detailed
designs have also been prepared for a second regulating structure to service Sale @bohoAodles Gap
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Heart Morass

Thee are three management areas within Heart Morass that are delineated based on hydraulic gontrols
Western Heart Morass, Central Heart Morass and Eastern Heart Morass (Water Technology 2013; Water
Technology 2014). The main sourcesrokgulatednflowsinto the wetland can occur through:

1 Overbank flows from Flooding Creek and Sale Common into Western Heart Morass when the Thomson
River is flooding.

1 Overbank flows from the lower Latrobe River entering Central Morass when either Thomson River or
Latrobe iflooding and combined with elevated water levels in Lake Wellington.

1 Flows from Lak@/ellingtonthat overtopAllmans levee (eastern extent of heart Morass}ing that
the culverts in this location have bedacommissioned

There are regulating structures long therthern bank of Latrobe River that provide for filling and drainage of
the Central and Eastern sections of Heart Morass (dependiogevation andiver levels)

In 2018 the existing structure located in EastarteMorassvasupgraded. It can belosed to hold water in the
Morass and opegd to drain/flush out the Morass into Latrobe River

Anew regulatolis proposed to improve water management ikk@art Morass. This regulatis proposednear
Flooding Creek torpvide direct inflows to West Heart Morass from the Latrobe River to fill Central and East
Heart Morass. The regulator is designed to fill the whole of Heart Morass from empty up.@nkin 7 days

and raising the whole morass from-BI3m to 0.0m in 2 days.

Dowd Morass
The Dowd Morass water regimec@mplexand the morass receives water of various salinities through several
pathways (SKM 2003; Water Technology 2013; Water Technology 201dt #a2©18):

f  Overbank flows from the lower Latrobe Ride A y 12 52 ¢ R a2Nlr aa f20FdiSR Fid &
riverbankadjacent to the western end of the morass about 9 km upstream of the confluence with Lake
2 St t A (SEN 20033 This will most likely happen when Thomson River is flooding.

1 Overbank flows frorthe lower Latrobe River into Dowd Morass at Long Waterhole (an anabranch of
the Latrobe River) located around 5 km upstream of Dowd Morass.

9 Direct inflows from Lake Wellington entering the eastern section of the Morass known as the
Dardanelles, when the war level of Lake Wellington is > 0.35m AHD.

1 Multiple culvertsalong thebank of the Latrobe RivancludingBig Drain

The following infrastructure is proposed:

1 A newregulator to provide flow diversion into the western areas of the morass.
1 The drainage of Morass into the Latrobe River is to be upgraded at existing atBigf Drain and
Little Drain

In addition, it is proposed that in some circumstances, a temppranyp station would be used to assist in
draining Dowd Morass.

Wetland salinity

Similar to the Latrobe estuary, the salinity of Sale Common, Heart Morass and Dowd Morass are highly
dependent on the water quality of the water source and are highly inflaelmg¢he saline waters from Lake
Wellington. Several studies have investigated the risk of salinity intrusion or increase in salinity of the wetlands
that potentially impact on the existing ecological communities (Water Technology 2011; Water Technology
2013; Hale 2018). Hale (2018) found that more saline waters from Lake Wellington have intruded into Dowd
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Morass over the past decade and are predicted to have longer and higher number of incidences of salt
intrusions in the future as sea level increases wiittoing climate change.

Wetland watering regime

Wetland watering regime components are detailed@able6. Wetting flows and drawdown may be provided
through active maagement (i.e. opening regulators) or passively (i.e. overbank flooding or evaporation
respectively); however, overbank flooding is required to produce significant flushing flows (push water into and
out of the wetland and fill it).

Table6. Hydrological description of the watering regime components for wetlands

Watering regime Hydrological description
Wetting flow Inundation event or events sufficient to fill or partially fill the wetland
Flushing flow Inflow sufficient tgpush water into and out of the wetland and fill it

A period of receding water levels resultindarge areasf the wetland surface

Drawdown .
drying out

Table7 shows he historical achievements of water regime recommendations for the Lower Latrobe Wetlands,
as detailed in the 20189 Seasonal watering proposal (WGCMA, 2018).

Hydrologically, Dowd Morass and Heart Morass have a good history of wetting flows with rieeesmgears

of the last 14 (including this year) receiving adequate wetting flows, respectively. Largely due to its smaller size,
Sale Common has a more variable water regime. This variable water regime has been observed over the past
three years througimanaged and natural inflows and natural drawdown.

Flushing flows typically only occur with major flooding in the Latrobe River causing overland flows into Dowd
and Heart Morass. A full flushing flow has therefore not been achieved since 2011/12. Matingftdahe

Latrobe River in September 2017 was not adequate to provide a flushing flow. Due to positioning of the inlet
structure at Heart Morass it is not possible to achieve a flushing flow without a natural overbank flow. Sale
Common has also not reged a flushing flow since 2011/12, when flood waters overtopped levee banks and
inlet infrastructure.

Outside of drought conditions or through active pumping of remaining water bodies, Dowd Morass cannot be
completely drawn down due to levees positionecbtighout the wetland. As a result, Dowd Morass has only
received partial drawdown in the last six years. A complete draw down of Heart Morass is also rare due to the
risk of acid sulphate soil activation in the deepest parts of the wetland. The lassfulatesvn down of all

areas (except for these deepest portions) was observed in 2015/16.
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Table7. Historical achievement of water regime recommendations in the Lower Latrobe Wetlands. Source: WGCMA, 2018.

Year
Water regime component 8 8 5 2 P = O Y 9 S
~ ~ ~ ~ ~ ~ ~ ~ ~ ~
< Lo (e} N~ [0} (2} o — (qV] ™
o o o o o o — — — —

Sale Common

Wetting Flow N A N N AN N
Flushing flow N N N
Drawdown N N N N N
Heart Morass
Wetting Flow A N N N N N
Flushing flow N N N
Drawdown N N N
Dowd Morass
Wetting Flow N N N A/N N
Flushing flow N N N
Drawdown A N N
Key
Nosignificant part of the water regime component provide Blank = No data
Water regime component partially provided N Provided naturally
Water regime component completely provided A Provided through active managemei

Environmental Water Requirements Repbetrobe Environmental Water Requirements Investigation 39

14/15

15/16

16/17

AN

AN

AN

AN

17/18



2.4 Climatevariability

Water resources in the Latrobe system are climate dependent. Therefore, an understanding of climate
variability and climate change is an important part of this stlithe following three climate scenarios have
been considerefbr this study

1. Historical (1957 2016)
2. BaselineClimate post 1975)
3. Step Change Climate (post 1997)

The Baseline and Step Change climate scena®lE RS @St 2SR Ay fAYyS gAGK 59[ 2t
the Impact of Climate Change on Water Supplies in VictoridA(PR2016). The development of the climate

scenarios adopted flow duration curve decile scaling of each relevant data sets. The breakpoint in the scaling for

the current climate was 1 July 1975 and for the step change climate was 1 July 1997.

The data usetb inform theflow recommendationg based on thaistoricmodelled unimpactednatural)flow

data. The intent of using this data is to understand the conditions under which environmental values have
adapted to and thresholds that should not be exceed®@. Baseline and Step Change scenarios are discussed
further below.

Assessment ofiater requirements for climateonditiors (drought, dry average and wet years)

Theflow recommendationkave been developefr four prevailing climatic conditions: drought, dry, average

and wet years. These climatic conditions can be used in combination with other factors to prioritise
environmental watering actiores part of a seasonally adaptive management approéeth reommendations

for wet years, when water resources are abundant, maximise recruitment and connectivity, and conversely the
recommendations for drought years, when water is scarce, aim to avoid critical loss and maintain key refuges.

By categorising differg climate years, flow recommendations candeeeloped andlelivered appropriatelyin
response to future climate variability. Thatlh® environmental water recommendations for a given year will
be appropriate and feasible as they are relative to timeate conditions (and therefore water availability)

The four climatic conditions used in this study have been defined based on the madetipdctedannual

inflows to Blue Rock and Lake Narragad Baseline Climat€limate conditions are defined bdsen water

years, starting in June to align with flow recommendation periods (i.e. Winter / Spring starts in June). Modelled
data (as described in secti@rl) is usedo define these climate conditions as it provides a constant level of

water resource development over time, and therefore differences between different years can be largely
attributed to climate variability (rather than resource uSdje estimated lonterm average inflow to the

system(for Blue Rock Reservoir and lake Narrafmarihe baseline climates approximatelyt96,000ML.

Definitions of the four climatic conditions, along with the resultant number of years for each condition are
detailed inTable8 andFigurel8.

Table8. Climatic conditiodefinitions and resultant climate condition classification

Climatic Definition (based on modelled annual inflows to Blue F Number of years (1952017
condition and Lake Narracan) inclusive)

Drought <50% of average annual inflows 3

Dry 50%- 75% ofaverage annual inflows 11

Average 75%- 125% of average annual inflows 30

Wet >125% of average annual inflows 16

Climate change
Most parts of Victoria, including the Latrobe Basin are projected to experience ongoing reductions in annual
rainfall, withcorresponding reductions in available ruresfa result of climate chan@Bable9). Median
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projections from a range of climate scenarios and globallairon models predict a reduction of 4.5% in

annual rainfall from current conditions to 2065, with more conservative estimatép¢dcentile) as high has
16.7%. The corresponding predicted runoff reductions are 16.3% (median) and 41" 5#r¢eatile)( DELWP
2016). It should be noted that these estimates do not consider changing physical conditions within the
catchment that would likely occur as a result of climate change, hence the actual reduction in runoff may be
higher than the predictions provided

Table9. Change in average annual runoff relative to the current climate baseline across all seasons (DELWP,
2016).

Change relative to current climate baseline (%)

Average annua 2040 2065
runoff (mm) 1gn 50h ooh 1gn 50" oo"
(19752014) percentile percentile percentile percentile percentile percentile
Low Medium High Low Medium High
't'):tsricr’]be 186 8.7% 10.7%  -31.3% 0.1% 16.3%  -41.5%
Victoria 93 8.7% -8.5% -24.7% 1.5% -15.9% -43.8%

Whenconsidering shortfalls and environmental water management, including surface water availability
modelled climate change scenarios will be considanetlised to understand some of the implications of
climate change on environmental water management andrenmental outcomed-or this study, the Step
Change (post 1997) climate has been adopted as a climate change s@maii®included in a separate
supplementary report under development.
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2.5 Groundwaterg surface water interactions

An assessment of groundwatesurface water interactions has been undertaken to inform the system
understanding and the environmental water requirements.

Groundwater and surface water systems interact in most catchments, in one of two primary ways:

1 Gainhg streamg; streams gain groundwater through the streambed when the water table elevation is
higher than the stream elevatigRigurel9); or

1 Losing streams streams leak to groundwater through the streambed when the water table elevation
is lower than the stream elevatigRigure20).

For most streams, the interaction betwegroundwater and surface water will change from gaining to losing
along the stream length (i.e. spatially) and at different times of the year (i.e. temporally).

Many reaches in the Latrobe study area are gaining streams, including: Tanijil River, Tytas Rwer
reaches of the Latrobe River and the associated wetlands.

Stream Height Stream Flow

Groundwater contribution to stream flow

7

/
Groundwater thrvoughﬂowI

L Groundwater inflow

S
1:Unsaturated Zone ! Water Table | -

4

Figurel9. Schematic representation of a permanent, gaining stream
TheLatrobe RiveReach 3 has been characterized as a losing stream. These conditiafsodileely to occur

for the other river reaches (classified as dominantly gaining), at least for sometimes of the year after high
rainfall events.
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Figure20. Schematic representation of a losing stream

The nature of groundwateand surface water connection is described for the study area below, based on:

1 Topography

1 Geology

1 Hydrogeology (including aquifers, groundwater levels and flow directions)
91 Previous groundwater and surface water studies

Full details of this assessmeande found in Appendix C.

Reach 3 Latrobe River from Lake Narracan to Scarnes Bridge

Reach 3 of the Latrobe River is dominantly losing in nature, which may be a result of reduced water table levels
associated with the depressurisation of tteeper aquifers.

Baseflow accounts for 24% of average daily streamflow; however, the reach was classified as an overall losing

stream, with the largest losses occurring when the stream flows were the highest (GHD 2013). The Latrobe River
was estimated toose ~26.8 GL/year baseflow overall on this reach on average. The losing behaviour could be
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associated with the effects of coal mines depressurisation of the Tertiary aquifersulhimtopin the shallow
subsurface in this western end of the Latrobe Valldere is minimal seasonal fluctuation in baseflow due to
the influence of the upstream Blue Rock Reservoir & Lake Narracan.

Reach 4 Latrobe River from Scarnes Bridge to Kilmany South
This reach of the Latrobe River progresses from low to high galoimgits length. The groundwater
contribution is greatest during the wintepring period.

There are variable baseflow conditions along the upper half of this reach (up to Rosedale), with the river overall
gaining at 4.3 GL/year orlangterm average anual basis. For the lower half of the reach (Rosedale to Kilmany
South) the river was classified as gaining, with 55.1 GL/year groundwater contribution to streamflow (GHD
2013).

Reach 5 Latrobe River from Crooks Lane to Thompson River Confluence

No prevous groundwater and surface water interaction studies have been undertaken for this river reach, but
analysis of groundwater bore and river gauge data at Kilmany South shows the groundwater levels are elevated
relative to the river levels and this suggegaining river conditions at this location.

Reach 8 Tanijil River

Groundwater is likely to contribute to the Tanijil River reach. Groundwater contributions to rivers are usually
most important during dry, low flow conditions. However, given the upstreaenvair is likely to help maintain

river flows during drier periods, this reach is likely to be less sensitive to changes in groundwater baseflow, than
it may have been under natural conditions.

Reach 9 Tyres River

Groundwater is likely to contribute todhTyres River reach. Groundwater contributions to rivers are usually

most important during dry, low flow conditions. Similar to the Tanjil River, the Tyres River is also regulated by an
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may have under natural conditions. Therefore, this reach is likely to be less sensitive to changes in groundwater
baseflow, than it may have been under natural conditions.

Reach 10 Morwell River

Groundwater is likelyotcontribute to the Morwell River in the upper reaches, with groundwater contributing
72% of average daily streamflows (SKM 2012). Groundwater and surface water interaction is likely to be
negligible in the lower reaches, with groundwater contributing @b&verage daily streamflows (GHD 2013),
with little variability (either seasonally or id@nnually). The range of depth to water table readings for three
shallow bores near Hazelwood Mine suggest the aquifer is disconnected from the river, in tigeo¥itiai
Hazelwood Mine, Hpart due to mine depressurisation effects (GHD 2018).

Figure21 shows a schematic cresection across the Hazelwood mine pit and the Morwell River. The cross
section has been developed to demonstrate the groundwater and surface water interaction, iwtaeeas

mine depressurisation effects have influenced the interaction, such that losing stream conditions have been
artificially developed. The cressction shows that thevater tableelevation has been depressed in this area,

due to the pumping of large ltones of groundwater from the underlying ctalaring aquifers (necessary to
undertake open cut mining). Although there is no publicly available groundwater monitoring data available, GHD
(2018) reported groundwater levels for the (mine owned) monitororg 12324 S01, located approximately

570 m from the Morwell River. The groundwater levels are deep (17.2 to 23.5 mbns) due to depressurisation
effects and have led to losing stream conditions and potentially disconnection between the stream and the
water tableaquifer.

Whilst the schematic depicts conditions near the Morwell River/Hazelwood Mine, it is reasonable to assume
that similar conditions may occur at Traralgon Creek/Loy Yang Mine.
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Morwell River (Hazelwood Mine) Cross-Section

Groundwater is extracted from the
Latrobe Valley Group Aquifer & the
deeper Traralgon Formation Aquifer, to
allow for open cut mining to occur,

A steady decline in watertable elevation
has been measured (to around 23 mbns)
adjacent to the Morwell River. This

decline in watertable means the river 1
now leaks water to the underlying and -
adjacent aquifer. AUl
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Figure21l. Schematic west to east cexsection, across the Hazelwood mine

Reach 11 Traralgon Creek

Groundwater is likely to contribute to the Traralgon Creek in the upper reaches, where mine depressurisation
effects are absent. Groundwater contributes 71% in the upper reach (SKM, 2012).

Grourdwater and surface water interaction is likely to be negligible in the lower reaches, if the same deep water
tables are occurring around Loy Yang mine, that have been observed at Hazelwood mine. GHD (2016) noted
that the highest rate of potentiometric dace declines for the deep coal bearing aquifers were around the
Hazelwood and Loy Yang Mines. As noted in the section abovewtttereablemonitoring bores around

Hazelwood mine indicate significant groundwater declines and hence it is reasonasiene dhat similar
depressurisation effects could be occurring around the Loy Yang Mine (and therefore Traralgon Creek).

Latrobe River estuary

This reach sits low in the landscape, upon adelkeloped alluvial aquifer. Beverley et al. (2015) under@ook
baseflow assessment in this reach, which suggests groundwater contributes 41% average daily strddma flow.
Latrobe estuary is likely to gain groundwater.

Sale Common

Groundwater fluxes to the Sale Common are likely to be small relative to thesothiees of water to the

wetland and hence are not likely to be critical. However, the groundwater flux may act to extend the saturation
of the wetland during drier periods and provide fresher water to fringing wetland vegetation.

Jacobs (2015) developed a conceptual model for the Sale Common and highlighted that the relatively flat
topography is likely to lead to a low water table gradient, whichrmwould result in only small fluxes of
groundwater to the Sale Common. Jacoltd 8 concluded that it was likely that the wetland operates in a
variably gaining/losing nature, with wetland losing conditions during flood events when water levels in the
wetland are higher than groundwater and wetland gaining conditions during drgperien the water level in
the wetland is below the groundwater elevation.

Heart and Dowd Morass

The contribution of groundwater flow to the Heart and Dowd Morass are likely to be small relative to the
inflows from the adjacent rivers. However, the frgshundwater inflows may still provide environmental
benefits, such as maintaining saturation of the wetlands (which could limit the potential for acid sulfate soil
generation) and sustaining less salt tolerant plants from the repeated inundation of ntpneatar, if the

plants roots had access to fresher groundwater.
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The Heart Morass is considered a gaining wetland, at an average groundwater discharge rate of 0.5 ML/day
(Jacobs, 2015).

The Dowd Morass gains only a negligible flux of groundwater (SK3/c266@ in Jacobs, 2015). The latest

depth to groundwater levels for shallow monitoring bores show groundwater levels vary from slightly artesian
to 4.5 m below ground surface. The depth to groundwater appears to increase with distance from Lake
Wellingon. Fluctuations observed in the Dowd Morass water levels can also be observed in the depth to water
level in the monitoring bore, which suggests good hydraulic connection between groundwater and surface
water for the Dowd Morass at this locatidrigure22).
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Figure22. Groundwater and surface water levels at Dowd Morass
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3 System changes, issues and values. 18405

3.1 Changes in the system & 1870s
Traditional owners 1889
Gunaikurnai people are the traditional owners of ®
Gippsland, and the Latrobe system. Waterways and
wetlands in the region contain important ceremonial 1908
places and for thousands of years the Latrobe River
provided resources such as food anddicines to the 1920s
Gunaikurnai people
1930s

European settlement
In the early 1840s the Latrobe River was named after 1950s
Charles La Trobe, the first Governor of Victoria, and the

. 1958
area was occupied by pastoral runs. Land clearance for
grazing and dairying occurredtire 1870s and the area 1961
began to develop with expansion of the rail network to
Sale. 1960s
Opening of the Gippsland Lakes 1978
Since 1889 the Gippsland Lakes system has been linke®@io

the sea by an artificial entrance, where the town of Lake
Entrance is now located he Lakes and Latrobe and
Thomson estuaries are still responding to the effects of
this opening, with a shift of the fresalt water interface
moving upstream into the lower reaches of the inflowing | 1990g
rivers. Reduced river flows from the combined impatts

1984
1989

climate change, the Millennium Drought and extraction
have exacerbated this shift. Asesult,the Latrobe ® 1998
estuary now supports varied estuaridependent species.
As a result of these changes, the estuary differs from mojt
typical estuaries in that i imnmediately upstream ofa @ 2004
saline to brackish lake (Lake Wellington), rather than the
ocean. ¢ 2007
Power generation and other industry & 2010
From the 1920s, power generation became a major
industry for the region, with the Yallourn, Morwell and 2011
Hazelwood Power Stans constructed between the
1920s to 1960s. Maryvale Paper Mill also began making 2012
paper in 1938. During this time, the natural flow regime i
the Latrobe basin became highly modified, with many 2013
large industrial water users in the basin. There are no
sigrificant amounts of flow regulation in the forested
upland areas of the Strzelecki and Great Dividing Rangek 2014
and consumptive water extraction is relatively low in the
upstream tributaries, providing important freshwater 2016
flows downstream.

2017

Major hydrology changes

Policy updates and

technical studies
Key

Figure23. Timeline of major evenedchanges in in the
Latrobe catchment.

Gippsland Lakes opened

Moe River Drain / North Canal
constructed

Moondarra Reservoir constructed

Lake Narracan Reservoir constructed

Blue Rock Reservoir constructed

Water Act 1989

Our Water Our Future EWR
established

Latrobe environmental Flows study

Lower Latrobe Wetlands
Environmental Entitlement created

Gippsland Regional SWS

Blue Rock Environmental Entitlement
created

Water for VictoriaLVRRS commenced

2018 UpgradeHeartMorass inlet infrastructure

Environmentaflows update (this project)
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Floodplain drainage, meander enffs and reinstatement

Meandershadbeenc@ FF FNRBY (G(KS [FTONRBOGS WAGSNI FNBY (GKS mydnQa
waterlogging and improve floodplain drainage, reduce the occurrence of floodplain inundation and increase
agricultural production. Moe River Drain/North Camas also constructed around 1908. Prior to European

settlement, the Yarragon and Trafalgar area was a wetland with no defined waterway, however the area is now
highly productive given the relatively fertile soils and high rainfall. It has been estinsttathtbst 77

YSFYRSNI Odzim2FFa 6SNB 02y ai risbavs &iveiely inipacted floddpias 6 S wA @
wetlands and instream habitat. In a 10 km reach of the river bordering Yallourn Coal Mine, meaafier cut

since European settlement ravesulted in sinuosity decreasing from 1.66 to 1.34, a 19% reduction in channel

length (Alluvium, 2008). The West Gippsland CMA has reinstated selected meanders of the Latrobe River. The
meander reinstatement lengthens the waterway, slows down flow aut$ i more frequent floodplain

inundation.

‘N

Flow regulation

Along with expansion of coal mining and other industrial activities, agriculture and commercial forestry
expanded throughout the region, with urban centres developing to accommuaaekers and their families. To
manage the increased water demands, the Latrobe system was regulated with the construction of Moondarra
Reservoir, Lake Narracan and Blue Rock Reservoir throughout thel9858s Areas below the large storages

of Blue RocReservoir and Moondarra Reservoir are now regulated with high levels of consumptive water use.
Proportions of surface water diversions are detailggéigure24. The major industrial water users in the basin
include electricity generators and Australian Paper. In @3,8hese entities accounted for more than half the
surface water diversions in the Latrobe basin, they also returned 37,135 ML to thm.syste

15%

m Urban and industrial

5% diversion

Licensed diversions from
regulated streams

4%
M Licensed diversions from

unregulated streams

m Usage from small
catchment dams

76%

Figure24. Proportions of surface water diversions in the Latrobe basin in thelB0gater year (DELWP 2017).
Total diversions: 153,100 ML

Environmental water
As describedbove (Sectiof.1), water can be set aside for the environment through water entitlements,
passing flows and other regulatory limits on the water allocated to consumptive users.

In the Latrobesystem, passing flows set aside water for the environment through conditions on bulk
entitlements. These conditions specify minimum passing flow requirements at offtakes and immediately
downstream of reservoirs to be provided for environmental purposé&& a8 LJ- daAy3 Ft 264 | NB a
YIGdaNF £ Q 6KAOK YStya (KSe& IINB KSIFI@Afteée AyTFtdsSyOSR o6& C(

A limit, called a permissible consumptive volume, has been placed on allocation of water to consumptive users

in the Latrobe basin. Because thi$ 6 2 @S Ol LJIQ 6 GSNJ A& 2yfe | @LFLAtlofS G2
have taken their share, its volume varies with climatic conditions and reduces significantly when conditions

become drier.

River regulation and water extraction from the Latraddeng with the impacts of the Millennium Drought and
climate change has meant that the frequency of smeltlium sized floods that would naturally inundate the
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Lower Latrobe Wetlands has reduced. The importance of these floodplain wetlands led totibe ofdhe

Latrobe Environmental Entitlement (Lower Latrobe Wetlands Environmental Entitlement) in 2010. The
entitlement formalised access to unregulated flows in the Lower Latrobe River and allows water to be diverted
to the wetlands to meet environmeritabjectives. Ation 6.21 of the Gippsland Sustainable Water Strategy
sought to determine how the water could be used to best meet the needs of the wetlands.

The remainder of the Latrobe Environmental Water Reserve is made up of the Blue Rock Environmenta
Entitlement 2013, which was made available from the unallocated share of the Blue Rock Reservoir owned by
the Government. The creation of this entitlement fulfilled action 6.15 of the Gippsland Sustainable Water
Strategy.

Despite the new environmentahttlements, the volume available to the environment has declined because of
reduced spills from reservoirs. With current climate conditions and current water sharing arrangements, water
availability has decreased by 48 GL/ year compared with histordalgity(DELWP 2019)

Hazelwood Mine fire and rehabilitation

A major fire at the Hazelwood Coal Mine in 2014 resulted in significant impacts to the local community. As a
result, the Victorian Government established an inquiry into the Hazelwood Min&He inquiry identified
YFE22NI AYF2NXIGA2Yy 3L LA Ay GKS FSIFraiAoAatAde 2F GKS YAyS
understanding of the cumulative effects of mine closure plans. In response to the Hazelwood Mine Fire Inquiry,
the Victorian Geernment committed to the development of a Latrobe Valley Regional Rehabilitation Strategy
(LVRRS). The LVRRS seeks to establishtertorgan for closure of the existing Latrobe Valley coal fired power
stations and accompanying open cut coal minepaftsof this closure planning, the water demand at the mine
sites may change. While there may be many potential changes to the Latrobe systems as part of power station
closure and rehabilitation, these changes are being assessed through other projearis emusidered out of

scope for this study.

Land management

Sale common, part of Dowd Morass and the eastern section of Heart Morass are part of the Gippsland Lakes
Ramsar site covered by the Ramsar Convention as Wetlands of International Imposi@n€Cen8non was

used for multiple purposes until the 1960s when it was reserved as a nature conservation reserve. It is currently
managed by Parks Victoria. Dowds Morass was privately owned until th8A9When it was transferred into

Crown Land. It isucrently managed by Parks Victoria as a State Game Reserve.

The western and central sections of the Heart Morass are in private ownership and have been subject to past
grazing and vegetation clearing for agricultural purposes. The land was purchasetbbgs\Etvironmental

Taskforce (WET) Trust in 2006, 2010 and 2013. Conservation and restoration works have been undertaken since
the land purchase, under a Memorandum of Understanding between Bug Blitz, Field & Game Australia,
Watermark Inc., and the Westppsland Catchment Management Authority. The eastern part is managed by PV

as a State Game Reserve.

3.2 Issues and opportunities

Riparian vegetation

Riparian vegetation provides an important habitat corridor for wildlife, provides shading for aquatic biota and
assists in maintaining stream stability and water quality. Environmental watering alone will not be sufficient to
maintain good riparian vegetation health. PAG members identified adjacent land use as a major influence on
riparian vegetation condition, viitimpacts of agriculture, grazing, deer (Sambar) and recreation noticeable in
some areas.

Exotic species
Invasive species are one of the biggest threats to the environment. Exotic species in the Latrobe catchment that
may require complementary managemémtlude, but are not limited to:

1 exotic vegetation such as willows, blackberry, and various exotic grasses, including Reed Canary Grass
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1 introduced fish species such as European carp species. Increasing flow variability can allow native fish
populations to build and potentially reduce exatic fish which thrive in altered and low flow regimes

1 invasive fauna such as rabbits and foxes and deer.

Barriers to fish passage

Fish need to be able to move freely between habitats and reaches for spafeaitigg and dispersal.

Waterways have been modified and barriers to fish passage, such as dams, weirs and road culverts have been
constructed. Unrestricted fish movement is a key characteristic of a healthy waterway and while environmental
flows can assisn fish movement, physical barriers can limit their effectiveness. It is important to identify where
any natural or mammade fish barriers exist. PAG members suggested that objectives could be considered in
scenarios with and without fish barriers. Thésting storages on the Latrobe River system including Narracan,
Moondarra and Blue Rock together with several smaller weirs including Wirilda Park weir on the Tyers River
provide significant barriers to fish passage.

Wetland infrastructure

The water regne in all three of the Lower Latrobe wetlands is now to some extent managed by regulators
connected to the Latrobe River. However, greater environmental benefits from environmental water could be
achieved with upgrades to inlets, outlets, levees, and atletland infrastructure. Upgrades would mean a

lower hydraulic head (and therefore volume of water) is required to achieve environmental objectives in the
wetlands.

Groundwater extraction

Many of the waterways within the Latrobe Basin are fed by groumtaat! support Groundwater Dependent
Ecosystems (GDEs). GDEs are surface environments that rely on groundwater to stay healthy and survive. In the
Latrobe Basin GDEs occur in two key areas. The first is at the foothills of the Strzelecki Range wipgiagutcro
areas of the Latrobe Group Aquifer provide base flows directly to streams. The second is in the lower catchment
where shallow aquifers contribute to the condition of wetlands, estuarine environments and terrestrial flora
(WGCMA, 2012).

In parts of tle Latrobe Valley, groundwater is extracted by power stations to dewater mine pits and ensure safe
operating conditions for coal mining. Mine dewatering has led to lowering of the water table in the shallow
(upper) aquifer and depressurisation of the MohviFedrmation Aquifer System. In general, groundwater levels
within the major middle and lower aquifers underlying the Latrobe Valley have slightly declined since the late
1980s.

Stock access and bank stability

While stock access is not the only factouieficing bank erosion and stability, grazing and trampling can
increase bank slumping, with increased nutrient and sediment inputs to the channel impacting on downstream
waterways. Riparian fencing and-sfifeam watering points can reduce stock accessagndciated impacts on

the riparian zone.

Shared benefits

There was support from PAG members to, where possible, deliver flows that have a benefit for a range of users,
including for recreational purposes, bird breeding, fishing etc. Increased recredtier@ippsland Lakes, Sale
Common and Heart and Dowd Morass was reported. However, PAG feedback highlighted that in recent years
there has been a lower interest in camping and recreational fishing around the Latrobe which was formerly
prized for its fish ppulations. There is also support for considering how Aboriginal Cultural values can be
incorporated and culturally significant species can be supported, with improved access for Traditional Owners.

Mine rehabilitation

While there is some uncertainty ardihow mine rehabilitation might influence the flow regime and availability
of water, opportunities for optimisation were also highlighted by PAG members. For example, the potential for
environmental water to be held in pit lakes before being releasedaised and opportunities for shared

benefits and optimisation of environmental water management are being explored.
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3.3 Overarching goals and values

This section provides an overview of overarching goals of the rivers, estuaries, and wetlands in thesstudy a
(Figure26).

In 20192020, GLaWAEompletedan Aboriginal Waterways Assessment for the Latrobe River system. A
summary of the values identified through the Aborigiaterway Assessment is providedrigure27. The
cultural values and objectives for the Latrobe system are further discussed in Séetiow.

Controlling pest species
Karimbakine (spiritual
connection) Managing saltwater

. impact
Water quality

Gunaikurnai Mother

Healthy Count .
R e and Father songline -

Boran (pelican) and Tuk
(musk duck)

Seasonal flow regime

Traditional stories and Bunjil Tambun
traditional practices Quarenook (fishing) / Woorngan
{meeting place} (hunting)

Food / materials
Tool making

Lifestyle / family Mia Mia (camping)

Figure25. Summary of values idefiéd through Aboriginal Waterway Assessment [values provided by GLaWAC]

Theenvironmental values identified by the Project Advisory Grbigue27), and a summary of les

identified by the Environmental Flows Technical Panel based on available literature and monitodang data
provided below(Figure28). This information has been wst guide the environmental objectives developed in
section3.
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West Gippsland Waterway Strategy 2014-2022

Relevant regional goals To provide:

* Coastal wetland landscapes characteristic of the Gippsland Lakes

* A mosaic of habitats supported by spatial variation in wetting and drying regimes

* Selected wetland areas protected from salinization

* Feeding, breeding and sheltering habitat for a diverse range of wetland biota, including

* Maintain and improve the habitat and condition of waterways to support water dependent
animals and plants.

* Maintain the ecological character of significant wetlands and estuaries.

* Provide system connectivity between rivers, estuaries and wetland..

_ i N ' waterbirds
* Maximise the ecological outcomes from the available environmental water.
* Support community use, participation, advocacy and stewardship in the region’s waterways.
* Provide appropriate environmental conditions to support the economic values of waterways Gippsland Lakes Ramsar Site Management Plan — Relevant Resource condition targets:

in the region.

* A reduction in the number of years in which blue-green algal blooms occur in the lakes to
Relevant Long Term Resource Condition Targets less than five over the 20 years.

* All expected native fish species (migratory and non-migratory) are found in the reach and : Mar.ntar.n I\;‘:adeod Msrass ?nd Sz.'e CO;:"'_”M asfre:hwater marsh..?s .
their abundance and diversity has increased Maintain the extent, diversity and condition of freshwater vegetation communities.

* The condition and extent of riparian vegetation communities is improved. ‘ Mam?am extent of varlably saline fringing we.tlan_ds i ) i

* The ecological characterof the Gippsland Lakes Ramsar Site and associated fringing * The s.'te_ supports greater than 20,000 waterbirds in three out of five diversity of
wetlands is maintained. wat_erbrfrds years ) o o

* Quality and quantity of freshwater flows from the Thomson and Latrobe systems to the ‘ Mar_ntar_n hydr o_log: cal an_d b '_'m ccon ec_tf ey b_etween the catchr_nent and the seq. .
Gippsland Lakes and fringing wetlands is maintained and, where possible, improved. . Marntarn sustainable native fish populations of important recreational and commercial

¢ Populations of Australian Grayling are self-sustaining. fishes.

* Water regime is managed to provide required base flows and flow variability within and
between seasons.

* Habitat for birds particularly in terms of the condition and extent of wetlands is maintained.

*  Waterways in the catchment provide water of suitable quality to support economic uses
including township, rural uses and fishing.

West Gippsland Regional Catchment Strategy 2013-2019

Gippsland Lakes and Hinterland Landscape

! ) * Improved conservation status of threatened species and communities in the landscape.
* Theextent of f reshwater w_eﬂan_d’s (f” cluding Seqsona! nf-ffzrbaceo_us Wetlands of the * Improved or maintained environmental condition of waterways, estuaries, wetlands and
Temperate Lowland Plain) is maintained and their condition has improved. aquifers.

Relevant Management Outcome Targets * Improved quality of native vegetation in the landscape.
* Increased native vegetation extent and connectivity across the landscape.

* Condition of the Lower Latrobe Wetlands (Dowd Morass, Heart Morass, Sale Common) has « Improved water quality in the landscape system.
improved from baseline level. *  Minimised disturbance of acid sulphate soils in the landscape.
* Threats to water regime (altered seasonality, magnitude and water quality) are reduced * Minimised flood damage to the floodplain and its occupants.
through delivery of water to the Lower Latrobe Wetlands and the Thomson and Latrobe «  Preservation of Aboriginal cultural heritage sites.
Estuary. * Traditional Owners’ knowledge and aspirations are incorporated into the management of
* Environmental water outcomes for the Latrobe River, Lower Latrobe wetlands and the landscape.
Thomson and Latrobe estuary are improved through planning, reporting and monitoring. « Sustainable management of the Gippsland Lakes system during the long term transition
* Increased community skills and knowledge of waterway management issues. to a saline system
* Wetland water regime (altered seasonality and magnitude) threats are reduced in priority * To maintain, and where necessaryimprove, the ecological character of Gippsland Lakes
waterways. Ramsar site and promote wise use.

Figure26. Summary of relevant overarching goalgtiide objective setting
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Recreational uses and
amenity

Drinking water and
human health

Salinity regime and
relationship with flow

Floodplain and
wetland vegetation
(Freshwater, saline,

brackish)

Small bodied native fish
Australian Bass
Estuary Perch
Australian Grayling
Black Bream

Wetland dependent birds including
several international migratory waders,
threatened species (e.g. Australasian
bittern) and colonial nesting species.

Drought refuge

Ramsar wetland

Riparian vegetation

Figure27. Summary of values identified during Project Advisory Group Meeting
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River blackfish
Dwarf galaxias
Mountain galaxias
Southern pygmy perch
Gudgeongstriped, flathead,
dwarf flathead)
Australian smelt

Eastern bluespot goby
Lagoon goby
River garfish
Estuary perch
Black bream

Eels
Galaxias (broadinned,
common, spotted)
Australian bass
Lampreys
Australian grayling

Tupong

Frogs i
Other fauna g ’ Growling grass frog
Green and golden bell frog

Macroinvertebrates/

Other
_— Platypus

Rakali

Figure28. Summary of values identified by thevironmental Flows Technical Panel
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South Gippsland spiny crayfish
Strezeleckburrowing crayfish

Azure kingfisher
Nankeen night heron

Riparian and woodland

birds White bellied sea eagle
Egrets
Spoonbills
. Cormorants
Ui AustralasiarBittern
Glossy ibis
Migratory shorebirds

Eastern Curlew

Water fowl Freckled duck

Eel Grass
Watermilfoils
Veiled fringesedge
Common reed
Cumbungi
Lacey river buttercup

Submerged aquatic
vegetation

Emergent vegetation .
River swamp wallaby grass

Wavy swamp wallaby grass

Instream vegetation Eastern water ribbons

River red gum
Silver wattle
Woolly tea tree
Swamp paperbark

Riparian vegetation

Floodplain vegetation
River red gum

Blue gum
Swamp gum
Supporting Water quality
functions
Geomorphology
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4 Envirmmental objectives

4.1 Approach to objectives

Environmental objectives were reviewed and updated based on the previous environmental water studies in the
study area.

The objectives reflect the environmental values of the Latrobe system considered impgriteh bvaterway
managers and the community. Objectives were determined in the context of the current water resource
management, likely environmental conditions, including the likely trajectory of the system over the next 50
years, and the social and econiorialues of the region.

The objectives are intended to be applied over the next ten years, as environmental water investigations are
generally updated every ten years, and this also aligns with timeframes for reviewing Sustainable Water
Strategies.

Eachenvironmentabbjective includethree components:

91 the value (functional group of species of interest)
1 the desired measurable outconfe.g. abundance, recruitment, extent)
I adesiredtrajectoryfor that outcome(e.g.maintain, improvg

Theseobjectives can be measured as part of an environmental water monitoring and evaluation program, which
would include setting specific targdts these objectives and collecting baseline data so that the relative
trajectory (i.e. maintain or improve) can aégsessed.

The following sections on each environmental value includes:

91 Description of the presence and condition of the value, functional groups and species
1 Environmental objectives for this study

1 Water requirements of (including conceptuaddels)

1 Summary of the objectives, flow functions, and flow components

Specific criteria for these flow functions and flow components are provided in the relevant environmental water
recommendations sections.

4.2 Selfsustaining fish populations

Description

The majority of fish in the Latrobe River system are entirely dependent upon access to the estuarine zones,
Gippsland Lakes and marine ecosystems downstream. However, while some fish species, including nationally
listed species, live in only in freshwatextb estuarine, freshwater or marine respond to or require freshwater
flows for part of their lifecycle.

The fish of the Latrobe River, and the wetlands and estuary of the Latrobe River, can be classified into six groups
which have different requirementtloyd et al 2012). These types are classified based on their presence within
different parts of the system, their use of the estuary and their migration patterns, all of which affect their
environmental flow requirements$-igure29).

Tablel0shows the species present within the system, their classification addaga which they inhabit.

Resident Freshwater Fish will be most common in the freshwater reaches of the Latrobe, whereas the Estuarine
Dependent (Freshwater) are found in both estuarine and freshwater reaches, often spending long periods in
freshwatersand the Estuarine Residents species are largely restricted to the estuary of the system.
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Figure29. Fish groups within the Latrobe River based on Lloyd et al (2012) classification.

The first three groups (Resident Freshwatsh;FEstuarine Dependent (Freshwater); and Estuarine Residents)
will be more closely assessed in this study as these groups are more significantly reliant on freshwater inflows
than the other three groups. The Estuarine Dependent (Marine), Estuarine @ppr{Marine) and Marine
Stragglers species are less dependent upon freshwater inflows for their life cycle, although freshwater is
important to all species to some degree as freshwater inflows also bring nutrients and organic matter into the
estuary inceasing its productivity (Lloyd et al. 2012).

Resident Estuarine

freshwater

fish residents

Focus of this study
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Tablel0O. Fish of thd.atrobe River, estuary and wetlar{iarthTect2007; Warry et al 2010; Brizga et al 2013; VBA 2018)
X=recorded recently in VBA records; O = recorded by other authors or known or expected to be present in that reach.
" FFG listed species in Victoria (FFG Aet)listed as an Extinct Species un8& Act; %= Listed as a Critically Endangered Species under FF&=Adstéd as an Endangered

Species under FFG Act=".isted as a Vulnerable Species under FFG'Act; 8ted as a Near Threatened Species under FFE°Ach#ta Deficient iWictoria (DNRE 2000):
Listed as Vulnerable (DNRE 2086% Endangered under EPBC &¥t; Vulnerable under EPBC Act
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Marine

Classificati

on

EstuarineResident

Opportu

Alien Species

nist

Common Name

Black Bream

Tamar River Goby
Yelloweye Mullet

Port Jackson Glassfish
Bridled Goby
Smallmouth Hardyhead
Australian Anchovy
Glass goby

River Garfish

Estuary Perch

Sea Mullet

Tupong (Congolli)
Eastern Bluspot Goby
Lagoon Goby
Luderick

Tailor

Trevally

Goldfish
Goldfish/Carp Hybrid
European Carp
Eastern Gambusia
OrientalWeatherloach
Redfin

Rainbow Trout
Brown Trout

Scientific Name

Acanthopagrus butcheri
Afurcagobius tamarensis
Aldrichetta forsteri
Ambassis jacksoniensis
Arenigobius bifrenatus
Atherinosoma microstoma
Engraulis australis
Gobiopterus semivestitus
Hyporhamphus regularis
Macquaria colorum

Mugil cephalus
Pseudapbhritis urvillii
Pseudogobiusp. 9
Tasmanogobius lasti
Girella tricuspidata
Pomatomus saltatrix
Pseudocaranspp.
Carassiuguratus

Cyprinidae Carassius x Cyprinus HYBI

Cyprinus carpio

Gambusia holbrooki
Misgurnus anguillicaudatus
Perca fluviatilis

Oncorhynchus mykiss
Salmo trutta
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Resident Freshwater fishie restricted to the freshwater reaches of the river system for their entire life cycle
and are generally not migratory or at least only undertake local movements to find mates, foods or new
habitats. Important freshwater specigsthe Latrobe River and its estuary include:

1 River Blackfish

Dwarf Galaxias

Southern and Flinders Pygmy Perch

Gudgeons (Striped Gudgeon, Flathead Gudgeon, Dwarf Flathead Gudgeon)
Australian Smelt.

=A =4 -4 A

Many exotic fish are present within the Latrobe Rilrewever, most are found in the freshwater reaches.
Eastern Gambusia is able to inhabit highly saline environments. The system has a large range of exotic carp
species, including Goldfish, Carp (as well asGalqfish Hybrids), Eastern Gambusia, RedfichPRainbow

Trout and Brown Trout are quite common in the freshwater reachasl€10). Exotic fish competition,

predation and other impacts on native fish. Gambusia, Redfin and Trout exert significant predation pressure
on native fish (Lintermans 2007).

TheEstuarineDependent (Freshwater) specigsnerally live in freshwater but migrate to the estuary (or sea)

to breed and are dependent upon the estuary for one part of their life stage. The Australian Grayling migrates
up from the estuary to mature and breeds in fregler just above the estuary with larvae returning to the
estuary by drifting with the flow downstream.

The important estuarine dependent (freshwater) species in the Latrobe River and its estuary include:

Australian Grayling

Tupong

Eels (shorfinned Eeblnd Longfinned eel)

Some galaxias (Broéidned Galaxias, Common Galaxias, Spotted Galaxias)
Australian Bass

Lampreys (Pouched Lamprey, St@aded Lampreys).

= =4 =4 -8 -4 -4

These species are generally migratory as they need to use freshwater or the estuary foglaeddhe
other habitat to complete other parts of their lifecycle.

Estuarine Residentse those fish which largely live in the estuary and complete their whole life cycle within
the estuary (although can travel into the freshwater and out to sea orsioos) and are generally dependent
upon some aspects of freshwater inflows to survive.

The important estuarine resident species in the Latrobe River and its estuary include:

Estuary Perch

Black Bream

River Garfish

Eastern Bluspot Goby
Lagoon Goby.

=A =4 =4 -4 A

Obgctives
The objectives for fish and the relevant reaches are provided below.
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TablelL Environmental objectives for fish in the Latrobe system
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Maintain abundance and improve
recruitment of Australian grayling
populations

Maintain abundance of eel populations

Improverecruitment of smalbodied
migratory fish including Tupong, Bread
finned Galaxias and Common Jollytail

Estuarine dependent /
Migratory fish

Maintain abundance and improve
recruitment of Australian Bass populatior

Improverecruitment of smatbodied

freshwater resident fish such as Dwarf

Galaxias, Pygmy Perch, Australian Smel

Flathead Gudgeon and Dwarf Gudgeon

Maintain abundance of resident *
freshwater fish, including Dwarf Galaxias

Pygmy Perch, Australian Smelt and

Gudgen

*Dwarf Galaxias absent from estuary

Resident freshwater fish

Improve recruitment of River Blackfish

Maintain abundance and improve

breeding and recruitment of estuarine

resident species (Estuary Perch, River ~ Reach
Garfish, BlacBream, Eastern Ble@&pot 5 only
Goby and Lagoon Goby)

Estuary resident
fish

Objectives relevant to lower Latrobe wetland amet directly used in development of watering regime.

Water requirements

The fish community and the life history of lspgcies, together with other organisms, can be very useful in
determining the environmental flow requirements of rivers, wetlands and estuaries. The aspect of their life
history, such as life span, spawning season, incubation, duration, migration, &atliregirements all

contribute to our understanding of how a flow regime can be built up for a community of fish and aquatic
animals. The flow requirements of each group of fish can be quite different with each species having specific
flow and or habitatequirements, but they are generally tolerant of a range of conditions and collectively
meeting the requirements of several groups will ensure a robust water regime recommendation (Lloyd et al.
2006 & 2012a, Koehn & O'Connor 1990, McDowall 1980).

Flow irieracts with the various habitat types to meet the habitat and flow requirements of fish; within the
Latrobe River system these habitats include riverine pools, riffles, runs, woody debris, undercut banks, rocks &
boulders (in upper tributaries), freshwatewvamps, and estuarine wetlands. These habitats are created and
maintained by adequate flow regimes.

The requirements for each key species within the Latrobe River sggtasimown inTablel2, with key species
requirements explained further below:
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Resident freshwater fish
Resident Freshwater Fish rely solely upon habitats within the freshwater sections of the catchment mainly
stream channels or nearby wetlandablel2), the key species for this study are the following.

River BlackfistGadopsis marmoratigre relatively long lived (at least 4 years and up to 7 years) they breed
each year in November to January. Sticky demersal eggs are laid on hard substrates (large woody debris or
rocks), large eggs which hatch aftemn Rl & & @ ¢KS fFNBFS NBYIFIAYSR 0SGKSN
further 21 days as the larvae maty#dlen et al. (2002); Koehn & O'Connor (1990); Treadwell & Hardwick
(2003)). Blackfish will require freshes to provide conditions suitable for reproduction. These conditions are
created when irstream bars are inundated to deliver terrestrial carbon (gn& food) into the system and

provide habitat for spawning adults and juvenile fish. These flows should occur in late winter, spring and early
summer to create extensive habitat across the stream to enable energy and food resources to be swept into
the steam channel which enable fish to build condition to allow spawning (Pusey and Arthington 2003; King
2004). Inundation of new habitat will both provide habitat and stimulate invertebrate production and growth.
After breeding, this habitat provides cordits for eggs and larvae to hatch and grow. Ideally, long duration
flows (7 to 10 days) which cover instream vegetated bars are required to support a range of fish species.
Given that many of the small bodied fish and maevertebrates (blackfish prelye only one or two years,

then these flows are required in most years.

Dwarf galaxia&Galaxiella pusiljaare listed under Victorian (DSE Advisory Listing), Victorian (FFG 1988) and
Australian Government (EPBC 1999) legislation. Dwarf galax&eidiesedspecies, basically only living one

year and therefore the right conditions each year to maintain their populations. The species has a strong
preference of areas of dense submerged aquatic vegetation. They use this habitat for breeding, feeding and
protection from predators. They lay their eggs in separate batches on flooded vegetation, leaf litter or rocks,
with the preferred egg site is the underside of leaves or stems. They breed in August to October and their eggs
take 1017 days to incubate arfthtch, meaning they need stable conditions for this to occur. Adults probably

die after spawning and some fish are likely to use yabby holes to over summer in if their water body dries out.

Two species gdygmy percliNannopercapp.) are recorded in thieatrobe system, the southern pygmy Perch

and the recently recognised Flinders pygmy perch. Pygmy perch are wetland specialist species, preferring slow
moving and still waters which are heavily vegetated. Submerged aquatic vegetation is a criticabhabitat f

these species required for spawning, feeding and protection. They are restricted to relatively fresh water and
are not known in saline or estuarine habitats (Allen et al. 2002; Treadwell and Hardwick 2003). While they are
generally rare, individual pofations can grow quite large in the right conditions. These species do not

undergo any longlistance movements for reproduction or other purpose but would move within their local
environment to optimise habitat and feeding opportunities. In summer, thelserfove out from drying

wetlands to seek refuge in permanent habitats (Allen et al. 2002; Treadwell and Hardwick 2003). These fish
have very low fecundity (small numbers of eggs are produced by each female) and the eggs are small and non
adhesive demersalggs with short incubation times. Pygmy perch live a maximum of five years but are mature
after their first year. Breeding is in spring (generally September to October) and eggs are laid amongst aquatic
vegetation. Their eggs hatch rapidly aftey2days.

Environmental Water Requirements Repbetirobe Environmental Water Requirements Investigation 61



= VI‘T v'v Xz
Y \7'

>

[ o—
A" }i& Freshwater inflows are important to Pygmy Perch .\, spawning by creating habitat and stimulating invertebrate production,
B. Outflows allow fish to move into river as summer refuge if wetland dries out. E Pygmy Perch live their entire life cycle within wetland.

E1 Mature Pygmy Perch spawn amongst aquatic vegetation. s E2 Pygmy Perch eggs hatch In 2 - 4 days and larvae

E3 Pygmy Perch larvae “S2=>  settle into aquatic vegetation beds vw!) or Phragmites stands W% and E4 then mature to begin cycle again.
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Figure30. Conceptual model for the Pygmy perch species (from Lloyd et al 2012a).

Estuarine Dependent (Freshwater)
Estuarine Dependent (Freshwater) are mostly migratory species and their ecological requirements are listed in
Tablel2.

Australian GraylinfPrototro¢des maraengare an important estuarine dependent representative species as

they spend the majority of their time in freshwater but are dependent upon estuaries and coastal zones for

early larval development and the development and growth of juvenilesietufrom the sea. They also

require access to the sea (or the Gippsland Lakes) and therefore estuaryapenitg,and closures are

important to these fish. In addition, the fish are regarded as vulnerable by the Victoria Flora and Fauna

Guarantee ActGCD ! OG0 yR GKS ' dzZAGNIf ALY D2@SNYYSydiQa 9y @AN]
Act).

Australian Grayling spend the majority of their adult life in freshwater, with the adults moving downstream to
breed. Grayling larvae are thought to be waktwethe sea and return to mature in the estuary (Bishop & Bell
1978a &b; Bell et al. 1980; Berra and Cadwallader 1983; Hall & Harrington 1989).

As adults, Australian Grayling are found in clear, ghetimed streams with alternating pools and riffles,
rocky streams and mudehottomed habitats. Grayling require a well oxygenated stream, which is promoted
by flowing water.

Adults move downstraa in February to May to spawn in freshwater (maoAflyil-May in Victoria), triggered

by a high flow event and then juveniles return at the end of their first year to spend time in the estuary (May
to Oct) before migrating upstream as they grow in Octéb&ecember for up to 3 years until they mature
(Koster, Dawson & Crook 2013; Kosteretal.m T T ! Y (i Goiinbr & @idk@dxti20161Bshop & Bell

1978a &b; Bell et al. 1980; Berra and Cadwallader 1983; Hall & Harrington 1989). Grayling caniflesn up r
having flows of 2 m/s, have sustained swimming at @nésec but their preferred flow is G2 35m/s.
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A Freshwater flows provide for longitudinal connections and breeding triggers for adult Australian Grayling 3= B. These freshwater fish which use estuaries

as juveniles and breed-¥: , .in freshwaters in April - May Cand larvae ===~ are washed out to sea D in May to July and juveniles ", and begin to mature at

sea E. In May to October sub-adult fish»+%= F spend time in the estuary before upstream migrations into freshwaters in October to January G.

Figure31l. Australian Grayling Conceptual Model ecological and hydrologic objectives (from Lloyd et al 2012)

Tupong(Pseudaphritis urvilliare a moderately lonljved species (about 5 or more years) which spawn in

spring and early summer (September to December). They live in the lower reaches of coastal rivers and
spending significant periods in freshwater. Adultsatggdownstream to the estuary for breeding during April

to July with juveniles migrating upstream during October to February. Tupong are susceptible to impacts from
the presence of instream barriers which stop their migrations, either upstream or doamsipesventing

them from breeding or recruiting (Koehn and O'Connor 1990; McDowall 1996; Merrick and Schmida 1984;
Lintermans 2007).

Southern Shortfin E€Anguilla australisare long lived species (about 32 years) which live most of their life in
freshwater but are catadromous fish, swimming to the sea to breed (and then the adults die), before juveniles
return. Eels have complex breeding and migratory requirements. Theg tetthe estuary after being

spawned at sea as elvers in winter to springNdwl) but move upstream over many years and mature as they

go upstream, largely moving between Ndway (McKinnon 2006). Adults migrate to the sea during late

spring, summerrad autumn (Oct to May). Elvers return to the estuary after being spawned at sea in winter to
spring (JuNov) and undertake upstream migrations Mdday (McKinnon 2006). However, they are very

flexible with the timing of these movements as they aredoregl, and they tend to move upstream, growing

Fa GKS& 3235 SELX2AGAy3 (KS NAGSNDRA NB&2dz2NOSa 2SN KA
(Gomon and Bray 2018). In the freshwater environment they occur in streams, lakes and swanigglynore
inhabiting slow flowing streams or still waters. They are large animals which eat a variety of fish, crustaceans,
molluscs, worms, aquatic plants, terrestrial and aquatic insects (McKinnon 2006; Lintermans 2007, Gomon and
Bray 2018).

Common Galaas(Galaxias maculatysre a widespread and often abundant species in Australia. They are a
shortlived species €3 years maximum) which live in freshwaters during their adult life, but like other
catadromous fish they migrate downstream to breed ingbtiary and then return upstream after recruiting

in the estuary. They occur in a variety of freshwater habitats, but mostly in still dieslomg waters, mainly

in streams, rivers and lakes connected to the sea. Some populations are landlocked &fishebiteed in
tributary streams during floods, but these are rare (Koehn and O'Connor 1990; McDowall 1996; Merrick and
Schmida 1984, Lintermans 2007, Gomon and Bray 2017).
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A ‘ Freshwater flows provides longitudinal connection for Common Galaxias -p=&g#* Bto move down to the estuary from freshwater habitats
in January to March. C Larger flows allow the river mouth to open. D Common Galaxias lay their eggs« :',: + «In samphire m" and wetlands ‘In estuary.

E Common Galaxias larvae hatch and are washed out to sea by mouth opening flows in autumn to mature F, before returning to the estuary G in July to December.
Figure32. Common Galaxias Conceptual Model ecolbgiué hydrologic objectives (from Lloyd et al 2012)

Australian Bas@®/lacquaria novemaculea}as a native species which distribution extends along the east coast

2F 1 dzAGONI E AL FNRdzyR (2 2Af&az2yQa t NPY 2 yidiseaNdater) butdza G NI € A |
spend most of their time in freshwaters; however, eggs and sperm do not survive in freshwaters. While

Australian Bass breed at temperatures betweed €, the adult temperature tolerances are unknown; they

inhabit areas of fast flowingaters and are likely to be quite cold tolerant.

The diet of Australian bass varies significantly between habitat and season. Harris (1985) found that almost
every available prey type was included in the diet of Australian Bass such as fish (the mtzsitifopdr

recorded in Australian Bass); insects; crustaceans; and terrestrial vertebrates (such as skinks, frogs and birds)
and plant material.

Australian Bass are long lived species living up to &jguaglly living up to about 20 years , but as lond7as
years has been record¢8toessel et al. 2017Jheyundertake local and moderate distance migration for
breeding, finding new habitat and feeding. They breed between July and December and their eggs take 3
days to hatch. Adults migrate downstreaminfr April to July and return upstream during August to November.
Adults migrate in large schools from freshwater to brackish water to spawn in the upper estuary, but
spawning, hatching success and juvenile recruitment are all dependant on flooding (GrdWasas 2005).
The larvae and juveniles undertake upstream migrations from October to April to recolonise freshwater
habitats.

Estuarine residents
Estuarine Residents are largely restricted to the estuary although some species are required to move into
freshwater and/or the marine environment for parts of their life cycle.

Estuary perciiMacquaria colorumare a largéodied fish, usually less than k& and relatively lontived

(over 20 years). They predominantly live in estuarine waters but makantgguld sustained forays into
freshwater reaches of rivers provided access. The species breeds in July to August in the estuary with fish
recruiting in the estuary and then moving upstream to feed and exploit freshwater resources (Koehn and
O'Connor 1990yicDowall 1996; Merrick and Schmida 1984; Lintermans 2007).

Black breanare common in and around large structural elements within estuaries. They are considered as the

only true estuarine sparid in Australia and have a wide salinity tolerance and mantodle freshwater
reaches of estuaries (Kailola et al. 1993). Ecological and hydrologic requirements are Sligure3a
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The life cycle of black breamusually completed within a specific estuary, however, there may be some
movement of black bream between estuaries (Butcher and Ling 1958). Spawning period for black bream
extends from August to December, though the timing and the period of spawningghthowary between
estuaries (Kailolet al.1993). Spawning is thought to occur in the upper reaches of estuaries near the
interface between fresh and brackish water (Cadwallader and Backhouse 1983; Ramm 1986). Spawning
success may also be higher wherirgprainfall and river flow is low and when water temperatures is high in
October (Hobday and Moran 1983).

Eggs are planktonic and, as a function of their buoyancy (negative in freshwater and positive in saltwater), are
most abundant in waters with saties greater than 1§/L (Ramm 1986). Nicholsenhal.(2004) found that

bream eggs are neutrally buoyant in salinitieg, 26 g/L, and therefore float in the halocline. Eggs generally
hatch two days after fertilisation, but embryos fail to develop linitas below 5/L (Ramm 1986). Larvae

remain in the water column for approximately one month before settling into shallow macrophyte beds at
between 10 to 15nm in length (Ramm 1986). Shallow seagrass/algae beds appear to be important nursery
areas fojjuvenile black bream, as these areas support high abundances of food (Poore 1982). The flow of
freshwater into the system will be crucial in establishing salinitiesraatiscalesalt wedge dynamics

required for successful reproduction and for the mamatece of seagrass beds for the species to inhabit as
juveniles.

wrdh  TIAY I

[ €

A s Freshwater flows are important to Black Bream * moving upstream into freshwaters at times B and retreating back downstream,

if large flows occur C. Black Bream move upstream in response to freshes in summer for feeding, parasite removal, etc D.
E Black Bream live their entire life cycle within estuaries. Mature Black Bream spawn in the salt wedge at salinities between 15 and 20 E1. ﬁ

- el
.':- = » Black Bream eggs remain suspended E2. Black Bream eggs hatch in 2 days and larvae :SE:: settle into seagrass beds E4
.. £

or Phragmites stands E4 and then mature to begin cycle again E5.

Figure33. Black Bream conceptual model, ecological and hydrologic objectives
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Tablel2 Ecological requirements of kish species actually or likely to inhabit the Latrobe River system

These are based on current knowledge but these can only be considered as approximate until further research is conuestespeniés [derived fromww.fishbase.org
(Froese and Pauly 2018), Allen et al. (2002); Koehn & O'Connor (1990); Lloyd (1987); Merrick & Schmida (1984); Mcpdwedldd@8& Hardwick (2003); Lloyd et al. (2006 &
2012a); Growns (2004); McKinnon (2007); Raadik (2014)]

Fsh Species Spawning Incubation
Common Name Scientific Name Life Span  Season Duration* Migration Other
Resident freshwater fish
Australian Smelt Retropinna 1-2years Sept-Nov 9-10 days Active movers between habitats and Aquatic vegetation required as a substrate for
semoni alonganabranches laying eggs
Dwarf Galaxias Galaxiella 1 year AugqOct  10-17 days Local Frequently associated with aquatic vegetation
pusille: @V and eggs are laid in separate batches on flood:
vegetation, leaf litter or rockspreferred egg site
is the underside of leaves or stems. Adults
probably die after spawning. May use yabby
holes to over summer.
River Blackfish ~ Gadopsis 4¢7 years Nov-Jan  7-10days (plus 21 Local Hard substrate requiredhollow logs as a
marmoratus daysd 4 SG KSN substrate for laying eggs
larvae)
Southern Pygmy Nannoperca 2-5yrs Sept¢ Nov  2-4 days Local Aquatic plants for spawning and habitat
Perch australis Vegetation or rocks instream habitagjuired
Flathead Philypnodon 4-7 years  Oct-Feb 4-6 days Local only Hard surfaces required as a substrate for laying
Gudgeon grandiceps eggs
Dwarf Flathead Philypnodon Local Hard surfaces required as a substrate for laying
Gudgeon macrostomus eggs
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Fish Species

Common Name Scientific Name Life Span

Australian Prototroctes
Grayling maraend": @
Tupong Pseudaphritis
(Congolli) urvillii
Common Galaxias
Galaxias / maculatus

Common Jollytai

Climbing Galaxias
Galaxias brevipinnis

Spotted Galaxias Galaxias
truttaceus

Australian Bass Macquaria
novemaculeata

Males 12
years

Females 2
3 years

>5years

2-3 years

2-4 years
(Uncertain)

2-4 years
(Uncertain)

~18 years

[and up to
47 years]

Spawning
Season

Apr¢ May
(maybe as
early as Feb
or go as late
as June)

Sept- Dec

April-June

May-June

May-June

July¢ Dec

Incubation
Duration*

Migration

Estuarine dependent (freshwater)

10-21 days in
freshwater (<2 ppt)

Unknown (likely to
be short- 3 or so
days)

Normally take 10
16 days between

flow events otides
(in estuary

Unknowng perhaps
5-7 days (same as
G. olidup

28 days at 12
degrees

3-4 days
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Larvae washed to sea/estuary in May tc
July

Juveniles spend May to Oct in estuary/s

Juveniles migrate from sea upstream O
- January

Adults migrate downstream to estuary ft
breedingApril to July. Juveniles migrate
upstream Oct, Feb.

Downstream to estuary in Autumn.

Larvae are washed downstream to the
sea in winter. Juveniles return upstrean
in spring and early summer.

Downstream to estuary in autumn &
winter. Larvae swept to sea Juveniles
return from sea upstream in spring and
early summer (Oat Jan)

Local and moderate distances

Adults Migrate downstream April to July
and return upstream August to
November. Larvae/Juveniles naig
upstream Oct to Apr

67

Other

Demersal noradhesive eggs

Fry slender and buoyant Spawning occurs afte
high flowg full moon to last quarter

Eggs develop in slow water to 5m deep
Need higho,

Can swim up riffles at flow of4in/s sustained
swimming 0.6m/sec

Prefer 0.2 to 0.35 m/sec

Congolli are susceptible to impacts from the
presence of water flow barriers

Aquatic/riparian/intertidal macrophytes requirec
as a substrate for laying eggs

Prefer rocky streams with flowing water and go
riparian vegetation however have are also foun
in habtats with silt substrates.

LWD, undercut banks, boulders and good ripar
vegetation however have are also found in
habitats with silt substrates. Pools are also use
extensively.

Highly salt tolerant and occurs in turbid water
prob very tolerant of poor WQ. Can swim at
3.3nYsec for 1 hour prefer 0.2m/sec

Adults migrate from freshwater to brackish wat
to spawn in the upper estuary dependant on
flooding in large schools.



Fish Species Spawning  Incubation

Common Name Scientific Name Life Span Season Duration* Migration Other
Shortfinned Eel Anguilla 32 years June-Mar Unknown as it Adults migrate to sea during late spring, Flow requirements really need to congide
australis occurs in the summer and autumn (Oct to May). Elve preservation of adult habitagrivers and lakes.
marine return to the estuary after being spawne Breeding is cued by nédlow factors and occurs
environment at sea in winter to spring (bv) and at sea.
undertake upstream migrations Nev
May
Longfinned Eel  Anguilla 41 years Mar¢ May Unknown as it Adults migrate to sea during spring and Flow requirements really need to consider
reinhardtii occurs in the surmmer and elvers return into estuaries preservation of adult habitagrivers and lakes.
marine in autumn and migrate upstream in Breeding is cued by ndlow factors and occurs
subsequent years at sea.

environment

Estuarinegesidents

Smallmouth Atherinosoma 1 year Sept-Feb  4-7 days Local only Breeding probably occurs in estuary or lower

Hardyhead microstoma reaches of rivers

Black Bream Acanthopagrus 29 years NovgJan 2 days Between sea and estuary Breeding in estuary at specific salinities. Tend
butcheri inhabit areas where rockiverbeds snags or

structures provide cover but can be found in
open waters over sand or mud substrates. Lar
and small juveniles require seagrass beds in
shallow estuarinevaters

Estuary Perch Macquaria 20 years + July to 2-3 days The adults move downstream priorto A largebodied fish, usually less than 1.5kgand
colorum August spawning. The species breeds in July tc relatively longived (over 20 years). They
August in the estuary with fish recruiting predominantly live in estuarine waters but mak
in the estuary and then moving upstrear regularly and sustained forays into freshwater
to feed andexploit freshwater resources reaches of rivers provided access. (Koahd
O'Connor 1990; McDowall 1996; Merrick and
Schmida 1984; Lintermans 2007).

Eastern Blue Psuedogobius 2-3years OctJan 4 days Local only Need hollow in log or burrow under rock or woc
spot Goby sp. as a substrate for laying eggs.

* Time thateggs take to develop into larvae (eggs require inundation at least for this period)

" FFG listed species in Victoria (FFG Act)Listed as an Extinct Species under FFG #&t;Listed as a Critically Endangered Species under FF&=Adstéd aan Endangered Species under FFG
Act; ~ = Listed as a Vulnerable Species under FFGMAgtListed as a Near Threatened Species under FF@XxData Deficient in Victoria (DNRE 2008).isted as Vulnerable (DNRE 2000)

@E= Endangered under EPBQ;@V= Vulnerable under EPBC Act
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4.3 Healthy and diverse water dependent vegetation

Vegetation communities and broad objectives
Hansen et.al. (2010) describe the benefits of riparian and wetland vegetation and objectives tr retain
improve vegetation on waterways with the following points:

1 Improve water quality (reduce excess nutrient and contaminant inputs to waterways)
1 Reduce streambank erosion and sediment inputs

1 Increase shading and moderate water temperature
1

Providewood, leaf litter and other resource inputs to streams (i.e. facilitate resource transfers
between the terrestrial and aquatic environment)

=

Increase irstream biodiversity

1 Improve the structure and composition of wetland and riparian vegetation commuamitidsncrease
terrestrial biodiversity

1 Increase lateral and longitudinal connectivity of biota and other material

To achieve these benefits and objectives for riparian vegetation heath we can target the flows to support the
waterway vegetation.

The watedependent vegetation in the study area occupies a range of habitat niches with different
environmental conditions which can deliver different ecological outcomes. These habitat niches are:

1 instream pools and permanent water wetlands

1 shallow sempermanentwater and exposed but frequently inundated benches/lower bank
1 channel banks

1 adjacent floodplain and broader floodplain

Assemblages of plants grow in the different habitat niches responding to the environmental conditions by
forming groups with differerfunctions and environmental tolerances. The assemblages occupying the habitat
niches interact and provide support for each other to deliver ecological outcomes. The different plant groups
used in the study to define the ecological objectives and watelinegents are:

Submerged Riparian

Floodplain

vegetation vegetation

vegetation

These groups are shown on a river cr@sstion along with their water requirementshigure34 andFigure35

below (pager6&67). These plant groups are consistent with the broad groups (Submerged, Amphibious and
Terrestrial) described by Dodo (2010). Defining groups in this way aligns them to the waterway/wéitahd ha
niches and enables hydrological regimes to be aligned accordingly. Water regimes for the vegetation groups are
informed by Frood and Papas (2016) who have attributed water regimes and salinity ranges for wetland (and
some riparian) EVCs. Further detar the water requirements of individual species is obtained from VicFlora
(2016) and Roberts & Marsden (2011).

An overview of the vegetation condition for the study reaches and wetlands is provided in Afpendix
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Rare and Threatened species

There ardew water dependent rare and threatened species recoded in the studyTakel@l3 shows the
species recorded within 200 of the waterways in the study area (Na&iiit, 2018). These species are
associated with seasonally inundated shallow wetland habitat€Qyithogeton microtuberosuaiso occurring
in slow flowing waterways up to 12@tm deep.

Tablel3. Rare and threatened species recordéthin study aregNaturekit, Nov 2018)

Scientific name Common name FFG Victorian EPBC Reach

Advisory

List
Amphibromus fluitans River Swamp Wallalgrass Vulnerable 6, 11, Sale Commol
Amphibromus Wavy Swamp Wallakgrass Vulnerable 6, Heart Morass
sinuatus
Cycnogeton Eastern Wateribbons Rare 6, Sale Common,
microtuberosum Heart Morass
Fimbristylis velata Veiled Fringesedge Rare 6, Sale Common,

Heart Morass
Ranunculus amplus  Lacey River Buttercup Rare 6, Heart Morass

Ecological Vegetation Classes (EVCs)

Native vegetation in Victoria is classified into different Ecological Vegetation Classes (EVC). These are
communities of plants which can be defined through a combination of floristics, lifeforms éogieado

characteristic and through an inferred fidelity to particular environmental attributes (DELWP, 2018). An EVC can
be expressed by different floristic communities and, depending on the aligned habitats, different niches may be
present.

A summary ofhe predominate EVCs in the study area is showialimel4. EVCs of the Lower Latrobe
Wetlands are shown inTablel5.

Submerged aquatic vegetation

This is aquatic vegetation which can survive near permanent inundation wid@® more. These are found in
permanent waterway pools or wetland habitats. Species observed in this group include amphibious species such
as;Potamogeton ochreatus, Cycnogefacerum (syn.Triglochin procerumhese species generally require a

period of low or cease to flow events to occur eveByy&ars in spring/summer to expose damp substrate for

seed germination to occur. Some species sudfalisneria australi'equires permanent water pools to persist.

The waterway sites visited had no or very low levels of submerged aquatic vegetation. This reflects the absence
of channel bed topography (benches, sand/gravel bars) for the submerged aquatic vegetation to grow on or no
periodic water drawdown enabling recruitment. The Tanjil River site did have these structures and instream
vegetation was present.

Stands of this vegetation can be components of or defined as EVC918 Submerged Aquatic Herbland, EVC653
Aquatic Herbland or\EC 537 Brackish Aquatic Herbland. This vegetation provides primary production in the
aquatic environments processing nutrients, trapping sediment and providing food and shelter to
macroinvertebratesbirds and fish.

Dodo (2010) grouped some species sucB@ynogeton procerumith amphibious species which would be
more aligned to the Emergent vegetation group. For this study the species which require/tolerate extended
periods of inundation and only require short pesaf dry conditions for seed germination are included in the
Submerged vegetation group.

Objectiveimprove condition and extent sibmerged aquatieegetation to provide structural habitat for
macroinvertebrates and various fish species.
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Emergent vegetion

The emergent vegetation group comprises herbs, grasses and sedges which can survive shert to semi
permanent periods of inundation and occupy the shallow gmmhanent water, waterway benches and lower
bank habitats. They also grow in floodplain fesguvhich remain moist or fill during flood events. They can
tolerate changes in water level and will survive periods without inundation. Reproduction usually requires dry
conditions for seed to germinate in damp soils.

Sale Common, Heart and Dowd Morads®ee extensive areas of emergent vegetation growing in a mosaic of
different wetland floristic communities. These wetland areas are experiencing altered hydrology and changes in
salinity which is impacting vegetation condition and species compositiamniogy degrees.

Few native species were observed on the waterway site visits occupying this niche. Species observed in this
group includeCarex appressa, Juncus sp., Persicaria decipiens, Lycopus australis, Phragmites australis, and
Typha orientalisExoic species such &halaris aquaticavere commonly dominating this zone along the
waterway sites visited.

Emergent vegetation can be a component of riparian EVCs of the dominate species in EVCs such as: EVC653
Aquatic Herbland, EVC821 Tall Marsh, EVC%@8&isih Sedgeland, EVC932 Wet Verge Sedgeland.

CKAd yAOKSQa KIoAlGl G ¢egiPhabshdusticalhatarivatundhaceaiiPaspaliiiNg & & S &
distichunm) and herbsRanunculus repens, Runsgx).

The waterway sites visited were missing keyrnomemergent species from this group suchBamdboschoenus
sp, Poa labillardieraeind Schoenoplectus tabernaemontafihis indicates low prevalence of channel benches or
stable areas within the channel for the emergent species to establish.

Two main wagrways processes could be responsible for this low diversity and cover of emergent vegetation.

1 Changes in sediment transport due to increased flow efficiency clearing the channel of sands and
gravels. This would be the result from historic straightenirigeowaterway (meander cudff works),

1 Unnatural hydrology where levels fluctuate beyond the ecological tolerance of the species resulting
their failure to survive under that regime.

Objective Improve condition, extent and diversity of emergewicrophyte vegetation in the waterways to
provide structural habitat and channel/lower bank stability to low and moderate flows.

Riparian Vegetation

This is the terrestrial vegetation occupying the channel bank and adjacent floodplain which can otdy tolera
very brief (flood event) inundation. This vegetation requires soil moisture to persist and flows which inundate
the channel banks will support its health.

In the study area this changes from the Riparian forests and woodlands in the upper areasitwhtinent to

swampy and floodplain woodlands in the middle to lower reaches below. The remnant riparian vegetation in
the study is highly modified, quite narrow and in a few instances not expressed by representative species of the
modelled EVC. The chatanks in reaches 3, 4, 5, 6, 10, 11 have minimal physical variation to support a
diversity of species. This indicates changes from the natural state for these sites and is reflected in low
vegetation diversity observed on site. Reach 6 (Latrobe Rivargswvhere natural levees have formed along

the waterway have developed as a narrow band of riparian vegetation on the slightly elevated ground.

Reach 9 (Tyers River) is in a mostly undisturbed state and shows the expected diversity.

EVCs modelled foné¢ riparian zone include: EVC16 Lowland Forest, EVC18 Riparian Forest, EVC53 Swamp
Scrub, EVC56 Floodplain Riparian Woodland, EVC82 Riverine Escarpment Scrub, EVC126 Swampy Riparian
Complex.

Species observed in this group includesacia dealbata, Acaamelanoxylon, Calystegia sepium subsp. roseata,

Leptospermum lanigerum, Kunzea ericoides, Melaleuca ericifolia, Melicytus dentata, Eucalyptus ovata,
Eucalyptus camaldulensis, Eucalyptus tereticornis.
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Eucalyptus tereticorn{&ippsland Re@um) is the domemnt riparian canopy tree in the lower reaches
especially the Latrobe River estuary.

The channel banks in reaches 3, 4, 5, 6, 10, 11 and are mostly dominated by exotic grédsaansgp, with
Blackberry and Willows.

Regeneration of many ripariapecies requires a disturbance event to open a space for seed to germinate or for
flooding/fire to stimulate seed germination. Flows that move fill or spill from the channel create these
disturbances and enable regeneration and improvements in vegetatient exhile providing moisture to

enable growth. Species such as Red Gums are reliant on these flow events to establish the conditions required
for their reproduction and establishment of new plants. Natural regeneration was not observed at many sites
and ensuring bank full and overbank flows will encourage reproduction of the riparian plants.

Objectivelmprove condition, extent and diversity of riparian vegetation as part of endangered EVCs and
provide shade and stability to the waterway channel.

Floodplan vegetation

This is the vegetation which relies on interseason overbank flows for adequate water. This vegetation has been
largely cleared from the study area and replaced with pasture or other agricultural plants. Species observed
include;Eucalyptus caaidulensis, Eucalyptus tereticornis, Eucalyptus ovata, Melaleuca eyidiéiigtus

dentata, Persicaria decipiens

EVCs modelled for the flood plain areas include: EVC53 Swamp Scrub, EVC56 Floodplain Riparian Woodland,
EVC126 Swampy Ripar@omplex, EVC334 Billabong Wetland Aggregate and EVC681 Deep Freshwater Marsh.

The floodplain depressions (billabongs) are likely to support the instream and emergent species above when
conditions suit. Reach 5 has areas of Floodplain Riparian Woodlahdawengupported by overbank flows.

Regeneration of the floodplain vegetation is associated with flood events. Events that fill the floodplain in late
winter to spring and drawdown naturally over the summer will provide the best results.

Objectivelmprovecondition and extent of floodplain vegetation especially where part of endangered EVCs.

Summary of objectives
The following objectives have been proposed for vegetation in the Latrobe system:

1 Improve condition and extent of submerged aquatic vegetatiggrdwide structural habitat for
macroinvertebrates and various fish species.

1 Improve condition, extent and diversity of emergent macrophyte vegetation to provide structural
habitat and channel/lower bank stability to low and moderate flows.

1 Improve conditn, extent and diversity of riparian vegetation as part of endangered EVCs and provide
shade and stability to the waterway channel.

1 Improve condition and extent of floodplain vegetation especially where part of endangered EVCs.

I Maintain mosaics of vegetati communities in the lower Latrobe wetlands.

The following water quality objectives are also important for submerged and emergent vegetation:

9 Limit surface water salinity to enable growth and reproduction of emergent vegetation
1 Limit surface water saligito enable growth and reproduction of submerged aquatic macrophytes
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Tablel4. Ecological Vegetation Classes (EVCs) in each study reach relevant to environmental water management
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EVC681 Deep Freshwater MarsBVWC grouping which DELWP has used to map complex wetland areas. Different EVCs can coexist in these areas and caextdrange thei
depending upon water availability and periods of inundation or changes in water quality. DEWLP have listed 40 E¥iCbevbichponents of Deep Freshwater marsh.
Tablel5shows wetland EVCs identified in the Lower Latrobe Wetlands by Frood et at (2015). The wetland EVCs are sfteanséems between different communities

and some have multiple floristic communities forming them. They occupy niches (often seasonally varying in area) detevatiereddpth and period of inundation,

substrate material and salinity.
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TablelS. Lower Latrobe River WetlaB¥/ @ identified by Frood et al (2015)

EVC # Name Sale Hearts Dowds
Common  Morass Morass

EVC 306 * Aquatic Grassy Wetland

EVC 653 * Aquatic Herbland

EVC 308 Aquatic Sedgeland

EVC 334 Billabong Wetland

EVC 934 Brackish Grassland

EVC 539 ** Brackish Lake Bed Herbland

EVC 656 Brackish Wetland Aggregate

EVC 948 Damp Melaleuca Scrub

EVC 949 * Dwarf Floating Aquatic Herbland

EVC 952 Estuarine Reedbed

EVC 953 Estuarine Scrub

EVC 56 Floodplain Riparian Woodland

EVC 172 Floodplain Wetland Aggregate

EVC 810 Floodway Pond Herbland

EVC 55 Plains Grassy Woodland

EVC 125 Plains Grassy Wetland

EVC 819 Spikesedge Wetland

EVC 918 *** Submerged Aquatic Herbland

EVC 53 Swamp Scrub

EVC 821 Tall Marsh

EVC 990 Unvegetated (open water / mud flat)

EVC Al116 **** \Wet Sedgy Herbland

EVC 932 * Wet Verge Sedgeland

* Limited distribution
** Presence inferred
*** Historic records

***% Provisional EVC

Water requirements

The different plant groups used in the study (submerged, emergent, riparian, floodplain vegetation) have
different water requirements. This is shown conceptualligare34, including the different flow components
that can meet these water requirements.

The water requirements for the different plant groups are described below. The water regimes for the
vegetaton groups are informed by Frood and Papas (2016) who have attributed water regimes and salinity
ranges for wetland (and some riparian) EVCs. Further detail for the water requirements of individual species is
obtained from VicFlora (2016) and Roberts & Mans(2011).
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The Resource Condition Targets in the Gippsland Lakes Ramsar Site Management Plan include target #7 to:
Maintain extent, diversity and condition of native vegetation communities: swamp paperbark (Melaleuca
ericifolia) woodland and common re@hragmites australis) emergent macrophyte beds.

The planned watering regime needs to ensure that the conditions support the ongoing growth and regeneration
of the Phragmites and Melaleuca plants in the wetlands. The extent of these will adjust owerésponse to

the water levels as reported in Frood et al (2015). The water regime in the wetlands is designed to ensure the
Ramsar plan LACs are not exceeded.

Based on this information, the flow functions, flow components and timing are summarisezeh6.

Submerged vegetation

Requires water or saturated soils throughout the year to survive and so low flows are required. In some
instances, cease to flow eventsha#sist in regenerating the plants and ensuring their ongoing occupation and
expansion through the site. Threats to this vegetation include changes to hydrology with frequent reduced flow
lowering water levels to stress the aquatic plants.

Emergent vegetion

These plants can grow in permanent shallow water but will be stressed by extended periods of time in depths
>50cm. They require moist soils to grow and recruit new individuals and so low/high flow freshes through the
year will support a diversity afches in the waterway to support a variety of species. Threats to this vegetation
include stock access, changes to seasonal flow with increased low flow from storage release, urban or industrial
sources and stormwater pulses from catchment drainage clsaigeeds such as Willows and Spiny Rush are a
constant threat. Young germinates are sensitive to inundation longer tBame2ks which can kill them off

reducing the regeneration from a flow event.

In wetland environments prolonged inundation sees dedtfirthese species with sexual recruitment generally
requiring damp soils. Filling of wetlands in wirgpring followed by a natural drawdown through summer
provides conditions for growth and recruitment.

Riparian vegetation

These plants require a variaifwet and dry niches in the waterway to support a diversity of shrubs and trees.
High flow freshes and bank full events cause some disturbance to provide spaces for recruitment and
rejuvenation. Threats to this vegetation include stock access, rederpebfrcy high freshes leaving the upper
bank vegetation stressed, and weeds especially Blackberries and woody weeds.

Floodplain vegetation

This vegetation requires full floodplain inundation via overbank flows to receive adequate soil moisture for
floodplain depressions to persist in the environment. Threats to this vegetation include water diversions
reducing frequency of overbank events, agricultural practices and stock impacts.

This vegetation often requires a summer drawdown or dry period tblesaxual reproduction to occur. Most
wetland species have mechanisms (underground energy stores, bulbs, tubers etc) to survive a dry period.
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Upland vegetation
is not dependent on
water from the river

Floodplain vegetation

requires full floodplain inundation
such as overbank flows

to persist in the environment

Riparian vegetation

needs a variety of wet and
dry habitat in the waterway
such as freshes and bankfull

Emergent vegetation
grows in permanent shallow
water and requires perennial

OVERBANK FLOW

FRESHES AND WINTER/SPRING BASEFLOW

Figure34. Conceptual diagram of vegetation groupings and flawpmments
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Figure35. Conceptual diagram of vegetation groupings and flow components in wetlands.
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Tablel6. Flows required for healthy and diverse water dependent vegetatibrensand estuary

Environmental Relevant . Flow -
s Flow function Timing
objective reaches component

River reaches Maintain adequate depth of permanent

and pper water in channel Baseflow Allyear
estuary
Improve condition and : :
extent ofsubmerged Cease to flow with seasonal drawdown ii 1 ever
vegetation River reaches late s.ummer/autumn to promote Cease to flow 53 yegrs
recruitment
Thomson River Maintain water quality to support health Base flow All year

and Sale Cana of Vallisneriassp beds

Maintain adequate depth of permanent
water in stream channel to limit terrestric Base flow All year
encroachment into aquatic habitats.

Improve condition, Provide disturbance in riparian zone and
extent and diversity of channel to open recruitment niches for ~ Bankfull fa?fr
emerge_nt macrophyte River reaches emergent plants. Yy
vegetationon banks and estuaries s
and shorelines to upport growth on terraces, channel ed¢ Fresh ~6 per
provide structural and lower bank. year*
habitat Provide a mosaic of spatially and
temporally differentially wetted areas Fresh ~6 per
within stream channel, benches, lower year*
banks and wetland margins.
Support growth of riparian vegetation on Fresh ~6 per
terraces, channel edge and lower bank year*
Improve conditio . Provide disturbance irparian zone and
exfent and divers[:ty of River reaches channel to open recruitment niches for  Fresh faﬁfr
all riparian vegetation Upper and riparian plants. Especially Eucalypt spec y
especially for lower Inundate all channel vegetation and ~6 per

estuaries
endangered EVCs support its growth. Bankfull year*
Provide mechanism for dispersal of

riparian and floodplain seeds. Overbank Spring

Improve condition and Fill floodplain depressions and billabong: .

. Spring/
extent of alfloodplain to support the growth of seasal and Overbank summer
vegetationespecially U ) emergent wetland vegetation.

er estuar
for endangered EVCs  ~PP Y lnundate floodplain and provide moisture 1 ever
(e.g. SwamfScrub to floodplain species and promote carbol Overbank >3 egrs
River reachés exchange y

* Or based on natural regime
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Tablel7. Flows required for healthy and diverse water dependent vegetation in wetlands

Environmental Relevant Watering

objective reaches Flow function regime Timing
Provide habitat inundation for
vegetative growth and flowering Wetting flow All year
with seasonal variation of depth c¢patrtial fill
within the wetlands.
Increase oxygenation for
o germination andecruitment of ~ Drawdown All year
Maintain or restore aquatic vegetation
a self-sustaining S =
mosaic of All wetlands ~ Water level fluctuations to mlgr:tr;: '
submerged and provide conditions for
emergen aquatic reproduction and expansion of Drawdown  Areas to dry
vegetationtypes Swamp Scrub and Tall Marsh outin1in2
years
Winter /
E.ncourage seed arplopagule Flushing flow Spring(1 in 2
dispersal
years)
Redqce sglmlty levels to maintai Flushing flow Spring (1in 2
species diversity years)
Maintain or restore Encourage habitat inundation of
the diversity, riparian vegetation e.g. Wetting flow  Spring to early
condition and/or Floodplain Riparian Woodland ¢ fill summer
extent of native Allwetlands ey s6)
riparian vegetation Encourage seed and propagule . Winter /
fringingwetlands dispersal Flushing flow Spring
In response to
extensive
Prolong habitat inundation Wetting flow germlnat_lon
_ . . ) of undesirable
.|:)|Scoura.ge the (reactive management action ¢ fill dominate
introduction and species (e.g.
spread, or reduce Juncus Ingens
the extent and Sale Common
density, of _ _ Summer /
undesirable/invasive Prolopg drying of Aquatic Au.tu.mn
plant species Herpflelds to reduce cover of (minimum 34
exotic grasses (e.Baspalum Drawdown months from
distichum)and aquatic herbs (e.g December to
Myriophyllum aquaticuin April, every 1
in 3 years)
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4.4 Healthy platypus, frog, waterbird and macroinvertebrate populations

The Latrobe River system, and the wetlands and estuary of the Latrobe River have aquatic fauna groups
influenced by freshwater flows, including mammals, frogs and crustacemhaaterbirds.

Macro-

Aquatic

Waterbirds
ETNINES

invertebrates

Aquatic mammals

Description and objectives
Platypus (marsupial) and wateats (placental) are present within the system although their range and
abundance areat well known.

While Platypus are not conservation listed, they are regarded as significant by local communities and will only
persist if the correct habitat and food resource conditions exist. As a predatory species, healthy populations of
platypus in tle stream indicate high levels of macroinvertebrate productivity.

The objectives for platypus, relevant to all freshwater reaches and the upper estuary, are:

1 Improve extent of platypus and rakali populations
1 Maintain abundance of existing platypus and rigkapulations

Water requirements

Platypus require low flows as their preferred habitat which enable foraging for aquatic macroinvertebrates.

| 26 SOSNE aAIYATFTAOIYyG LISNA2Ra 2F OSrasS (G2 Fft2ga NBadzA (
leading to overcrowding in permanent habitats and potentially reduced population sizes (Serena and Williams,

2010). Fast flows can be tolerated for short periods.

Platypus generally prefer slow flowing waters and conditions which support large macrointertebra
populations to allow feeding and gaining condition for breeding. Long periods oftadkmses are likely to lead
G2 I NBRdzOGAZ2Yy Ay GKS LI FdelLldzaQ O2yRAGAZ2Y | yR fS&a NE

The following conditions provide ampial platypus habitat and conditions (Serena and Williams, 2010):

1 water present through summer and autumn for the survival of young

1 pools at least 506hm deep in channels wider than 5 metres, with a minimum of@®0in small
habitats

slow flows are genellg required from 0.3n/s to 0.5m/s (up to a maximum of th/s for short periods)
water depths below 3m are preferred for feeding, but they can dive up to 9m deep

large woody debris of >20 snags per t0& preferred by platypus

=A =4 =4 =4

Inundation of the littorahabitat to enhance aquatic macroinvertebrate populations in spring and
summer.

In addition, the upper estuary may provide habitat for platypus and therefore, freshwater conditions in the
upper estuary is considered in this study.
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Tablel8 Water requirements for aquatic mammals

Objectives Relevant Flow function Flow Timing
reaches component
Provide longitudinal connectivity between Summer /
Fresh
R reaches for locahovement Autumn
iver
Improve extent of _ reaches Flow freshes to keep fine sediment from Winter /
platypus and rakali infilling gravel beds and allow large Fresh .
. : . Spring
populations macroinvertebrate populations for food
Estuary Provide freshwatehabitatconditions in the Summer /
Baseflow
(upper) (upper)estuary Autumn
Provide pool habitat for refuge/ permanent Summer /
I . Baseflow
Maintain habitat Autumn
abundance of River Support breeding opportunities by avoiding  Bankfull Summer /
existing platypus | oo bankfull flows Autumn
and rakali
populations Avoid extended high flows events to allow for Fresh / All year
foraging Bankfull
Frogs

Description and objectives

At least 13 species of frog are present within the Latrobe system and in particularly will forpojpargéions

around the freshwater swamps in the Lower Latrobe system. Notable among these are Green and Golden Bell
Frog and the Growling Grass Frog, both listed as endangered under the EARGI&E)(

Tablel9. Frogs of the Latrobe River, and the wetlands and estuary of the Latrobe River (VBA 2018)

Common Name Scientific Name

Common Froglet Crinia signifera

Pobblebonk Limnodynastes dumerili
Pobblebonk Limnodynastes dumerilii insularis
Striped Marsh Frog Limnodynastes peronii
Spotted Marsh Frog (race unknown) Limnodynastes tasmaniensis
Green and Golden Bell Frog Litoria aurea

Southern Brown Tree Frog Litoriaewingii

Lesueur's Frog Litoria lesueuri

Leaf Green Tree Frog Litoria nudidigitus

Peron's Tree Frog Litoria peronii

Growling Grass Frog Litoria raniformis

Unknown Tree Frog Litoria verreauxiissp. unknown)
Dendy's Toadlet Pseudophryne dendyi
Southern Toadlet Pseudophryne semimarmorata

The objectives fdFrogs relevant to river reaches, estuary (upper and mid) and wetlands, are:

1 Maintain refuge habitats for frog populations
1 Improve extent of frog populations
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Water requirements

Mostfrogs are stimulated to breed by inundation at temporary (ephemeral) wetlands and stidgauchannel
sites, and with these conditions preferred over solely permanent waters (Wassens & Maher 2011). The
exception to this is the growling grass frog whichdsggermanent water adjacent to grasslands for feeding and
breeding (Hear@t al.2010). Hydraulic and water regime diversity is required, with permanent pools and
regularly inundated benches and stream margins to support growling grass frog and otbpefieg.

Slightly saline water has been found to be beneficial to Growling Grass Frogs (Heard et al. 2010) and Green and
Golden Bell Frogs (Kearney et. al. 2012) due to increased survival from chytrid fungus and larval survival in each
species respectihe

Table20. Water requirements for frogs

Relevant Flow

Objectives Flow function Timing
reaches component
. . Summer
Provide poohabitat Fresh / Auturmn
Ereshwater Allow growth and reproduction of Fresh Winter /
river reaches  macroinvertebrate communities Spring
Provide longitudinal connectivity Winter /
Fresh .
between reaches Spring
Maintain refuge PrO\I/iltde habitat with appropriate water Fresh /err:mrﬁ;
populations Allow growth and reproduction of Fresh Winter /
macroinvertebrate communities Spring
Improve extent of
frog populations Mid estuary Provide habitat links between wetlands Fresh Spring
and estuary
Provide appropriate littoral habitat Wet_tlng. flowg Summer
partial fill
Al wetlands Allow growth and reproducn_o_n of Wettlng flowg Spring
macroinvertebrate communities fill
Provide connectivity betweeiver and  Wetting flowg .
Spring

wetlandsand between wetlands fill

Turtles

Description and objectives

There is one turtle species recorded in the Latrobe systdralodina longicolligshich is commonly known as
Eastern Snakeecked Turtle and is found in Reach 4 and Reachhk0environmental water objective for
turtles is toMaintain abundance of freshwater turtle populatiofi$is objective is relevant to all freshwater
river reaches and the Lower Latrobe Wetlands.

Water requirements

The reproductive success of turtles depends upon seasonal fluctuations in water levedsete@nditions for

prey populations (macroinvertebrates, fish and other aquatic life) for their diet and reproductive condition
(Chessman 1983, 1988; Goodwin and Hopkins, 2005). This also creates a wide area along the channel banks for
turtles to leave ad return to the water, reducing the risk of fox predation and find suitable nesting habitat
(Chessman, 1988; Goodwin and Hopkins, 2005).

The provision of slow flowing habitat through pools will allow turtles to persist over the low flow period and
maintan condition for breeding, if suitable rainstorms occur to stimulate eggs laying.
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Increasing productivity and feeding opportunities for aquatic fauna and turtles, in particular, will result from
inundation of streamside habitat, which will be most effedtivepring or summer. This will also help prepare
the banks and breeding substrate at nesting time during summer (Chessman 1983, 1988; Goodwin and Hopkins,

2005).

Table2l Water requirements for turtles

Objectives Relevant Flow function Flow
reaches component
Provide pool habitat Baseflow
Freshwater  aliow growth and reproduction of Fresh
river reaches macroinvertebrate communities
Maintain . o
abundance of Frloo;jlng ;);ittmiarr]]ksfa:g rlpt)i:;nan zone | Fresh
freshwater create co ons for nesting
turtle . Provide appropriate littoral habitat Wettlrjg ﬂ.OW
populations ¢ partial fill
All wetlands Allow grovvth and reproducu.o.n of Wgttmg flow
macroinvertebrate communities ¢ fill
Flooding of banks and riparian zone i Wetting flow
create conditions for nesting ¢ fill
Birds

Description and objectives

Timing

Summer /
Autumn

Winter / Spring

Spring/Summet

Summer

Spring

Spring/Summer

Waterbirds are bird species that depend on waterféeding by swimming, diving or wading, or for the

provision of nesting sites. Waterbirds constitute an important component of the Latrobe estuary and wetland

ecosystem, with a diverse range of species present in, at times, significant numbers. Thedwatesbiated

with the Latrobe estuary (Latrobe, Thomson and Lower Latrobe fringing wetlands) include the Azure Kingfisher
which occurs along the riparian zone and wetland waterbirds, such as the Darter, Little Pied Cormorant and
Little Black Cormorant, Nkeen Night Heron, Egrets, Spoonbills, Terns, and lbis as well as several species of
ducks (such as the Grey Teal, Chestnut Teal and Pacific Black Duck). The majority of these species are not

necessarily listed as conservation dependent but are regardetpastant by many people.

However, the Caspian Tern is listed as threatened under the FFG Act and the EPBC Act as a Migratory Species,
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The species present, and their abundance, are responding to the variety of wetland types present, their
condition and the wetlands watering regimes. In the itarg), abundant and diverse native bird populations
are indicative of wetland health (Reid and Brooks 2000). Each species requires suitable foraging, refuge and

breeding habitat to be maintained within the wetland complex. To understand the requiremémeshafd

species, it is necessary to understand when they use the wetlands, and how the birds access the required

resources.

In these systems waterbirds can be split into four general groups which include:

1 nonbreeding summer migrant wader species, wimigrate north to breed in autumn and winter
1 breeding or foraging species that respond to local flooding events and wetland productivity, which may

move on a regional or large scale within Australia
species seeking summer and drought refuge
residentspecies that use the site all year round (Lloyd et al 2012).

f
f
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There are 4 key foraging microhabitats for Australian waterliirdse are:

1 Deep/Open Water
1 Shallow Water

1 Reed Beds

1 Shorelines/Mudflats

Understanding which birds feed where helps understand whbitats will benefit native birds and how the
water regime and vegetation responses will benefit which species in the habitats that are created or supported
(Table22).

The objectives for birds are:

1 Maintain or enhance waterbird and threatened fauna breeding, recruitment, foraging and sheltering
opportunities in the Lower Latrobe Wetlands

1 Maintain the diffeent waterbird functional feeding groups in the wetlands, such as duck and rails,
insectivorous guilds, colonial water birds, and shorebirds.

1 Maintain abundance of Riparian zone birds in river reaches and the estuary

Water requirements

While Australian watbirds are generally opportunistic in their patterns of movement, feeding ecology, habitat
use, and patterns of reproduction and moulting (Kingsford and Norman 2002), they do respond to water regime
changes by migrating locally or regionally. The suftabflhabitats depend upon the vegetation present, the
characteristics of the wetland (as determined by inflows creating cycles of inundation and drying), and the
productivity of the wetlands. The permanent aspects of the fringing wetlands and estuadg pmgyortant

summer and drought refuge for waterbird species either locally, regionally or from elsewhere in Australia and
abroad (Lloyd et al 2012).

Forging habitat is determined by water depth, vegetation communities and giheiastry. The objectivéer
their water regime is likely to be provided from macroinvertebrate, vegetation and water quality objectives
established elsewhere in this report.

Breeding requirements are also complex and require a diversity of conditions for successful breeding in
waterbirds, these include:

1 Inundation of the wetland needs to occur from late winter / early spring.

1 Inundation in late winter / early spring must persist for long periods, for example a minimum of 4
months (for rapid breeders e.g. ducks) to 7 months fersticcessful breeding of most other waterbird
species.

T alye 6 GSNDPANR aLISOASa gAfft y2i oNBSR Ay ¢SitlyRa
mimic natural systems (Briggs et al. 1997).

1 The water regime needs to be predictable with wetting arythd occurring within seasonal context
(within and between years) with rapid and/or erratic changes in water levels within a wetland can
result in low numbers of the food of many waterbirds in terms of aquatic invertebrates (Briggs et al.
1997).

I Sudden dops in water levels will also result in colonial nesting waterbirds abandoning their nests and
young before they fledge (Kingsford 1998, Kingsford and Norman 2002).

In general, waterbirds require the following habitats/water requirements:

deep/open water
shallow water (<306hm)
reed beds
shoreline/mudflats
riparian zone habitats

=A =4 =8 4 A
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Table22 Waterbirds observed in study aifmata source: NatureKit]

et Common Name

Guild

Open water
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Australasian Grebe
Australasian Shoveler
Azure Kingfisher
Black Swan
Bluebilled Duck
Caspian Tern

Cattle Egret
Chestnut Teal
CommonTern

Darter

Great Cormorant
Great Crested Grebe
Grey Teal

Hardhead
Hoaryheaded Grebe
Little Black Cormorant
Little Pied Cormorant
Musk Duck

Pacific Black Duck
Pied Cormorant
Pinkeared Duck
Sacred Kingfisher

Scientific Name

Tachybaptus novaehollandiae
Anas rhynchotis

Alcedo azurea

Cygnus atratus

Oxyura australis
Hydroprogne caspia

Ardea ibis

Anas castanea

Sterna hirundo

Anhinga novaehollandiae
Phalacrocorax carbo
Podiceps cristatus

Anas gracilis

Aythya australis
Poliocephalus poliocephalus
Phalacrocorax sulcirostris
Microcarbo melanoleucos
Biziuralobata

Anas superciliosa
Phalacrocorax varius
Malacorhynchus membranaceu
Todiramphus sanctus
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Feeding

Guild

Reed Beds

Shallow Water

Shoreline/

Mudflats

Common Name

Silver Gull

Spotted Harrier
Swamp Harrier
White-bellied Sedagle
Australasian Bittern

Australian Spotted Crake

Buffbanded Rail

Clamorous Reed Warbler
Golderheaded Cisticola

Little Bittern

Spotless Crake
Australian Shelduck
Eastern GredEgret
Intermediate Egret
Laughing Kookaburra
Little Egret

Nankeen Night Heron
Royal Spoonbill
White-faced Heron
White-necked Heron
Yellowbilled Spoonbill
Australian White Ibis
Australian Wood Duck
Banded Stilt

Scientific Name

Chroicocephalus novaehollandi
Circus assimilis

Circus approximans
Haliaeetus leucogaster
Botaurus poiciloptilus
Porzana fluminea
Gallirallus philippensis
Acrocephalus stentoreus
Cisticola exilis

Ixobrychus minutus dubius
Porzana tabuensis
Tadorna tadornoides
Ardea modesta

Ardea intermedia

Dacelo novaeguineae
Egretta garzetta nigripes
Nycticoraxcaledonicus hillii
Platalea regia

Egretta novaehollandiae
Ardea pacifica

Platalea flavipes
Threskiornis molucca
Chenonetta jubata

Cladorhynchus leucocephalus
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Feeding
Guild
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Common Name

Blackfronted Dotterel
Blacktailed Nativehen
Blackwinged Stilt
Cape Barren Goose
Common Greenshank
DuskyMoorhen
Eastern Curlew
Eurasian Coot

Fairy Tern

Freckled Duck
Glossy lbis

Latham's Snipe

Little Tern

Marsh Sandpiper
Masked Lapwing
Purple Swamphen
Redcapped Plover
Rednecked Avocet
Rednecked Stint
Sharptailed Sandpiper
Strawnecked Ibis
Whiskered Tern

Scientific Name

Elseyornis melanops
Tribonyx ventralis
Himantopus himantopus
Cereopsis novaehollandiae
Tringa nebularia

Gallinula tenebrosa
Numenius madagascariensis
Fulica atra

Sternula nereis

Stictonetta naevosa
Plegadis falcinellus
Gallinago hardwickii
Sternula albifrons sinensis
Tringa stagnatilis

Vanellus miles

Porphyrio porphyrio
Charadrius ruficapillus

Recurvirostra novaehollandiae

Calidris ruficollis
Calidris acuminata
Threskiornis spinicollis

Chlidonias hybridus javanicus

White-winged Black Tern Chlidonias leucopterus
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Table23. Flows required for waterbirds ali reaches

Environmental objective

Maintain abundance of
Riparian zone birds Estuary

Estuary

Maintain or enhance
waterbird and threatened
fauna breeding, recruitment,
foraging and sheltering
opportunities

Maintain the different
waterbird functional feeding
groups in the witands, such
as duck and rails,
insectivorous guilds, colonial
water birds, and shorebirds.

All wetlands

River reaches

Relevant reaches Flow function

Flooding of ripariamegetation for foraging habitat

Provide access to fresh drinking water

Stimulation of bird breedingNesting for some waterbirdscluding rails
and waterfowl, and for birds requiring waterbodies next to reed beds
(including Australasian bittern, royal spoonbill, several duck species,
shorebirds, pied cormorants). Waterbird food supgtraging along shallov
margin for insectivones guilds with inundation.

Waterbird food supply and breeding habitat provision
Waterfowl, piscivorous and herbivorous waterbird foraging while inunda

Nesting habitat for colonial and other watéds in inundated reed bed, ant
for birds requiring broad waterbodies and deep water next to reed beds
Provides access to fresh drinking water for waterbirds. Maintain suitable
environmental conditions to continue to support White Bellied sea eagle

Flooding of fringing vegetation and samphire communities for waterbird
terrestrial avian species foraging habitat. Provides access to fresh drink
water for waterbirds by flushing salts and nuttie Maintain abundance of
Riparian zone birds (including Azure Kingfisher, Nankeen Night Heron).
Expose mudflats and submerged and emergent vegetation communities
Increase waterbird fod supply

Facilitate waterbird foraging

Stimulate nutrient cycling

Expose wetland fringe and createallowsor a many shorebird species an
other waterbird species from all guilds.
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Watering
regime

Overbank

Fresh

Wetting flow
¢ partial fill

Wetting flow
¢ fill

Flushing flow

Drawdown

Timing

Winter / Spring
3 outof 5 years

Dry andwinter /
Spring

July to November,
annually

September to
October, annually

July to December fo
in about three years
out of five

November to May,
three years in five



Macroinvertebrates and Zooplankton

Description and objectives

Macroinvertebrates and zooplankton are important species in their own right, including two listed as
endangered species under the FFG Act. They also have roles in nutrient and organic ncatisingrand in

the role of larger invertebrates, such as yabbies, shrimps and insect larvae, in the food chains of fish, frogs,
platypus, turtles and waterbirds (Brooletsal.2009).

Many species will be present but not all are recorded or kndatle24 shows the larger crustaceans recorded

in the Latrobe River, and the wetlands and estuary of the Latrobe River. Habitat and hydraulic diversity
determine the diversyt and abundance of invertebrate, and other aquatic fauna, in aquatic ecosystems.
Instream benches, deep holes, undercut banks, woody debris, aquatic vegetation and overhanging vegetation
all contribute to habitat diversity, breeding and feeding locatiospotection from predators (Brookesal.

2009).

Table24. Crustaceans found in the Latrobe River, and the wetlands and estuary of the Latrobe River (VBA 2018)

Common Name

Common Freshwateshrimp
Common Yabby

Gippsland Spiny Crayfish

South Gippsland Spiny Crayfish
Central Highlands Spiny Crayfish
RichardBurrowing Crayfish
Strzelecki Burrowing Crayfish

Scientific Name FFG Status
Paratya australiensis
Cherax destructor
Euastacus kershawi
Euastacus neodiversus Endangered
Euastacus woiwuru

Engaeus laevis

Engaeus rostrogaleatus Endangered

The objectives fdMacroinvertebrates and Zooplanktorelevant to river reaches and the upper estuary are:

1 Maintain abundance ahacroinvertebrates and zooplankton as a food source for fish, frog and
platypus populations

1 Improve breeding and recruitment of macroinvertebrates and zooplankton as a food source for fish,
frog and platypus populations

Water requirements

Freshwater flowand variations in water levels support the bacteith biofilms on woody debris and rocky
substrates, these in turn support macroinvertebrates communities. The mix of algae and bacteria in biofilms
changes during long periods of inundation of the substresuch as sediment, woody debris and rocks on the
base of the stream. The longer a surface is inundated the more it becomes dominated by algae, which have a
lower nutritional value than the bacteria (Burns and Walker 2000). Water level fluctuatiotesi ¢heaugh the

flow components (freshes, low flows and high flows) produce the necessary water level variations to create the
food resources at an optimal level for macroinvertebrates.
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can be exploited by many aquatic and floodplain organisms @il@yd 994). Flow events and inundation of

sediments is a major factor in the hatching of invertebrate eggs, and the growth of invertebrate populati

(Boulton and Lloyd 1992, Quiehal.2000; Balcombet al. 2007; Brookest al.2009).

Flow freshes and high flows inundates benches and engages low lying areas within the river channel which
creates hydraulically diverse habitats. Drying resultsvartebrates laying desiccant resistant eggs which can
hatch on subsequent inundations, proving vital resources to fish, platypus an(Bioo¢tsn and Lloyd 1992;
Balcombe et al. 2007; Brookes et al. 2088)Jndance in freshwater micro zooplankton ifeys) contribute to
spawning success of fidoulton and Lloyd 1992Rotifer abundance and dormant eggs have a negative
relationship with salinity in estuary wetlands (Dolan & Gallegos 1992).
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The wetting and drying cycle in streams and their ripariapszcesults in significant carbon and nutrient fluxes
which drive ecosystem productivity in these systadRabertson et al. 199Burns et al2001).The positive
relationship between high flows and Rotifer abundance indicate that the higher river banchadjoining

floodplain are important areas for rotifer egg deposition and storage (Boulton and Lloyd 1992; Balcombe et al.
2007; Brookes et al. 2009).

Organic carbon and nutrients drive microbial production, including the growth of bégaeria and fungi,

which form the food for zooplankton and many grazing and filter feeding invertebrates. Consequently, this
microbial productivity results in increased food availability for vertebrate fauna including fish, frogs, waterbirds
and platypugBrookes et al. 2009)

Table25. Water requirements for Macroinvertebrates and Zooplankton

Objectives Relevant Flow function Flow Timing
reaches component

Sustain macroinvertebrate and

zooplankton communities during Summer /
' Fresh

summer as a food source for fish, Autumn

frog and platypus populations

River reaches Create and extend aquatic habita

Improve abundance o for macroinvertebrates and Fresh Winter /
all macroinvertebrates UPPer Estuary  zqqplankton (including rotifers) Spring
and zooplankton
populations Create aquatic floodplain habitats

for macroinvertebrates and Bankfull or Winter /

zooplankton (including rotifers) overbank  Spring
and stimulate production

Summer /

River reaches Maintain poohabitat Low flow
Autumn

4.5 Supporting functions: Geomorphology

Description

Fluvial geomorphology describes the size, shape and diversity of the river channel and the processes by which
these elements of the stream system form and change through time. The geomorphology (or physical form) of a
river can be described at a range pétial scales, from the catchment to the microhabitat scale (Sear 1996),

which can each correlate with habitat types (Frisgtedl. 1986). A diversity of habitat types provides the

physical basis for a diversity of biota (Treadatedl. 2006, Newson ZI2), and consequently is an important

factor in providing a healthy river.

Physical features that provide habitat niches include meanders, pools, benches, bars, bank undercuts and
variations in substrate. Each of these physical features interacts witkoflcreate hydraulic habitats (e.g.
secondary flow structures at meanders, or areas of slack water on benches) that are preferentially used by
different biota (Sagnes, Merigoux and Peru 2008). A diversity of channel form therefore provides a diversity of
both physical and hydraulic habitats

While stream geomorphology can have limited inherent value itself, it imparts value by providing essential
structural habitat and facilitating ecological processes. A key focus of fluvial geomorphology in environmental
flow assessments is linking physical characteristics to the important ecological processes. For example, fish eggs
will not incubate if they are covered by sand and finer material after being deposited on gravel.

Primary factors that influence the geomoiplform of the stream system include:
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1 the frequency, duration, timing and magnitude of water in the stream system
1 the volume and size of sediment delivered to and transported through the stream system
91 the source and presence of large wood in the system

The Latrobe River basin
As one of the most disturbed river systems in Victoria, the lower Latrobe River has experienced a number of
channel changes since the late 1800s. Rein&ldk (1995) outline these changes, including:

A 25% reduction in chanrlehgth due to artificial meander coffs

Increases in mean channel width

Incision of up to 1.05 meters

67% increase in channel capacity, resulting in a threefold reduction of overbank flow duration
Channelisation, reducing the frequency of minor floodind period of floodplain inundation

=A =4 -4 -4 -9

Grazing impacts

Stock grazing and its associated land clearing activities have had a significant impact on the riparian zone of
many Australian waterways (Jansen et al. 2006; Lester and Boulton 2008). In the Latrobe catchment, land use
(including stock access to waterwpysegetation clearing, and erosion have all been identified as threats to the
values of the system (WGCMA 2012).

Agricultural practices can lead to a variety of changes and disturbances along waitecludjrgyloss of

vegetation cover (which in turnflnences shading, water temperatures and large wood loads) and increased
erosion (which has consequences for bank stability, sedimentation and nutrient input rates). These impacts are
complex and interdependent as demonstratedrigure36.
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Figure36. Agricultural pressures and their impacts (Lester and Boulton 2008)
One of the largest agricultural impacts on geomorphology is through stoessaend while it is not the only

factor influencing bank erosion and stability, it does play an important role. Stock grazing reduces ground cover
vegetation and exposes more bare ground, while trampling increases soil compaction and potential runoff.
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These factors can increase erosion and the delivery of sediment, as well as nutrients into waterways (Jansen et
al. 2006; Trimble and Mendel 1995).

Land clearing for agriculture, including within the riparian zone, is another major factor influencing stream
geomorphology. Clearing of riparian vegetation following European settlement has been demonstrated to be a
major factor in the substantial widening that occurred along many rivers acrossesatghn Australia

(Rutherfurd et al. 2006). Along the LatrobeeRiAbernethy and Rutherfurd (1998) found that well vegetated
riparian zones can lead to a reduction in erosion processes through the increased resistance afforded by large
woody debris and standing vegetation as well as the stabilising effect of veyetati masses on

streambanks.

Mining impacts

The Latrobe River has been described as a working river because of its high consumptive demands from the
industrial, agricultural and energy sectors and urban demand (Earth Tech 2007). Mining activitiéisewithin
catchment have had a substantial impact on the physical form of the Latrobe and Morwell Rivers. Multiple river
diversions to support mine expansion have had substantial impacts on the geomorphic processes in the system.
They include:

1 The diversion ahe Morwell River at Yallourn in 2005. This diversion replaced an underground pipe
and accompanying floodway with an unvegetated aqueduct and resulted in the relocation of the
confluence of the Morwell River with the Latrobe River (Alluvium 2009).

1 The divesion of the Morwell River at Hazelwood in 2009 which replaced a previous pipe and floodway
diversion with a meandering channel (Alluvium 2009).

1 The diversion of the Latrobe River at Yallourn in 2007. This diversion was an emergency measure after
the collgse of the Yallourn coal face which captured the Latrobe River. Downstream of the mine, the
Latrobe River ceased to flow for 7 days while the diversion was constructed, part of which follows an
historic meander cubff (Alluvium 2009).

Channelization anduige wood removals

The Latrobe River basin has been substantially modified since the late 1800s through channel straightening and
meander cuoffs, desnagging, flow regulation and vegetation clearing. The purpose of these works was to
reduce waterloggingnd improve floodplain drainage, reduce the occurrence of floodplain inundation and
increase agricultural production.

One of the most significance disturbances is the installation of an estimated 77 mearafés tuthe mid
lower reaches of the LatrobiRiver between Yallourn and Lake Wellington, with over 80% of tldfsut
undertaken since 1924. Another major disturbance to the Latrobe River is-#fmagging activities which
started around 1890s. Historical records reported that majesrdegging stdéed in 1936 and up to three layers
of logs had been removed from thigerbedand had reduced theverbedlevel by up to 2 metres (Earth Tech
2005).These modifications have led to significant geomorphic disturbances:

1 Meander cutoff have caused the chael length to reduce by around 25% and changed the channel
sinuosity vary up to approximately 58% (Earth Tech 2005; Hillemacher et. al. 2012; WGCMA 2018)

1 As aresult of channel straightening, these meandeoffathad led to accelerated bank erosion,
channel incision (deepening and widening of the river) and loss of instream benches and other habitat
features.

1 Ongoing channel incision has reduced overbank inundation and increased sediment loads, nutrient
production and transport down to Gippsland Lakdkigium 2009)

1 Ongoing channel incision as a result of the constructed meandeffsutad led to poor stream
condition in the Latrobe River downstream of Lake Narracan (Alluvium 2009), leading to some loss of
ecological function (SKM 2009)

1 The ongoing @dmnel incision has increased the amount of water required to meet the flow
requirements, to provide floodplain inundation for remnant vegetation communities (Alluvium 2009)
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Reach descriptions

Latrobe Rivet Reach 3

This reach of the Latrobe River is ingiia¢ely downstream of Lake Narracan. The channel is confined through

its upper reaches, but the floodplain widens downstream of the Yallourn Mine where the Morwell River and
Tyers River enter the Latrobe River (EarthTech 2005). The floodplain throwghdhikas been cleared for
agriculture and has also been subject to mining activities. Native riparian vegetation is largely absent and tree
cover consists predominately of willows. The channel is relatively straight although it has not been subject to
artificial meander cubffs like lower reaches of the Latrobe. Where it does display a meandering channel
pattern, sandy bars are present on the inside of bends. Channel substrateléy/ silhd some iohannel large

wood is present along the reach. Bedde&diment is provided to the reach by the Morwell River with Lake
Narracan acting as an effective trap for bed load sediment from the upper Latrobe River and tributaries.

Latrobe Rivet Reach 4

This reach of Latrobe River has been heawihacted by grazing on the adjacent floodplain, modified flows

from river regulation at Lake Narracan and past river management works such as channel straightening (Earth
Tech 2005). The impact of these activities is evident in sections with unstablewbamkshe lack of instream
channel features such as benches. At the time of the inspection bed substrate was not visible although the
previous study found that in this reach, bed material consists largely of clays (Earth Tech 2005).

Latrobe Rivet Reaclb

Like Reach 4, this reach has been historically impacted by channel straightening. Unlike the upstream reaches
however, this reach has been subject to meander reinstatement works. The channel in this reach now meanders
through floodplain woodland. Baniiee generally stable with some undercutting, consistent with what would

be expected in a healthy lowland river. Somehannel large wood is present throughout the reach.

Tanjil River (Reach 8)

The Tanjil River is regulated through the operation of Bhak Reservoir located in its upper reaches.

Immediately downstream of the reservoir, the channel flows through a confined reach before entering onto the
broader floodplain (Earth Tech 2005). This reach is impacted by floodplain agriculture. The ripaiign zo

largely cleared of native vegetation. Some isolated willow is present. Bank erosion is evident in places, most
likely as a result of stock access to the waterway, lack of native riparian vegetation, and sediment starvation as
the reach is immediatelyownstream of a large dam (which traps sediment from upstream catchment).

Channel substrate through the reach is sandy and some limited residual large wood present.

Tyers River (Reach 9)

The Tyers River is regulated through the operation of the MoonBasarvoir in its upper reaches. A large part

of the reach is confined by bedrock and flows through state forest. This part of the catchment is very steep and
public access to these areas is low (Earth Tech 2005). Geomorphic form in this reach istéetgath@ugh

some vegetation encroachment of the channel may be occurring in response to reduced stream flow. The
channel is wide and displays a typical pool riffle sequence with large, deep pools and gravel riffles. Bedrock bars
are present along the reh and there are high, large wood loadings through the reach.

Morwell River (Reach 10)

The Morwell River has been heavily impacted by past management activities. The upper catchment is forested,
however agricultural activities have had an influence irddwenstream reaches. The biggest impact on the

Morwell River has been through mining activities with multiple channel diversions. Riparian vegetation is
dominated by exotic herbs and grasses as well as some willows. Banks are steep but appear staislistasfd co
very fine silts.

Traralgon Creek (Reach 11)

Traralgon Creek is an unregulated stream however, it does receive licensed industrial discharges from the
operation of the Loy Yang power station and significant stormwater runoff from the urban akfitezalgon
(EarthTech 2005). The reach displays a generally meandering pattern, however, immediately downstream of the
Loy Yang discharge point, the channel is relatively straight. Banks are steep and instream benches are present
with the predominate suttrate composed of fine silts. In the section immediately downstream of the Loy Yang
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discharge point, rock riffles are present, most likely derived from the mobilisation of quarried rock, installed in
the Long Yang discharge channel, during flood events.

Latrobe River Estuary (Reach 6)

The Latrobe River estuary is a lebaekswamp system with the Latrobe and Thomson Rivers situated between
natural levees which sit above the Lower Latrobe Wetlands (Water Tech 2013). This reach has been described as
sinuougrather than meandering due to the low valley gradient in this area (Erskine et al. 1990). The Latrobe
estuary has a cuspate delta, the silt jetties which protrude out into Lake Wellington and are a site of state
geomorphological significance. Since thBAK) bed of phragmites along the shoreline of the jetties have

narrowed and erosion has occurred (Water Tech 2013).

The Latrobe estuary has been historically modified by works to improve navigability including channel
realignments, desnagging and dredgin Additionally, sediment inputs from the catchment are likely to have
increased as a result of land use change and vegetation loss along the channel banks has likely increased the
susceptibility to erosion (Water Tech 2013).

Summary of objectives
The geomrphic objective for the Latrobe system is to provide and maintain habitat to support ecological values
and processes. This includes the following functions

1 Restore and maintain the extent (area, volume) of available habitat in the Latrobe River aadytribut
stream channels
1 Provide and maintain the diversity of habitat features within the channel including pools, riffles, and
benches
1 Provide and maintain channel structure including presence of pool depth, presence of large wood, and
some undercut banks
1 Support related processes including
o Prevent elevated algae accumulations on riffles and large wood
o Prevent thermal stratification of pools

These objectives are relevant to all the reaches in the system.
There is an additional environmental objective relasipgcifically to the geomorphology of the estuarine reach:
I Maintain the silt jetties and the bar at the mouth of the Latrobe River

Water requirements

The diversity and complexity of habitats that support ecological values, such as pools, riffles and benches, are
maintained by the geomorphic processes that shape the channel and floodplain. The physical form of a stream
depends on its flow regime, the chateristics of its bed and bank sediment, the riparian and instream
vegetation, valley controls (such as confinement and valley slope) and the sediment inflow regime. The
geomorphic processes and form change over time if any of the factors, for exammesin the flow regime
through regulation (Gregomst al.2008), removal of riparian vegetation (Simon & Collison 2002) and
interruptions or increases in the sediment supply from upstream (Petts & Gurnell 2005).

Sediment aggradation, transport and depiosi is determined by a number of factors, including sediment size
(and volume), stream slope and discharge (or f(igure37). Given the context of a FLOWS staahy limited

ability to influence sediment size, volume and stream slope. The focus is to make recommendations for flow
components required to maintain and/or improve the extent, abundance and diversity of geomorphic features.
FreshesWinter / Springbaseflow, bankfull and overbank flows are the most relevant flow components in

terms of sediment mobilisation, transport and deposition as these are the components that account for most
geomorphic work (i.e. n@ummer / Autumibase flow).

Bankfull flow iparticularly important for formation and maintenance of channel form and diversity (US
Department of Agriculture 2007; Knighton 1998). It is commonly used as an analogy for the dominant discharge,
i.e. the single flow that determines channel features siscbrosssectional capacity (Leopold & Wolman 1957)

or the flow considered to do most geomorphic work in terms of sediment transport (Wolman & Miller 1960).
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Changes in the frequenaynd durationof bankfull flow are likely to lead to changes in channet fpotentially

leading to the removal of physical features important as habitats. Providing bankfull flows is therefore important
to maintain the crosshannel form (i.e. the general size and shape of the channel) and in particular deep pools.
Bankfull flevs are also important for mobilising sediment trapped in marginal vegetation communities that drive
channel contraction.

Smaller and more regular events that have the capacity to mobilise bed load sediment will also be important in
the maintenance of chamh diversity.

Qs+ Dsp o Qy+S

Figure37. Lane's balancdiagramdemonstrating the influence of sediment size (and volume), stream slope and
discharge omediment aggradatiomnddeposition(lLane 1955)

The flow functions required to meet the environmental objective are:

1 Restore and maintain gross channel size and habitat volume
1 Provide and maintain channel diversity

1 Provide and maintain local habitat

1 Provide and maintain floodplain processes

The flowcomponents required to achieve these flow processesSammer / AutumifreshesWinter / Spring
base flows (high flows)Vinter / Springreshes, bankfull flows and overbank flows. These requirements are
summarised iTable26.

Table26. Flow requirements to achieve geomorphic objectivies all reaches

Environmental Relevant Flow
objective reaches Function component Timing
Maintain gross channel capacity through provision
the dominant channefiorming flow events (bankfull Bankfull Any time
events)
Maintain Maintain gross channel capacity throyglovision of . Winter /
habitat to i : High flows .
events capable of mobilising bed load sediment Spring
support River . ) S .
ecological reaches Provide flows that establlsh and .mamtaln h.|gh flon Freshes Wm_ter/
values and benches (scour and deposit sediment on high flow Spring
processes benches) Bankfull Anytime

Provide flows that maintain low flow benches
throughSummer / Autumriscour and deposit Fresh
sediment on low flow benches)

Summer /
Autumn

Environmental Water Requirements Repbettrobe Environmental Water Requirements Investigation 95



Environmental Relevant Flow

objective reaches Function component Timing
Provide flows that maintain pool depth and abrade
algae on riffles and large wood throughmmer / Fresh Summer /
Autumn, by scouring fine sediment from bed of Autumn
pools.
Provide overbank inundation to enable exchange « Overbank Overbank
sediment and carbon to arfcom the river Anytime

Maintain the

silt jetties and I .

the barat the Lower Maintainbed loadsediment export from the Latrobe Bankfull Anytime

mouth of the estuary  River

Latrobe River

The following criteria should be adopted for the above flow components and objectives.

Thefrequency and durationf events should be indicatively within a band of 80 to 120% of natural to ensure
geomorphic processes are maintained.

For thescour of sedient, the following criteria can be adopted:

1 A shear stress of 1N/m? has been adopted for the mobilisation of coarse sands (Reach 34,8,

1 A shear stress of ON/m? has been adopted for the mobilisation of fine sands (Reach 11)

1 A shear stress of DN/m? has been adopted for the mobilisation of rewiloidal silts (Latrobe River
estuary)

The criteria for maintaining the bar and silt jetties at the Latrobe River mouth should include:

1 Maintain flow velocity that is sufficiently high to transport sestit (silts) through the estuary to the
river mouth.
o Settling velocity for sand is 0.01 m/s
1 Ensure salt wedge is displaced into Lake Wellington (to minimise its impact on sediment transport and
impacts on phragmites establishment)

Note: We are aware of a potential conflict between the geomorphic objectives including the criteria set oy
above and water quality objectives for the Gippsland Lakes. The geomorphic objectives seek to establish
maintain bed load sediment transport. Beddosediment transport is an essential element of functioning ally
stream systems. However, we are aware of objectives to reduce suspended sediment and nutrient loads
Gippsland Lakes. Nitrogen and phosphorus is commonly found adsorbed ontdadhe efifine suspended

sediments. Flow regimes that can transport bed load sediment (as set out in this study), will have the cap
also transport this fine sediment, with attached nitrogen and phosphorus, to the Gippsland Lakes.

A number of procss and objectives have been proposed under this environmental flow study to address t
potential conflict including:

1. Provision of overbank inundation to enable suspended sediment to be distributed, deposited and
stored on adjoining floodplains

2. The provi®n of freshes to assist the formation ofdnannel depositional benches for the storage of
fine sediments

3. The provision of a flow regime that allows and encourages the establishment of fringing emerger
aguatic vegetation such as phragmites. This veigetaerves many purposes, some of which are to
assist in the trapping and storage of fine sediment and to take up nutrient loads from such stored
sediments.
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4.6 Supporting functions: Water quality
The environmental objectives relating to water quality fer lthtrobe system are:

1 Maintain adequate flows to reduce potential of prolonged stratified conditions in pools and promote
adequate levels of water quality to allow fish and macroinvertebrate populations to persist.

1 Maintain adequate flows to promote leveiswater quality to allow fish and macroinvertebrate
populations to persist, particularly through avoiding/reducing eutrophication and algal blooms.

1 Limit surface water salinity to enable growth and reproduction of emergent vegetation and submerged
aquattc macrophytes.

1 Maintain freshwater supply to Latrobe Estuary, Dowd Morass, Sale Common, Heart Morass, and also
associated freshwater/brackish habitats.

Description
An overview of the condition of water quality across the study area is presented in Agpendi

Water quality varies naturally across landscapes, with climate, landform, soil type, vegetation and location
GAGKAY | &A4GNBFY aeadSy Ittt AyFtdsSyOay3a G4KS g4I GSNJ |jdzt €
surface water segments¢gsented in the State Environment Protection Policy (Waters) [SEPP (Waters)]. Each

surface water segment has its own set of water quality objectives that reflect the effects of the natural

environment. Although the surface water segments in Victoria egelfadefined by these natural features, the

SEPP (Waters) water quality objectives within each segment also reflect the effects of land use changes within

GKS a4S3YSyiod ! OO0O2NRAy3Ifesx SIOK 2F GKS agmpMsSyda I NBE Of
Y2RSNI 0St& Y2RAFTASRQT 2NJ WKAIKEE& Y2RAFASRQO®

In the project area for this flow study, the reaches are all located within two surface water segments: the

/I 2FLadrt tflAy 2F GKS W/ SYyiGNlf C220KACT fied);andtie / 2 &0 |
Y LXFyRa !'Q aS3aySyids RNIYAYAyYy3 iKSTaBedzhthSuddhot pat af i K A
the SEPP (Waters) delineation, thedgtueaches within the Coastal Plain can be further divided into those that

are part of the mainstem of the Latrobe River and those that are tributaries to the river. The two Uplands A
reaches are both tributaries to the Latrobe River. Reaches 8 and 8 &amher distinguished from the other

two tributary reaches through their location immediately downstream of substantial reservoirs.

t t
t a

Table27. Segments and Stream Position of stream reaches in the study area

SEPP (Watersggment  Reach No. and Name Stream position
Reach 3 Latrobe River from Lake Narracan to Scarnes Bri
Reach £ Latrobe River from Scarnes Bridge to Rosedale
Reach & Latrobe River from Rosedalethomson River

confluence Mainstem
Latrobe River
Coastal Plain Reach & Latrobe River downstream of the Thomson River
confluence
Thomson River Estuary
Reach 1@ Morwell River )
Tributary
Reach 1%, Traralgon Creek
Reach & Tanjil River i
Vs £ & Tanj . Tributary, below
Reach ¢ Tyers River reservoir

Coastal Plains
Water quality data summarised over a period of approximately 15 years from the mainstem reaches of the
Latrobe River did not meet the SEPP (Waters) objectives at any WMIS site examined for ajualitater
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indicator tested, except pH. These results reflect the largely agricultural landscapes that the reaches flow
through, often with extensive catchment clearance, poor riparian cover and substantial stock access to the
waterways. These impacts contrib sediments and nutrients to the stream system, resulting in elevated

turbidity levels, phosphorus and nitrogen concentrations, and electrical conductivities. Similar land use impacts
were reflected in the water quality results in the tributaries onGloastal Plains (Reaches 10 and 11), although
Traralgon Creek (Reach 11) had generally better water quality, most likely reflecting the fact that a substantial
part of its catchment lies in the less impacted Strzelecki Ranges.

The elevated nutrient concemtiions in these reaches may lead to eutrophic conditions, impacting the physical
habitat via blooms of phytoplankton, filamentous algae and weeds. Eutrophic conditions are also likely to lead
to oxygenstress, particularly during warmer periods when flaveslikely to be lowest, plant and algal growths
high, and oxygen concentrations dangerously low for the stream biota. Flow measures to ameliorate these
impacts would include stricter coordination of any water extractions from the waterways or nearby
grourdwater, and provision of small and large freshes.

Uplands A

Reaches 8 and 9 (Tanjil and Tyers Rivers) are both situated below substantial reservoirs (Blue Rock Lake and
Moondarra Reservoir, respectively). Although both reaches may technically be pthoethe Coastal Plain,

the WMIS sites used in these reaches were both close to the outlets of reservoirs that drain predominantly
forested, Uplands A catchments. The maintenance of forested catchments in these catchments will lead to less
soil erosion ad hence less inputs of sediments and nutrients to the receiving streams. Further, the reservoirs
will trap a substantial proportion of sediments delivered to them, further reducing sediment and nutrient loads
in the stream system downstream.

The water qudtly data at the WMIS sites for Reaches 8 and 9 met the SEPP (Waters) objectives for all indicators
assessed. Despite the hijhdzl t AGeé 6 GSNE 0620K NBI OKSa ¢gSNB laaSaa
Index of Stream Condition. This is reflectirgflow stress caused by the unnatural flow regime from the

reservoirs on channel morphology and aquatic life and, in the Tanjil River, the exacerbating effects of a highly
agricultural catchment downstream of the Blue Rock Reservoir creating a higlifigdnstreamside zone and

further impacting aquatic life.

Wetlands

The water properties (based on evidence of change in salinity and nutrient enrichment activities) of Sale
Common, Heart Morass and Dowd Morass were all rated as excelleatd611 Gippland Lakesdport Card
(Gippsland Lakes & Catchment Taskforce 2011) y O2y G N} adzXz GKS Ke&eRNRf23& g4l

Using more recent data from the Waterwatch Victoria data portal
(http://www.vic.waterwatch.org.au/water _data_portal.pjyghe Water Measurement Information System
(WMIS (http://data.water.vic.gov.au/monitoring.htipand information from Hale et €2018) to supplement
the older data in the report card, allows the following descriptive summary of the three wetlands:

1 Sale Commois a freshwater system, with electrical conductivity ranging from approximately 250 to
1000uS/cm with a median around 4%&/cm. Its pH is circiameutral, averaging around 7 and its
turbidity fluctuates spatially and temporally, with a max turbidity of 300 NTU recorded at one location
(South Gippsland Highway) whereas at a nearby loc&teptensorstreet Boardwalk) recoedl 35
NTU on the same day).

1 Dowd Morasss a brackish but variably saline wetland fringing Lake Wellington that has experienced
intrusions of saline water from Lake Wellington. Water quality data from/diter Measurement
Information SysterWMIS) littp://data.water.vic.gov.au/monitoring.htjn(approximately 60 sampling
events between 1996 and 2018) documents the variability in salinity, with electrical conductivity
ranging from approximately 400 tover 26,00QS/cm with a median around 2800 and &'75
percentile at 760QuS/cm. pH at the site was also highly variable: despite a median of 7.2 dhd a 75
percentile of 7.5 pH units, it highest pH was 9.4 and its lowest was 3.6, with nearly 20 plitsquitl
readings being below 4.0, its turbidity also fluctuates, with a minimum turbidity recorded as below
detection and a maximum of 760 NTU recorded.r€kalts arevidespreag with 28" and 7%
percentiles being 10 and 85 NTU, respectively.
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1 Heart Morassypically has slightly higher salinities than Dowd Morass, with a median electrical
conductivity 06570 uS/cm from approximately 60 measurements recorded between 2001 and 2018
(Waterwatch Victda data portal, site WG_HRT514). The minimum measure during this period was 330
and the maximum was 17900/p®. The site was clearly more acidic (from acid sulphate soted
et al. 2015), with a 25percentile of 3.2, a median of 3.9 and & P&reentile of 4.5 pH units. In
contrast, the turbidity of the site was low, most likely due to the acidic conditions, with a median of 12,
a 78" percentile of 19 and a maximum of 150 NTU

Objectives and relevant reaches
The following objectivisrelevant for all study reaches:

1 Avoid adverse water quality conditions and prolonged stratified condition in pools such as high
nutrients, Low DO or high salinities

In addition, he following objective applies tbe Latrobe Rigr Estuary:

1 Maintain surface water salinity at a level to enable growth and reproduction of emergent vegetation on
banks and shoreline of estuary.

1 Maintain freshwater supply to Latrobe Estuary, Dowd Morass, Sale Common, Heart Morass, and
associated freshwar habitats

Lastly, the following objectives are applicable to all wetlands:
1 Provide suitable physichemical conditions to support aquatic biota
Water requirements
Maintenance of low flows (avoidance of cetsdélow events) and the provision of smaltdarge freshes will
be important for the provision of acceptable water quality for all reaches. this will be particularly so in summer,
when high nutrient concentrations can combine with optimal growth conditions and lead to algal blooms and
water weed ifiestations. Sufficient provision of all flow components should be allocatedoreat as required
to maintain freshwater supply to the wetlands of the study area and also Lake Wellington.

The relevant functions and flow components for the water qualifgatives are provided ihable28.

Table28. Water quality objectives and functions &tirreaches

Relevant
Water quality objective reaches Function Component Timing
Maintain dissolved oxygen levels in
pools above thresholds for gill Summer /
breathing organisms (fish, Low flow
. Autumn
) ) macroinvertebrates and zooplanktor
Avouj _adverse water quality River during summer/autumn
conditions and prolonged reaches o
stratified condition in pools Flush pools to maintain good
such as high nutrients, Low D Eetuar dissolved oxygen _Ievels, low salinity
or high salinities y and low nutrients in the \{vater Summer /
column to support aquatic Fresh
. Autumn
ecosystems (e.qg. fish,
macroinvertebrate populations and
zooplankton)
Maintain surface water salinit o -
) Limit surface water salinity nable
at a level to enable growth an .
. growth and reproduction of .
reproduction of emergent Estuary . Bankfull Any time
. emergent vegetation and submerge
vegetation on banks and ”
: aquatic macrophytes.
shoreline of estuary.
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Maintain freshwater supply to Providesufficient freshwater to

Latrobe Estuary, Dowd Moras maintain freshwater wetland flora
Sale Common, Heart Morass, Estuary and fauna, including provision of All Any time
and associated freshwater habitat for foraging, reproduction
habitats and longitudinal connectivity
Export salt Flushing Spring, 1in
flow 2 years
Heart Wetting
) ) . Morass Minimisesaltwaterintrusion flow ¢
Provuje swtablle- physio Dowd partial fill
chemical conditions to suppor Morass i
aquatic biota o _ o Wetting
Minimise acid sulfate soils risk flow ¢ All year
partial fill
All Breakdown organic matter and
Drawdown

wetlands  encourage nutrient recycling

The frequency and duration for the above objectives should be based on the flow requirements of flora and
fauna identified in this study.

To prevent and removihiermal stratificatiorin pools, the following criteria can be adopted:

1 A velocity of 0.1m/s through pools to help prevent thermal stratification (low flows)
1 A velocity of 0.3m/s through pools to remove thermal stratification from p&usniher / Autumn
fresh)

4.7 System limitatios

Maintaining the ecological objectives and supporting functions in the Latrobe catchment cannot be achieved
through the provision of the recommended environmental flow regime alone. Other threats and constraints can
limit the achievement of objectives firarts of the Latrobe system. These limitations include:

Deterioration of water quality and saline intrusion
Stream bed and bank condition

Exotic species

Flow limiting infrastructure

Barriers to fish movement

Grazing pressure

=A =4 =8 -4 -4 -4

Complementary management acigarerecommended for these system limitations to help optimise the
benefit of improvements in the flow regime.

Deterioration of water quality and saline intrusion

Declining water quality is evident through the catchment. Threats include acidification, eutrophication,
pollution, litter and stormwater inputs. Water quality is an important factor for the survival of most flora and
fauna. The water quality of the studyea reflects ongoing significant impacts from catchment clearance, poor
riparian cover and stock access to the waterway. The high nutrient concentrations are expected to lead to
eutrophic conditions in the river, impacting the habitat and contributirax§@enstress. Maintaining water

quality in the Latrobe catchment cannot be achieved through the provision of the recommended environmental
flow regime alone.

Aside from these water quality threats from upstream, saline intrusion is a major consid&alioa.intrusion

events into Dowds Morass are anticipated to become more frequent and last longer with climate change, the
associated sea level rise and reduced flows from upstream.
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Stream bed and bank condition

Geomorphic processes are strongly infllehby riparian vegetation. The root systems of trees increase the
AKSFNJ AaGNBy3GK 2F GKS oly]l aSRAYSyGazr NBRdzOAYy3 (KS
material from high shear stress and reduce hydraulic entrainment (removal) oksé¢gianticles. Clearing of
vegetation, including through stock grazing, can result in bank erosion and bed incision of streams, increasing
sediment delivery to the river and changes in channel morphology. Much of the Latrobe system has been
subjected to pat clearing and stock and grazing pressures, with livestock access to waterways causing bank
erosion, degraded riparian vegetation and water quality issues.

Exotic species
Invasive species are one of the biggest threats to the environment. Exotic spaties|tiire complementary
management include, but are not limited to:

1 exotic vegetation species

9 introduced fish species such as exotic carp species, including goldfish, carp, roach, tench, eastern
gambusia, redfin perch, rainbow trout and brown trout

 invasive fauna such as rabbits and foxes.

Riparian vegetation management

Riparian vegetation provides an important habitat corridor for wildlife, provides shading for aquatic biota and
assists in maintaining stream stability and water quality. The enviroahilw regime aims to provide the
conditions to support selustaining diverse riparian and wetland vegetation in the Latrobe River system. This
supports the ongoing health of the existing vegetation and natural regeneration processes to enable
recruitment of new individuals to regenerate the plant communities. Additional significant influences on the
health and condition of riparian vegetation are the adjacent land use and impacts of agriculture, livestock
grazing, deer (Sambar) grazing and recreation.

Instream and riparian vegetation limit channel erosion processes and provide essential instream and riparian
habitat for species targeted for environmental water. In the loteen, riparian vegetation provides the

source of essential large wood to theestm system. The current degraded riparian corridor can be attributed

to past clearing and ongoing grazing pressure.

Flow limiting infrastructure

The provision of environmental flows can be constrained by the capacity of the available infrastructure to
deliver water from storages (i.e. channels and gates) and flow capacity constraints in the system (e.g. weirs,
levees and bridges). The inundation of private land also needs to be considered when delivering environmental
flows.

Barriers to fish movement

Fidh need to be able to move freely between habitats and reaches for spawning, feeding and dispersal.
Waterways have been modified and barriers to fish passage, such as dams, and weirs and road culverts have
been constructed. Unrestricted fish movement ke characteristic of a healthy waterway and while

environmental flows can assist in fish movement, physical barriers can limit their effectiveness. Lake Narracan,
in particular, is a major fish barrier in the Latrobe River system. Other barriers im&uathdr storages on the

Latrobe River system including, Moondarra and Blue Rock together with several smaller weirs on the Tyers River
including Wirilda Park weir, the constructed watercourse diversion through the Yallourn open cut pit, and
Yallourn Weir.

Stock access and bank stability

While stock access is not the only factor influencing bank erosion and stability, grazing and trampling can
increase bank slumping, with increased nutrient and sediment inputs to the channel impacting on the Lower
LatrobeWetlands downstream. Riparian fencing andstriéam watering points can reduce stock access and
associated impacts on the riparian zone.
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5 GunaikurnairraditionalOwner culturalwater objectives

This section describes ti&unaikurnairraditional Owneculturalwater values of the Latrobe system, and the
flow objectives that support these valudis section has been developed based values identified in the
Aboriginal Waterways Assessment for inetYowan(Latrobe River systemecently undertaken bgLaWAC
The Environmental Flows Technical Panel used this information to identify the relevant flow olffeatives
Sectiond) and ensur@bjectives and criteria suitably covered the Traditional Owner cultural water values
identified by GLaWAGunaikurnai wordeave also been provided for use in relevant sections of this report.

TheseGunaikurnafraditional Owneculturalwater valuesand objectives are summarisedTiable29.

Heathy Country

The overarchingbjectiveto provide and maintain aboriginal cultural valdieiealtdyO 2 dzy, eblEnQ
country refers to thamportance of place and the health of the entire ecosysteith some specifielements
includingwater quality, controlling pest species and maintaining a natural, seasonal flow rEgex@ncept of
healthy county includes the practices of only taking what you need and moving seasonally.

While the health of théroader landscape and waterwaysnigortant, there is particular emphasis on the
health of theLatrobe estuary and Lower Latrobe Wetlands as this is where Boran (pelican) crofaat the
Yowanon his way south (see Creation Story below).

Aseasonal flow regimeith wet and dry periods is an importaglementof healthycountry. Thislementis
captured throughflow componentsadoptedfor this investigatiorg defining water requirements at different
times of year and for different years helpgd&termine flow recommendations thatovidea seasonal flow
regime.

Quarenookmeetingplace is an impotant value. This includes lifestyle, famdtorytellingand Mia Mia

(camping values as well a&oorngan(hunting), tool making and food / materials, and providing fistBfam;jil
Tambun(the fish hunte). The wetlands are importa@uarenookincluding the rookery at Dowd Mora&idai
(black swahnesting at Sale Common and Heart Morass as well as canoe scar trees. Some of the aspects of
fishing/hunting, tool making, and food / materials are discuasetder below.

Maintaining the_ower Latrobe Wetlandss aQuarenook fieetingplace requiresseasonal variation in flows
maintain a diversity of wetting/drying cycles to deliver a variety of vegetation and habitat outcomes. This will
ensure the seasomh@opulations of birds and fish are available to enable the continued cultural practices. This
also requiresleep enough freshwaten the wetlands to provide appropriate habitat conditions for important
plants and animals. Overbank flows aly an impatant role in ensuring floodplain input and ongoing
productivity of these areas.

Providingreshwater to the Lower Latrobe Wetlandsmportant. Historically the Lower Latrobe Wetlands
would have been fresh, and most of the values are tied to maintdneisigwater ecosystems. For example, the
presence of canoe scar trees and the rookery at Dowd Morass demongt@aiesbrtance ofreshwaterto

that wetland.That is, canoe scar trees indicate that there was hunting plants and animals would have been
present for hunting and collected; freshwater would hawevided the conditions suitable for thegdants and
animals

While the Lower Latrobe Wetlands were once a freshwater system, the system has been fundamentally
changed since the opening of the Gippdlaakes. This is acknowledged in the Ramsar objectives. Returning to
a freshwater system is beyond the current catchment constraints and beyond the scope of this study.
Nonetheless, freshwater supply to the lower Latrobe Wetlands is still an importactivéjef this study, but

the ultimate goal is not a completely freshwater system for the lower Latrobe Wetlands.

Maintainingwater qualityis also a sign d¢iealthycountry in the river and estuary reaches. Freshwater flows can
be provided to avoid adversvater quality conditions.
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Objectives:

Maintain freshwater supply to Latrobe Estuary, Dowd Morass, Sale Common, Heart Morass, and as
freshwater habitats

Avoid adverse water quality conditions and prolonged stratified condition inquamiisas high nutrients,
Low DO or high salinities

Controlling pest species is an important part@dithy country and where possiblegturning country to its

natural state. This includes controlliceyp andstreambankveed species (e.g. blackberrigS)ropean carp can

be minimised in the wetlands by having drawdown periods and also through inclusion of carp screens on any
wetland infrastructure. A flow regime that supports native fish also provides an advantage for native fish
compared to Europeacarp.

Environmentaflows are generally ineffective at controlling these inundatderant speciege.g. Blackberries)

as they are neither sufficiently prolonged or deep to cause mortality and can instead promote their growth and
dispersal This has beerbserved in monitoring in the Thomson systéttfur Rylah Institute for

Environmental Resear@®19. While veed reduction is not typically targeted through environmental ftbe
regeneration of native species is targeteith environmental flowshroughvegetation objectivesthe flow

regime aims to provide disturbances and water availability aligned to supporting regeneration of native species.

GComplementary measugesuch as increasing cover of riparian-at@ey and canopy species can reduce the
vigaur and impact of some weed speciBecent work has shown that revegetation plantings can be used a
weed suppression method for Phalaris infestations in wetland and riparian situations (Sutcliffd{1@@&9%r,
management of exotic plant species, ainfimga reduction in weed impacts, needs toduklressed as a land
and catchment managemeattivity. This could require cooperation between the land management agencies
and landholders. Collaborative programs targeting priority weed species such as Blazkbbe undertaken.

Objectives:
Minimise Europeanarp (reduce habitat)
Minimise exotic plant impact drealthycountry through targeting native vegetation species

Keystone species

The Mother and Father song line within the Gunaikurnai creation story is imporBortaif pelicand and Tuk
(musk duckare living and breeding therieisa sign Country is healthy. Or, if they are not present, then provide
the flows to promote requéd habitat/ecosystem services aBdranand Tukwill return.

Creation Story

LYy RNBFYAyYy3a GSN¥asx GKS FTANRG Ddzyl A{dz2NYyIFA O Y8
gree €anog on his head. He was Borun, the pelican. He crossedtwerer at what is now Sale, and
walked on alone to Tarra Warackel (Port Albert) in the west. As he walked, he heard a constant tappi
sound but could not identify it. When he reached the deep water of the inlets, Borun put dayvaddasd,
much to hs surprise, there was a woman in it. She was Tuk, the musk duck.

He was very happy to see her and she became his wife and the mother of the Gunaikurnaj theypdee
the parents of the five Gunaikurnai clans.

Boran (jlicar) require open water with good populations of fish, shrimps and yabbies species to Jwkive.
(musk duckdive in deep water mainfiged on animals, including aquatic insects, crustaceans, snails, shellfish,
fish, frogs and ducklings. Flow events whighugate fish and macroinvertebrate populations to breed and

build large populations are critical to both species. Habitat and food source would typically be provided from
Lake WellingtonBoranbreed in colonies on peninsulas and islands in lakes. Seedify colonies are present

in Lake KindgBoranare flexible in requirements (time / space) as long as physical conditions and biological
requirements are mefTukrespond to seasonal cues for breeding require open water habitat and good prey
populatians to thrive and have successful breeding events.
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Objectives:Maintain the different waterbird functional feeding groups in the wetlands, such as duck ¢
rails, insectivorous guilds, colonial water birds, and shorebirds

Yeerung and DjeetguRrdiry wen) are alscatotem species, although they are not considered water
dependent. While environmental flows may not directly supyedrung and Djeetgua diversity of flows
supporting shrubs and riparian vegetation will provide habitat for fairy wremx@orple, when flooding
inundates wetlands, bush birds (includifgerung and Djeetguand other species) are known to increase in
abundance and diversity (Parkinson et al. 2002; Baxter et al 2005; Ballinger and Lake 2006).

Objectives:Improvecondition, extent and diversity of all riparian vegetation

Balager(Platypu$ are an important keystone speci@alagerare considered an umbrella specigbe

provision offreshwater allowd.oombrak\ater ribbongto grow, and macro invegbratesto feed on the algae

that grow on the_oombrak These macro invertebrates are the food sourd@adbgerand theLoombrak
contributes to. | £ | BaBitAtCBaipportingBalagemlatypus is relevant to the river reaches and Upper Estuary.

Objectives:Improveextent of and maintain abundance of existing platy(@aagen rakali populations

Traditional practices

Traditional practices includgunjl Tamburfishing / Woorngan ljunting), food, materials, and tool making. It is
important to maintain and restore freshwater habitat to support native fish populatioBuftjt Tambun
(fishing / Woornganthunting). In particular, species of significance inciNdg yandeelg, Australian Bss,

River Blackfish, Estuary perch #ide Black Bream

Birds can also be important fdfoorngan(hunting / food, includingNalbong(water hens; colloquially known

I & &0 dza KGidaiplack §wansahdBoyanggeggs, andKoortgan(ducks exceptuk,musk duck)Gidai

(swang require submerged and softer emergent vegetation to nred&mounds. The nest is placed either on

a small island or floated in deeper wat@idaibreed in late winter to early spring following water level

increases. Objectives which produce filling of the large wetlands and support the grdwitmabrak \ater

ribbon) and submerged aquatic plants will supp@itlai(Pringle 1985Ensuring the lower wetlands and

floodplain depressions (e.g. billabongs) rec&mehwater flows itwWinter / Spring will provide the conditions

for submerged and emergent aquatic plants to grow and provide the food and nesting materials for the water
birds.

Objectives:

Maintain abundance dfloy yangdel) populations

Maintain abundance and improve recruitment of Australian Bass populations

Improve recruitment of River Blackfish

Maintain abundance and improve breeding and recruitment of estuarine resigeaies including Estuary
Perch, andine Black Bream

Maintainthe different waterbird functional feeding groups in the wetlands, sud¢foastgan duck and

rails, insectivorous guilds, colonial water birds, and shorebirds.

Maintain or restore a selfustaining mosaic of submerged and emergent aquatic vegetagienity
wetlands and floodplain depressions.

Loombrak Waterribbon, Triglochin spis important for food and basket weaving, as well as being a food source
for animals and nesting areas for birds and habitat for fish and frogs; this is particularly relevant in the estuary
and Lower Latrobe Wetlands.

Many otherreeds and grassese alsaused for basket weaving; emergent vegetation is relevant to river
reaches, the estuary and the wetlands.
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Yooro greeRedgum canoe treésare important cultural values. They are located around the lower Latrobe
Wetlands and some floodplain areas of kbwer Durt-Yowan(Latrobe River There are limited records of scar
trees along the Latrobe River, particularly upstream of Rasedal

Objectives:

Improve condition, extent and diversity of emergent macrophyte vegetation on banks and shorelines.
Improvecondition and extent of submerged vegetation to provide structural habitat for macroinvertebt
and various fish species

Maintain water quality to support health of Vallisneria sp hed$homson River and Sale Canal

Improve condition, extent and dikssty of riparian vegetation as part of endangered EVCs

Tools(stone blades etc) are also important but are typically made elsewhere and brought to the wélaelds
groovesnear Rosedale are important, but there are no specific flow requirements. Overbank flows that
inundate billabongs, would support cultural gregin the area rock grooves are found. This could reflect an
increased food availability in the area supporting the practice that produced the rock grooves.
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Table29. Summary ofraditional Owneculturalwater values and objectives

Traditional
Objective Owner Cultural Reach Function Component Timing / frequency
water value
AQUATIC MAMMALS
Improve extent of Provide longitudinal connectivity between reaches for local movem: Fresh Summer / Autumn
platypus & rakali Al river Provide pool habitat for refuge/permanent habitat Baseflow Summer
populations Kevstone reaches . . S
Maintain abundance of spgcies E?V; frl;?z;:r?)?ntvoelr(ti iﬁ;{ge ieﬂ:gl?onr;{sfrf?:':gg% gravel beds and allow Fresh Winter / Spring
existing platypus 9 pop
(Balaggn) & rakali Upper Provide freshwater habitat conditions in the (upper) estuary Baseflow All year
populations estuary
Provide water in pools and freshwater for habitat and food sources Baseflow All year
All river . . . .
iahi i Provide water over rifflesffeshwater to allow fish to migrate
Maintain abundance o9 UM reaches upstream from estuar Fresh Nov'to May
Tambun) / t8 11 p y
of eel (noy yang) huni except o,
populations (\;\Jlr:)tcl)r;ggan) Estuary Downstream migration of eels (noy yang) to allow for ocean breedii Fresh Oct to May
reaches Provide water over riffles to allow longitudinal connectivity and for fi .
Fresh April to August
to movebetween pools
All river Provide water in pools for habitat and food sources Baseflow All year
o ¢ reaches Provide water over riffles to allow fish to move between pools to fee Fresh August to Feb
Malnta|_n abundance o except 8, grow and find new habitats (allow juvenile Tupong to move upstrea 9
Australian Bass Fishing (Bunjil 11 i . . .
populations Tambun) / Provideconnectivity to allow fish to migrate downstream to breed  Fresh March to July
Improve recruitment  hunting Downstream migration of Australian Bass adults to allow for estuari Fresh April to Jul
of Australian Bass (Woorngan) breeding res pril to July
populations Estuary : o _ :
reaches Allow upstream movement of juveniles irfiteshwater habitats Fresh Sept to April
Maintain freshwater habitat Baseflow All year
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Objective

Improve recruitment
of River Blackfish

Maintain abundance
and improve breeding
and recruitment of
estuarine resident
species including
Estuary Perchand
Black Bream (Kine)

Maintain the different
waterbird functional
feeding groupsn the
wetlands, such as
duck and rails,
insectivorous guilds,
colonial water birds,
and shorebirds.

Traditional
Owner Cultural
water value
Fishing (Bunijil
Tambun) /
hunting
(Woorngan)

Reach

All river
reaches

Fishing (Bunijil
Tambun) /
hunting

(Woorngan)

Reach 5

Mother and
Father song line
within the
Gunaikurnai
creation story
(Boran and Tuk
Hunting
(Woorngan) /
food

All
wetlands

and Estuary

Function

Submerge and clean woody debris and hard surfaceotade
breeding substrate

Provide water in pools and freshwater for habitat and food sources

Downstream migration of Estuary adults to allow for estuarine
breeding

Flows which maintain estuarine salinities and high dissobggen
levels

Provide water over riffles and freshwater to allow longitudinal
connectivity and for fish to move between habitats

BIRDS

Stimulation of bird breedingNesting for some waterbirds, including
rails and waterfowl, and for birds requiring waterbodies next to reec
beds. Waterbird food supphforaging along shallow margin for
insectivorous guilds with inundation

Waterbird food supply and breeding habitat provision

Waterfowl, piscivorous and herbivorous waterbird foraging while
inundated

Nesting habitat for colonial and other waterbirds in inundated reed |
and for birds requiring broad waterbodies and deep wagatt to reed
beds

Provides access to fresh drinking water for waterbirds. Maintain
suitable environmental conditions to continue to support White Belli
sea eagle.

Flooding of fringing vegetation asdmphire communities for
waterbird and terrestrial avian species foraging habitat

Component

Fresh

Baseflow
Fresh

Fresh

Fresh

Wetting flowg
partial fill

Wetting flowg
partial fill

Wetting flowg

f
Provides access to fresh drinking water for waterbirds by flushing s
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Timing / frequency

Nov to Jan

All year

July to August

Sept to December

Sept to March

Annually

Annually

~ three years out of
five



Traditional
Objective Owner Cultural Reach Function Component Timing / frequency
water value
and nutrients. Maintain abundance of riparian zone birds (including
Azure Kingdfisher, Nankeen Nigleréh).

Expose mudflats and submerged and emergent vegetation commu
Increase waterbird food supply and facilitate waterbird foraging
Stimulate nutrient cycling Drawdown Three years in five

Expose wetland fringe and createallows for a many shorebird speci
and other waterbird species from all guilds.

Flooding of banks and riparian zone to create conditions for nesting ]\c/i\lllettmg flowg Evtgree years out of
VEGETATION

Improve condition Maintain adequate depth of permanent water in channel Baseflow All year
and extent of All . :
submerged " Cease to rowwth seasonal drawdown in late summer/autumn to Cease toflow 1 every 34 years
vegetationto provide Materials, promote recruitment

. Basket o :
structural habitat for making Thomson Maintain adequate depth of freshwater in channel Baseflow All year
macroinvertebrates .

. ' River and

and various fish Sale Canal Maintain water quality to support health Whllisneria sp. beds Baseflow All year
species

N Maintain adequate depth of permanent water in stream channel to Baseflow All vear
Improve condition, limit terrestrial encoachment into aquatic habitats. y
extent and diversity of
emergent Materials ) P_rovide disturbance in riparian zone and channel to open recruitme Bankfull ~2 per year or based on
macrophyte B kelqm ’k' All river niches for emergent plants. natural regime

h . as aking reaches

vegetationto provide Kevstone and Support growth on terraces, channel edge fwder bank. (including ~6 per year or based on
structural habitat and y b idina fresh in th Fresh I reqi
charnellower bank species habitat estuary y providing fresh water in the estuary) natural regime
stability to low and Prowde.a mosaic of spatially and temporally differentially wetted ~6 per year or based on
moderate flows. areas within stream channel, benches, lower banks and wetland  Fresh

: natural regime
margins.
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Objective

Maintain or restore a
selfsustaining mosaic
of submerged and
emergent aquatic
vegetationtypes

Improve condition,
extent and diversity of

allriparian and

floodplain vegetation

especially for

endangered EVCs
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Traditional

Owner Cultural

water value

Materials,
Basket
making,
hunting
(Woorngan) /
food

Tool making:
Yooro gree
(Red gum
canoe trees);
Woorngan
(hunting) /
food

Reach

Sale
Common
Heart
Morass

River
reaches,
Lower
Latrobe,
River Delta &
Mouth

All
wetlands

Function

Provide freshwater conditions at River mouth to support phragmites

reproduction

Provide habitat inundation for vegetative growth and flowering with
seasonal vari&n of depth within the wetlands.

Increase oxygenation for germination and recruitment of aquatic

vegetation

Water levefluctuations to provide conditions for reproduction and
expansion of Swamp Scrub and Tall Marsh

Encourage seed and propagule dispersal

Reduce salinity levels toaintain species diversity

Support growth of riparian vegetation on terraces, channel edge an
lower bank (including by providing fresh water in the estuary)

Provide disturbance in riparian zone and channel to open recruitme
niches for riparian plants. Especially Eucalypt species.

Provide mechanism for dispersal of riparian #imddplain seeds and
support growth of aquatic plants in floodplain depressions.

Inundate all channel vegetation and support its growth.

Encourage habitat inundation of vegetation Elgodplain Riparian
Woodland (EVC 56)

Encourage seed and propagule dispersal

109

Component

Fresh

Wetting flowg
partial fill

Drawdown

Drawdown

Flushing flow

Fresh

Fresh

Overbank

Bankfull

Wetting flowg
fill

Flushing flow

Timing / frequency

Spring ~1 per year or
based on natural
regime

Annual
Winter / Spring (June
December)

Annual
Summer (Decembey
March)

2-3 months

Areas to dry out 1 in 2
years

Summer (Decembey
March)

1lin 2 years
Winter / Spring (June
November)

~6 per year or basesh
natural regime

~6 per year or based on
natural regime

August- December
Anytime
Minimum of 2 months

Sale: 3 events in 10 yea



Traditional
Objective Owner Cultural
water value

Maintain freshwater
supply to Latrobe
Estuary, Dowd

Morass, Sale Healthy
Common, Heart country
Morass, and

associated freshwater

habitats

Minimise European Healthy
Carp (reduce habitat) country

Avoid adverse water
quality conditions and

prolo_n_ged_stratlfled Healthy
condition in pools countr
such as high y

nutrients, Low DO or
high salinities

Reach

All

Heart
Morass

Dowd
Morass

All
wetlands

All river
and

estuary
reaches

Function Component

WATER QUALITY

Provide sufficient freshwater to maintain freshwater wetland flora ai
fauna, including provision of habitat far&ging, reproduction and All
longitudinal connectivity

Export salt Flushing flow

Wetting flowg

Minimise saltwater intrusion o
partial fill

Wetting flowg

Minimise acid sulfate soils risk o
partial fill

Drawdown to reduce habitat for European Carp Drawdown

Maintain dissolved oxygen levels in pools above thresholds for gill
breathing organisms (fish, macroinvertebrates and zooplankton) Baseflow
during summer/autumn

Flush pools to maintain good dissolved oxygen levels, low salinity ¢
low nutrients in the water column to support aquatic ecosystems (e Freshes
fish, macroinvertebrate populations amdoplankton)
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Timing / frequency

Heart / Dowd: 6 events
in 10 years

Winter / Spring (June
November)

Any time

lin 2 years

6 events in 10 years

Maintain water level

Refer other criteria

Summer/ autumn

Summer/ autumn



Photo: Latrobe River, Reach 5 (Alluvium)

6 Environmental water requirementsriver reaches

6.1 Approach to developing environmentghter requirements

The process for deriving environmental flow recommendatiigai{e38) includes identifying water dependent
value in the system and ecgioal objectives to support those values (see Sedjiohhe flow components and
hydraulic criteria (detailed below) are derived from these objectise®y conceptual models as described in
Sectiodd NEFSNJ G2 W2 I (§SNI NBIj dzA NBasedoy thé ydrekill trikkajedhnt T 2 NJ
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hydraulic models (see below) are used to determine the magnitude of the flow recommendation. An
understanding of the system hydrology (see Se@jas usedn conjunction with the conceptual models and
hydraulic criteria to determine the frequency, duration and timing of the flow recommendatibe

determination of the number and duration of recommended flow events has then been considered in this study
for four prevailing climatic conditiondrought,dry, average and wet years (sgection2).

Environmental objectives and functions
- what will the flowdo to support
environmental values?

Flow component#& Season
¢ which flow does this?

y

Hydraulic criteria
¢ how do we measure that?

v

Hydraulic Magnitude
models ¢ how big is the flow discharge?
\
Frequencgndduration

¢ how many time per season
¢ howlong should it be?

o|dwex3

Hydrologic
data

Climateconditian
¢ how do we deliver it from year to year?

Figure38. Process for determininmgyerenvionmental flow requirements.

Flow components are discussed in Seetior2 and a summary is provided in the box below.

Flow components
Summer / Autummaseflows NB (G KS yI GdzNIF f RNE LISNA2R 06adzyyY§

maintain water flowing through the channel, keepingti®am habitats wet and pools full

Summer / Autumireshesare frequent, small, and short duration flow events thatfasbne to several
days as a result of localised rainfall during the low flow period.

Winter / Springbaseflowsefer to the persistent increase in low or base flow that occurs with the onset
the wet period.

Winter / Sprindgreshesrefer to sustainednicreases in flow during the high flow period as a result of
sustained or heavy rainfall events

Bankfull flowdill the channel, but do not spill onto the floodpla®verbank floware higher and less
frequent than bankfull flows and spill out of the chahonto the floodplainBankfull and overbank flows
are nore common in the wet period, batsooccurs in the dry period

Application of hydraulic criteria

The hydraulic criteria required to support the values identified and achieve the flow objet®extiort are
detailed inTable30. Hydraulic dteria have been determined by Environmental Flow Technical Panel members
based on relevant literature, expert knowledge and using the conceptual models detailed in&ddtase

criteria have been updated from the previous FLOWS study to reflect the updated objectives and the best
available science.

Environmental Water Requirements Repbetirobe Environmental Water Requirements Investigation 112



Table30. Objectives and hydraulic criteria for riveaiches

Value Objective

Migratory fish

Maintain
abundance of
grayling
populations
Improve
recruitment of
grayling
populations

Maintain
abundance oéel

(noy yang)
populations

Improve
recruitment of
smaltbodied
migratory fish

including Tupong,

Broadfinned
Galaxias and
Common Jollytail

Maintain
abundance of

Traditional
Owner Cultural
water values

FishingBunijil
Tambuny
hunting

(Woorngan)

FishingBunijil
Tambuny
hunting

(Woorngan)

FishingBunijil
Tambuny

Reach Function

FISH
Spawning (freshwater)

Migration of larvae from freshwater to estuary at
downstream juvenile habitat

Juveniles migrate upstream from sea

Maintain permanent deep pools

Longitudinal connection in channel for adult
grayling movement

Provide water in pools for habitat and food sourc
Provide water over riffles to allow fish to migrate
upstream from estuary

Downstream migration of ee{aoy yangjo allow
for ocean breeding

Provide water overiffles to allow longitudinal
connectivity and for fish to move between pools

Provide watein pools for habitat and food source

Provide water over riffles to allow fish to move
between pools to feed, grow and find new habite
(allow juvenile Tupong to move upstream)

Provide connectivity to allow fish to migrate
downstream to breed

Downstream migration of Australian Bass adults
allow for estuarine breeding
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Component

Fresh

Fresh

Fresh
Baseflow

Fresh

Baseflow

Fresh

Fresh

Fresh

Baseflow

Fresh

Fresh

Fresh

Timing /
frequency

February to
May

May to July

October to
January

All year

December to
March

All year

Nov to May
Oct to May
April to August

All year

August to Feb

March to July

April to July

Criteria

F1

F2

F3

F4

F10

F11

F12

F13

300mm over instream
benches

500mm over riffles

500mm over riffles
Pools 2n deep
500mm over riffles

Maintain depth of pools
preferably 12 m deep

500mm over riffles
500mm over riffles

500mm over riffles

At least 506600mm deep in
pools

300mm over riffles

500mm over riffles

500mm over riffles



Traditional

Value Obijective Owner Cultural
water values
Australian Bass hunting
populations (Woorngan)
Improve

recruitment of
Australian Bass
populations

Improve

recruitment of

smaltbodied

freshwater resident

fish such aPwarf

Galaxias, Pygmy

Perch, Australian

Smelt, flathead

gudgeon and dwart

flathead gudgeon

FishingBunijil
Tambuny
hunting
(Woorngan)

Improve
recruitment of
RiverBlackfish

Resident freshwater fish

Maintain
abundance of
resident freshwater
fish, including
Dwarf Galaxias,
Pygmy Perch,
Australian Smelt
and Gudgeon

Maintain
abundance and
improve breeding

FishingBunjil
Tambuny

Estuary
Residen

Reach

All
except
8,11

All

All

All

(¢}

Function Component

Allow upstream movement of juveniles into

freshwater habitats Fresh

Maintain permanent deep pool of minimum dept

Baseflow
2m
Provide prolonged seasonal inundation of
vegetation beds and instream benches as habit: Fresh
to stimulate invertebrate hatching and fish
breeding
Provide water over riffles to allow longitudinal

- ) Fresh

connectivity and for fish to move between pools
Submerge and clean woody debris and hard

Fresh

surfaces to provide breeding substrate

Provide water in pools for habitat and food sourc Baseflow

Provide water in pools for habitat and fosources Baseflow

Downstream migration of Estuary adults to allow

for estuarine breeding Fresh
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Timing /
frequency

Sept to April

All year

Aug toNov

April to August

Nov to Jan

Nov to March

All year

July to August

Criteria

F14  500mm over riffles

F15 Pools 2n deep

500 mm water depth over
F16  some instream benches and
vegetation beds

F17 500mm over riffles

500 mm water depth over
F18 some instream benches and
vegetation beds

F19  500mm water depth in pools

F20  Pools 2m deep

F21 500mm over riffles



Value Obijective

Macro-invertebrates and

Frogs

Aquatic mammals

zooplankton

Traditional
Owner Cultural
water values
and recruitment of hunting
estuarine resident (Woorngan)
species (Estuary

Perch, River

Garfish, Black

Bream(Kine),

eastern bluespot

goby and lagoon

goby)

Improve
abundance of all
macroinvertebrate
and zooplankton
populations

All

Maintain refuge
habitat for frog
populations

Improve extent of
frog populations

All

Improve extent of
platypus(Balagen)
& rakali
populations

All
Keystone

species
Maintain

All
abundance of

Reach Function

Flows which maintain estuarine salinities and hig

dissolved oxygen levels

Provide water over riffles to allow longitudinal
connectivity and for fish to move between pools

OTHER FAUNA

Create and extend aquatic habitats for
macroinvertebrates and zooplankton

Sustain macroinvertebrate and zooplankton

Component

Fresh

Fresh

Fresh

communities during summer as a food source fc Fresh

fish, frog and platypud@Balagenpopulations
Maintain pool habitat

Create aquatic floodplain habitats for

Baseflow

macroinvertebrates and zooplankton (including Overbank

rotifers) and stimulate production

Provide pool habitat

Allow growth and reproduction of
macroinvertebrate communities

Fresh

Fresh

Provide longitudinal connectivibetween reaches Fresh

Provide longitudinal connectivity between reach Er

for local movement

esh

Provide pool habitat for refuge/permanent habit: Baseflow
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Timing /
frequency

Sept to
December

Sept to March

Aug to Nov

Nov to March

Nov toMarch

Winter / Spring

Summer

Spring

Spring

Summer /
Autumn

Summer

Criteria

500 mm water depth over

F22  some instream benches and
vegetation beds

F23  500mm over riffles
Increase wetted area by

M1 inundating instream benclse
by 300mm deep
Inundate benches by 100mn

M2
deep

M3 Maintain full pools

M4 Inundate floodplain

FR1 Referto WQ2

FR2 Referto M1, G7

FR3 300 mm water depth over
riffles

PL1 5_00 mm water depth over
riffles

L2 Flow between pools

Minimum pool depth of >1m



Value Obijective

Birds

Turtles

Submerged

Traditional
Owner Cultural
water values
existing platypus

(Balageng rakali

populations

Maintain
abundance of All
riparian zone birds

Maintain
abundance of
Freshwater Turtle
Populations

All

Improve condition
and extent of
submerged
vegetationto
provide structural
habitat for
macroinvertebrates
and various fish
species

Materials
Basketweaving

Reach Function

Flowfreshes to keep fine sediment from infilling
gravel beds and allow large macroinvertebrate

populations for food

Support breeding opportunities by avoiding

bankfull flows

Avoid extended high flows events to allow for

foraging

Flooding of riparian vegetation for foraging habit

Provide pool habitat

Allow growth and reproduction of

macroinvertebrate communities as food source

Flooding of banks and riparian zone to create

conditions for nesting

VEGETATION

Maintain adequate depth of permanent water in

channel

Cease to flow with seasortihwdown in late

summer/autumn to promote recruitment
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Component gy
frequency

Fresh Winter / Spring
October-

Bankfull March

Fresh

/Bankfunl ~ Allyear

Overbank  July to

flows December

Baseflow Summer

Fresh Spring/Summer

Fresh Summer

/Bankfull

Baseflow  All year

Cease to levery 34

flow years

Criteria

Refer to M1, G2 and G3

PL3
Address in risk management
No sediment on gravels

PL4

B3 ~ 3 out of 5 years

Flow between pools

T1 Minimum pool depth of
>0.51m

300 mm water depth over
instream benches

Annual (23 times for the

T3
season)

V1 400 mm water depth in pools

V2 1-3 months



Value Obijective

Improve condition,
extent and diversity
of emergent
macrophyte
vegetationto
provide structural
habitat and
channel/lower
bank stabiliy to
low and moderate
flows.

Emergent macrophyte

Improve condition,
extent and diversity
of allriparian
vegetation
especially for
endangered EVCs

Riparian

Improve condition
and extent of all
floodplain
vegetation
especially for
endangered EVCs
(e.g. Swamp Scrub
EVC53)

Floodplain

Traditional
Owner Cultural
water values

Basket
weaving,
keystone
species habitat

All

Tool making:
Yooro gree

trees Red
gumcanoe All
trees);

Woorngan
(hunting) / food

Tool making:
Yooro gree

trees Red
gumcanoe All
trees);

Woorngan
(hunting) / food

Reach Function

Maintain adequate depth of permanent water in
stream channel to limit terrestrial encroachment Baseflow
into aquatic habitats.

Provide disturbance in riparian zone and channe

to open recruitment niches for emergent plants. Bankfull

Support growth on terraces, channel edge and

lower bank. Fresh

Provide a mosaic of spatially and temporally
differentially wetted areas within stream channel Fresh
benches, lower banks and wetland margins.

Support growth of riparian vegetation on terrace

channel edge and lower bank. Fresh
Provide disturbance in riparian zone and channe

to open recruitment niches for riparian plants.  Fresh
Especially Eucalypt species.

Prowde_mechamsm for dispersal of riparian and Overbank
floodplain seeds.

Inundate all channel vegetation and support its Bankfull
growth.

Fill floodplain depressions and billabongs to

support the growth of seasonal and emergent  Overbank
wetland vegetation.

Inundate floodplain and provide moisture to Overbank

floodplain species and promotarbon exchange.
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Component

Timing /
frequency

All year

~2 per year or
natural regime

~6 per year or

natural regime

~6 per year or
natural regime

~6 per year or
natural regime

~6 per year or
natural regime

Spring

~6 per year or
natural regime

Spring/
summer

1 every 23
years

Criteria

V4

V5

V6

V7

V8

V9

V10

V11

V12

V14

400 mm water depth in pools

Inundate all channel

Inundate the lower bank,
channel terraces and wetlan
margins

Variations in water depth of
approximately 500nm over
low-flow levels or 20Gnm
over channel benches

Inundate the lowebank and
channel benches up to
500mm from low flow level

Replacement aéxotic grasses
with native shrubs and ground
cover

Commence overbank flooding

Inundate all channel

Commence overbank
flooding

Water flows to floodplain



Value Obijective

Avoid adverse
water quality

2 conditions and

<

S prolonged

s stratified condition

@  inpools such as

= high nutrients, Low
DO or high
salinities

)

S

E Maintain habitat to

2 support ecological

g  values and

g  processes

O
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Traditional
Owner Cultural
water values

Healthy
country

Reach

All

All

Function

Component

SUPPORTING FUNCTIONS

Maintain dissolved oxygen levels in pools above
thresholds for gilbreathing organisms (fish,
macronvertebrates and zooplankton) during
summer/autumn

Flush pools to maintain good dissolved oxygen
levels, low salinity and low nutrients in the water
column to support aquatiecosystems (e.g. fish,
macroinvertebrate populations and zooplankton’

Maintain gross channel capadityough provision
of the dominant channdbrming flow events
(bankfull events)

Maintain gross channel capacity through provisi
of events capable of mobilising bed load sedime

Provide flows that establish and maintain high fli
benches (scour and deposit sediment on high flc
benches)

Provide flows that maintain low flow benches
through Summer / Autumn (scour and deposit
sediment on low flow benches)

Provide flows that maintain pool deptindabrade
algae on riffles and large wood through Summel
Autumn, by scouring fine sediment from bed of
pools.

Provide overbank inundation to enable exchang
of sediment and carbon to and from the river
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Baseflow

Freshes

Bankfull

Baseflow
Fresh

Bankfull

Freshes

Fresh

Overbank
Anytime

Timing /
frequency

Summer/
autumn

Summer/
autumn

Any time

Winter / Spring
Winter / Spring

Anytime

Summer /
Autumn

Summer /
Autumn

Overbank

Criteria

WQ1

WQ?2

Gl

G2
G3

G4

G5

G6

G8

Velocity of 0.1 m/s through
pools

Velocity of 0.3 m/s through
pools

Bankfull event

Mobilise and transport bed
load sediment

Inundate high benches

Mobilise sediment of high
benches

Inundate low benches

Mobilise sediment in bed of
pool (criteria adopted based
on reach sediment type

Maintain occurrence of
overbank events



Hydraulic modelling

The magnitudes of the florequired to achieve the flow functions were estimated usingdinensional
hydraulic models. The HIRAS modelling software, developed by the US Army Corp of Engineers, has been
used as the hydraulic modelling platform for {est of theinvestigation.

Four new models were developed as part of this study based on the new sites Sasleefqubendix Bjor the

Latrobe River reaches (reaches 3,4,5) and the Morwell River site (reach 10). For the other three river reaches (8
¢ Tanjil River, 9Tyers River, and XlTraralgon Creek) the existing models from the 2007 FLOWS study were
reviewedandadopted. D&iled of the hydraulic models are provided in Appefdix

For a given flow rate (magnitude), thedraulic modelprovide the resultant hydraulic conditions in the
presentative site, this includetream velocity, shear stress, inundation depths anddation extents Many

flow rates are run through the model atite EnvironmentaFlowsTechnical Panel and project team are then
able to asses which flow rate produces the hydraulic conditions that best meet the target criteria at various
locations throughout the representaé site (e.g. the minimum velocity through a pool or the inundation over a
specific bench).

Reach 5 is located upstream of the Latrobe estuary and is therefore influenced by the fluctuations in water level
driven by Lake Wellington. Therefore, for devigigghe hydraulic model, this was taken into account at the
downstream boundary condition. The range of water levels for different flow rates were taken from the estuary
hydrodynamic modellwo rating curves (and therefote/o scenarios in thaydraulic model) were developed:

one based on the typical water level that occurs in the modelled results while the other was based on an upper
bound of water levels identified for a given flow rate. The model with typical water levels as the rating curve
was used for the lower flow recommendations (Summer Autumn Baseflow, Summer / Autumn Fresh, Winter /
Spring Baseflow), while both models were used to inform the higher flow recommendations (Winter / Spring
Fresh, Bankfull, Overbank). Further informatgpravided in Appendik

Note that subsequent flood modelling undertaken by West Gippsland CMA suggests that under maximum water
level conditions in the estuary, the channel capacity of the lower part of Reach 5 is exceeded at lower flow rates.
Under theg conditions (high water levels in the estuary), may lead to floodplain inundation in the lower part of
reach 5 at lower discharges, which may prove to be a constraint to the delivery of some flow recommendations.
Further work is required to better undeastd this constraint and the conditions under which it is most relevant

to management decisions.

Hydrologic modellingnd analysis

There are several stream flow gauges available fdrdtrebe systento characterise the hydrology of the
system and assessrapliance with the environmental flow recommendatiohsese gauges are identified in
Section2.

The water resource modelling undertaken for this study is discusSettior2. Unimpacted conditions

represent flows in the river in the absence of diversions from the river and flow regulating structures, but under
historical landcover.Current conditionsepresent regulated flows at current entitlement volumes, th&720

level of demand andiater usebehaviour, and historical land cover.

W2 NJ yI GdzNT £ Q

Natural flow variability is an important aspect of an environmental flow regithde allbasdlow
NEO2YYSYyRIGAZ2y & FNB SELINB&a&ASR a WwO2yliAydz2dza Qs |y W2N
recommendationsThis clause is designed to allow reduced flows and seasonal drawdown to occur, if it would

have done so naturally.

CKS AyOfdzaizy 2F (KS W2NJ yI (dzNI f QQaddnimgagté&d)floisdhodd a SR 2y
support the environmental values and objectives. Australian native species have adapted to the natural

I NAI oAt AGE Ay yandesiandiThis ddapsos haR @orided Aubtddiah native species with a
O2YLISGAGAGS RGLHyGFr3AS 20SNI YIye AYGNRRdIdzOSR alLlSOASad L
that will assist with the lonterm success of Australian native speci
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Determining the natural flow variability in these circumstances will need to be addressed as part of the
implementation of the environmental flow recommendatiptisough a statistical analysis of the modelled flow
datab2 G Ay 3 GKI (i duseEeferdd ik yhimpadmilfldw@ndérthe historic climate, and not an
unimpacted regime under climate change conditions.

While the Latrobe is a modified system, it is assumed here that other threats (outside the direct scope of
environmental water maagement), will be adequately managed such that it can be considered a natural

system¢ KS W2 NJ yI GdzNI £ Q Of I dza S I & & dzY S éndeiitakentd credt2 & LI SY Sy (I NJ
waterway environment that reflects key elements of a natural system; thesseeets include the presence of

large wood and riparian vegetation.

Timingdefinition

The flow recommendations (specificdlsdlows and freshes) have been developed and expressed as either

Wummer / Autum@  Wihkgr HSprin@ ® SufirBer /Autumf coidnendations cover the s period from
55S0SY0SNJI G2 Winterd SpinRR LIERSE 2R 02 00SNE WdzyS (2 b20SYOSNWP Cf
Yperiodd RSy 2GS (KS v dzSanSned/ avumS ORBildii KEpring i K BSntH périodi A E
Forexample, a summer fresh with a frequency gfe8iodwould occur a total of six times across the December

¢ May period.

The variation in seasonal definitions is recognised and exact timing of flows should be coordinated to take into
consideration:

 TheunvLJ OGSR 2NJ Wyl (Gdz2N* £ Q Ft2¢ NBIAYS
1 Cultural seasons

1 Weather events
)l

Ecological life cycles

The delivery of the recommended flow regime can be developed further in an environmental water
management plan.

Spells analysis

Flow duration curves are provided for each reach and padbd (Summer / Autumrr Winter / Springy in

Section2 (Figure7 - Figurel0). In addition, a spells analysis has been undertaken for each recommended flow
YI3yAiddzRSd | WKAIK aLSttaQ Fylteara daArAy3ad S22 iSNRaE w!
(or greater) occurring and the mean duration of those flow evémtshe periodof interest Summer / Autumn

or Winter / Spring This analysis was performed for all years of modelled data arfdra¢sch different

climate condition (Drought, Dry, Average, Wet year), and combined with an understanding of ecological

requirements, was used to develop the recommended frequency and duration for each recommeidation.

overbank and bankfull recommendations, a maximum duration between eventsriscalsonendedbased on

the maximum duration between events for the naturale series, and or ecological requirements.

Rates of rise and fall

The rate of rise and fall relates to the rate of change in flow from day to day, with a focus on the rate of increase
up to a target flow and a rate of decrease from this target flowsd Hactuations in the flow rate serve

important ecological and geomorphic functions in a river system. Excessive rates -déwehtatl can result in

fish being stranded by falling waters or bank slumping. It is therefore important idittehis rot significantly

altered from the natural (unimpacted) rates of rise and fall in stream flow.

Within the context of flow management, recommended rates of rise and fall are useful to ensure that the
delivery ofmanagediows is such that ecological harmmigimised. The recommended rates of rise and fall
were determined from the modelled unimpacted daily flow data. Rates of rise and fall are reported as the
maximum rate of permissible rise/fall from one day to the next. For example, if the flow iS\vit/tiCénd the
recommended rate of fall is 0.7, the flow on the following day should not be below 70 ML/d. Similarly, if the
flow rate was 100 ML/d and the recommended rate of rise is 1.8, the flow on the following day should not
exceed 180 ML/d.
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The recomrended maximum rate of rise and fall have been defined for modelled unimpacted flows as 90
percentile of rise and 10percentile of fall for dry anwinter / Springreshes and around $Qpercentile of rise
and 10" percentile of fall for all flows above bankfull magnit(Bable31).

Table31 Rates of rise and fall for the Latrobe systaser reaches.

Reach Flow component Rise Fall
_ Summer / Autumireshes 1.6 0.8

;acg?r?:s? Iver (Lake Narracan t Winter / Springreshes 1.8 0.8
Bankfull/overbank 3.4 0.6

. _ Summer /Autumnfreshes 2.0 0.8

4 Ikﬁ::::@?;’ﬁ{h()scames Bridge Winter / Springreshes 2.0 0.8
Bankfull/overbank 3.5 0.6

_ _ Summer / Autumireshes 2.0 0.8

5 #ﬁg?&%?g’;}f&grﬂgy Southt v inter / Sprindgreshes 2.0 0.8
Bankfull/overbank 3.0 0.6

Summer / Autumireshes 1.8 0.8

8 TanjilRiver Winter / Springreshes 1.7 0.8
Bankfull/overbank 7.3 0.4

Summer / Autumiireshes 2.7 0.5

9 Tyers River Winter / Springreshes 2.4 0.6
Bankfull/overbank 6.8 0.3

Summer / Autumiireshes 1.6 0.7

10 Morwell River Winter / Sprindreshes 1.8 0.8
Bankfull/overbank 2.8 0.6

Summer / Autumiireshes 25 0.6

11 Traralgon Creek Winter / Springreshes 25 0.6
Bankfull/overbank 7.0 0.3

6.2 Environmental flow recommendations

Environmental flow recommendations have been determined fosé¢lven rivereaches of thé.atrobe River
system within the scope of this studyrhe tables below include a summary of the environmental values and
functions supported by each flow componémthelp to achieve the environmental objectives.

Each recommendation is comprised of a flow component, discharge (magnitude), pieniad (frequency
(generally number of times peeriod) and duration (generally in days), as well as the inclo$icimate
condition(Figure39). In this section, the recommendations are described for each reach and for each flow
component.Flows components for riveeaches are described 8ection2 and includeSummer / Autumrow
flow, Summer / Autumifresh,Winter / Sprindow flow,Winter / Spring=resh, Bankfull and Overbian
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Flow component# Season Frequencgnd duration

¢ which flow does this ¢ how many time per season
- What time of year? ¢ howlong should it be?
Magnitude : "
¢ how big is the flowlischarge to meet the SR

criteria? ¢ how do we deliver it from year to yeai

Figure39. Components of a flow recommendation
Flow recommendations are presented below for each of#wen rivereaches.

Note: RRcommendations for different climate conditions are provided to allow $eaaonally adaptive

approach to environmental water delivery. The climate conditions are based on the historic climate record
where Dry or Drought years occurred less than 25% of the(§eaeSectio2.4). The Average (or Wet)
recommendations should be provided at least 75% of the time In order to have confidence that the objectives
can be met. The provision of average or wet conditions in 75% of years will bedeonder a continuation of

the current climate or under a drying climate with an increasimgber of Dry and Drought years.

Flow magnitudes/ere determined to contribute to the achievement of environmeotiéctives Where

possible, flow recommendatiomgere developed to meet the greatest number of critenhile optimising to

feasibly meet the intent of the flow functions for each flow componé@miteria marked with an asterisk (*) are

RSSYSR WLI NIAIFffe | OKAS@SR QcludessitudtiénS whierk ériieria Rould fiofdly Y I Iy A (
be met by other constraints such as channel capacity, channel morphology, flow availability, criteria of other

values or additional constraintdydraulic criteria codes are availabld able30.

The updated flow recommendations arising from this investigation (provided below) differ from those
developed from previous studies. Some of the reasordifferences include:

1 refined and updated environmental objectives
I updated ecological and system knowledge
9 improved hydrologic and hydraulic modelling.
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Latrobe Reach 3

Flow Magnitude Frequency Duration ¢lays) Hydraulic Values and functions supported
component (ML/day) (No/period) criteria met
DROUGHT DROUGHT F4 F6 E10 Supportinghealthycountry, fishingBunijil Tambu)v hunting (Woorngan andplatypus(Balagen)
Summer / 440 ML/d DRY DRY Fl;E. Fi9 PLZ providing pool habitat (adequate depth) to support migratory and resident freshwater fish,
Autumn ay or AVG Cont AVG Cont ’ ' ' macroinvertebrates, aquatic mammals, turtles, and submerged vegetation. Limit terrestrial
Baseflow natural M3 V1,va, vegetation encroachment to support emergent macroptwggetation. Maintain dissolved oxyge
WET WET wQl levels in pools (water quality).
DROUGHT 4 DROUGHT 1 day
summer / DRY 5 DRY 1 day S ti Ith try by flushing sedi ds) f Is and velocity f I't
G a2, e e s ™
- Water quality AVG 6 AVG 1 day quality g phicp : pp p gs.
WET 6 WET 1 day
DROUGHT 1 DROUGHT 4 days F1, F2, F3, F5, Supportinghealthycountry,fishing(Bunjil Tambu)v hunting (Woorngarn and platypugBalagen).
Summer / DRY 2 DRY 3 days F7, F8, F9, Inundating benches to maintain habitat (geomorphiacpsses), support growth of emergent
Autumn Fresh F11, F12, F13, macrophyte vegetation and sustain macroinvertebrate and zooplankton communities, and
- Fish and 980ML/day AVG 3 AVG 4days r17 F18 M2, breeding substrate for Blackfish.
Vegetation WET 3 WET 5days FR1,PL1, V6, Longitudinal connectivity for aquatic mammals, migratory fish and estuary residents; includii
G5 depthover benches for Grayling.
Winter / DROUGHT DROUGHT
SF;?"% 1,500 ML/day DRY Cont DRY Cont G2 Supportinghealthycountry by providing@®nmer / Autumn low flow functions pldisishing of
fl or natural AVG AVG sediment (sands) from pools.
RS WET WET
DROUGHT - DROUGHT - Supportinghealthycountry, fishing(BunjilTambur) / hunting (Woorngar) and platypugBalagen).
DRY 1 DRY 2 days F2, F3, F9, Inundation over benches (at greater depth) activating ecological processes to provide habit:
. F11, F14, F16, macroinvertebrates and zooplankton, providing a food source, habitat and connectivity for
Winter / 6,000 ML/day AVG 3 AVG 2days 7' £1g M1, resident and esiary resident fish, turtles and frogs.
Spring Fresh FR3, T2, V7, Provide a mosaic of wetted areas for emergent macrophyte vegetation.
WET 4 WET 2 days V8,V9,G3 Inundation of higher benches (geomorphic processes) to improve bench habitat and suppor
growth of riparian vegetation.
DROUGHT . DROUGHT/ Supportinchealthycountry, canoe tree§Yooro gree)
/DRY DRY Inundation of riparian vegetation and disturbance of emergent vegetation. Tinis povides
Bankfull 10,000 AVG AVG G1,V5, V1L, papitat for riparian zone birds.
ML/day WET llyear WET 2days T3 Flooding of banks and riparian zone to create nesting conditions for turtles.
Overall: Maxluration between events: 2 years Maintain channel capacity and bench habitat (geomorphic processes)
DROUGHT - DROUGHT/ - Supportinghealthycountry, Fairy wreifY eerungand Djeetgur), canoe treegYooro gree).
/ DRY DRY . . 7 : . .
> 15.000 V10, V12, Inundation of floodplain and riparian vegetation and disturbance of emergent vegeHiisns
Overbank ML/d AVG 1/ 2 AVG/ 1d V14, G8B3 turn provides habitat for riparian zone birds.
ay WET yrs WET A w4 Stimul i ' i i
imulate macroinvertebrate and zooplankton production. Exchange of sediment (and nutrie

Overall: Max duration between events: 4 years

and carbon betweewaterway and floodplain to increase productivity.
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Latrobe Reach 4

Flow Magnitude Frequency Duration (days) Hydraulic Environmental values and functions supported
component (ML/day) (No/period criteria met
~ DROUGHT. ~ DROUGHT. Supportinghealthycountry, fishingBunjil Tambu)v hunting (Woorngan andplatypus(Balagen)
DRY DRY F4, F6, F10, o . . . !
Summer / 380 or F15 F19. PL2 providing pool habitat (adequate depth) to support migratory and resident freshwater fish,
Autumn tural AVG Cont AVG Cont M3 \’/1 Vz,l ' macroinvertebrates, aquatic mammals, turtles, and submerged vegetation. Limit terrestrial
Basdlow natura WOo1 T vegetation encroachment to support emergent macrophggetation. Maintain dissolved oxyge
WET WET levels in pools (water quality).
DROUGHT 4 DROUGHT 1 day
Summer / DRY DRY . . . .
1,400 5 1 day Supportinghealthycountry by flushingediment (sands) from pools and velocity for pool turno
AL GEe ML/da AVG 6 AVG 1d G6*, WQ2, (water quality and geomorphic processes). This also supports pool habitat for frogs
Water quality y ay ' '
WET 6 WET 1 day
DROUGHT 1 DROUGHT 4 days FL1,F2,R3,F5, Supportingealthycountry, fishingBunjil Tambu)v hunting(Woorngan and platypugBalagen).
Summer / DRY 2 DRY 3 days F7,F8,F, Inundatingbenches to maintain habitat (geomorphic processes), support growth of emergen
Autumn Fesh - 1,400 F11,F12,F13, macrophyte vegetation and sustain macroinvertebrate and zooplankton communities, and
Fish and ML/day AVG 3 AVG 4days F17,F18M2,  breeding substrate for Blackfish.
Vegetation - 3 WET 5days FR1PL1V6, Longitudinal connectivity for aquatic mammals, migratisty dnd estuary residents; including
G5, depth over benches for Grayling.
DROUGHT DROUGHT
Winter / Spring 1,800 or DRY Cont DRY Cont G2 Supportinghealthycountry by providinggummer / Autumn low flow functions plus flushing of
Basdlow natural AVG AVG sediment (sands) from pools.
WET WET
DROUGHT 1 DROUGHT 2 days Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorngan) and platypus (Bal
DRY 1 DRY 2 days F2,B P, Inundation over benches (at greater depth) activating ecological processes to provide habit:
. . F11, F14F16 macroinvertebrates and zooplankton, providing a food sotnagitat and connectivity for
\Iir\/mtr(lar / Spring ﬁ/ig?do AVG 3 AVG 2 days F17 F18, M1, resident and estuary resident fish, turtles and frogs.
es ay 4 2days FR3T2,v7, Provide a mosaic of wetted areas for emergent macrophyte vegetation.
WET WET V8, V9, G3 Inundation of higher benches (geomorphic processes) to improve bench habitat and suppor
growth of riarian vegetation.
DRT DRY - DRT DRY - Supporting healthy country, canoe trees (Yooro gree).
AVG AVG i ipari i i i
Bankfull 8,000 1year 2 days G1, V5, Vi1, Inundf";mon of riparian vefgetf'mon and disturbance (?f emerg.eht vegetation.
ooding of banks and riparian zone to create nesting conditions for turtles.
ML/day WET WET T3 Flooding of banks and t t t ditions for turtl
Overall: Max duration between events: 2 years Maintain channel capacity and bench habitat (geomorphic processes)
DRT DRY - DRT/DRY - Supportinchealthycountry, Fairy wrelY eerungand Djeetgur), canoe treegYooro gree).
Overbank > 10,000 AVG 1/ 2 AVG | 5 davs V10VI2 V14, lnundatio_g of frllocéqtlplta;in a.nd r_iparian v%g%tation and disturbance of emergent vegetdtiors
verban ML/day WET years WET y G8 M4, B3 urn provides habitat for riparian zone birds.

Overall: Max duration between events: 2 years

Stimulate macroinvertebrate and zooplankton production. Exchange of sediment (and nutrie
and carbon betweewaterway and floodplain to increase productivity.
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Latrobe Reach 5

Flow Magnitude Frequency Duration (days) Hydraulic Environmental values and functions supported
component (ML/day) (Nolperiod) criteria met
DROUGHT DROUGHT Supportinghealthycountry, fishingBunijil Tambu)v hunting (Woorngan and platypus
Summer / 250 DRY DRY F4, F6, F10, F15, (Balagen)providing pool habitat (adequate depth) to support migratory and resident
Autumn ML/dayor AVG Cont AVG Cont F19, F20, PL2, M: freshwater fish, macroinvertebrates, aquatic mammals, turtles, and submerged vegetat
Basdlow natural V1V4aWwQ1i Limit terrestrial vegetation encroachment to support emetgeacrophyte vegetation.
WET WET Maintain dissolved oxygen levels in pools (water quality).
DROUGHT 4 DROUGHT 1 day
Summer /
AT 920 DRY 5 DRY 1 day G6, WQ2 Supportinghealthycountry byflushing sediment (sands) from pools and velocity for pool
> ML/da ' ' turnover (water quality and geomorphic processes). This also supports pool habitat for
Water quality y AVG 6 AVG 1 day ( quality and g phic p ) pports p
WET 6 WET 1 day
DROUGHT 1 DROUGHT 4 days Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorngan) and platypus
Summer / DRY 2 DRY 3 days F1,F2,F3,/,F7, (Balagen).
Autumn Fesh- 920 AVG 3 AVG 4 days R8,M,F11,F12,  Inundating benches_to maintain hgbltat (ge_zomorphlc processes), support growth _o_f ems
Fish and ML/d F13,F17,F18, macrophyte vegetation and sustain macroinvertebrate and zooplankton communities, &
VIS ?nt' ay F21,R23, M2, breeding substrate for Blackfish.
egetation WET 3 WET 5days FRIPL1V6, G5 | ongitudinal connectivity for aquatic mammatigratory fish and estuary residents;
including depth over benches for Grayling.
DROUGHT DROUGHT
. . 620
Winter / Spring ML/davor DRY Cont DRY Cont G2 Supportinghealthycountry byproviding Summer / Autumn low flow functions plus flushin
Basdlow Y AVG AVG of sediment (sands) from pools.
natural
WET WET
DROUGHT 1 DROUGHT 2 days Supportinghealthycountry, fishingBunjil Tambu)V hunting(Woorngar and platypus
(Balagen).
DRY 1 DRY 2 days Inundation of benches activating ecological processes to provide habitat for
macroinvertebrates and zooplankton, providing a food source, habidat@mectivity for
AVG 3 AVG 2 days F2 B D FIl resident and estuary resident fish, turtles and frogs.
Winter / Spring 2,200 F14,F16 F17 Provide a mosaic of wetted areas for emergent macrophyte vegetation.
Fresh ML/day* F18, M1, FR3T2, Inundation of higher benches at greater depth (geomorphic processes) to improve bent
V7,v8,V9, G3 habitat and support growtbf riparian vegetation
WET 4 WET 2 days

Under typical water level conditio&enches just inundated

Under upper bound of water level conditida®ater depth of inundation over benches to
fully meet criteria.
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Flow Magnitude Frequency Duration (days) Hydraulic Environmental values and functions supported

component (ML/day) (No/period) criteria met
DROUGHT 1 DROUGHT 2 days Supportinghealthycountry, canoe tree§Yooro gree)
Inundation of riparian vegetation and disturbance of emergent vegetation. This is turn
DRY 1 DRY 3 days provides habitat for riparian zone birds.
3500 Flooding of banks and riparian zone to create nesting conditions for turtles.
Bankfull I\/iL/day* AVG 2 AVG 3 days G1, V5, V11, T3 Maintain channel capacity and bench habitat (geomorphic processes)
WET 2 WET 3 days Under typical water level conditiofgelow bankfull but still perform channel maintenance
function
Overall Max duration between events: 2 years Under upper bound of water level conditiddsnkfull conditions to fully meet critari
DRT DRY 1 DRT / DRY 2 days Supportinchealthycountry, Fairy wrelY eerungand Djeetgur), canoe treegYooro gree).
Inundation of floodplain and riparian vegetation and disturbance of emergent vegetatiol
AVG This is turn provides habitat for riparian zone birds.
> 5,000 AVG V10,V12,V14, Stimulate macroinvertebrate and zooplankton production. Exchangeliofieset (and
Overbank ML/day* WET 1 2days G8 B3,M4 nutrients), and carbon between waterway and floodplain to increase productivity.
WET
Some overbank inundation should occur for all downstream water level conditions, witk
Overall: Max duration between events: 2 year greater inundation with increased water levels.

*Flow recommendations have been developed based orsteparios in théydraulic model: one representing typical water level conditiotisesdownstream boundary condition, one
representing the upper bound of water level conditigrefer to Appendi¥for further informatior).

Note that subsequent flood modelling undertakey West Gippsland CMA suggests that under maximum water level conditions in the estuary, the channel capacity qfahteofower
Reach 5 is exceeded at lower flow rdfies at flows lower than the bankfull recommendation of 3 800day) Under theseonditions (high water levels in the estuary), may lead to
floodplain inundation in the lower part of reach 5 at lower discharges, which may prove to be a constraint to the detiwesyflofv recommendationsurther work is required to
better understad this constraint and the conditions under which it is most releieamtanagement decisions
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Morwell Reach 10

Flow Magnitude Frequency (Ngeriod Duration (days) Hydraulic Environmental values and functiosispported
component (ML/day) criteria met
DROUGHT DROUGHT Supportinghealthycountry, fishingBunjil Tambuj/ hunting(Woorngar) and
Summer / DRY DRY Fa* F6. F10 platypus(Balagen)providing pool habitatadequate depth) to support migratory
90 ML/day or . ' and resident freshwater fish, macroinvertebrates, aquatic mammals, turtles, ¢
Autumn AVG Cont AVG Cont  F15* F19, PL2, : - i -
natural submerged vegetation. Limit terrestrial vegetation encroachment to support
Baseflow M3 V1,V4WQ1 ; PR :
WET WET emergent macrophyte vegetation. Maintain dissolved oxygenslavelools
(water quality).
DROUGHT DROUGHT 3 days Supportinghealthycountry, fishingBunijil Tambu)v hunting (Woorngar) and
platypus(Balagen).
DRY DRY 3days F1,F2,F3,F5, Inundating benches to maintain habitat (geomorphic processggport growth
F7, F8, F9, F11, . . .
Summer / AVG AVG 4 days of emergent macrophyte vegetation and sustain macroinvertebrate and
F12, F13, F17, - ; -
Autumn 320 ML/day F18. M2 ER1 zooplankton communities, and breeding substrate for Blackfish.
Fresh PL1’ V6' G5 éE Supportinchealthycountry by flushing sediment (sands) from pools and velocit
WET 3 WET 4 days WQé* A for pool turnover (water qudli and geomorphic processes). This also supports
pool habitat for frogsLongitudinal connectivity for aquatic mammals, migratory
fish and resident freshwater fish.
Winter / DROUGHT DROUGHT
SpringBase 210 ML/day DRY Cont DRY Cont G2 Supportinghealthycountry by providing Summer / Autumn low flow functions p
P or natural AVG AVG flushing of sediment (sands) from pools.
flow WET WET
DROUGHT DROUGHT 4 days Supportinchealthycountry, fishingBunjil Tambu)/ hunting (Woorngan and
platypus(Balagen).
DRY DRY 3days F2 F3,F9, Fil, Inundation over benches (at greater depdle}ivating ecological processes to
- F14, F16, F17, . . . -
Winter / AVG AVG 4 days provide habitat for macroinvertebrates and zooplankton, providing a food sou
. 680ML/day F18, M1, FR3, . L . . .
SpringFresh habitat and connectivity for resident and estuary resident fish, turtles and froc
T2,V7,V8, V9, - . .
G3 Provide a mosaic of wetted areas for emergent macropbsgetation.
WET 4 WET 4 days Inundation of higher benches (geomorphic processes) to improve bench habi
and support growth of riparian vegetation.
DRT/DRY - DRT /DRY - Supportinchealthycountry, canoe tree§Yooro gree)
1.800 AVG AVG Inundation of riparian vegetation and disturbance of emergent vegetation. Th
Bankfull I\/iL/d 1/year 2 days G1,V5,V11, T3 turn provides habitat for riparian zone birds.
ay WET WET Flooding of banks and riparian zone to create nestimgiitions for turtles.
Overall: Max duration between evensyears Maintain channel capacity and bench habitat (geomorphic processes)
DRT/DRY - DRT / DRY - Supportinghealthycountry, Fairy wreifY eerungand Djeetgur), canoe trees
AVG / AVG / (Yooro gree). . . . .
> 2200 llyear 2 days Inundation of floodplain and riparian vegetation and disturbance of emergent
Overbank ' WET WET V10, V12, V14, vegetation.This is turn provides habitat for riparian zone birds
ML/day G8,B3,M4 : i

Overall: Max duration between evendsyears

Stimulate macroinvertebrate and zooplankton production. Exchange of sedin
(and nutrients), and carbon betweeraterway and floodplain to increase
productivity.
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Tanjil Reach 8

Flow Magnitude Frequency (N@leriod Duration (days) Hydraulic Environmental values and functions supported
component criteria met
DROUGHT DROUGHT Supportinghealthycountry, fishingBunijil Tambu)V hunting (Woorngan and platypus
Summer / 90 ML/day or DRY DRY F6, F10, F19,, (Balagen)providing pool habitat (adequate depth) to support migratory and resident
Autumn tural AVG Cont AVG Cont PL2, M3 V1,Vv4, freshwater fish, macroinvertebrates, aquatic mammals, turtles, and submerged veget
Baseflow natura wQ1l Limit terrestrial vegetation encroachment to support emergent macrophyte vegetati
WET WET Maintain dissolved oxygen levels in pools (water quality).
DROUGHT 1 DROUGHT 3 days Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorngan) and platypt
DRY DRY 3d (Balagen).
ays F9*, F11, F12*, Inundating benches to maintain habitat (geomorphic processes), support growth of
Summer / AVG 2 AVG 3days F17* F18* emergent macrophy vegetation and sustain macroinvertebrate and zooplankton
Autumn 360 ML/day M2, FR1, PL1, communities, and breeding substrate for Blackfish.
Fresh V6, G5, G6, Supporting healthy country by flushing sediment (sands) from pools and velocity for f
WET 3 WET 4 days WQ2* turnover (water quality and geomorphic processes). Tessaupports pool habitat for
frogs. Longitudinal connectivity for aquatic mammals, migratory fish and resident
freshwater fish.
Winter / _ DROUGHT __ DROUGHT _
. 240 ML/day DRY DRY Supportinghealthycountry by providing Summer / Autumn low flow functions plus flust
Spring Cont Cont G2 ;
or natural AVG AVG of sediment (sands) from pools.
Baseflow WET WET
DROUGHT - DROUGHT - Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorngan) and platypt
(Balagen).
DRY DRY 2 days Ei4F§129FEl Inundation over benches (at greater depth) activating ecological processes to provide
Winter / 1,100 AVG 2 AVG 2 days ' ! " habitatfor macroinvertebrates and zooplankton, providing a food source, habitat and
. F18, M1, FR3, S . . )
Spring Fresh ML/day T2 V7. V8. V9 connectivity for resident and estuary resident fish, turtles and frogs.
GS‘ "7 77 Provide a mosaic of wetted areas for emergent macrophyte vegetation.
WET 3 WET 2 days Inundation of higher benches (geombip processes) to improve bench habitat and
support growth of riparian vegetation.
DRT/DRY - DRT/DRY - Supporting healthy country, canoe trg®oro gree).
4,000 AVG 1/5 years AVG 1 day Inundation of. riparian vegetation aqd disturbance of emergent vegetation. This is turr
Bankfull ML/d G1, V5, V11, T: provides habitat for riparian zone birds.
ay WET 1/2 years WET 1 day Flooding of banks and riparian zone to create nesting conditions for turtles.
Overall: Max duration between evendsyears Maintain channel capacity and bertudibitat (geomorphic processes)
DRT/DRY/ DRT/DRY/ Supportinghealthycountry, Fairy wrerfY eerungand Djeetgur), canoe treegYooro gree).
AVG AVG i i inari i i i
> 5000 V10, V12, V14, In#nqlanon of flopdpla;:n a_md frlpa_nan_vegetatlon_ and disturbance of emergent vegetati
Overbank ML/day WET 1/2 years WET 1.5days Gg g3 M4 This is turn provides habitat for riparian zone birds.

Overall: Max duration between evendsyears

Stimulate macroinvertebrate and zooplankfmeduction. Exchange of sediment (and
nutrients), and carbon between waterway and floodplain to increase productivity.
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Tyers Reach 9

Flow Magnitude  Frequency Duration (days) Hydraulic Environmental values and functions supported
component (ML/day) (No/period criteria met
DROUGHT DROUGHT Supportinghealthycountry, fishingBunijil Tambu)v hunting(Woorngar) and platypus
Summer / DRY DRY F4*, F6, F10, (Balagen)providing pool habitat (adequate depth) to support migratory and resident
100 ML/day . ) .
Autumn tural AVG Cont AVG Cont F15* F19, PL2, freshwater fish, macroinvertebrates, aquatic mammals, turtles, and submerged vegete
Baseflow or natura M3,V1,V4AWQ1  Limit terestrial vegetation encroachment to support emergent macrophyte vegetation.
WET WET Maintain dissolved oxygen levels in pools (water quality).
DROUGHT 1 DROUGHT 3 days Supportinghealthycountry, fishingBunjil Tambu)v hunting(Woorngar) and platypus
(Balagen).
Summer / DRY DRY 3days ES 'Eing:fz ';813 Inundating benches to maintain habitat (geomorphic processes), support growth of
440 AVG 2 AVG 2 days ! : ! emergent nacrophyte vegetation and sustain macroinvertebrate and zooplankton
Autumn F17, F18, M2, " ) )
ML/day* communities, and breeding substrate for Blackfish.
Fresh FR1, PL1, V6, G5, . : . . .
G6*, WQ2 Flushing s_edlment (fine grayels) from pools and_ velocity for pool turnover (water qualit
WET 3 WET 3 days : geomorphic processes). This also supportd pabitat for frogs.
Longitudinal connectivity for aquatic mammals, migratory fish and resident freshwater
Winter / DROUGHT DROUGHT
Sorin 200 ML/day DRY Cont DRY Cont G2 Supportinghealthycountry by providing Summer / Autumn low flow functions plus flushi
pring or natural AVG AVG of sediment (sands) from pools.
Baseflow WET WET
DROUGHT DROUGHT 2 days Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorngan) and platypu
DRY DRY 24 (Balagen).
ays F2, F3, F9, F11, Inundation over benches (at greater depth) activating ecological processes to provide
Winter / 860 ML/da AVG AVG 2 days F14,F16, F17, habitat formacroinvertebrates and zooplankton, providing a food source, habitat and
Spring Fresh y F18, M1, FR3, T2, connectivity for resident and estuary resident fish, turtles and frogs.
V7,V8, V9, G3 Provide a mosaic of wetted areas for emergent macrophyte vegetation.
WET 3 WET 2 days Inundation of higher benches (geomorppiocesses) to improve bench habitat and supp
growth of riparian vegetation.
DRT/DRY - DRT /DRY - Supporting healthy country, canoe trg®oro gree trees).
2000 AVG AVG Inun_dation of_ ripariaq vegetation and disturbance of emergent vegetation. This is turn
Bankfull ! 1/ year 1.5days @G1,V5, V11, T3 provides habitat for riparian zone birds.
ML/day WET WET T ' . o . .
Flooding of banks and riparian zone to create nesting conditions for turtles.
Overall: Max duration between evensyears Maintain channel capacity liyundating high terraces (geomorphic processes)
DRT / DRY - DRT /DRY - Supportinghealthycountry, Fairy wren(Yeerungand Djeetgun, canoe treegYooro gree).
Inundation of floodplain and riparian vegetation and disturbance of emergent vegetatic
> 2,500 AVG/ V10, V12, V14 . . . L .
’ 1/2years AVG/WET 1.5days ’ ' '
Overbank ML/day WET y y G8,B3,M4 This is turn provides habitat for riparian zone birds.

Overall: Max duration between evendsyears

Stimulate macroinvertebrate and zooplankton produrtt Exchange of sediment (and
nutrients), and carbon between waterway and floodplain to increase productivity.

** Note, for the provision of longitudinal connectivity, the flow recommendations hdrasisd on flow magnitudes requiredpmvideappropriate depths over riffléa the
representative site. In théetermination of the flowecommendationsit was assumed that major fish barriers from the reach will be removed.
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Traralgon Reach 11

Flow Magnitude Frequency (N@eriod Duration (days) Hydraulic Environmental values and functions supported
component criteria met
DROUGHT DROUGHT Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorngan) and ple
Summer / 40 ML/day or DRY DRY F6, F10, F19, PL: (Balagen), providing ppol habitat (adequatfe depth) to support migratoryemident
Autumn Cont Cont freshwater fish, macroinvertebrates, aquatic mammals, turtles, and submerged
Baseflow natural AVG AVG M3 V1,vawol vegetation. Limit terrestrial vegetation encroachment to support emergent
WET WET macrophyte vegetation. Maintain dissolved oxygen levels in pools (water quality).
DROUGHT 1 DROUGHT 2 days Supporting healthy country, fishing (Bunjil Tambun) / hurfiMgorngan) and platypu:
DRY DRY 2days F2* F3* F5* (Balagen). . : :
F7*’ F8*’ F9*’ Inundating benches to malntal_n habitat (geo_morphlc_processes), support growth
AVG AVG 2 days ' X ' emergent macrophyte vegetation and sustain macroinvertebrate and zooplanktor
Summer / 160 ML/day F11, F12% F13%, communities, and breeding substrate for Blackfish.
Autumn Fresh F17*, M2, FR1, . ) i .
PL1, V6, G5, G6* Flushing se(he.nt (fine sands) frqm pools and velocity for pool turnover (water que
WET 3 WET 2 days WQ2 and geomorphic processes). This also supports pool habitat for frogs.
Longitudinal connectivity for aquatic mammals, migratory fish and resident freshv
fish.
Winter / _ DROUGHT _ DROUGHT . . .
Spring 100 ML/day or DRY Cont DRY Cont G2* Supporting healthy country by providing Summer / Autumn low flow functions plu
natural AVG AVG flushing of sediment (sands) from pools.
Baseflow WET WET
DROUGHT - DROUGHT - Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorngan) and ple
DRY DRY 1 days (Balage.n)' S )
F2, F3, F9, F11, Inundation over benches (at greater depth) activating ecological processes to prc
Winter / 500 ML/da AVG AVG 2 days F14,F16,F17, habitat for macroinvertebrates and zooplankton, providing a food source, habitat
SpringHresh y F18, M1, FR3, Tz connectivity for resident and estuary resident fish, turtlesfemgs.
V7,V8,V9, G3 Provide a mosaic of wetted areas for emergent macrophyte vegetdtiandation of
WET 3 WET 2days higher benches (geomorphic processes) to improve bench habitat and support gi
of riparian vegetation.
DRT/DRY - DRT/DRY - Supporting healthy country, canoe trees (Yooro gree trees).
AVG AVG Inundation of riparian vegetation and disturbance of emergent vegetation. This is
Bankfull 1,400 ML/day WET llyear WET lday G1,V5,V11, T3 provides habitat for riparian zorrds.
Flooding of banks and riparian zone to create nesting conditions for turtles.
Overall: Max duration between evendsyears Maintain channel capacity by inundating higher terraces (geomorphic processes)
DRT/DRY - DRT/DRY - Supportinghealthycountry, Fairy wrerfY eerungand Djeetgur), canoe treegYooro
gree).
Overbank > 4,000 AVG 1/'5 years AVG 1 day V10, V12, V14, Inundation of floodplain and riparian vegetation and disturbance of emergent
ML/day WET 1/ 2 years WET lday G8,B3,M4 vegetation.This is turn provides habitat for riparian zone birds.

Overall: Max duration between evendsyears

Stimulate macroinvertebrate and zooplankton production. Exchange of sediment
nutrients), and carbon betweeamaterway and floodplain to increase productivity.
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7 Environmental water requirements Latrobe estuary

7.1 Approach to developing environmental water requirements

The process for deriving environmental flow recommendatiiggi{e40) includes identifying water dependent
value in the system and ecological objectives to support those values (see &edtianflow components and
criteria (detailed below) are derived from these objectives using conceptual models as described i Section
ONBFSNI G2 W2 I (SN MEch aiud)BaseEof thee @iteria, SdleRahtydodyhariahodels

(see below) are used to determine the magnitude of the flow recommendation. An understanding of the system
hydrology (se&ection?is used in conjunction with the conceptual models and criteria to determine the
frequency, duration and timing of the flow recommendations. The determination of the number and duration of
recommended flow events has thendmeconsidered in this study for four prevailing climatic conditions;

drought, dry, average and wet years (Seetion2).

Environmental objectives and functions
- what will the flowdo to support
environmental values? |

Flow component#& Season
¢ which flow does this?

Y

Hydraulic and salinity criteria
¢ how do we measure that?

v

Hydrodynamic Magnitude
models ¢ how big is the flow discharge?

v

Frequencgndduration
¢ how many time per season
¢ howlong should it be?

a|dwex3

Hydrologic
data

Climateconditian
¢ how do we deliver it from year to year?

Figure40. Process for determinirggstuaryenvironmental flow requirements.

Flow components are discussed in Seetion2 and a summary is provided in the box below.
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Flow @mponents
Summer / Autummaseflowd NB (G KS yI GdzNIF f RNE LISNA2R 0adzyyYS§

maintain water flowing through the channel, keepingtieam habitats wet and pools full

Summer / Autumireshesare frequent, small, and short duration flow events that last for one to severs
days as a result of localised rainfall during the low flow period.

Winter / Springoaseflowsefer to the persistent increase in low or base flow that occurs with the ohset
the wet period.

Winter / Sprindreshesrefer to sustained increases in flow during the high flow period as a result of
sustained or heavy rainfall events

Bankfull flowsill the channel, but do not spill onto the floodplaDverbank flowsire higher ad less
frequent than bankfull flows and spill out of the channel onto the flood@ainkfull and overbank flows
are nore common in the wet period, batsooccurs in the dry period

Application of hydrauliand salinitycriteria

The hydrauli@and salinitycriteria required to support the values identified and achieve the flow objectives in
Sectiord are detailed infable30. Hydraulic criteria have been determined by Environmental Flow Technical
Panel members based on relevant literature, expert knowledge and using the conceptual modetsidetai
Sectiord. These criteria have been updated from the previesisaryFLOWS study to reflect the updated
objectives and the best available scenc

As described in se®ection2, the Latrobe estuary is considered in thpeetsas follows (refer t&igurel2in
Section2):

1 [26SNJ Sailidzz NBY [1S 2SttAy3aqGz2y (2 d n®NIXyéaSay 27
Dowd Morass.
1 Mid estuary: From the LatrobEhomson confluence at the Swing Bridge, downstream to about to
Fo2dzi noplyY 6Said 2F GKS ¢SadtSNYy o1 GSNJI O2yiNRE &adN
1 Upper estuary: The Latrobe and Thomson Rivers abowifikience and Sale Canal.

Where there are references to freshwater, this is defined ag/L (equivalent tievels belowi 5001800 EC,
depending on the water source).
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Table32 Objectives and hydraulic crieefiorLatrobe estuary

Value Objective

Migratory fish

Maintain abundance of

grayling populations
Improve recruitment of
grayling populations

Maintain abundance of
eel(noy yang)
populations

Improve recruitment of
smaltbodied migratory
fish including Tupong,
Broadfinned Galaxias
and Common Jollytail

Maintain abundance of
Australian Bass
populations

Traditional
Owner Cultural
water values

Fishing Bunijil
Tambun)
hunting

(Woorngan)

All

Fishing Bunjil
Tambun)
hunting

(Woorngan)

All

All

Fishing Bunijil

All
Tambun)

Subreach Function

FISH

Juveniles migrate upstream from sea

Maintain permanent freshwater habitat

Longitudinal connection in channel fdult
grayling movement

Provide freshwater for habitat and food
sources

Provide freshwater to allow fish to migrate
upstream from estuary

Downstream migration of ee{fsoy yangjo
allow for ocean breeding

Provide freshwater for habitat and food
sources

Provide freshwater to allow fish to move
between pools to feed, grow and find new
habitats (allow juvenile Tupong to move
upstream)

Provide connectivity to allow fish to migrate

downstream to breed

Downstreanmigration of Australian Bass
adults to allow for estuarine breeding
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Component

Fresh

Baseflow

Fresh

Baseflow

Fresh

Fresh

Baseflow

Fresh

Fresh

Fresh
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Timing /
frequency

October to
January

All year

December to
March

All year

Nov to May

Oct to May

All year

August to Feb

March to July

April to July

Criteria

F3

F4

F5

F6

F7

F8

F10

F11

F12

F13

Freshwater outflows to create salinity
gradient from Latrobe River into Lake
Wellington (freshwater lens over salt
wedge issufficient to provide signal)

Allow sufficient depth and flow to support
grayling populations (freshwater levels o
>2m over the salt wedge)

Freshwater flows creating salinity gradier
and passage to allow grayling to reach th
Lakes or entrance

Maintain depth of freshwater available,
preferably 32 m deep

Freshwater flows tprovide a signal to eel:
to migrate upstream by creating a salinity
gradient and sufficient depth

Freshwater flows creating salinity gradier
and passage tallow eels to reach Lakes
Entrance

Allow sufficient depth dreshwater, at
least 506600mm, above the salivedge

Freshwater flows to providesignal to
smaltbodied fish to migrate locally or
upstream by creating a salinity gradient
and sufficient depth

Freshwater flows to provide a signal to
smaltbodied fish to migrate downstream
by creating a salinity gradient and
sufficient depth

Freshwater flows creating salinity gradier
and passage to allow Bass to reach the
Lakes or the entrance



Value

Resident freshwater fish

EstuaryResident Fish

Traditional
Owner Cultural
water values

Objective

Improve recruitment of hunting
Australian Bass (Woorngan)
populations

Improve recruitment of
smaltbodied
freshwater resident fish
such as Pygmy Perch,
Australian Smelt and
Flatheaded Gudgeon
Maintainabundance of
resident freshwater
fish, including Pygmy
Perch, Australian Smel
and Flatheaded
Gudgeon

All

Maintain abundance
and improve breeding
and recruitment of
estuarine resident
species (Estuary Perch
River Garfish, Black
(Kine) Bream eastern
blue-spot goby and
lagoon goby)

Fishing Bunjil
Tambun)
hunting

(Woorngan)

All

Subreach

Function

Allow upstream movement of juveniles intc
freshwater habitats

Maintain freshwater habitat

Provide prolonged seasonal inundation of
vegetation beds and instream benches as
habitat to stimulate invertebrate hatching
and fish breeding

Provide freshwater for habitat and food
sources

Providefreshwater for habitat and food
sources

Downstream migration of Estuary Perch
adults to allow for estuarine breeding

Flows which maintain estuarine salinities tc
enable estuarine resident fish to breed anc
grow

Provide freshwater to allow longitudinal
connectivity and for fish to move between
habitats
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Component

Fresh

Baseflow

Fresh

Baseflow

Baseflow

Low Fresh

Fresh

Fresh
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Timing /
frequency

Sept to April

All year

Aug to Nov

Nov to March

All year

July to August

Sept to
December

Sept to March

Criteria

F14

F15

F16

F19

F20

F21

F22

F23

Freshwater flows to provide a signal for
juvenile Bass to migrate upstream by
creating a salinity gradient and sufficient
depth

Allow sufficient depth anflow to support
Australian Bass populations (freshwater
levels of >2m over the salt wedge)

500 mm water depth over some instream
benches and vegetation beds

Allow sufficient depth of freshwater, at
least 500mm, above the salvedge

Maintain depth of freshwater available,
preferably 32 m deep

Freshwater flows tprovide a signal for
Estuary Perch to migrate downstream by
creating a salinity gradient and sufficient
depth (500mm)

Flowswhich maintain estuarine salinities
between 1520 ppt and high dissolved
oxygen levels

Freshwater flows to provide a signal for
fish to migrate locally or upstream by
creating a salinity gradient and sufficient
depth over salt wedge



Traditional
Value Objective Owner Cultural Subreach Function Component
water values

Timing /

Criteria
frequency

OTHER FAUNA

Increase wetted area by inundating
Fresh Aug to Nov M1 instream benches by 300mm deep and
provide feshwater

Create and extend aquatic habitats for
macroinvertebrates and zooplankton

Improve abtunbda:lce Ocl; y Sustain macroinvertebrate and zooplankto

macroinvertebrate an pper communities during summer as a food i

zooplaqkton estuary source for fish, frog and platyp(Balagen) Fresh Nov to March M2 Inundate benches and provide freshwate
populations populations

Macroinvertebrates and
zooplankton

Create aquatic floodplaimabitats for
macroinvertebrates and zooplankton Overbank Winter / Spring M4 Inundate floodplain
(including rotifers) and stimulate productiot

" . . . .
s Plzc;\l/iltde habitat with appropriate water Fresh Summer FR1 Refer to WQ2
© Maintain abundance of Mid and quaiity
> H .
2 frog populations upper Allow growth and reproductl_qn of Fresh Spring FR2 Refer to M1
o |mprove extent of frog estuary macroinvertebrate communities
o ;
o populations ; PR
(s Provide habitat links between wetlands an Fresh Spring FR3 300 mm freshwater water depth
estuary
o2
= 8 Improve extent of . . . .
g . . .
S £ platypus(Balagenand  Keystone specie: Upper Provide freshwater habitat conditions in the Baseflow All year PL1 Provide yearoundfreshwater conditions
g S akali lati estuary (upper) estuary
£ populations
Maintain or enhance ~ Mother and
waterbird and Father song line
, threatened fauna within the
o breeding, recruitment, Gunglkurnal
2  foraging and sheltering creation story . - N
% opportunities (Boran and Tuk) All Provide access to fresh drinking water Fresh All year Bl Freshwater in migkstuary
= Maintain the different
waterbird functional Hunting

feeding groups inthe  (Woorngan
wetlands, such as duck /food
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Value

Submerged

Emergent macrophyte

Riparia
n
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Traditional

Objective Owner Cultural
water values

and railsjnsectivorous

guilds, colonial water

birds, and shorebirds.

Maintain abundance of

riparian zone birds

Improve condition and .

extent ofsubmerged Materials,

. Basketmaking

vegetation

Improve condition, Materials,

extent and diversity of Basketweavng,

emergent macrophyte keystone species

vegetationon banks habitat

and shorelines to Hunting

provide structural (Woorngany

habitat food

Improve condition, Tool making:

extent and diversity of
allriparian vegetation

Yooro gree trees
(Red gurcanoe

Subreach

All

Thomson
River and
Sale Canal

All

Function Component

Floqdlng of riparian vegetation for foraging Overbank
habitat

VEGETATION

Maintain adequate depth of freshwater in

Baseflow
channel
Mamtaln_water quality to suppottealth of Baseflow
Vallisneria sp beds
Maintain adequate depth of permanent
fresh water in stream channel to limit
. ) . Baseflow
terrestrial encroachment into aquatic
habitats.
Provide disturbance in riparian zone and
channel to open recruitment niches for Bankfull
emergent plants.
Support growth on terraces, channel edge
- Fresh
and lower bank by providing fresh water.
Provide a mosaic of spatially and temporal
differentially wetted areas within stream Fresh
channel, lower banks angetland margins.
Provide freshwater conditions at River
. . Fresh
mouth to support phragmites reproduction
Support growth of riparian vegetation on
Fresh
terraces, channel edge and lower bank.
136

Timing /
frequency

July to
December

All year

All year

All year

~2 per year or
natural regime

Summer/
Autumn ~6 per
yearor natural
regime

Winter / Spring
~6 per year or
natural regime

Spring ~1 per
yearor natural
regime

Winter / Spring
~6 per year or
natural regime

Criteria

V1

V3

V4

V5

V6

V7

V8

V8

~ 3 out of 5 years

400 mm water depth in pools

Maintain water salinity <d/L

400 mm water depth in pools
Salinity < 10 g/L

Inundate all channel

Inundate the lower bank, channel terrace
and wetland margins

Salinity < 10 g/L

Variations in water depth of approximatel
500mm over lowflow levels

Salt wedge displaced from estuary. Ideal
duration of freshwater conditions ~ 1
month .

Inundate the lowebank and channel
benches up to 506hm from low flow level



Traditional
Owner Cultural
water values

Value Objective

especially for
endangered EVCs

trees);
Woorngan
(hunting) / food

Improve condition and
extent of alfloodplain
vegetationespecially
for endangered EVCs

Floodplain

EVC53)

Avoid adverse water
quality conditions such
as prolonged stratified
conditions in pools,
Low DO levels, high
salinities and high
nutrient levels

Healthy country All

Water quality

Maintain surface water

salinity at a level to

enable growth and

reproduction of All
emergent vegetation

on banks and shoreline

of estuary.

Subreach

River Delta
& Mouth

Lower
Latrobe,
Upper
Latrobe
(e.g. Swamp Scrub and
Thomson

Function Component
Provide disturbance in riparian zone and

channel to open recruitment niches for Fresh
riparian plants. Especially Eucalypt specie:

Provide mec.hanlsm for dispersal of riparia Overbank
and floodplain seeds.

_Inundate all channelegetation and support Bankfull
its growth.

Fillfloodplain depressions and billabongs t«

support the growth of seasonal and Overbank
emergent wetland vegetation.

Inundate floodplain and provide moisture t

floodplain species and promote carbon Overbank

exchange.

SUPPORTING FUNCTIONS

Maintain dissolved oxygen levels above
thresholds for gibreathing organisms (fish
maaoinvertebratesand zooplanktopduring
summer/autumn

' Baseflow

Maintain adequate flows to reduce potentic
of prolonged stratified conditions in pools
and promote adequate levels of water
quality to allow fish, macroinvertebrasad
zooplanktorpopulations to persist

Fresh

Limit surface water salinity to enable growt
andreproduction of emergent vegetation
and submerged aquatic macrophytes.

Bankfull
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Timing /
frequency

Winter / Spring
~6 per year or
natural regime

August-
December

Anytime

Spring/
summer

1levery 23
years

Summer /
Autumn

Summer /
Autumn

Any time

Criteria

V10

V11

V12

V14

wQ1

WQ2

WQ3

Replacement of exotic grasses with nativ
shrubs and ground cover

Freshwater, minimum depth 5 cm over tc
of soil

Inundate all channel

Commence overbank flooding

Water flows to floodplain

Periodic flooding, min depth 5 cm over to
of soil, any time of year

Salinity of groundwater / soil water <15 p
(20,000 EC)

Velocity of 0.1 m/s through pools
Halocline > 1.5 m deep

Velocity of 0.3 m/s thragh pools
Flushing of entire water column

Displace salt wedge into Lake Wellingtor



Value Objective

Maintain freshwater
supply to Latrobe
Estuary, Dowd Morass
Sale Common, Heart

Traditional

Morass, and associate(

freshwater habitats

Maintain habitat to
support ecological
values and processes

Geomorphology

Maintain the silt jetties
and thebarat the
mouth of the Latrobe
River
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Owner Cultural Subreach
water values
' Healthy country All
All
River
Mouth &
Delta

Function Component

Provide sufficient freshwater to maintain
freshwater wetland flora and fauna,
including provision of habitat for foraging,
reproduction and longitudinal connectivity

All

Maintain gross channel capacity through
provision of the dominanthanneiforming
flow events (bankfull events)

Bankfull

Maintain gross channel capacity through
provision of events capable of mobilising b Fresh
load sediment

Provide flows that establish and maintain  Freshes
high flow benches (scour and deposit

sediment on high flow benches) Bankfull

Provide overbank inundation to enable
exchange of sediment and carbon to and Overbank
from the river

Fresh

Maintain sediment export from the Latrobe

River
Baseflow
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Timing /
frequency

Any time

Any time

Winter / Spring

Winter / Spring

Anytime

Anytime

Anytime

All year

Criteria

WQ4

Gl

G2

G3
G4

G5

G9

G10

River levels to supply wetlandith
freshwater (especially winter and spring)
and to maintain at least a permanently
high water table

Bankfull event

Mobilise and transport bed loagdiment
(0.1 N/n? shear stress through mid/ lower
estuary and 1.1 N/A&in upper estuary)

Inundate high benches

Mobilise sediment of high benches

Maintain occurrence of overbank events

Salt wedge displaced into Lake Wellingtc
to allow sediment transport

Flow velocitiesufficiently high to
transport silt through estuary and maintai
in water column (0.01 m/s)



Hydrodynamic modelling and analysis

The magnitudes of the flow required to achieve the flow functions were estimatedtwsiigdrodynamic
models: aone-dimensionahydrodynamic model using Mike 11 software and a tiiegensional
hydrodynamic model using Mike 3.

Theone-dimensionamodelprovides water levels and flow rates in the estuary basadflows from the

LatrobeRiver Reach 5, the lower Thomson River, Lake Wellington levels, and water that is transferred to the
wetlands. This model was developed by Water Technology as part of the 2013 estuary flow study, and the time
series has been extended and the model rerupaasof this project. The time series modelled now included

1957¢ 2017. This model has been used to estimate the flow rates necessagygaen site to achieve

nominated target criteria such as stream velocity, shear stress, inundation depths atatioluextents.

The threedimensional modelepresents salinity patterns throughout the estuary, baseohflow rates from

the upstream reaches and Lake Wellington conditions. This model was developed by Water Technology as part
of the 2013 estuary flowtudy, and results have been used directlinpst to this project(see Appendikfor

further information)

Updatedhydrodynamienodelling was undertaken to understand the sensitivity of the flow recommendations
to sea level rise. The recommended flow magnitudes (and minimum durations) were tested in the three
dimensional hydrodynamic model, with modified water I&aeindary condibnsin Lake Wellingto(see
AppendixGfor further information) We tested the proposed environmental flow recommendations using the
hydrodynamic models for two sea level rise scenariosn@fhd 0.27 m, representir)50 predictions based

on substantiareductionsand small reduction in global G@&missiongespectively We found the 0.1m sea level
risescenariadid not impact on the attainment of the environmental flow objectives. However, we found the
0.27 msea level rise scenailiimpacted on the attamment of objectives associated with tBemmer /Autumn
Fresh 1 andVinter/ SringFesh 2. The sea level rise sensitivity analysis has revealed that the flow
recommendations provide some resilience to sea level rise without being overly conservativesfar
conditions

In addition, environmerat flow response monitoring was undertaken from 2Q2D16 (Water Technology

2017) This monitoring included salinity monitoring at multiple locations throughout the estuary and within the
water column at eactocation. This monitoring work has provided additional information atheutiows

required to create freshwater conditionsslectedocations through the estuary and also the response time
for the salt wedge to return after a flow evesee Appendikfor further information).

Hydrologic modelling and analysis

W2NJ yI GdzNTF £ Q

Natural flow variability is an important aspect of an environmental flow regime. While all low flow
NBEO2YYSYRIGAZ2Yy&d FNB SELINB&A&ASR a wO2yliAydz2dza Qs Ly wW2N
clause is designed to allow reduced flows andsesgraw down to occur, if it would have done so naturally.

Determining the natural flow variability in these circumstances will need to be addressed as part of the

implementation of the environmental flow recommendations.

Season definition

The flow recommendations (specificalbasdlows and freshes) have been developed and expressed as either
Qummer / Autum®  Wikkgr ¥Sprin@ ® SuiirBer /Autum@® NB O2 YYSYRI GA2ya O2@3SNJ (GKS
I dzli dzYy LISNA 2R FNRY 5/8niel/ S@i®NI LUSNIa2 R O/GRS NIEK Sg AW G SNJ | YR
b23SYOoSNWP Cf2g T NBpede&y USSR (1SE LINGGS aySIRSahSHS MRGFUMES OB NIG & A
Winter / Sprin@ 6 A @nSndh périodit Kot example, a summer fresh with a frequencypefié would

occur a total of six times across the Decengigiay period.

y

The variation in seasonal definitions is recognised and exact timing oiitinsthe defined perioghould be
coordinated to take into consideration:

1 ¢KS dzy A YL} O 6vRegBnB) Wy I G dzNF £ Q T

M Cultural seasons
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1 Weather events

1 Ecological life cycles

The delivery of the recommended flow regime can be developed further in an environmental water
management plan.

Spells analysis

Flow duration curves are provided for each reach and pabd (Summer / Autumrr Winter / Springyin

Section? (Figurel4, Figurel5). In addition, a spells analysis has been undertaken for each recommended flow
YIE3yAiddzZRSd | WKAIK aLISttaqQ Fylteara dzaAy3a S22 iSNRaA
(or greater) occurring and the mean duration of those flow evémtshe periodof interest Summer / Autumn

or Winter / Spring. This analysis was performed for all years of modelled data and also for each different

climate condition (Drought, Dry, Average, Wet year), and combined with an understanding of ecological
requirements, was used to develop the recommended frequency and duration for each recommeidation.
overbank and bankfull recommendations, a maximum duration between events is also recommended, based on
the maximum duration between events for the natunale series, and or ecological requirements.

Rates of rise and fall

The rate of rise and fall relates to the rate of change in flow from day to day, with a focus on the rate of increase
up to a target flow and a rate of decrease from this target flow.élrflestuations in the flow rate serve

important ecological and geomorphic functions in a river system. Excessive rates dévehtatl can result in

fish being stranded by falling waters or bank slumping. It is therefore important that this ratsignifacantly

altered from the natural (unimpacted) rates of rise and fall in stream flow.

Within the context of flow management, recommended rates of rise and fall are useful to ensure that the
delivery ofmanagediows is such that ecological harnmigimised. The recommended rates of rise and fall
were determined from the modelled unimpacted daily flow data. Rates of rise and fall are reported as the
maximum rate of permissible rise/fall from one day to the next. For example, if the flow is at/ti0é@nkl the
recommended rate of fall is 0.7, the flow on the following day should not be below 70 ML/d. Similarly, if the
flow rate was 100 ML/d and the recommended rate of rise is 1.8, the flow on the following day should not
exceed 180 ML/d.

The recommaded maximum rate of rise and fall have been deffoednodelled unimpacted flows as'90
percentile of rise and 10percentile of fall for dry anwinter / Springreshes and around $Qpercentile of rise
and 10" percentile of fall for all flows abowankfull magnitudeTable33).

Table33. Rates of rise and fall for the Latraisduary.

Reach Period Rise Fall
Latrobe estuary (upper, Summer / Autumifireshes 1.7 0.7
middle, lower) Winter / Sprindreshes 1.5 0.9

Bankfull/overbank 15 0.9
Upper estuary Summer / Autumtireshes 1.8 0.7
(Thomson estuary) Winter / Sprindgreshes 1.8 0.8

Bankfull/overbank NA NA

7.2 Environmental flow recommendations

Environmental flow recommendations have been determined for the seven river reaches of the Latrobe River
system within the scope of this studyhe tables below include a summary of the environmental values and
functionssupported by each flow component to help to achieve the environmental objectives.

Each recommendation is comprised of a flow component, discharge (magnitude), pieniad (frequency
(generally number of times peeriod) and duration (generally in dgysas well as the inclusion of climate
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condition Figure4l). Flows component®r the estuaryare described isection?2 and includeSummer /
Autumnlow flow,Summer / Autumiresh,Winter / Sprindow flow, Winter / Spring-resh, Bankfull and
Overbank.

Flow component& Season Frequencwynd duration
¢ which flow does this ¢ how many time per season
- What time of year? ¢ howlong should it be?
Magnitude : "
¢ how big is the flowlischarge to meet the Cllma_ta:o_ndltlm
criteria? ¢ how do we deliver it from year to yeai

Figuredl. Components of a florecommendation

In this sectionflow recommendations arprovidedfor each flow component, for the Latrobe River estuary at
Swing Bridgérepresenting thelid and Lower Estuary) and the Thomson River Estuary (part of the Upper
Estuary).The Latrobe Rivext Swing Bridge is the compliance point used for the Latrobe estutig aswhere
a gauge is located, and model data is available.

The updated flow recommendations arising from this investigation (provided below) differ from those
developed from prewus studies. Some of the reasons for differences include:

91 refined and updated environmental objectives
I updated ecological and system knowledge
9 improved hydrologic and hydraulic modelling.

Note: Recommendations for different climate conditions are provided to allow for a seasonally adaptive
approach to environmental water delivery. The climate conditions are based on the historic climate record,
where Dry or Drought years occurred less tha% of the time (see Secti@). The Average (or Wet)
recommendations should be provided at least 75% of the time in order to have confidence that the objectives
can be met. The provision of average or wet conditions in 75% of years will be required under a continuation of
the current climate or under a drying climate with an increasing number of Dry and Drought years.

The flow recommendations provided for the Thomson are focused on the reach that is influensativbgdge
movement downstream of Sal@he recommendations do not apply to the fider reach (up to the Macalister
River confluencethe recommendations for thEhomson River upstream of Sal@uldbe updatedas part of a
full review of the Thomson River flow recommendations.

Recommendations for the Latrobe River part of the Upper Estuary (Reach 5) are provided i6.8ethesalt
wedge does not extend into the Latrobe River upstream of the confluence and theexistmmsalinity
modelling available for this reach

Notes

1. Secificestuary reachepresentative sites @re not inspected by the environmental flows technical
panel as the hydrodynamic model was already developed for the full estuary as part of the previous
study.

2. Theenvironmentaflow recommendations considaratering ofthe Lower Latrobe Wetlands by
providing flowghat createfreshwater conditions in the estuasyitable for watering of the adjoining
wetlands However, theeecommendationfiave not considered thepecific flow rates required in the
estuaryto enable watering of the wetlands via the exigt(or anyproposed infrastructure.
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Latrobe Estuary

Flow Magnitude at Swing Frequency Duration (days) Values and functions supported
component Bridge (No/period) (Upper portion of water column refers te2m below surface)
[Criteria met in brackets]
Mid Estuary Lower estuary
DROUGHT DROUGHT Partially flushed in upper portion of water column
Supportinghealthycountr Not flushed
Summer/ 1100 ML/day or DRY DRY prortinghealthy Y . . ) . .
natural Provide freshwater above halocline for fish [F4,F6, F Velocities teensure fine sediment
Autumn _ Cont Cont :
Baseflow (Typical water level range Ay AVG F15, F19, F20] remains suspended and
0-0.3 m AHD) Salinity low enough to support emergent macrophyt: transported out of estuary. [G10]
WET WET vegetation [V4]
DROUGHT 2 DROUGHT 7 days Upper pprtion fullflushed e N
Supportinghealthycountry, fishingBunjil Tambu)y
hunting(Woorngan), freshwater for wetlands
DRY DRY X . .
S / 2 10 days Provide freshwater above halocline for fish [F4,F5,F
A“:“mer 2,200 ML/day F7, F8 F10,F11F12,F13F14F15F19, F20,F21,F2: . il flushed
Fu urr]n;l E)Til-%ﬁal "":lt_leé'e"e' range  AVG 3 AVG 10days  proyide freshwater conditions for birfi] Pper portion partiaily flushe
res am ) Flushing of water column for water quality [WQ2, FF
Support growth of emergent macrophytes [V6]
WET 3 WET 10 days Suitable conditions for wetland watering of Sale
Common and Heart Morass [WQ4]
DROUGHT 1 DROUGHT 4.days  Fully flushed
iztmumﬁrl ?T,ZQOIML/d?y | DRY 1 DRY 7 days Eupr;]ortlrtlwgalthﬁmutntry, freshvaater ftcl)r v:tetla.mds Upper portion of water column full
ypical water level range reshwater in mia estuary area ror wetlamatering flushed
AVG AVG ushe
Fresh 2 0.150.4 m AHD) ! 10 days (Sale Common, western and central Heart Morass
WET 2 WET 10 days structures, western Dowd Morass) [WQ4]
DROUGHT DROUGHT Partially flushed in upper portion of water column
- 1.100 MLidav or DRY DRY Supportlnglealthycountry,flshlng(BunuI Tambuyv/ Not flushed
b y
LG | hunting (Woorngar) Velocities to ensure fine sediment
Spring natgra AVG Cont AVG Cont Provide freshwater above halocline for figd,F6, F10, :
Baseflow (Typical water level range F15, F19, F20] remains suspended and
0-0.3 m AHD) o transported out of estuary. [G10]
WET WET Salinity low enough to support emergent macrophyt
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Flow Magnitude at Swing Frequency Duration (days) Values and functions supported
component Bridge (No/period) (Upper portion of water column refers tem below surface)
[Criteria met in brackets]
Mid Estuary Lower estuary
DROUGHT 2 DROUGHT 5 days Fully flushed
Supportinghealthycountry, canoe tree§Yooro greg)  Upper portion of water column full
DRY 2 DRY 10 days freshwater for wetlands flushed
Provide freshwater above halocline for fish [F4,F5,F Supportincghealthycountry, canoe
AVG 3 AVG  15days F7 Fg10,F11,F12,F13,F14,F15,F19, F20,F21,F23] tress, freshwater for wetlands
Winter / 3,200 ML/day Provide freshwater conditions for frogs and birds [FF Freshwater in lower estuary area
Spring Fresh (Typical water level range B1] for wetland watering (eastern Hea
1 0.150.4 m AHD) Freshwater in mid estuary area for wetland watering Morass, central and eastern Dowc
(Sale Common, western and central Heart Morass Morass) [WQ4]
WET 3 WET 20 days  gqryctures, western Dowd morass) [WQ4] Flushing silts [G2]
Flushing siltsG2] Salinities for Black Bream Spawnil
Mosaic of wetted areas for emergent and riparian  [F22]
vegetation. [V7, V8, V9]
DROUGHT 1 DROUGHT 10 days Fully flushed
Winter / 4,500 ML/day DRY DRY 15 days eD)'(Z%IZC[ZS?It wedge for sediment
gprmg Fresh E)ngicsa:n weAa|t-(|e|5 ;evel range  AVG 2 AVG 20 days Fully flushed Support growth of Phragmites in
o WET 5 WET 304 lower Estuary during Spring [V8]
ays Salinity gradient for Grayling [F3]
DROUGHT - DROUGHT -
9,500 d DRY 1 DRY 4 days  supportinghealthycountry, canoe tres€Yooro gree)
Bankfull go ;Z’IOOOMIL ?y) AVG 2 AVG 5days Inundation of riparian vegetation and disturbance to suppaorergent vegetation [V11, V5]
ypical water level range PR : :
1.1-1.3 m AHD) WET 5 WET 8 days Maintain channel capacity (geomorphic process) [G1]
Overall: Max duration between events: 2 years
DROUGHT - DROUGHT - Supportinghealthycountry.
14,000 DRY - DRY - Inundation and seed dispersal for floodplain and riparian vegetation [V12, V14, V10]
(to 17,000ML/day) Riparian vegetation then provides habitat for riparian zone birds [B2]
O (Typical watefevel range: AVG 1/2 years AVG 3 days Stimulatemacroinvertebrate and zooplankton production [M4]
~1.4 m AHD) WET 1 WET 5days Exchange of sediment (and nutrients), and carbon between waterway and floodplain to

Overall: Maxduration between events: 5 years

increase productivity. [G5]
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Upper Estuary: Thomson Estuary

Flow Magnitude Frequency (No/period Duration (days) Environmental values and functions supported
component [Criteria met in brackets]
DROUGHT DROUGHT
Fully flushed in upper portion of water column (lower layer is 2m below surface).
340ML/day or .
Summer / | DRY DRY Supporting healthy country
Autumn natgra Cont Cont Maintain freshwater conditions for aquatic mammals, fish,sadmerged vegetation [PL1,
Baseflow  (Typical water level AVG AVG V1, V3; F4, F6, F10, F15, F19, F20]
range:0-0.3m AHD) L
Maintain dissolved oxygen levels [WQ1]
WET WET
DROUGHT 3 DROUGHT  2days Fully flushed
Supporting healthy country, fishing (Bunjil Tambun) / hunting (Woorrfgestwater for
Summer / 930ML/day DRY 3 DRY 2days wetlands
Autumn (Typical water level Flushingsediment (sands and silfspm upper estuaryG2]
Fresh 1 range: 60.6 m AHD) AVG 3 AVG 3days Provide freshwater to sustain macroinvertebrate and zooplangtmnmunities. [M1]
Future opportunity: Freshwater in upper estuary area for wetland watering (Sale Comm
WET 4 WET 4days [WQ4]
DROUGHT DROUGHT
Fully flushed
Winter / 490 ML/day or DRY DRY Suppor.tlng healthy country., fishing (Bunj_ll Tambun) / huntlng (Woorngan) .
. natural Maintain freshwater conditions for aquatic mammals, fish, and submerged vegetation [I
Spring Cont Cont V1 V3
Typical water level , V3; F4, F6, F10, F15, F19, F20]
Baseflow (Typical wa AVG AVG
range:0-0.3 m AHD) Maintain dissolved oxygen levels [WQ1]
Flushing of sediment (sandsP]G
WET WET
DROUGHT 2 DROUGHT 5 days
Fully flushed
Winter / 930ML/day DRY 2 DRY 10days  Supportinchealthy country, canoe trees (Yooro gree), freshwater for wetlands
Spring Fresh (Typical water level Provide flushing of salt wedge for wetland watering and displacing salt wedge [WQ4, G
1 range: 60.6 m AHD) AVG 3 AVG 15days  Future opportunity: Freshwater in upper estuary area for wetland watering (Sale Comm
[WQ4]
WET 3 WET 20 days
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Flow Magnitude Frequency (No/period Duration (days) Environmental values and functions supported

component [Criteria met in brackets]
DROUGHT 2 DROUGHT  3days
. DRY 2 DRY 4 days . . .
Winter / 3,000ML/day Inundate benches and provide freshwater to susta@troinvertebrate and zooplankton
Spring Fresh i communities. [M2, FR2, F16, G3
pring (Typlc.al water level AVG 3 AVG 5 days ' [ ] o .
2 range: 0.4; 1.4 m AHD) Mosaic of wetted areas for emergent and riparian vegetation. [V7, V8, V9]
WET 4 WET 5 days
DROUGHT - DROUGHT -
DRY - DRY -
13,000 ML/day Supporting healthy country, canoe tress (Yooro gree trees)
Bankfull (Typical water level AVG 1 AVG 2days Inundation of riparian vegetation and disturbance to support emergent vegetation [V5,
range: 1.82.0 m AHD) Maintain channel capacity (geomorphic process) [G1]
WET 1 WET 2 days

Overall: Max duration between evengsyears

DROUGHT - DROUGHT -
Supporting healthy country.
DRY - DRY - Inundation and seed dispersal ftwodplain and riparian vegetation [V12, V14]
Overbank é;?(g?wl\gttﬁ;il Riparian vegetation then provides habitat for riparian zone bigs [B
range- ~2.4 m AHD) AVG 1 AVG 2days  stimulate macroinvertebrate and zooplankton production [M4]
Exchange of sediment (and nutrients), and carbon between waterway and fladdplai
WET 1 WET 2days increase productivity [G5]

Overall: Max duration between evengsyears
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8 Environmental water requirements Lower Latrobe wetlands

8.1 Approach taleveloping environmental water requirements

The process for deriving environmental flow recommendatiBiggife42) includes identifying water dependent
value in the system and ecological objectives to support those values (see §edtimrvatering components,
reference water levels, timing, duration and frequefustailed below) are derived from these objectives using

conceptual models as described in SecidnNB T S NJ { 2

W2 | § SNJ NBIj dzA Ngsowichli a Q KS I F

vegetation classes (EVCs) are used to define the reference water levels, and based on the mapping of these
EVCs, an elevation (m AHD) for watering can be identified. Using hydraldis aral the reference elevation a
volume to fill the wetland to the nominated water level can be calculated.

Environmental objectives and functions
-what will the flondo to support
environmental values?

.

Watering component
¢ which flow does this?

Y

|

Hydraulic

models /
topography

v

held?
\

Frequency

¢ How many years does this need to oecur

Reference EVC and elevation
¢ what level should the water be at?

Elevation and volume required
¢ howmuch water is needed to fill wetland?

Timing adlduration
¢ When and how long should water level be

a|dwex3

Figure42. Process for determiningetlandenvironmental flow requirements.

Watering components are discussedgcion 2 and a summary is provided in the box below.

Wateringcomponents

Awetting flowis an nundation event or events sufficient to fill or partially fill @etland
Aflushing flowincludes mflow sufficient to push water into and out of the wetland and fill it

Adrawdownis aperiod of receding water levels resulting in large areas of the wetland surface drying ¢

Application ofvateringcriteria

The criteria required to support the values identified and achieveriizonmentabbjectivesand functionsn
Sectiond are detailed inTable30. Thesecriteria have been deterined by Environmental Flow Technical Panel
members based on relevant literature, expert knowledge and using the conceptual models detailed id.Section
These criteria have been updated from the previgtusliesto reflect the updated objectives and the best

available science.
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Table34. Objectives and hydraulic criteria fomler latrobewetlands

Traditional Owner
Cultural water
value

Environmental

. Wetlands
objective

Maintain or restore a
self-sustaining mosaic

of submerged and Materials, Basket All

emergent aquatic making wetlands
vegetationtypes
Maintain or restore A

. . Tool making:
the diversity,

o Yooro gree trees
condition and/or (Red gurrcanoe All
extent of native trees)‘:’ Woorngan wetlands
riparian vegetation (huntiﬁ )/ foo?:i
fringing wetlands 9
Discourage the
introduction and
spread, or reduce the Sale
extent and density, of common

undesirable/invasive
plant species

Flow function

VEGETATION

Provide habitat inundation for vegetative growth ar
flowering with seasonal variation of depth within th
wetlands.

Increase oxygenation for germination and
recruitment of aquatic vegetation

Water level fluctuations to provide conditions for
reproduction and expansion of Swamp Scrub and
Marsh

Encourage seed and propagule dispersal
Reduce salinity levels to maintain species diversity

Encourage habitat inundation of vegetation
E.g. Floodplain Riparian Woodland (EVC 56)

Encourage seed and propagule dispersal

Prolong habitat inundation (reactiveanagement
action)

Prolong drying of Aquatic Herbfields to reduce cov:
of Exotic grasses (eRaspalum distichujrand
aquatic herbs (e.dMyriophyllum aquaticuin

Environmental Water Requirements Repbettrobe Environmental Water Requirements Investigation

Watering
component

Wetting
flow ¢
partial fill

Drawdown

Drawdown

Flushing
flow

Wetting
flow ¢ fill

Flushing
flow
Wetting

flow ¢ fill

Drawdown

147

Duration, frequency

Annual

Annual

2-3 months

Areas to dry out 1in 2
years

lin 2 years

Minimum of 2 months

Sale: 3 events in J@ars

Heart / Dowd: 6 events in
10 years

In response to extensive
germination of undesirable
dominate species (e.g.
Juncus ingens)

Minimum of 6 weeks

Minimum 34 months,
every 1in 3 years

- Reference

Timing o
criteria

Winter / Spring Vi
(Junec December)
Summer

(December, V2
March)

Summer

(December V3
March)
Winter / Spring

(Juneg V4
November)
Winter to early
Summer (June V6
December)
Winter / Spring
(Juneg V7
November)
Summer
(December, V8
January)
Summer / Autumn V9

(December; April)



Environmental
objective

Maintain or enhance
waterbird and
threatened fauna
breeding,
recruitment, foraging
and sheltering
opportunities

Maintain the different
waterbird functional
feeding groupsn the
wetlands, such as
duck and rails,
insectivorous guilds,
colonial water birds,
and shorebirds.

Maintain abundance
of Freshwater Turtle
Populations

Environmental Water Requirements Repbettrobe Environmental Water Requirements Investigation

Traditional Owner
Cultural water
value

Mother and
Father song line
within the
Gunaikurnai
creation story
(Boran and Tuk)

Hunting
(Woorngan/food

Wetlands

All
wetlands

All
wetlands

Flow function

FAUNA

Stimulation of bird breedingNesting for some
waterbirds, including rails and waterfowl, and for
birdsrequiring waterbodies next to reed beds.
Waterbird food supplyforaging along shallow
margin for insectivorous guilds with inundation

Waterbird food supply anbreeding habitat provisior
Waterfowl, piscivorous and herbivorous waterbird

foraging while inundated

Nesting habitat for colonial and other waterbirds in
inundated reed bed, and for birds requiring broad
waterbodies and deep water next to reed beds
Provides access to fresh drinking water for
waterbirds. Maintain suitable environmental
conditions to continue to support White Bellied sea

eagle.

Flooding of fringing vegetation asdmphire
communities for waterbird and terrestrial avian

species foraging habitat

Provides access to fresh drinking water for waterbi
by flushing salts and nutrients. Maintain abundanc:
of Riparian zone birds (including Azure Kingfisher,

Nankeen Night &ton).

Expose mudflats and submerged and emergent

vegetation communities

Increase waterbird food supply and facilitate

waterbird foraging
Stimulate nutrient cycling

Expose wetland fringe and create shallows for a m
shorebird species and other waterbird species fron

all guilds.

Provideappropriate littoral habitat

Watering
component

Wetting
flow ¢
partial fill

Wetting
flow ¢
partial fill

Wetting
flow ¢ fill

Drawdown

Wetting
flow - partial
fill
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Duration, frequency

Annually

Annually

~ three years out of five

Three years in five

Annual

- Reference

Timing o
criteria

Winter / Spring
(July to Bl
November)
Spring (Septembel B2
to October)
Winter/ Spring
(July to December’
Summer / Autumn
(November to B4
May)
Spring/Summer
(September, T1

March)



Traditional Owner

Environmental

. Cultural water
objective

value

Maintain abundance
of Frog Populations
Provide suitable
physiochemical Healthy country

conditionsto support
aquatic biota

Wetlands

All
wetlands

Heart
Morass

Dowd
Morass

All

Flow function

Allow growth and reproduction of macroinvertebrat
communities

Flooding of banks and riparian zone to create
conditions for nesting

Provide appropriate littoral habitat

Allow growth and reproduction of macroinvertebrat
communities

Provide connectivity betweeaiver and wetlands and
between wetlands

WATER QUALITY

Export salt

Minimise saltwater imusion

Minimise acid sulfate soils risk

Breakdown organic matter and encourage nutrient
recycling
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Watering
component

Wetting
flow ¢ fill

Wetting
flow cfill

Wetting
flow ¢
partial fill

Wetting
flow ¢ fill

Wetting
flow ¢ fill

Flushing
flow

Wetting
flow ¢
partial fill

Wetting
flow ¢
partial fill

Drawdown
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Duration, frequency

~ three years out of five

~ three years out of five

Annual

Freshwater (< 1 g/L)

~ three years out of five

1in 2 years

6 events in 10 years

Maintain water level

Annual

Timing

Spring/Summer
(September,
March)

Spring/Summer
(September,
March)

Spring/Summer
(September;
March)

Spring (Septembel
to November)

Spring (Septembel
to November)

Spring (Septembel
to November)

Winter / Spring
(Augustg
November)

All year

Summer
(December,
March)

Reference
criteria

T2

T3

FR1

FR2

FR3

wQ1

WQ2

WQ3

wQ4



Modelling and analysis

For the wetlandnvironmental water requirements, Ecological vegetation classes (EVCs) are used to define the
reference water levels. Detailed mapping of EVCs was completed for the Lower Latrobe Wetlands by Frood et al
(2015). These EVCs were grouped and overlaid orighal @levation model (DEM) to assess the average

elevation of each reference EVC. The resultant reference elevations adopted are provided diale’%)(

Table35. Reference EVC and average elevations for Lower Latrobe Wetlands

EVC Dowd Morass
referencelevel reference level
Seasonal mudflats (EVC 0.1 m AHD
990/810 -0.1 m AHD -0.3 m AHD
Brackish Wetland (EVC 656) 0 mAHD(central & 0.1 m AHD
western)
N/a 0.1-0.2m AHD (eastern)
Tall Marsh (EVC 821)/ Open 0.1 m AHD
Water 0.2 m AHD -0.4 m AHD
Swamp Scrub (EVC 53) 0.3-0.4 m AHD 0 m AHD 0.1 m AHD
Estuarine Scrub N/a N/a 0.5 m AHD
Brackish Grassland (EVC 93¢ N/a 0.4 m AHD 0.5m AHD
Riparian Woodland (EVC 56) N/a 0.4-0.6 m AHD 0.5 m AHD

Based on the objectives and functions detailed above, a reference EVC was selected/fatezanch
component and each wetland to guide the inundation extent and water level. These referene@dEVCs
watering requirementare providedn Appendi¥.

Hydraulic modelling of each wetland has been undertaken as part of previous investigations of the Lower
Latrobe WetlandsWater Technology 2011, 2014hese investigations included water level (m AHD),
volume(ML), and average depth relationships. Combingl agsessment of the Digital elevation model (DEM),
this information was used to determine the volume to fill for each watering component. Details of these
calculations ar@rovided in Appendik

Thethree-dimensional hydrodynamic modelling of the estuaagrerunto understand the sensitivity of the
existing and proposed infrastructute sea level rise[he supply of freshwater to the wetland infrastructure
under sea level rise scenariwas reviewed as a component of tbgtuary flonassessment and
recommendationgsee Sectio.1). The ability of wetland infrastructure to drawdown the wetlands under
rising sea levelsas beerassessetiere. Average water levelwill increaseat the outletinfrastructurelocations
as a result of sea level riggppendixG). The increases in water level will make the drawdown of wetlasiig
the existingand proposedputlet structuresincreasingly challengingiheoutlet gates will only be useful to
some extenand some periods of time (e.g. lexwater levels due to tide / wind conditionsvith the
remaining drawdowmo be achievediaevaporationThe flushing ofvetlandsusing the atlet gateswill be
achievable to some extent under Orlsea level risscenariosut will be difficult to achieve under 0.21 sea
level rise, particularlst Heart Morass.

8.2 Environmental water requirements

Environmental flow recommendations have beetedmined for thethree Lower Latrobe Wetland8he tables
below include a summary of the environmental values and functions supported by each watering component to
help to achieve the environmental objectives.

Each recommendation is comprised afatering componentwater level (elevation), volume requirdthing
and durationandfrequency fow many years the watering component needs to gdgiigure43). In this
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section, the recommendations are described for emetiandand for eaclwateringcomponent. Flows
components fowetlandsare described isection2 andincludeWetting flows (partial fills or fills), flushing

flows, and drawdownsg:or frequency, this included the recommended number of events per 10 years and also
the recommended maximum duration between events.

Timing ad duration

Watering component
¢ which flow does this? ¢ When and how long should water level |
held?
\4
Elevation and volume requireu Frequency

¢ howmuch water is needed to fill wetland? = ¢ How many years does this need to o@ct

Figure43. Compaments of avetland environmental water requirement

Note that the watering components below may occur at the same time. For example, when a flushing flow
occurs, it will also meet the requirements of a partial fill.

The updated flow recommendations arisfrgm this investigation (provided below) differ from those
developed from previous studies. Some of the reasons for differences include:

1 refined and updated environmental objectives
I updated ecological and system knowledge
1 improved hydrologic and hydrautiwodelling.
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Sale Common

Component Level Volumetofill Timing Frequency Criteria  Environmental values and functions supported
(m (above met
AHD) drawdown level
of -0.3m AHD
Supporting healthy countrpelican(Boran) musk duckTuk) vegetation for basket weaving
Hunting(Woorngan/food
Wetting _ V1 T1. Submerged and emergent vegetation (growth and flowering)
flow q 0.3 880 ML July- December 10 events in 10 years R )
Partial fill FR1, B1 Frogs and turtles (habitat)
Waterbird and threatened fauna (breeding, food source, foraging, nesting)
Additional functions supported: Macroinvertebrate populations expand, and Fish grow
Supporting healthy country, pelican (Boran), musk duck (Tuk), vegetation for basket we
Hunting (Woorngan)/food
Submerged and emergent vegetation (growth and flowerkrg)ging wetland vegetation
Wetting Augustc November . V1,V6, B2(inundation) N |
AowcEilld 0.4 1,100 ML Minimum of 2 10 events in 10 years FR2, T2, Frogs (food sowge, connectivity)Turtles (food source, nesting)
months T3,B3  Water bird and threatened fauna (breeding, food source)
Water birds and terrestrial avian species (fringing vegetation inundation for foraging)
Additional functions supported: Macroinvertebrate populatexpand, and Fish grow and
stimulated to breed
. In response to management
xﬁténf% 2 0.5 1,130 ML a?;;TEnegfgI\J;;Zkrequirements typically2 V8 Discourage undesirable / invasive plant spggesong inundation)
events in 10 years
Supporting healthy country, productivity of important meeting p(@xgarenook
. 3,400 ML 3 events in 10 years Submerged, emergent and fringing vegetation (seed and propagule dispersal, reduce ¢
Flushing . . . . V4, V7,
flow 0.5 (_based_ on3 ‘Wlnter- Spring Maximum duration FR3 Ieyel§) - _
times fill volume’ between events: 3 years Fringing wetland vegetation (inundation)
Additional functions supporteBish migrate into and between wetlands and into river
Supporting healthy countryreducing exotic species, vegetation for basket weaving.
Drawdown _ V2 V3 Aquatic vege_tation (oxygenat_ion for germina_tion and recruitment) Emergent vegetation
1 -0.2 - December March 10 events in 10 years W(§4 " level fluctuations foreproduction and expansion of Swamp Scrub and Tall Marsh)
Water quality (breakdown organic matter; nutrient cycling)
Additional function supported: Minimise European Carp (reduce habitat)
5 events in 1 Supporting healthy countryreducing exotic species, vegetation for basket weaving.
. Qears ) . : . . .
Drawdown 03 - December April Maximum duration V9. B4 Discourage undesirable / invasive plant species (prolong drying)
2 ' 3-4 months ' Birds (expose mudflats, vegetation, wetland friiged source and foraging)).

between events: 2 years

Additional function supported: Minimise European Carp (reduce habitat)
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Heart Morass

Component Level Volume to fil{above Timing and Frequency Criteria Environmental values arfdnctions supported
(m AHD) drawdown level) duration met
. 1,390 ML to fill, plus up to ;
We“'f‘g f.IOW -0.3 m AHD 3:349 ML/ year, tF()) mairr:tain Permanent 10 events in 10 years WQ3 Supportlng?ealth.y c')ogntry . oo
- Partial fill 1 - Water quality (minimise acid sulphate soil risk)
water level
Supportinghealthycountry, pelican(Boran) muskduck (Tuk)
vegetation for basket weaving.
. 0.2 (central, Submerged and emergewnégetation (growth and flowering)
Wettlng f.IOW western) 7,400 ML August 10 events in 10 years Vi, Bl T1, Frogs and turtles (habitat)
- Partial fill 2 December FR1 . )
0.3 (eastern) Water bird and threatened fauna (breeding, food source)
Additional functions supported: Macroinvertebrate populations
expand, and Fish grow
Supportinghealthycountry, pelican (Boran), musk duck (Tuk)
vegetation for basket weaving.
Water birds and terrestrial avian species (fringing vegetation
6 events in 10 vears inundation for foraging)
Wetting flow 12150 ML Ql;?/erntct)er Maximum dura)t/ion TWQIZZF\Q/S l-:ré Frogs and turtles (food source, connectivity) Turtles (nesting)
- Fill 0.5 150 episodic between events: 3 Bg B3 ' 3'Fringing wetland vegetation (inundation) E.g. Floodplain Ripari
years Woodland (EVC 56)
Water quality (mimise saltwater itrusion)
Additional functions supported: Macroinvertebrate populations
expand, and Fish grow and stimulated to breed
Supportinghealthycountry, productivity of important meeting pla
(Quarenook)Water quality (export salt)
3 events in 10 years Submerged and emergent vegetation (reduce salinity to maint
Flushing flow 0.6 28 GL ) Winter - Spring Maximum duration wQ1, v4, v7 species diversity) o )
(14 GL to fill to 0.6m) betweenevents: 5 Submerged, emergent and fringing g&gion (seed and propagul
years dispersal)

Additional functions supported Fish migrate into and between
wetlands and into river
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Component Level Volume to fil(above Timing and Frequency Criteria
(m AHD) drawdown level) duration met

5 events in 10 yedts
Summer, 23 Maximum duration V2, V3,
months between events: 3 WQ4B4
years

Drawdown* -0.3 -

Environmental values arfdnctions supported

Supportinghealthycountry ¢ reducing exotic species, vegetation
basket weaving.

Aquatic vegetation (oxygenation for germination and recruitme
Emergent vegetation (water level fluctuations for reproduction

expansion of Swamp Scrub and Tall kars

Water quality (breakdown organic matter; nutrient cycling)

Birds (expose mudflats, vegetation, wetland fringe; food source
foraging) Additional function supported: Minimise European Ca
(reduce habitat)

*Note that only one Drawdown level is recommended for Heart Morass. Further (lower) drawdown is not recommended dusktoftheid Sulphate Soils. The recommended level for

Drawdown aligns with the level for Partial fill 1, which is provided to rsmicid sulphate soil risk.
**Note retention of water level required to minimise acid sulphate soil risk

# Note that this is more frequently than previous recommendat®esents in 10 years is recommended to support aquatic and emergent vegetation.
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Dowd Morass

Environmental values and functions supported

Supporting healthy country, pelican (Boran), musk duck (Tuk), vegetation for basket wea\
WQ1, Water quality (minimise acid sulphate soil risk saltivateriintrusion)
WQ2 V1, Submerged and emergent vegetation (growth and flowering)
T1/FR1,  Frogs and turtlesh@bitat,food source, connectivity, nesting)
B1,B2 Water bird and threatened fauna (breeding, famdirce)
Additional functions supported: Macroinvertebrate populations expand, and Fish grow

Supporting healthy country, pelican (Boran), musk duck (Tuk), vegetation for basket weax
Fringing wetland vegetation (inundation)

Water bird and threatened fauna (breeding, food source, foraging, nesting)

Water birds and terrestrial avian speciemfing vegetation inundation for foraging)

Frogs (food source, connectivity)

Turtles (food source, nesting)

Additional functions supported: Macroinvertebrate populations expand, and Fish grow anc
stimulated to breed

Supporting healthy country, productivity of important meeting place.

Water quality (export salt)

Submerged, emergent and fringing vegetation (seed and propdigplersal)

Additional functions supportédsh migrate into and between wetlands and into river

Supporting healthy countryreducing exotispecies, vegetation for basket weaving.
5 events in 10 years Aquatic vegetation (oxygenation for germination and recruitment)
Maximum duration V2 V3 WQEmergent vegetation (water level fluctuations for reproduction and expansion of Swamp £

years Water quality (breakdown organic matter;triant cycling)
Additional function supported: Minimise European Carp (reduce habitat)

Birds (expose mudflats, vegetation, wetland fringe; food source and foraging)

Component Level Volumeto  Timing Frequency Criteria
(m AHD) fill (above met
drawdown
level)

Wetting Aoril-

flow - Partial 0.3 2,990 ML P 10 events in 10 years

fill December

Wettin Augustqg 6 events in 10 years V6, T2, T3,

"9 o0s 5360ML  November  Maximum duration ~ FR2, FR3,
flow - fill
4 months between events: 3 yearB2, B3

3 per 10 years

Flushing . . P . y .

flow 1.0 15¢20 GL  Winter-Spring Maximum duration WQ1, V4,V
between events: 5 year

Drawdown

0 - January March

1 ¥ between events: 3 and Tall Marsh)
2 events in 10 years

Drawdown 0.1 i January to . d . B4

5 . March Maximum duration

between events: 5 year Additional function supported: Minimise European Carp (reduce habitat)
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Phota DowdMorass fromabove after October November 2019 floogSupplied by WGCMA)




























































































































































































































































