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SUMMARY

The 2010 lower Broken Creekand Nine Mile
Creek Environmental Water Management Plan
(WT 2010)has been updated to reflect the
changes along the creek over the pastB3years
since environmental water was first delivered in
2010.

The planning area includes the Broken and Nine
Mile Creeks downstream of Katamatite which
has a combined length & 196km. The lower
Broken Creek and Nine Mile Creek flow
northwest into the Murray River at Barmah
Forest, with several adjacent wetlands like Black
Swamp (Nine Mile Creek sectionnear Wunghnu
and Kinnairds Wetland at Numurkahlt regularly
receives water from the Goulburn and Murray
Rivers through irrigation channelgFigure 1).

The creek is an important gathering placeand
source of food and materials for the Yorta Yorta
people with evidence of scarred trees along the
creek. The creek also provides social and
economic values to the community who live
along and benefit from visitors to the site for
recreational activities such as fishing, camping
and bird watching.

The revision of the 2010 Plan was undertaken by
the Goulburn Broken CMA under the guidance of
a Project Steering Committee and a Technical
Advisory Group consisting of expert scientists
relating to geomorphology, water quality and
instream productivity, vegetation and fish. The
Goulburn Broken CMA facilitated a community
workshop to gather local views on the lower
Broken Creekand Nine Mile Creeksystem and
priority areas and topics for consideration in the
Plan. The Yorta Yorta Nation Aboriginal Corporation
were updated throughout the development of the
plan and received all correspondence and
background work relating to development of the
plan. This included an opportunity to review the
draft plan and incorporate Yorta Yorta Peoples
perspectives and Traditional Ecological Knowledge
(TEK) where appropriate.

The lower Broken Creek and Nine Mile Creek
have diverse cultural and environmental values
including threatened Ecological Vegetation
Classes (EVCs)and Environment Protection
Biodiversity Conservation Act 1999 (EPBC Act)
(Cth 1999)listed vegetation such as Rigid Water

Milfoil and threatened fish species such as Silver
Perch, Trout Cod and Murray Cod. Threats to the
environmental values include an altered water
regime, pest species poor waterquality and weir
pools. Some of the environmental valuesan be
influenced by regulated environmental water
deliveries, while others rely on larger natural
flows.

Ecological objectives and management
objectives were first developed for lower Broken
Creekand Nine Mile Creekin 2010 as part of the
lower Broken Creek Environmental Water
Management Plan(Cth 2012) Building upon the
changes from 20102024 along the creek and to
align with the Basin Plar(Cth 2012)and Victorian

Murray Longterm Watering Plan(DELWP 2021)
these objectives have been updated (Table 1).

The longterm management goal for lower
Broken Creekand Nine Mile Creeks:

A hd@6h1ds¢stieq) that f@lvitlek vaptdliokOa) 6 ¢ a) KOC

human and agricultural wse, protects
and enhamnces @urssocidl cecononicsand
cultural values, and sustains zawibrant
range and ahuntdancecofnativelfloraand
mena.’U¢ g CO

This plan aligns with the Goulburn Broken
Catchment Management Authority Waterway
Strategy goals, which includes:

1 Maintaining or improving the resilience of the
I JDRYUkt Wseqldl s5¢!t 1O

1 Maintain or improve waterways of high
community values.

1 Maintain or improve ppulations of
threatened aquatic dependent species -
including trout cod, Murray cod,Freshwater
catfish, golden perch and silver perch.

Consistent with the longterm management
goal and the ecological objectives (Table 1),
the watering regime for lower Broken Creek
and Nine Mile Creekaims to increase water
level variability and to identify potential
opportunities to vary the predominately
consistent flow at some or all the reaches
along the creek.Flow targets vary depending
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upon the season and reach and will be
monitored accordingly.

Tablel: Lower Broken Creek objectives and targets

LBC 1 Maintain or improve distribution and
abundance of threatenedvegetation species
along in-channel and within littoral zones of
lower Broken Creek and Nine Mile Creely
2035.

Maintain diversity of freshwater ecosystem
types such as inchannel, littoral and riparian
zones by2035.

Support the recovery of threatened native fish
species in the lower Broken and Nine Mile
Creek.

LBC 2

LBC 3

LBC 4 Maintain or enhance selfsustaining native
fish populations in the lower Broken Creek

and Nine Mile Creek.

LBC 5 Maintain flow conditions to support Rakali,
Platypus and turtle populations in thelower

Broken Creek and Nine Mile Creeky 2035.

LBC 6 Maintain flow conditions to prevent the build
up of Azolla within thelower Broken Creek
and Nine Mile Creeland prevent blanketing
occurring by2035.

Maintain lower Broken Creek and Nine Mile
Creekflows during periods of drought to
provide a refugium to support the longerm
survival and resilience of populations of water
dependent biota.

LBC7

By 2035, naintain or increase populations of listed aquatic
plant species such as Slender Water Ribbons and Rigid Wate
Milfoil in the lower Broken Creek and Nine Mile Creekt 2022
levels.

By 2035, auatic plant species diversity and abundance in
lower Broken Creekand Nine Mile Creekis improved or
maintained at 2022 levels (excluding posflood events).

By 2035, the reintroduction of two threatened native fish
species within the lower Broken Creek and Nine Mile Creek
systems. Measured as reintroduction of two species (e.g.
Freshwater Catfish, Southern Pygmy Perch, Fldteaded
Galaxias), and species déections in subsequent surveys.

By 2035,the trajectory (catch per unit effort, species
distribution, population structure) of key target species
(Murray Cod, MurrayDarling rainbowfish and Australian
Smelt) will be at or above 2024 levels.

By 2035, show evidence thathere has beenmovement of
Platypus, Rakali and turtles into thdower Broken Creek and
Nine Mile Creek Maintain adequate weir pool depth to assist
with foraging for food. Ensuring flows during Platypus
breeding season have minimum impact on burrows.

By 2035, pevent any Azolla blooms occurring.

Maintain flows at least 250ML/d during drought to provide
refugium for water dependent species.
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Delivery of environmental wateralong the lower
Broken Creek and Nine Mile Creek can be
constrained by:

Irrigation demands : Channel capacity for

environmental water deliveries may belimited

during peak irrigation seasonDemands on input
systems to the creek such as the Goulburn and
Murray rivers may also impact upon
environmental water delivery to the systemHigh

demands may also lead to unwanted elevated
flows in the system which may impact lower
bank vegetation.

Winter works: Channels used to deliver
environmental water along the lower Broken
Creek and Nine Mile Creekmay be closed over
winter for maintenance.

Risks and threats can present in many forms
including climate, environmental, community,

management, cultural and legal risks Potentially

threatening processeslisted in the FFG Act and
are relevant to the delivery of environmental
water and this plan include:

Altered Flow Regime: Alteration of the natural
flow regimes of rivers and streams.

Degraded Riparian Vegetation: Loss and
degradation of native vegetation along
riverbanks.

Increased Sediment Input: Increase in
sediment input into Victorian rivers and streams
due to human activities

Invasive Species: Invasion of native vegetation
by environmental weedsand fauna species such
as Carp.

Restricted Passage: Barriers preventing the
movement of aquatic life due to instream
structures.

Loss of in-stream habitat : Removal of wood
debris from Victorian streams.

Issues not identified in the FFG Act(DELWP
2022) but is important to note for the lower
Broken Creek and Nine Mile Creebre:

Poor Water Quality: Events that impact
dissolved oxygen levelsand water temperature
such as azolla accumulation, heatwaves, and
hypoxic, high carbon event

Loss of physical habitat features: Loss of
geomorphic diversity such as deep pools,
benchesand bars due to river regulation.

Constraint to delivery from weirs: Weirs limit

the amount of water thatcan be pushed through
the system and the continuity of the movement
of the water.

Risk identification and assessments are
undertaken annually at a formal workshop with
the Victorian EnvironmentalWater Holder (VEWH)
during the development of Seasonal Watering
Proposal and include cultural risks related to
YortaYortacultural values.

The Plan details key knowledge gapscluding

the movement of fish in and out of the system,
platypus, rakali and turtle abundance and
distribution, macroinvertebrate composition

and recovery after blackwater events, instream
vegetation maintenance, water quality and

maintaining dissolved oxygen levels and
improved geomorphology.
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RELEVANT PLANSNDLEGISLATION
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Water Act 2007subparagraph 44(3)(b)j Basin Plan 201ZCth
2012)

Victorian legislation Flora and Fauna Guarantee Act 198@FG Act\DELWP 2022)

Water Act1989 (Vic) (Vic 1989)

Catchment and Land Protection Act 1994CalP Act)(Vic
1994)

Aboriginal Heritage Act 200§Vic 2006)

Plans Lower Broken Creek and Nine Mile Creek Environmental Watg
Management Plan(GBCMA 2010)

Environmental Water Delivery: Lower Broken Creek
(Cottingham and SKM 2011)

Victorian Waterway Management Strateg¢DEP| 2013)

Goulburn Broken Catchment Management Authority
Waterway Strategy(GBCMA 2014)

Lower Broken Creek FLOWS Study. Issues and flows
recommendations paper(Jacobs 2019)

Victorian Murray Longterm Watering Plan(DELWP 2021)

Goulburn Broken Regional Catchment Strategy 2022027
(GBCMA 2021)

Yorta Yorta Whole of Country Plan 2022030 (YYNAC 2021)
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1 INTRODUCTION

Environmental water management in Victoria is firmly established with water recovery enabling significant
volumes of water being returned to the environment. The increased environmental water availability has
provided opportunities to protect, restore andreinstate high value ecosystems throughout Victoria.

Environmental watering in Victoria has historically been supported by management plans such as this one,
that document key information including the watering requirements of an asset, predicted ecological
responses and water delivery arrangements. These @hs support annual decisions about which sites
should receive water and assist managers to evaluate how well those assets respond to the water they
receive or what could be done better.

Environmental water in Victoria is managed as an integral part of the Victorian Waterway Management
Program, with the statelevel Victorian Waterway Management Strategy 201@®EPI 2013)providing the
overarching framework for environmental water management. Regional Waterway Strategies (RWSs) drive
the implementation of the Victorian Waterway Management Strateggt the regional level. Information from

q 6 Wl IRBgoONaUWatelay Strategis a key input to environmental water planning arrangements,
including the selection of eligible assets to receive environmental water. Environmental water
management plans (EWMPs) are sitgpecific plans developed for those assets deemed a priority to
receive environmental water through theRegional Waterway Strategdevelopment process(Figure 2).

In the MurrayDarling Basin, environmental water management is further underpinned by the Basin Plan
2012 (Cth 2012) and the associated Basinwide environmental watering strategy (MDBA 2019) In
accordance with Basin Plan requirements, Victoria has also developed relevant water resource plans and
long-term watering plans(DELWP 2021)

ERAQYI Rkt W9c¢caqrHEGWUqW ~¢cUecNPDaWNUqW 2q6VYlI RgRIJt W b9 ~
Environment and Climate Action the Victorian Environmental Water Holder and Traditional Owner groups
have worked together to develop Environmental Water Management Plans for most watered assets
throughout Victoria. These plans are continually updated through an adaptive management press.

A primary purpose of the plans is to provide a consistent set of documents that support Seasonal Watering
Proposals (SWPs)to be submitted by asset managers to the Victorian Environmental Water Holder
annually. The supporting information includes:

Lead management agencies and their management responsibilities

The waterdependent environmental, social, and economic values of the asset

NeWwet+ Jagkt WIU2RI YOG WUqeawWrYUT RqRYUWe UT W61 e qt

Environmental objectives and intended watering regime

Contributions from Traditional Owner groups (included in an vironmental Water ManagementPlan

with free, prior, and informed consent) that may include information about cultural values,

management goals, environmental and cultural objectives and intended watering regime

1 Opportunities for improved water delivery, efficiency or capacity through structural works or other
measures.

1 Scientific knowledge gaps and recommendations for future work

=A =4 =4 -4 -4
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This Plan establishes priorities for the use of environmental watelong the lower Broken Creek and Nine

Mile Creekwithin the Broken catchment described inSection 3.1 Catchment setting. This revision builds

on iterations of the 201 Plan and has been revised to reflect upon learnings over the past §ears of water

delivery to the site and improve alignment ofower Broken Creekand Nine Mile Creekobjectives to the

7¢t RUWAGc¢ Ukt WEU2RI YUG WU q@DBAI2@16)dI0 TRLOD & R ¥ TURLE] It cliixgs Y 1w N 13
Plans (DELWP 2021)

The 20D Plan has been used to guideenvironmental water delivery to the site for the past 4 years.
Monitoring of environmental water delivery tolower Broken Creekand Nine Mile Creekhas improved
Goulburn Broken Gitchment Management Az q 6 Yd (Baplbun Broken CMA)understanding of
ecological and hydrological needs and responses and operational conditions that are to be considered at
the time of delivery.A FLOWS study by Jacok2019) has also beerused to inform environmental watering
decisions and the updated Plan.

In Victoria, thelower Broken Creekand Nine Mile Creelhas beendesignated as a priority waterwayor

receiving environmental water. Environmental water deliveries began in 2010 and have continued

annually. The lower Broken Creek system encompasses four reaches, including the section®dosey

Creekfrom Katamatite to its junction with the Broken Creek, the mairBroken Creekfrom the Boosey

Creek junction to Barmah, and theNine Mile Creek anabranch(Figure 1). Despite being heavily regulated

and modified, lower Broken Creekand Nine Mile Creekhosts a variety ofwater-dependent valueswithin

what is now considered @@ UR e JWe¢ UT Wh OY2 W0 WIRAYE ! qUOk WEU2R!I YUGIUq<
independently or in conjunction with other water allocations topreserve and enhancethese important

ecological features.

Development of the Environmental Water Management Plan has been led by the Goulburn Broken
Catchment Management Authority in collaboration with a Project Steering Committee composed of
representatives from the Department of Energy, Environment and Climatéction, the Victorian
Environmental Water Holder, the Commonwealth Environmental Water Holder, GoulburMurray Water,
Goulburn Valley Water and Parks Victoria. Yorta Yorta Nation Aboriginal Corporation were invited to the
Project Steering Committee but wee not active participants. A Technical Advisory Group was also engaged
to provide scientific input including experts in geomorphology, botany, fish ecology, water quality and
instream productivity.

Development of thePlaninvolved:

1 A review of existing technical background information and provision of recommended updates by the
Technical Advisory Group based on the latest science.

1 A workshop with the local community in Nathalia and an email out of key consultation questions to
local contacts to gain community input to thePlan.

1 A direction-setting workshop with the Project Steering Committee and Technical Advisory Group to
guide drafting of thePlan.

1 Review of the draftPlan by the Project Steering Committee and Technical Advisory Group, with
feedback incorporated into the finalPlan.



OFFICI4

Location within Victoria
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Figurel: Location of lower Broken Creek and Nine Mile Creek
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Regional waterway strategies

« |dentify priority river reaches Key - Responsibilities
and wetlands and values in
each of Victoria's 10 catchment Waterway managers
managemeant regions
« Are developed every eight years in VEWH
consultation with local communities Expert advisors
Guides priorities for
Environmental water
management plans Expert advice
« Provide long-term environmental » Environmental flow studies:
objectives, desired flow regimes expert analysis of flow components
and management arrangements required to support environmental
+ Are developed progressively values and objectives
for each system or site that is Informs « Outcomes from monitoring
identified as a long-term priority .. programs (such as the Victorian
for environmental watering Environmental Flows Monitoring
+ Are updated as required with Assessment Program)

new infarmation . + Traditional cultural and

+ Assume current water recovery ecological knowledge

commitments and targets o « Academic and consultant expertise

Forms basis of

Seasonal watering proposals Community engagement
« Describe regional priorities for Informs « Environmental water advisory
environmental water use in e e groups, Traditional Owners,
the coming year under various community groups, recreational
planning scenarios users, irrigators, environment groups
+ Are developed annually and other relevant stakeholders
Seasonal watering plan Seasonal watering statements
(this document) and watering authorisations
+ Describes statewide potential Decisions » Communicate decisions about
environmental watering in the communicated watering activities to be undertaken
coming year under various through as water availability scenarios occur
planning scenarios throughout the year
+ Is developed annually « Authorise waterway managers to
+ Consolidates the seasonal watering undertake watering
proposals the VEWH accepts + Can be released at any time during
= Can be varied at any time, with the the year
same consultative requirements as « May be one or multiple statements
for the plan's initial development for a system

Water for the environment is delivered

Figure2:é RHq Y1 R¢ Bt tOWU2RI YOG Uqe G105 ¢ MEWIRZDBYOG! Y NI ¢ G10Ga ¢ OURUNDIONT ¢ & 15 Y1 t 1O



OFFICI£

1 PARTNERSHIRND GONSULTATION

1.1 CONSULTATION

The revision of the 2010 Plawas undertaken by theGoulburn Broken CMA under the guidance of a Project
Steering Committee(PSC)comprised of representatives from:

1 Department of Energy, Environment and Climate Action (DEECA)
Victorian Environmental Water Holder (VEWH)

Commonwealth Environmental Water Holder (CEWH)

Parks Victoria (PV)

Goulburn-Murray Water (GMW)

Goulburn Valley Water (GVW)and

Yorta Yorta Nation Aboriginal Corporation (YYNAC)

=A =4 =4 4 -4 A

The Yorta Yort&ation Aboriginal Corporation vereinvited to partner in development of the Environmental Water
Management Plan and to be a member of theSCbut were unable to actively participate in the process. As an
alternative, a representative from Yorta Yorta Nation Aboriginal Corporation remained on tR&Cemail list and
received all correspondence and background work relating to development of the plan, with the opportunity to
participate remaining available throughout the process. This included an opportunitptreview the draft plan and
incorporate Yorta Yorta Peoples perspectives and Traditional Ecological Knowled@eEKWwhere appropriate.

The Project Steering Committee met at key points during thelan development process to provideinput,
guidance and feedback.

The Goulburn Broken CMA engaged a Technical Advisory Gro(dpAG)consisting of expert scientists
relating to geomorphology, water quality and instream productivity, vegetation and fish, to review existing
documented information on lower Broken Creekand Nine Mile Creekand update this where necessary
using the best available knowledge regarding:

1 water-dependent environmentalvalues and the current condition of values
1 water-related threats to values

1 environmental goals, objectives and targets

91 the required water regime to achieve the objectives, and

1 priority complementary works to support achievement of the objectives.

The TAG also assisted with the alignment of tHelanto the Basin Plan.

Both the PSCand TAGpatrticipated in inception meetings, a directionsetting workshop held in May 2023
to inform the Planand reviewed the draftPlan.

The Gulburn Broken CMAfacilitated a community workshop in Nathalia in May 20230 gather local views
on the lower Broken Creelkand Nine Mile Creeksystem and priority areas and topics for consideration in
the Environmental Water Management Plan. Four focus questions discussed incled:

What do you value most about the creek?

What would you like to see improved?

What do you think are the highest priorities to focus on?

What does a perfect lower Broken Creend Nine Mile Creelkenvironment look like?

rownNPR

Following the workshop, these questions were circulated to additional local community members and

I yau2¢UqurYUgqcecRqt Wadl YeNSWq6é W] YeaHAHel Ow7z1 Yt oW~ kit U
Environmental Water Advisory GroupBrokenEWAG). A summary of the community consultation findings

is provided in Appendix A
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Table2 summarises the level of engagement using the IAP2 Public Participation Spectrufi®P2 2018for
those involved (or invited to be involved) in thBlans development.

Table2: Engagement undertaken in development of the lower Broken Creek and Nine Mile Crédan

Category

IAP2 level of
engagement

Engagement
methods

Engagement Purpose

for Environmental
Research,
Streamology, and
Rivers and Wetlands

Group

Government Department of Energy, | Collaborate Active member of the | Partner with the Gulburn Broken
Agencies Environmentand PSC CMA to guide the development of the
Climate Action Plan.
Victorian
Environmental Water
Holder
Commonwealth
Environmental Water
Holder
Goulburn-Murray
Water
Goulburn Valley Water
Parks Victoria
Traditional Yorta Yorta Nation Collaborate Inactive member of Invitation to partner with the
Owners Aboriginal Corporation the PSC Goulburn Broken CMA to guide the
development of thePlan.
Local Landholders and Consult Community Ensure understanding of thePlan
community irrigators workshop and intended outcomes. Seek input
Town residents Email RUqYWaqé6WWGHe Ukt Wi
Broken EWAG Provide feedback on draftPlan.
Recreational Goulburn Valley Consult Community Ensure understanding of thePlan
Users Association of Angling workshop and intended outcomes. Seek input
Clubs Email feedback RUqYWaq6WWGae Ukt Wi
Numurkah Fishing Club Provide feedback on draftPlan.
Community Goulburn Valley Consult Community Ensure understanding of thePlan
Groups Environment Group workshop and intended outcomes. Seek input
Goulburn Murray Email RUqVYWaqé WWGa e Ukt Wi
Landcare Network Broken EWAG Provide feedback on draftPlan.
Broken Boosey
Conservation
Management Network
Broken Creek Field
Naturalists Club
Technical Scientists from the Collaborate Member of the Guide the technical content of the
experts Arthur Rylah Institute Technical Advisory Plan.
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1.2 THEYORTAYORTAPEOPLE

Yorta Yortaare the Traditional Owners of the country upon which the lower Broken Creakd Nine Mile Creek
system occurs. Yorta Yorta landand waterlies on both sides of the Murray River from Cohuna in Victoria to
Howlong in New South Waleslt includes towns such as Echuca, Shepparton, BenallaCorowa, and
Wangaratta and extend northwards to just south of Deniliquin Figure3).

Finley

b ® Berrigan

Tocumwal
® Cohuna Mathoura @ . ® Rennie
® Barooga
Cobram @
® Barmah | Midwala
iy N
Moama Nat:alla Yarrawonga °
e ® Numurkah Rutherglen

Echuca

® Kyabram

® Shepparton Wangaratta @

Tatura @

Benalla @

Voilet Town ®

Figure3: Yorta Yorta Country

Lower Broken Creek and Nine Mile Creeksupports a diverse range of culturally significant plants and
animals. Common reed contained within the slack water provides important material for tools whilst also
providing refuge for culturally important fish species. The creek has significant stands of old growth river
red gum containing important habitat and exhibitingscars made from carving out canoes and coolamons
(Whittaker 2021)

The Yorta Yorta Nation Aboriginal CorporatiotY Y NAC) is the representative body that provides the interface
between government and the Yorta YortReople and is a Victorian Registered Aboriginal Party (RAP) under
the Aboriginal Heritage Act 2006§Vic 2006)with decision making responsibilities for protecting Aboriginal
cultural heritage, and other matters within the Rgistered Aboriginal Party area. Yorta Yorta Nation
Aboriginal Corporation and Goulburn Broken CMA have established an Aboriginal Cultural Heritage Land
Management Agreement (ACHLMA). This agreement provides a framework for protecting and managing
Aboriginal cultural heritage during ongaig, routine land management activities within aRegistered
Aboriginal Partyarea including works to assist with environmental water releasesalong lower Broken
Creek and Nine Mile Creek

TheYorta Yorta Nation Aboriginal Corporatiohave identified several objectivegTable3), outcomes and actions
related to water managementon Yorta Yorta CountryThe followingwere identified through their contribution to
ERHQYI RC K1t UpadosgDELWR 2019)Y 2 | H#1J LW
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Table 3: Yorta Yorta objectives and outcomes for water management

Objective Outcome

To look after country through land and water management Increase awareness, understanding, respect and protection of]

to restore and maintain our wetlands, rivers, waterways, Yorta Yorta interests and custodianship.
tributaries, and lagoons which in turn look after our flora Healthy country and economic outcomes for Yorta Yorta
and fauna that make up cultural lore. people.
To have decision making in the water planning process, | Etue ¢ t WWRUN a2 DURVWHhCE qluqé DWacé H
water sharing and distribution. the water industry.

Increased integration across the industry.
To develop a cultural flow that will complement the current Watering country for healthy country and achieving economic

water management process and have input to the current outcomes for Yorta Yorta people.
water flow that goes through country.
To build Traditional Ecological Knowledge (TEK) into | rring people back, bring Country badOw LIf q) L5 R G @ LU

strategies where appropriate e.g. river red gum thinning, living culture, better caring for Country and better outcomes for
protection of wetlands, links with cultural lore, bring back Country.

native animals and plant s and involve Elders onsite to

discuss TEK.

*TEK(Traditional Ecological Knowledggis the knowledge base that has been handed down to the Yorta Yorta People and has direct contact with their cultural envirentn

TheYorta Yorta Wholeof-Country Plan 20212030 (Table4) states the following actionsthat are relevant
to environmental water managementgenerallyand within lower Broken CreeYYNAC 2021)

Table4: Yorta Yorta Wholeof-Country Plan for water management that may be relevant to this plan

Walla T Water (pg26 and 27)

Pursue our inherent right to water entitlements that are legally and beneficially owned by Yorta Yorta of a sufficient
quantity and quality to improve our spiritual, cultural, environmental, social and economic needs.
Actions

Ww12 Seek water policies and operational flows that:
a. achieve healthier Country and better outcomes for ecosystems, and native plants and animals;
and

b. recognise and deliver legal water entittements that meet broader Yorta Yorta cultural, social and
economic needs.

WW13 Ensure water rights are negotiated in expanded management rights in-ecpanagement, joint management,
treaty and other processes.
WW15 Provide information and training to river operators and other agencies about culturally important plants and

animals and their water and habitat needs to improve the cultural and environmental outcomes from
watering operations.

WWw18 Support government policies to allow waterways and floodplain wetlands to flood naturally, and the removal
or managed weathering away of levees and constructed barriers.

Goulburn Broken CMAalong with other relevant agencieswill continue to look for opportunities to work
closely with Yorta YortaNation Aboriginal Corporationin the management of lower Broken Creeind Nine
Mile Creek

11
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2 ASSETOVERVIEW

2.1 CATCHMENTBETTING

Thelower BrokenCreek and Nine Mile Creekis within the Broken Basin of northern Victoria The Basin
covers 772,386 hectares or 3.4 percent of Victoria ané bordered to the south and west by the Goulburn
Basin, to the east by the Ovens Basin ando the north by the MurrayRiver (Figure4). The Broken Basin
includes the Murray Fans Bioregion to the north and the Victorian Riverina Bioregi@ection 3.1.4) to the
south.

Broken River Basin
I Goulburn River Basin
Waterways
I Water bodies

0 20 40
| I —
Kilometres

Figure4: TheBroken River Basin within the broader Goulburn Broken catchment

The Broken Basin consists of two connected waterways: the Broken River in the south and the Broken

91 WUt WRUWaq6 WWUY! qé FOWNG W71 Yt 3OW9 I 3t W R21I1 NIt Wnl YO Waé
northwest into the Murray River at Barmah ForesThe upper 89 km of Broken Creek receives wat&om

qé W71 Yt DOWAR2 IJI W2 R¢ W9 ¢cakm,linklddin NihR Mild Qreek, Retsihvdter drichlily Y 5 131 LN d
from the Goulburn and Murray Rivers through irrigation channels. Consequently, the upper and lowe

sections function differently hydrologically and are managed separately for environmental water delivery,

though they are connected during high flows.

The lower Broken Creek catchment spans 3,300 kmz in the northern Broken Basin, including the western
slopes of the Warby Ranges and northern slopes of the Dookie foothills. It has a low gradient, supporting a
few lowland streams. The lower Broken Creek sysm encompasses the regulated section of Boosey Creek
from Katamatite to lower Broken Creek and four reaches of the lower Broken Creek, including Nine Mile
Creek. This catchment also includes the unregulated western section of Boosey Creek and other minor
tributaries. The creek flows northwest into the Murray River at Barmah Forest
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Nine Mile Creek is an ancient course of the Broken River, formagdound one hundred million years ago. It
became an anabranch of the Broken Creek and is now a highly regulated systevith adjacent wetlands
like Black Swamp andA 2 | T 8wamp near Wunghnu Geomorphically, two zones exist in the lower
Broken Creek: downstream of Waaia township, the creek follows the ancestral Tallygaroopna Channel
with a larger meander, while upstream, the creek is more sinuous with smaller meanders indicative of a
recent channel (Tickell 1989)

Noa)

Figure5: Nine Mile Creek

13
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The catchment has beencleared for agriculture, forming part of the Goulburn Murray Irrigation District
(GMID). The Murray Valley Irrigation Area is north of the creek, and the Shepparton Irrigation Area is to the
south, supporting dairying, grazing, cropping, and horticulture. Despiteextensive clearing, remnant
vegetation and wetlands along the creek provide crucial habitats for native flora and fauna, much of which

is protected in reserves.

N6 WWGEYs Il w71 Yt uowol yut weOl W RUVW~RONDWI It Wel JWGe ! qlU
distribution network and have been regulated for over 100 years, significantly altering the natural flow

regime. The creek now conveys regulated water tmeet local and downstream irrigation demands,

creating a novel ecosystem within the Broken Basin and the southern Murrdarling Basin.

2.2 LAND STATUBNDMANAGEMENT

Most of the lower Broken Creek and Nine Mile Creek is within a narrow band of public land managed by

either ParksVictoria or Department of Energy,Environmentand Climate Action. In terms of ParksVictoria

managed land, this includes the Broken-Boosey State Park (44km), Numurkah Natural Features Reserve
(50km), Nathalia Natural FeaturesReserve(27km) and Barmah National Park (5km). Theremaining lower

Broken Creek water frontage includes a mix of private land managementthrough Department of Energy,
Environmentand Climate Actionk Water FrontageLicenses, General Licensesand RiparianManagement
Licenses as well as unlicensed areas managed by the Department. There are a small number of

landholders along the creek with pre-emptive! rights. A range ofgovernmentagencies are responsible for
ensuring that management of thecreek and environmental water deliverycomplies with a broad range of
legislative requirements.

Leadorganisationsand their keymanagement roles andresponsibilities are summarised inTable5.

The successful management of the gstem therefore relies on effective cooperation andcoordination
between these groupsand the broader community.

Table5: Leadorganisationsand their keyroles andresponsibilities in management ofthe lower Broken Creek andNine Mile Creek

Roles and responsibilit ies

Yorta Yorta Nation Aboriginal Isthe Registered Aboriginal Party (RAP) under thboriginal Heritage Act 2006Vic)for the creek and the

Corporation (YYNAC) representative body that provides the interface between government and Yorta Yorta Tradition
Owners. Yorta Yorta Nation Aboriginal Corporatiorhave decision making responsibilities that are
recognised by the State of Victoria for protecting their Aboriginal cultural heritage, and other matte|
within the RAP areaYorta Yorta Nation Aboriginal Corporatiorollaborate with the Goulburn Broken
CMA regarding environmental water delivery within Yorta Yorta Countimcluding to the lower Broken
Creekand Nine Mile Creek

Department of Energy, Provide financial, policy and strategic support for the management of public and private lang
Environment andClimate Action Management of flora and fauna, State Forest and publiand water frontage. Management of hunting
(DEECA) and domestic stock licensing on public land.

Goulburn Broken Catchment Implementation of the Goulburn Broken Regional Catchment Strate®021-27 (GBCMA 2021)Works
Management Authority on waterways, regional drainage and floodplain management, and coordinating Commonwealth an
(GB CMA) State natural resource management investment. Determining the environmental water requirements ¢

wetlands and waterways, developing, and submitting seasonal watering proposals tthe Victorian
Environmental Water Holder for consideration, and managing the delivery of environmental water ir
accordance withthe Victorian Environmental Water Holdes Seasonal Watering Plan.

Goulburn-Murray Water(GMW) The key water delivery agencivlanages water related services including storage, delivery and drainag
systems acrossnorthern Victoriaincluding water and assets in thdower Broken and Nile Mile Creeks

Murray-Darling Basin Authority RequestsGMW to deliverinter-Valley Trale and Murraybypass flowsthrough lower Broken Creeland

(river operafons) Nine Mile Creek(referred to as waterin-transit deliveries) when required to meet downstream
demands.
Moira ShireCouncil (MSC) Regulate local development through the planning scheme, eground works, and management of local

roads and urban drainage.

1 Pre-emptive rights typically secured access to reliable water in creeks o rivers, but the law forbade control of dual water frontages to prevent undue monopoly of water supplies.
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Parks Victoria (PV)

Victorian Environmental Water
Holder (VEWH)

Commonwealth Environmental
Water Holder (CEWH)

Management of State Park, National Parksand Natural Features Reserves on behalf @fepartmentof
EnergyEnvironmentndClimateAction.

Management ofVictorian environmental water entitlements on behalf of the Minister for Environment
20200YGGNWNU0UqW YnWEWEt YOcaWi ¢eql RUDWAGe Ut WT W
Coordination of environmental waterprovisionacross Victoria(in consultation with the Commonwealth
Environmental Water Holde). Providesapproval for theprovision anddelivery of environmental water to
lower BrokenCreekand Nine Mile Creek

Management ofCommonwealth environmental water entitlements Provision of environmental water
for use in lower Broken Creefand Nine Mile Creek

2.3 ASSETCHARACTERISTICS
Key characteristics ofthe lower Broken Creekand Nine Mile Creelare providedin Table6 below.

Table6: Key characteristics oflower Broken Creek and Nine Mile Creek

Characteristic Description

Name

Lower Broken Creek (including Nine Mile Creek)

Traditional Owners

TheYorta YortaPeople

Land manages

Parks Victoria and @partment of Energy, Environment ancClimate Action

Length 196km
Bioregion Murray Fans, Victorian Riverina
Ecosystem type Permanent lowland streamas classified inAustralian National Aquatic Ecosystem databas¢AET 2012)

Conservation significance

Floodplain of lower Broken Creek and Nine Mile Creek isted in A Directory of Important Wetlands in
Australia (VIC 036)(EA 2001)

Surrounding land use

Riparian conservation reserves, irrigated agriculturedryland agriculture

Towns

Katamatite, Numurkah, Wunghnu, Nathalia, Barmah

Regulated water supply

Murray River at Lake Mulwala via Yarrawonga Main Channel
Goulburn River at Goulburn Weir via East Goulburn Main

Unregulated water supply

Upper Broken Creek
Boosey Creek

Reach 1 specific features*

Reach 1a Boosey Creek downstream of the Murray Valley 7/3 Channel outfall to the Broken
Creek confluence:

T Length- 4.1km

1  Regulating structurest Murray Valley 7/3 channel outfall

Reach 1b- Broken Creek downstream of the Boosey Creek confluence to the Nine Mile Creek
confluence:
1  Lengtht38.5km
1 Regulating structurest East Goulburn Main channel outfall, Katandra Weir, Murray Valley
No. 4 Main outfall, Murray Valley 6/6 outfall, Melville St Weir (Numurkah), Station St Weir
(Numurkah).

Totalreach 1lengthT42.6km

Reach 2 specific features*

Nine Mile Creek from Katandra Weir to the Broken Creek confluence
1  Length-49.8km
1  Regulating structurest Katandra Weit

Reach 3 specific features*

Broken Creek from the Nine Mile Creek confluence to the Nathalia Weir
1  Length-37.9km
1 Regulating structurest Murray Valley 15/6 outfallc R # 6ual, Murray Valley
Jewells outfall, Nathalia Weir

Reach 4 specific features*

Broken Creek downstream of the Nathalia Weir to the Murray River
1  Length-65.8km
1  Regulating structurest Chinamens Weir, Murray Valley @ ¢ U GuffallxBlallis Weir,
Luckefs Weir,c ¢ | T RAIR Kdllands outfall, Schiers Weir, Kenned§ Weir, Rices
Weir.

*Note: regulating structures are listed in order from upstream to downstrean®utfalls not listed as Murray Valleyutfalls are located in the Shepparton Irrigation

Area.

15
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2.4 ENVIRONMENTAL WATER SOURCES

The Environmental Water Reserve (EWR) is a legally designated portion of water allocated to support
environmental needs. This reserve includes minimum river flows, unregulated flows, and specific
environmental entittements stored in reservoirs. These entiements can be released when necessary to
wetlands or waterways to protect or enhance their ecological health. The Minister for Environment holds
these environmental entitlements, with management delegated to the Victorian Environmental Water
Holder.

In the lower Broken Creeland Nine Mile Creelksystem, environmental flow needs are primarily fulfilled by
three sources: environmental water, Murray bypass flows and the Goulburn to Murray InteiValley Tradé
(IVT). Since the lower Broken Creednd Nine Mile Creeksystem lacks its own environmental entitlements
or water storage facilities, environmental water must be delivered from the Murray or Goulburn Rivers
through the irrigation channel network(Figure 5)

All water available for use in the lower Broken and Nine Mile Creekse referred toin Table7.

Figure6: Environmental water delivery through a Murray Valley outfall into lower Broken Creek

2Murray bypass flowsVIDBA deliveries via the Murray Valley Irrigation district into the lower Broken Creek system that would have otherwissvgdhe MurrayRiver
system.
3Inter-valley Tradewater that isé 2 ¢ &dRréone river valley tanother as a result of water trade.
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Table7: Sources of water for lower Broken Creetaind Nine Mile Creek(Vic 2024)

Water Source

Responsible
agency

Description

Bulk Entitlement (Eildon T Goulburn Weir) Conversion Order 1995

Goulburn Water Quality

Allowance

GMW

Environmental water entitlements

Bulk Entitlement (River

Murray - Flora and
Fauna) Conservation
Order 1999

NVIRP entitlement

Environmental
Entitlement T Living
Murray

Commonwealth
Environmental Water
Holdings

Water-in-Transit

Goulburn River Inter -
Valley Trade

Murray River bypass
flows

Other
Murray River flows

Boosey Creek and
upper Broken Creek
flows

Goulburn Valley and

Murray Valley irrigation

supplies

VEWH

VEWH

MDBA

CEWH

MDBA/GMW

MDBA

MDBA /VEWH

VEWH

GMW

30 GL per year

95,571 MLhigh reliability water shares and
30,860 ML low reliability water shares.

One-third of water savings created in the
Goulburn Systemfrom modernisation works
completed as part of Stage 1 of the Northern
Victorian Irrigation Renewal Project. Issued to
the VEWH as 17,703 ML high reliability water
shares.

39,625 ML Goulburn high reliability water
shares and 156,980 ML low reliability water
shares.

9,589 ML Murray high reliability water shares
and 101,850 ML low reliability water shares.

The watering schedule between CEW and
VEWH allows up to 50,000 ML to be available
for the lower Broken Creeland Nine Mile
Creek, subject to environmental need and
water availability.

Additional environmental allocations may be
available fromthe CEWH holdings if required.

Varies (up to 350,000 ML) depending on trade
amounts.

Varies depending ordownstream demand.

Unregulated flows

Unregulated flows

Irrigation water

Conditions

Maintenance of water
quality.

Availability determined by
agreement with the VEWH.

Availability determined by
agreement with the VEWH.

Water allocated to this
entitlement must be used for
q 6 1JWx R 2 RicbRdites & |
However, this water can
provide environmental
benefits in the lower Broken
Creekand Nine Mile Creek
system en-route to the
Murray River.

Approved by the CEWH and
sourced from Murray and/or
Goulburn holdings.

Water use is subject to
agreement with the
representatives from the
CEWH.

Must be called by MDBA
Limited to spare channel
capacity.
Must be called by MDBA.
Limited to spare channel
capacity.

Available when Murray River
flow is unregulated.

Available when Boosey Creek
and upper Broken Creek flow
is unregulated.

Supply dictated by demand
and channel capacity.

17
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2.5 HYDROLOGICAREGIMEAND SYSTEM OPERATIONS

Hydrology is a major driver of the physical, chemical and biological structures and processes in flowing
waters and their floodplains. Management of thehydrology ofthe lower Brokenand Nine MileCreek is
important to maintain and promotetheir health.

2.5.1 Preregulation

The lower Broken Creeland Nine Mile Creekhave a long, diverse history Yorta Yortapeople have cared
for the creek for thousands of years before settlemendccurred. Food and medicine and fibres would have
been used along the creek to support Yorta Yorta People.

The lower Broken Creek and Nile Meé Creek were naturally ephemeral systems with flow occurring
predominantly during winter and spring in response tdarge rainfall eventsin the upper Broken Creek and
Boosey Creek catchments The Broken Creek would have also received flows from the Broken River
approximately one year irevery five(Reich, McMaster et al. 201Q)

The creeks wouldregularly stop flowing in summer and autumn, resulting in the creek contracting toa
series ofisolated pools.

2.5.2 Post-regulation

With the introduction of regulation overone hundred years ago, the ephemeralcreek changed to a
perennial system with summer and autumn dominant flows and permanent weir pools.Lower Broken
Creek and Nine Mile Creek is now considered a backbone channel of the Goulburn Murray Irrigation
District network and is used to supply local pumping diverters as well as convey watéom the Murray and
Goulburn Riversto meet downstream demands.It also serves a key drainage function for the Murray Valley
and Shepparbn Irrigation Areas, with several drainage outfalls entering the creek along its length. There
arenine weirs along thelower BrokenCreekand Nine Mile Creek each withfishways (Figurexx Section x}.
The operating level of each weir pool is carefully managed arstiable to ensure adequate water access for
pumping. Outside of weir pool areas, the creek remains a flowing system, albeit withtgpically reversed
flow regime.
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The hydrological regimds permanentwater during the irrigation season (from 15 August to 15 May). Over
this period, flow enters the creek from the Murray River (via the 7/3 channel near Katamatite) and Goulburn
River (via the East Goulburn Main channel just downstream of Katamatite). A maximdtow rate of 310
ML/d can enter the creek from these twaipstream channels, with additional water able to enter the creek
from other minor outfalls along its length. As a result, maximum regulated flows at Rices Weare around
450 ML/d. The flow at Rices Weir is however a function of upstream inflows and pumpiegtractions. If
local pumping demand is high, then the flow at the downstream end of the creek reduces. As a result, flow
at Rices Weir during the irrigation season can be quite variable but is typically between 2@00 ML/d
(Figure?).

600

500

400

300

200

100

Figure7: An example of ariable flows (ML/d) at Rices Weitbetween 15 August2021, and May 152022 (Irrigation season).

Flow can be higher though if local irrigation demand is low and downstream demands are hjgilowing
for larger volumes of waterin-transit deliveries (InterValley Trale and Murray bypass flows) to be
delivered to the Murray River via lower Broken and Nine Mile Creek. This e¢asult in flow consistently
above 400 ML/d Figure9).

Environmental water was first delivered to lower Broken Creednd Nine Mile Creekin 2010, with deliveries
occurring every year sincgFigure8). In some years it has provided the bulk of the flow in the creek, while
in other years very little environmental water has been required due to other water deliveridsigure 10).
Environmental water aims to provide adequate flows along the full length of the creek (througb Rices
Weir) to the Murray River, by setting specified flow target at Rices Weir. This reduces the chance of local
diversions taking the bulk of water out of the creek and reducing the habitat and water quality, particularly
at the downstream end.

4The most downstream gaugéthin the lower Broken Creednd Nine Mile Creekystemused to measure environmentatterflow rates.
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2010

Flooding occurs along Lower Broken
Creek in September and December
2010. Blackwater event causes fish
deaths in December 2010.

First e-water delivery to creek begin:
November 2010.

Fish tagging -—
2012

Hot weather in January causes e-water
target flows in the creek to be
increased to 250ML/d. IVT is delivered 7
Jan-28 Feb. Flooding occurs in Marcl
(greater than 1/100 years). Blackwa!
event occurs causing fish deaths.
Acoustic tagging of Murray Cod and
golden perch occurs in summer. E-
water delivered from August to
December 2012

v

2014

E-water flows used to maintain dissolved

xygen levels in creek. IVT deliveries from
October 2013 cease in March 2014,
Wildfire occurs in February along some
sections of Nine Mile and Broken Creek. No
water quality issues are observed.
Fish ladders opened from August 2013 - May
2014. Acoustic tracking of large native
bodied fish finds Murray Cod, solden p'rch
and silver perch moving along th
Azolia lovals start to bulld up in the. Sedtn
September.

Blue Green Algae —————

2016

A Blue Green Algae (BGA) alert is issued
between February and March 2016.
Electrofishing occurs at Rices weir to
remove fish due to low dissolved oxygen
caused by the BGA. Fish ladders are opened
along the creek in August. High flows occur
in July/ August due to large rainfall events.
October sees the Murray River flood and
back up over Rices welr, causing low
dissolved oxygen. E-water delivery begins in
November,

Fish ladders close in June due to works
and July due to the East Goulburn Main

2015/16 show the creeks water bu
community to be impaired limiting the
availability to fish. Fish surveys find that
golden perch dominate the native fish
population and Murray cod movement
within the system usually occurs when
flows are above 250ML/d. A FLOWS study
begins to inform better management of
e-water flows in the creek.

Figure8: Timeline of Environmental Water deliveries and occurrences along lower Broken Cregkd Nine Mile Creelsince 2010

HISTORY OF E-
WATER IN LOWER
BROKEN CREEK
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2020
Late April a large rainfall event in the
upper Broken Creek contributes to high
flows in the lower Broken Creel

occurs but is beneficial to

= delivery

Flooding occurs in February 2011. E-water
deliveries continue along the creek until
May 2011

i
| E-water flows creek make up to
i 80% of the passing flows at Rices Weir.
A large rainfall event in February
increases flow down the creek. Flows
along the creek drop between July and
August - Docombor scos
T an Incroase in o-water flows to assist
1 with large bodied fish habitat. IVT
1 contributes to these flows from
! October.

| January - March e-water flows increased to
1 assist with low dissolved oxygen levels.
I Azolla blooms increase in August between
Balls and Rices Weir. High flows from
¥ Goulburn Water Quality allowance are used
\ to minimise growth and accumulation. E-
water flows in October are used to increase
large bodied native fish habitat. Novem!
December flows are provided by Murray
consumptive water and Goulburn IVT.
Studies on macrophytes, water bugs. fish
and hydraulic habitat began in November.

2017

unregulated flows in the creek, e-water is
delivered to maintain base flows in the
creek.

FLOWS Study is completed and
recommends that baseflows be increased
to improve ecological outcomes In the

. A platypus is sighted In Nine Mile
Croek for the first time in years.

the creek and does not cause low
dissolved oxygen. Mid-May
maintenance works on channels 7/3
and East Goulburn Main impacts the
ability to deliver minimum flows.
Fishways are closed due to !his VT and
Murray bypass flows comm:

November 2020 and finish in May 2021

L Oxygen and

2022
A heatwave in January causes dissolved
oxygen levels to drop in the creek. Due to
the increased e-water flows, no fish deaths
occur. A blackwater event in January. from
the Boosey creek enters the lower Broken
Creek and e-water flows are again increased
to prevent fish deaths. May sees the
reintroduction of catfish

population. The Murray River backs up i
the creek in September due to high natural
flows and October and November see two
large flooding events occur in the creek.
Dissolved oxygen levels plummet and fish
deaths occur along the system.

{4

2024

Flooding of the creek occurs due to a large
rainfall event in January. E-water flows are
delivered to prevent low dissolved oxygen.
Thirty catfish are translocated into the
lower Broken Creek to assist with
population retention in March.

—- Shallow pools

E-water cannot be delivered along the
creek in July due to channel maintenance
works. Shallow pools along the creek form
as the creek dries and do not provide good
fish habitat, highlighting the importance
of baseflows. An e-water spring fresh
assists with the growth of instream and
littoral vegetation growth. Emergency
watering occurs in December/ January to
prevent low dissolved oxygen due to high
summer temperatures. Native fish surveys
are conducted in the creek and find e-
water has been beneficial to native fish
population numbers.

E-water is used to assist with recovery of
the creek after spring flooding in 2022.
Water quality improves over the summer.
The update of the lower Broken Creek
EWMP begins. Flooding occurs in early
October with minor blackwater occurring
along the creek. E-water and Goulburn
Water Quality Reserve water is delivered to
provide refuge for fish, crustaceans and
water bugs. A spring fresh is delivered in
November to stimulate native fish
breeding.
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Outside of the irrigation season (15 Mayl5 August) it is often not possible to deliver environmental water
from the Murray River or Goulburn River due to irrigation channel maintenand@linter flow in the creek is
therefore typically limited to unregulated inflows from the upper Broken Creek or Boosey Creek in response
to rainfall. This means flow at Rices Weir can be very low or cease entirely, with the only remaining habitat
occurring in the weir pools. Theoutcome is a reversed flow regime with higheflows in spring to autumn
and low flows in winter.

The lower Broken and Nine Mile Creek can naturally flood in winter/spring during wet years, if large
unregulated inflows occur from the upper catchment. Floods typically occurtwo to three times per
decade, with flooding occurringin 2012, 2016, 2022, 2023&nd 2024.Figure 10shows the contribution of
both unregulated flows andEnvironmental Water flows during 203-24 when floodingoccurred.

Groundwater hashad a limited role in the hydrology of lower BrokeiCreekand Nine Mile Creekin recent
times. Bore monitoring shows the water tablénas been 46m below natural surface level over the pasfive
years.

1000

800
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Flow {ML/Day)

400

200

T T T T T
01-01 01-01 01-01 01-01 01-01 01-01 01-01
2018 2019 2020 2021 2022 2023 2024

Figure9: Recenthydrological regime for the lower BrokeiCreekand Nine Mile Creeksystem
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Figures 10: Exampleof unregulatedand environmental waterflow contribution to lower Broken Creekand Nine Mile Creelduring a
year which experienced two flood events.
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3 WATERDEPENDENT VALUES

3.1 ENVIRONMENTAL VALUES

NS IWWERNG G! LWkedsyRemi(EihudehioftiellbivdtiBroken Creek and Nine Mile Creetontains
and providesa range ofwater-dependent environmental values.Many of these are a function of thaltered
(post-European) environmentand are supported by themore permanent, regulated water regime.Despite
this, the environmental values are significant, includingeveral threatened native speciesand provision of
critical habitat refugium in the landscape during periods of droughtSome ofthe environmental valuesare
within the scope of influence of regulated environmental water deliveries, while others rely on larger
natural unregulated flows, due to the current constraints in delivering environmental water outside the
main waterwaychannel (Section 7).

A selection of water-dependent environmental values that areinfluenced by environmental water
deliveries and are indicative ofbroader waterway health have been chosen as the focus environmental
water management at the site(Table8). These include:

Geomorphology.

Refugiumand connectivity.

Water quality.

Native vegetation.

Native fish.

1 Native turtles, rakali and platypus.

=A =4 =4 4 -4

Each of these environmental values is described further in this section includingits current condition and
links to the Basin Plan It is acknowledged that ewvironmental water deliveries will provide direct and
indirect sharedbenefits to a wide range obther environmental vdues within the creek systemand broader
landscape. Examples of thesemultiple values, their interactions with each other and withcreek flow is
providedin the belowconceptual image.

Historical
Ecosystems

Natural-Novel Ecosystems Paradigm (according to Hallett et al, 2013)

Figure11: A concept diagram of a novel ecosystertHobbs. R 2006)

5 Novel ecosystemr river altered by regulation altered flows andinvasive species
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Table8: Water-dependent environmental valuesand theirhydro-ecological interactions

Value

Geomorphology

Refugium and
connectivity

Water quality

Vegetation
(In channel,

water margin,
riparian zone)

Fish

Turtles

Rakali (water
rat)

Platypus

Regulated hydrology
(flow/water level)
influence s

Bank erosion

Bank deposition.
In-channel siltation.
In-channel scour.
Physical form of the
channel.

Connection of the
waterway to the
floodplain.
Availability and quality of
refuge habitat
Longitudinal
connectivity.

Dissolved oxygen
Carbon and nutrient
concentration/load .
Blue-green algal blooms
Azollaaccumulations.
Refuge availability
during hypoxic
Blackwater events.
Plant functional groups.
Species diversity
Distribution and cover.
Plant health.

Growth, flowering, seed
setting.

Spread of propagules
Germination and
recruitment.

Habitat type and
availability.
Longitudinal
connectivity.

Species diversity and
abundance?

Habitat type and
availability.

Species diversity and
abundance.

Habitat type and
availability

Habitat type and
availability

Directly influence s

Vegetation.
Water quality.
Habitat quality for
aguatic biota e.g.
substrate for
macroinvertebrates,
adequate depth for
large-bodied fish.

Vegetation
All creek associated
fauna.

Vegetation.
All agquatic biota.

Macroinvertebrates.
Herbivorous biota
Fauna thatuses
vegetation for shelter
and nesting e.g.
waterbirds, small-
bodied fish.

Water qualitye.g.
nutrient uptake.
Vegetationand
macroinvertebrates
consumption.

Many native faunar
food source.

Vegetation and
macroinvertebrates T
consumption.

Some aquatic biotat
food source e.g. Rakali,
Murray cod.

Vegetation and most
aguatic biota T
consumption.
Macroinvertebrates T
consumption.

Focus for environmental water management in
lower Broken Creek and Nine Mile Creek?

Yes-q 6 DIWHI Wt kKt WGE! + RAC T U
directly influenced by flow (and water level) and in
turn influence the ecology, including components

of the Basin Plan

Yes 1 refugium during drought and longitudinal
connectivity are components of the Basin Plan and
some of the key functions lower Broken Creelnd
Nine Mile Creekperforms in the broader landscape.
The availability and quality of refugia/connectivity
influences the ecology of the creek system and
some ecological elements of the broader
landscape.

Yes T water quality in the creek is directly
influenced by flow and in turn influences the
ecology. Water quality is a component of the Basin
Plan.

YesT native vegetation is a key food source and
habitat within and along the creek and helps
stabilise bank sediments. It is directly influenced by
qéVWHEI DUtk W6 T1 YAayn! o

Threatened listedvegeationspecies and ecological
communities are present (and are a component of
the Basin Plan).

Yes T fish are directly influenced by flow (and water
level) and are an important food source for other
native fauna. A healthy native fish community is an
indicator of a healthy waterway as adequate
conditions and food needs to be available to
support diverse, abundant and successfully
recruiting populations. There are several listed fish
species in lower Broken and Nine Mile Creek (which
are a component of the Basin Plan).

Yes tturtles will be supported if adequate refugium
is present, so will be managed through refugium
management.

This could include the Eastern snakenecked turtle
(Chelodina longicollis) and the listed Murray River
turtle (Emydura macquari) and broad shelled turtle
(Chelodina expans3, althoughrecords are limited
for the creek.

Yes T Rakali will be supported if adequate refugium
is present, so will be managed through refugium
management. Rakali are not a listed species.

Yes T lower Broken Creek and Nine Mile Creek
provide verymarginal habitat for platypus due to the
shallow depths, shallow banks (poor nesting
habitat) and limited refugepools over winter. There
are limited historic platypus records and no
confirmed sightingsin recent years indicating likely
absence of the listed species.

If platypus do occur, they will be supported through
refugium managementsuch as maintaining flow
conditions which is a key requirement for the
species.
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3.1.1 Geomorphology

Lower Broken Creek and Nine Mile Creek are lowland streams with a low gradient, historically part of the
Broken River system. Since European settlement, these creeks have undergone significant changes due to
human activities including the construction of weirs, levees, channel dredging, realignments, and the
removal of natural vegetation and habitat like fallen trees.

Historic modifications include:
1 Channelization of 32 km downstream of Shepparton Irrigation District Drain 12.
1 Removal of Typha to maintain flow capacity between Katandra Weir and Nine Mile Creek.

1 Grading and dredging that lowered the creek bed by up tme meter between Nine Mile Creek and
Nathalia Town Weir, along with the removal of snags.

These changes have led to channel incision, bank erosion, and sediment accumulation. The creeks now
exhibit poor physical conditions with deep notches and overhanging ledges due to ongoing erosion
exacerbated by increased water flow from irrigation practies and weirs (Figure 12) This erosion has
resulted in extensive sediment accumulation in some areas and a reduction in geomorphic diversity.

Despite these changes, the physical form of the creeks still impacts their ecological value. Key features
include:

1 Creek Bed: A mix of mud/silt over clay, supporting aquatic macrophytes and benthic
macroinvertebrates. Channel widening and shallowing from bank erosion have altered habitat
availability.

1 In-channel Benches: Shallow sediment shelves that support riparian plant growth and provide habitat
for various aquatic species.

1 Pools: Limited natural deep pools exist, but weir pools and artificially created pools serve as important
habitats for large fish and diving waterbirds.

1 Banks: Generally shallow with some areas of steeper bank. Eroding banks support less vegetation,
increasing erosion, while stable banks support diverse riparian growth.

Overall, the physical form of the creeks influences sediment dynamics, habitat availability, and the types
of flora and fauna that can be supported.
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Figure12: Examples of geomorphological changes along lower Broken Creek (Top lefieduced bed diversity; top rightubank
erosion leading to notching, photo by C. Bourke; bottomchannel widening, photo by Streamology 2021)

3.1.2 Refugium and connectivity

The lower Broken Creekand Nine Mile Creeksystem benefits from a highly regulated water regime,
ensuring a reliable water supply from the Murray and Goulburn Rivers, as well as inflows from other local
creeks. This system maintains high water security throughout the year, with the highest flowliebility
during the irrigation season (15 Augusi5 May). The presence of multiple weir pools helps control water
levels, providing a crucial refugium during droughts, as seen at the end of the Millennium droughhen
parts of upper Broken Creek dried out.

The system supports diverse aquatic and riparian species by offering refuge habitats with varying
conditions:

1 Irrigation Season: The entire 196 km of the creek system has permanent water, with flowing habitats
in reaches 13 and still water habitats in reach 4. Refuge depth varies from less thame meter in reach
1 toone to twometers in reach 4.

1 Winter: Flow may be limited due to irrigation channel maintenance, causing the creek to contract to
weir pools. These pools become essential habitats for fish, turtles, and rakali during this period,
attracting piscivorous waterbirds.

Fishways on thenine weirs facilitate connectivity between the Murray River and the Broken/Boosey Creek
system, crucial for the migration of native fish like Murray cod and golden perch. Environmental water
deliveries are vital for maintaining fishway operation and creek corectivity, especially during warm
months. However, low winter flows can temporarily close fishways, affecting connectivity.

These features align with the Basin Plan by ensuring:
1 Ecosystem Function : Fishways support aquatic biota by maintaining longitudinal connectivity.

1 Ecosystem Resilience: The system provides drought refuge due to reliable water security and
reduced fragmentation.

9 Priority Environmental Asset (PEA) Criteria: The ecosystem offers vital habitat and pathways for
dispersal and migration.

91 Priority Ecosystem Function (PEF) Criteria: Environmental watering is crucial for maintaining vital
habitats and connections along the watercourse.
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3.1.3 Water quality

Water quality data for lower Broken Creek and Nine Mile Creek is limited, making comprehensive
assessments challenging. Available data and historical monitoring indicate generally poor water quality in
the lower Broken Creekand Nine Mile Creek characterised by:

1 Hypoxic Events: Frequent occurrences of hypoxic (€2 mg/L dissolved oxygen) blackwater,
particularly after intense summer rainfall or natural flooding events, such as those in February and
spring 2022(Figure 13)

1 High Turbidity: Longterm average turbidity at Rices Weir is 108 + 3 NTU, with peaks exceeding 400
NTU. This is significantly higher than the Australia®@ New Zealand Guidelines for Fresh and Marine
Water Quality (ANZECC and ARMCANZ 200Gange of 650 NTU for lowland rivers in southeastern
Australia.

1 High Nutrient Levels : Nutrient concentrations exceedthe water quality guidelines, contributing to
high risks of bluegreen algal blooms and excessive Azolla growth. These conditions can lead to
hypoxic environments when algae and plants decay.

Eutrophic Water Quality Values at Rices Weir :

1 Nitrogen Oxides (NOx): 0.093 + 0.008 mg/L (guideline: 0.040 mg/L)

1 Total Nitrogen (TN): 1.47 + 0.040 mg/L (guideline: 0.500 mg/L)

1 Total Phosphorus (TP} 0.347 = 0.014 mg/L (guideline: 0.050 mg/L)

9 Filtrable Reactive Phosphorus (frP) : 0.068 + 0.005 mg/L (guideline: 0.020 mg/L)

These indicators highlight ongoing water quality issues in the creek system.
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Figure13: Hypoxic blackwatervs highly turbid water in the lower Broken Creek



OFFICI4

3.1.4 FloraT Bioregions and Ecological Vegetation Classes

Lower Broken Creeland Nine Mile Creekis situated in the Victorian Riverina and Murray Fans bioregions.
Bioregions are a landscapescale approach to classifying theenvironment using a range of attributes such
as climate, geomorphology, geology, soils and vegetation (Figudet). Victorian Riverina, located north of
the Great Dividing Range in Victoria is characterised by flat to gently undulating landscape on recent
unconsolidated sediments with evidence of former stream channels and wide floodplain areas associated
with major river systens and prior streams.Alluvium deposits from the Cainozoic period (65 million years

T present day) gave rise to the red brown earths and texture contrast soils (Chromosols and Sodosols)
which dominate the Riverine Plain. Annual average rainfall for the regi ranges from 366672mm per
annum. The average minimum and maximum temperature range is fronf@to 9°C and 15C to 21°C
respectively. The vegetation is dominated by Plains Grassy Woodland, Plains Grassland, Pine Box
Woodland/Riverina Plains Grassy Woodland Mosaic, Riverine Grassy Woodland/Riverine Sedgy
Forest/Wetland Mosaic, Plains Grassy Woodland/Gilgai Plains Walland/ Wetland Mosaic, Grassy
Woodland and Wetland Formation ecosystems. The Victorian Riverina bioregion is associated with the
eight river kasin tributaries of the Murray River draining north, west, and southwest from the Great Dividing
Range of eastern AustraligDELWP 2022)

Murray Fans, located in north central Victoria, is characterised by a flat to gently undulating landscape on
recent unconsolidated sediments with evidence of former stream channels, braided old river meanders
and palaeochannels and broad floodplain areas asociated with major river systems and prior steams
(known as braided / anastomosing streams). Alluvium deposits from the Cainozoic period gave rise to the
red brown earths and texture contrast soils (Chromosols and Sodosols)he vegetation is a mosaic of
Plains Grassy Woodland, Pine Box Woodland, Riverina Plains Grassy Woodland and Riverina Grassy
Woodland ecosystems.The bioregion covers the margins of six separate drainage basins; the Broken River,
Goulburn River, Campaspe River, Loddon River, Avoca River and the Ma(BELWP 2022)

Terrestrial bioregions and Parks Victoria estate

Bridgewaer I Highlands - Far East Otway Plain
| Central Victorian Uplands Highlands - Northern Fall Otway Ranges

Dundas Tablelands [ Highlands - Southern Fall [l Robinvale Plains

East Gippsiand Lowlands Lowan Mallee I strzelecki Ranges

East Gippsiand Uplands Monao Tablelands I Victorian Aps
I Gippsland Plain Murray Fans Victorian Riverina
7] Glenelg Plan Murray Mallee Victorian Volcanic Plain

Godfields [ Murray Scroll Belt Warrnambeol Plan
I Greater Grampians I Northern Inland Slopes I Wilsons Promontory

I Wimmera
e " []ParksVictoria estate
) e b

Figure14: Map of Victorian Bioregions
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The lower Broken Creek and Nindile Creek occur along both the Victorian Riverina and Murray Fans
bioregions, of which there are two dominant Ecological Vegetation Classes (EVC) (indicated in bold in
Table9) along the waterway frontage, including:

1 EVC 68r Creekline Grassy Woodland is dominant throughout all reaches
1 EVC 803r Plains Woodland occurs commonly on the broader floodplain but occupies substantial
lengths of stream frontage in Reaches 3 and.4

Narrow fringes of boxdominated grassy woodland line the creeks with Grey Box, the occasional Yellow
Box, River Red Gum and Bulok®V 2006) River Red Gum is more closely associated with the riparian zone
closest to the waterways of upstream reaches with Grey Box associated with drier parts of the floodplain
and downstream reaches.

EVC 68 is likely to be directly affected by changes in-thannel flows while and EVC 803 is less likely to be
influenced by high level inchannel flows (WT 2016) However, neither of these EVCare flood dependent.
EVCs 68 and 803 are listed as endangered vegetation communitiéSottingham and SKM 2011with their
ranges restricted to <10% and severely degraded.

Based on 2004 Index of Stream Conditiothe riparian condition assessed was average to good, with a
mature overstorey (often regrowth) but degraded understorey (reduced structural complexity, reduced
species richness, little or no recruitment and an understorey of nomative species)(Hale, Roberts et al.
2006). Althoughlindex of Stream Conditiorwas not undertaken as part of this revision, the assessment by
Hale et al. (2006) is likely to reflect current condition (Jacobs 2019).

Table 9:Conservation status of EVCs along lower Broken Creek and Nine Mile Creek

56 Floodplain Riparian Woodland ~ Depleted( =~ Reach4
68 | Creekline Grassy Woodland Endangered (1)(2) Reach 1, 2, 3 and 4
106 Grassy Riverine Forest Depleted Reach 4
125 | Plains Grassy Wetland Endangered (1)(2) Reach 3 and 4
264 Sand Ridge Woodland Endangered (1)(2) Reach 4
292 | Red Gum Swamp Vulnerable (1) Reach 2
295 Riverine Grassy Woodland Vulnerable (1)(2) Reach 4
803 | Plains Woodland Endangered (1)(2) Reach 1, 2,3 and 4
814 Riverine Swamp Forest Depleted (1)(2) Reach 4
816 = Sedgy Riverine Forest Vulnerable (1) and Depleted Reach 4
882 Shallow Sands Woodland I(Ezr)ldangered (1) and Reach 3and 4

Vulnerable (2)

6 (1) denotes Victorian Riverina Bioregion and (2) denotes Murray Fans Bioregion
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Native vegetation along the lower Broken Creek and Nine Mile Creek is essential for the creek's health
and ecosystem function. It contributes to:

Instream Productivity : Supports phytoplankton growth and provides organic matter.
Food Provision: Supplies food for herbivorous waterbirds through aquatic macrophytes.
Shelter: Offers habitat for fish, frogs, and waterbirds.

Nesting: Provides materials and locations for species like Rakali.

Bank Stabilisation : Helps prevent erosion.

Water Quality : Enhances oxygenation and nutrient uptake.

Temperature Regulation : Provides shade to regulate water temperature.

=A =/ =4 =4 -4 -4 -4 -

Habitat : Supplies woody material, such as snags, for fish like Murray cod and golden perch.
The vegetation can be categosed into three types:

1. In-Channel Vegetation : Includes species like CumbungiRibbonweed, and Common Reed. It lacks
diversity due to altered flow regimes and the impact of carp, whicheduce vegetation and increase
turbidity.

2. Water Margin Vegetation: Comprises flood-tolerant species along the creek's edges. The condition
varies, often dominated by a few species, and is directly influenced by hydrology.

3. Riparian Vegetation: Dominated by Ecological Vegetation Classes such as Creekline Grassy
Woodland and Plains Woodland. This vegetation faces threats from altered flow regimes but is less
affected by high inchannel flows.

Vegetation Condition :

1 In-Channel: Generally, lacks diversity. Abundantin some areas but degraded due to changes in flow
and turbidity.

1 Water Margin: Limited eucalyptus overstorey and variable conditionsBank stabilization and food
provision are key functions.

1 Riparian Zone: Includes endangered and vulnerabléecological Vegetation Classes The condition
varies from average to good, with a mature overstorey but a degraded understorey.

Wetlands :

1 Small floodplain wetlands exist but are rarely inundated by creek flows. Notable wetlands like

Kinnairds and Black Swamp host rare and threatened species, with a separaé@vironmental

management plan for these wetlands.
§2Ul ¢cOiAWq6NW2UINKNgqec qRYUWGH¢! + We WHI eARcTOGW YaWWRULWGERUG
supporting a range of native species and ecosystem functions.
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3.1.4.1 Threatened Flora

Most plant species in the lower Broken Creek and Nine Mile Creek are not threatened, though significant
populations of vulnerable and endangered species, like Ridged Water Milfoil and Slender Water Milfoil, are
found at Kinnairds Swamp Table 10 identifies the EPBCAct and FFGAct listed species only. Nineteen
threatened flora species associated with waterways have been identified, with three being aquatic, 14 near
water margins, and two requiring seasonal floodingAppendixC).

Table10: EPBC Actisted species found in and along the lower Broken Creednd Nine Mile Creek

Amphibromus fluitans River Swamp Wallabygrass V k Reach 3 and 4
Brachyscome muelleroides Mueller Daisy \% e Reach 1, 2,3 and 4
Callitriche cyclocarpa Western Waterstarwort \% v Reach 3 and 4
Cardamine paucijuga s.s. Annual Bitter-cress v Reach 1, 2, 3
Cullen parvum Small Scurfpea E e Reach 3 and 4
Myriophyllum porcatum Ridged Watermilfoil \% v Reach 1, 2,3 and 4
Swainsona murrayana Slender Darlingpea \% e Reach 3 and 4
Swainsona recta Mountain Swainsonapea E e Reach 3 and 4

Legend: EPBCAct status: Endangered (E), Vulnerable (V)
FFGAct status: Endangered (e), Vulnerable (v), Poorly known (k)

Vegetation in the lower Broken Creek and Nine Mile Creek is degraded due to regulated flow regimes that
differ from natural conditions, resulting in stable but poor vegetation health. This stability, combined with
factors like channel form, livestock grazng, and exotic species, impacts vegetation condition. The
system's current state makes it vulnerable to extreme flow changes, which may be exacerbated by climate
change.

Despite modifications, the vegetation still supports local biodiversity. Iachannel and riparian vegetation
are in fair condition but show declining quality upstream and in eroding bank areas. Downstream, some
good quality riparian vegetation exists, withimited changes expected under the current flow regime.



3.1.5 Fauna
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The lower Broken Creek and Nine Mile Creek supports several native watkEpendent fauna species.
There have been no targeted fauna surveys for many years and the list of possible species (Appeiis
based on historic work, with subsequently a low degree of confidence e.g. Biodiversity Action Planning

(Heard 2007, DSE 2008)nd waterway management strategieGHD and URS 2005)
T 6RONVWaSE It Wt GUHRIIE Wel WWe UWRG GY werneinat qrigitiylchopsdry &as dla 6 1J WH T 1.

specific focus for environmental water management at the site, as:

1 Many are not of conservation significance e.g. are not listed threatened species.

1 The presence and distribution of most species is unknown. Some species may no longer be present.

Their collective, general hydrological and habitat requirements can instead be reflected through
management of refugium, connectivity, vegetation and fishPlatypus, Rakali and Turtles have been added
to the Environmental objectives for the updated Plario assist with the hope of movement and population

increases of these species into the lower Broken Creeknd Nine Mile Creeksystem.

3.1.5.1 Nativefish

Fish populations in the lower Broken Creeland Nine Mile Creekhave been extensively studied over the
past 10-15 years, revealing a diverse native fish community. Howewvedata on Nine Mile Creek (Reach 2)
and upper reaches of the lower BrokerCreek (Reach 1)is limited, with monitoring only recently starting.
Prior to 2021, monitoring focused mainly on the lower reaches due to fishway installation for weirs between
Nathalia and the Murray Riverln the lower Broken and Nine Mile Creeks, seven native fish species of
conservation significance have been recorded, including Murray Codsilver perch, and trout cod, all
protected under the EPBCAct (Table11).

Table11: Native fish species of the lower Broken and Nine Mile Creeks

Common Name

Scientific Name

EPBC Act

listing

FFG Act listing

Reaches present

Australian smelt Retropinna semoni 1,2,3,4
Bony bream Nematalosa erebi unknown
Carp gudgeon Hypseleotris spp. 1,2,3,4
Flathead gudgeon Philypnodon grandiceps 1
Freshwater catfish Tandanus tandanus Endangered unknown
Golden perch Macquaria ambigua Vulnerable 1,34
Murray cod Maccullochella peelii Vulnerable Endangered 1,2,3,4
Murray-Darling Melanotaenia fluviatilis Endangered 2,34
rainbowfish
River blackfish Gadopsis marmoratus Critically unknown
Endangered
Silver perch Bidyanus bidyanus Critically Endangered 14
Endangered
Trout cod Maccullochella macquariensis Endangered Endangered 4
Unspecked hardyhead | Craterocephalus stercusmuscarum 4
fulvus

Recent fish surveys indicate a significant decline in fish populations within the creek system, largely due
to a severe hypoxia/blackwater event in late October 2022. This event led to the death of several fish
species, including Murraycod, golden perch, and European aarp. Subsequent surveys have shown a

dramatic decrease in fish numbers:

=a =

Murray cod: Only onewas caught in the past two surveys.
Golden perch: Numbers dropped from 49 in 2022 to just 3 in 2024.

1 Other species: No Silverperch, river blackfish, or trout cod were recorded in the 2023 and 2024

surveys.One Silver Perch was recorded in 2025 (see fig below).

91 Australian smelt and Murray-Darling rainbowfish populations have significantly decreased, with
only 26 and 3 recorded in 2024, respectively.
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1 European carp: Their numbers also dropped significantly in 2024 (682) compared to 2023 (2301).

The data suggests that the blackwater event and subsequent less severe events have severely impacted
fish populations. Recovery and conservation efforts, including the delivery of environmental water,
functioning fishways, and sufficient winter and springflows, are crucial to support the recovery of native
fish populations and mitigate the impacts of poor water quality.
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Figure15: Silver Perch sampled in fish surveys conducted in 2025
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3.1.6 Other Fauna values

The lower Broken Creek and Nine Mile Creek retain small, fragmented patches of original vegetation in a
largely cleared landscape. These remnants are vital for supporting threatened flora and fauna, some of
which may be affected by changes in hydrology.

In Victoria, threatened species are listed under two primary acts:

1 TheVictorian Flora and Fauna Guarantee Act 1988 (FFG Act) which consolidates previous lists into
a single comprehensive list.

1 TheEnvironment Protection and Biodiversity Conservation Act 1999 (Cth), a federal legislation.

Rakali (water rats)are frequently sighted along the creeks, and thereforeonsidered important to ensure
watering actions supporttheir ecological needs.Historic records indicate the presence of Platypus within
the lower Broken Creelkand Nine Mile Creek However,they have not been observed in decades.

Historic records suggest up totwenty significant listed species may be associated with these waterways.
The focus ofmanagement efforts is on maintaining refuges, connectivity, and vegetation to support these
species collectively (AppendixD).
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Water for the environment is used to protect and restore the environmental condition of rivers and
wetlands. In addition, there are recreational, social,economic, and Traditional Owner benefits in
delivering environmental water. Environmental watering afiversincreases opportunities and visitation for
community events, fishing, bird watching, picnicking, photography, walkingcamping, and hunting. Rivers
provide resources forYorta Yorta Peopldor hunting, food, medicinal and traditional activities.

3.2.1 Yorta Yortacultural values

NI ¢T RgRYUc¢caWgs0WI + W2ctdellWsecqlll WRUWq6 IWacecUTt #e Gkt Ws ¢ a
for supporting culturally important plants and providing opportunities to practice culture. Yorta Yorta

Nation Aboriginal Corporation is the Registeredboriginal Party(RAPYor the lower Broken Creeland Nine

Mile Creeksystem, under theAboriginal Heritage Ac{2006).

During consultation with Yorta YortadNation Aboriginal Corporationin previous yearsthe following cultural
values have been identified for the lower Broken Creedknd Nine Mile Creek

uNGIJK7!1 Yt JUK9I It OEGYaT t+ loGcecU! IOHz2
contained within the slack water provides important material for

tools whilst also providing refuge for culturally important fish
species (large & small bodied). The creek also has significant
stands of old growth river red gum containing important habitat

and exhibiting scars made from carving out canoes and

al Y Y ac¢ ﬁ(vamai(er,G@s. comm. 4 March 2021).

The Yorta Yorta Whole of Country Plan 2022030 (YYNAC 2021includes Broken Creek as a priority place

with high value including native fish populations, turtles, platypus, rakaliand the EPBC Act listed
Australasianbittern and River swamp wallaby grass. Threats around inadequate flow leading to low oxygen

levels and overabundantAzolla¢ | WWRT WUqRNRIT OWNS WWAG ¢ UWYe qad ROt Wi ¢cdde
9YaUq!l 'We¢UT WARqaUl WYeqrARYGWt WnY!I WIARYE ! qUat We UT wWwUe qfF
m2YGe Gt AWt Wet YU¢eORaq! AWa R O RIS HI2T Gl o 6¢ L Le WIT R 2LRN oY X
from watering operationdOll 6 Rt W RUAGaT Ut WGl YaqUWEqRUNWmBHAzGqel ¢td! WRAE
turtles, through measures to conserve land and water habitaOm

Thewatering objectives of this plan align withyorta Yorta values of caring for Countr{Section 5.3). Flows
have been specifically targeted to support instream vegetation and native fish, along with other aquatic
biota. The Gulburn Broken CMAand other relevantagencieswill continue to work with Yorta Yorta Nation
Aboriginal Corporationto identify how environmental water management can best support cultural values.

3.2.2 Recreational values

The lower Broken Creek and Nine Milereekhave a high recreational value Thecreeks are accessiblefor
fishing, canoeingand passiverecreation. Delivery of water for the environment has helped support these
activities e.g. through providing baseflows that keep fishways operational as well as freshes that provide
movement and spawning cues for key species such as Murray cod. Water for the environnids also
critical for maintaining good water quality in the creekazolla movement andparticularly following natural
flood events that can be associated with hypoxic blackwater angungent odour.
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4 CURRENTCONDITION

4.1.1 Overview of ecological condition

The condition of lower Broken and Nine Mile Creek was assessed in the 2010 Third Benchmark Report using
the Index of Stream Condition(DELWP 202Q)This index evaluates hydrology, streamside zone, physical
form, water quality, and aquatic life. The overall ISC score for these creeks ranged from poor to moderate,
with hydrology, water quality, and aquatic life rating lower than physical form and steanside zone.

Since 2010, no additionallndex of Stream Conditionassessments have been conducted, but other
investigations provide insights into the current condition. The flow regime in these creeks now experiences
high flows during the irrigation season and very low flows in the nerrigation season, leading to haktat
contraction and isolation, which negatively impacts macroinvertebrates, fish, platypus, and rakali. This
lack of winter flows and pool drawdown is a critical factor in the poor diversity of macroinvertebrate and
fish communities in certain reaches.

Additionally, the creeks are increasingly used for water conveyance, including Int&falley Trade flows and
bypass flows, which may exacerbate the effects of unseasonal high flows on bank conditions. Monitoring
efforts conducted as part of the Goulburn toMurray Trade rule review in autumn/winter 2022 assessed
bank condition, vegetation, and fish populations and are part of ongoing water quality and flow monitoring
to inform management decisions. The latest monitoring data, combined with observations from e
October 2022 flood, are used to outline the current ecological condition and the trajectory of change.

4.1.2 Trajectory of change

The lower Broken and Nine Mile Creeks have generally been in poor to moderate condition, facing issues
such as poor water quality, fish deaths, erosion, siltation, and azolla accumulation. Despite these
problems, native fish species like Murray cod and Gden perch are present.

Key findings include:

1 Geomorphology : Poor condition due to historical modificationsregulated flows and weirs leading to
low complexity in features and habitat ongoingbank erosion, and siltation of the bed.

1 Native Fish: Moderate condition, with a mix of native and exotic species. Stocking helps maintain
populations, but habitat quality issues persist, particularly in Reach 3.

1 Vegetation: Poor condition, with regulated flow regimes favoring certain robust species and
degraded riparian zones due to grazing and timber removal.

1 Macroinvertebrates : Poor condition, with low diversity and abundance, particularly downstream of
Numurkah, affected by poor habitat quality and pollutants.

1 Water Quality : Poor condition, with turbidity and eutrophic conditions. Reach 4 experiences hypoxic
events and azolla accumulations, leading to fish deaths, though some improvements in water quality
have been noted.

The system's condition is expected to decline or remain stablR'n W¢ Wl Y WO Y q6 RUITRIMIIGG! Y ¢ HG
include ongoing erosion and siltationwhich will continue to impact ecological values.
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4.2 MANAGING THREATAND RISKS

The waterdependent environmental values of the lower Broken and Nine Mile Creeks are vulnerable to
several key threats, necessitating an integrated approach to manage these risk&otentially threatening
processes identified in the FFG AC{DELWP 2022)elevant to delivering environmental water inthe lower
Broken Creek and Nine Mile Creelnclude:

Delivery of environmental water along the lower Broken Creek and Nine Mile Creek can be constrained by:

Irrigation demands : Channel capacity for environmental water deliveries may be limited during peak

irrigation season.Demands on input systems to the creek such as the Goulburn and Murray rivers may also
impact upon environmental water delivery to the system. High demands may also lead to unwanted
elevated flows in the system which may impact lower bank vegetation.

Winter works: Channels used to deliver environmental water along the lower Broken Creelad Nine Mile
Creekmay be closed over winter for maintenance.

Risks and threats can present in many forms including climate, environmental, community, management,
cultural and legal risks. Potentially threatening processes listed in the FFG Act and are relevant to the
delivery of environmental water and this plan intude:

Altered Flow Regime: Alteration of the natural flow regimes of rivers and streams.
Degraded Riparian Vegetation: Loss and degradation of native vegetation along riverbanks.

Increased Sediment Input : Increase in sediment input into Victorian rivers and streams due to human
activities.

Invasive Species: Invasion of native vegetation bynvironmental weedsand fauna species such as Carp.
Restricted Passage: Barriers preventing the movement of aquatic life due to instream structures.
Loss of in-stream habitat : Removal of wood debris from Victorian streams.

Issues not identified in the FFG Ac{DELWP 2022put is important to note for the lower Broken Creek and
Nine Mile Creekare:

Poor Water Quality : Events that impact dissolved oxygen levels and water temperature such aazolla
accumulation, heatwaves, and hypoxic blackwater.

Loss of physical habitat features: Loss of geomorphic diversity such as deep pools, benches and bars
due to river regulation.

Constraint to delivery from weirs: Weirs limit the amount of water that can be pushed through the system
and the continuity of the movement of the water.

Climate change exacerbates these threats, with projections indicating more extreme weather, reduced
rainfall, longer droughts, and increased fire risks. This will likely result in less water availability, higher
water treatment costs, degraded aquatic ecoystems, and loss of habitat for flora and faungCSIRO 2022)

To mitigate these threats, various measures are implemented, such as monitoring programaanning and
deliveringenvironmental water, and managing invasive species. Detailed risk assessments and mitigation
plans are developed prior tahe delivery ofenvironmental water to address potentialenvironmental water
deliveryrisks (AppendixF).

The key threats to the wateidependant values of lower Broken Creek and Nin#lile Creek are outlined
further in Table12 along with the potential mitigation measures.



Table12: Identified threats and mitigation actions

Water

related
threat
Altered flow
regime

Increased
sediment
input

Invasive
species

Restricted
passage

Poor water
quality

Water loss

Description

Creek flows changed to high
summer flows and low winter
flows.

From channels?

Or after fire and flood events?

Plants T such as arrowhead

Animals T Carp

Weirs restricting fish and platypus
movement

Azolla - a common free-floating
fern, thrives in high nutrient
conditions and can rapidly form
dense mats. Excessive Azolla
growth can impede water flow,
reduce sunlight penetration, and
cause deoxygenation upon die
off. Azolla build up may block
access to somelittoral habitats
like backwater areas.

Hypoxia- (dissolved oxygen (DO)
levels fall below 2 mg/L,
significantly increases the risk of
crustacean and fish deaths).Can
be caused by Blackwater events,
sediment oxygen demand in weir
pools, diurnal fluctuations from
plants and algae and heatwaves.

Heatwaves Shallow depths and
low flow velocities make the lower
Broken Creekand Nine Mile Creek
prone to low DO levels during
heatwaves, with temperatures
reaching up to 29°C, exacerbating
hypoxia.

Turbidity ¢ caused by the

introduction of Carp, sediment input

from channels and bank erosion.

Transition losses along the lower

Broken Creekand Nine Mile
Creekare unknown
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Likelihood Consequence Risk
Likely

Possible Major High

Likely Moderate

High Major High

Possible Major High

Likely Minor

Medium

Moderate

Mitigation Measures

Environmental water base flows
delivered in winter months to
retain flow and pools.

Provide refuge by delivering water
through outfalls and assist with
movement of suspended
sediments from fire or floods.

Plants T Spray programgo
control and eradicate
infestations.

Carp eradication programs in the
future may assist with population
decrease.

Environmental water base flows
delivered in winter months to
retain flow and weir pools and
prevent restricted passage for
fauna.

Azolla - Environmental water
deliveriesin spring can help
move Azolla buildup out of the
system and provide oxygenated
water to prevent fish deaths.

Hypoxia T Environmentalwater
deliveriescan helpmaintain DO
levels above 5 mgl/L to support
aquatic organisms.

Heatwaves - Increased
discharge is a known method to
prevent deoxygenation at Rices
Weir. Additionally, flows can
serve as a source of oxygen. At
20°C, 100 ML of water at
saturation contains
approximately one tonne of
oxygen, helping to offset oxygen
depletion.

Turbidity T Manage
environmental water deliveriesso
a gradual rise and fall occurs to
prevent bank erosion. Control
Carp with possible introduction of
herpes virus when available.

Review losses along lower
Broken Creekand Nine Mile
Creek Allow for losses when
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estimating environmental water
requirements.

Limited Z!eleasdes to meet coqsu;}nptive Possible Minor Medium  Risk may be offset by the delivery
channel emand may constrain t e of consumptive water.GB CMA
. capacity available for delivering

capacity enviremmeniel faws. and CGoulburn-Murray Water to
undertake early planning and
communication to identify and
address potential channel
capacity constraints.

5 MANAGEMENT GOAL®BJECTIVEAND TARGETS

5.1 MANAGEMENTOAILS

Thelong-term vision for lower Broken Creek and NineMile Creekhas been derived from the Community
Reference Groupfrom the lower Broken Creek Waterway Management Strategy 2005HD and URS 2005)
and reflects:

A healthy systemtthatprovideswaierfdfoh hurman rand
agricultural use, protects and erthancescourssacial ceconamic
and cultural values, and sustains awbrant srange and

abundance of mativefflorazand faundéOH

Bl sct!t

It is supported by the following Goulburn Broken CMA Waterway Strate@BCMA 2014yoals:

T ~¢RUq¢RUWYI WRAGGI Y2 W6 W It RGRWURDWY nWaq6é W WNRYUK 't L
I Maintain or improve waterways of high community value.
1 Populations of threatened aquatic dependent species will be maintained or improvedincluding trout

cod, Murray cod,Freshwater catfish, golden perch and silver perch.
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5.2 ENVIRONMENTADBJECTIVESND TARGETS

Environmental objectives for the lower Broken Creek and Nine Mile Creek have been documented in a
variety of formats across multiple strategies and plans since 2001. The current environmental objectives
were developed through the recently completedower Broken Creek FLOWStudy (SKM 2002, Jacobs
2019), assummarised below, with further detailsdeveloped for this Plan. Figure 15 shows the alignment

of the Plan objectives to the three overarching environmental objectives of the Basin Plan Chapter 8
hierarchy and then to the relevant sections within Chapter 8 (S8.05, 8.06 and 8.0Table 13 aligns overall
goals for the lower Broken Creek and Nine Mile Creek to objectives and targets. A watering decision chart
(Figure 16) has been devised to assist with individual reach management and targeting objectives and
flows during different seasons.

Note: No targets have previously been developed for lower Broken Creakd Nine MileCreekenvironmental water management

BP Objective Schedule 7 Objective
LBC 1 Maintain or improve the
distribution and abundance of
—* threatened flora species along in-
channel and within littoral zones of

LBC by 2035.
—  Supports threatened species U

LBC 3 Support the recovery of
threatened native fish species in
the lower Broken and Nine Mile
Creek.

Ecosystem type and _ | S,
Biodiversity

LBC 2 Maintain diversity of
freshwater ecosystem types such as
in-channel, littoral and riparian
zones by 2035.

" Condition of native water -
dependent vegetation

LBC 4 Maintain or enhance self-
- . . : sustaining native fish populations
Native fish feeding and breeding in the lower Broken Creek and Nine

—_—
. Mile Creek.
Ecosystem function

LBS Maintain flow conditions to
support Platypus, Rakali and turtle
populations in the LBC by 2035.

Native aquatic species such as

o Platypus, Rakali and Turtles

LBC & Maintain flow conditions to
prevent the build-up of Azolla
within the LBC and prevent
blanketing occurring by 2035.

Mitigate impact of invasive
aquatic plants

— _

—+

Ecosystem resilience

» Provide refugia to support water-
dependent biota in perieds of
drought

LBC 7 Maintain LBC flows during
periods of drought to provide a

. refugium to support the long-term

survival and resilience of
populations of water dependent
biota.

Figure16: Alignment of lower Broken Creeland Nine Mile Creelobjectives to the Basin Plan
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Table 13: Objectives and targets folower Broken Creek and Nine Mile CreeRlan

Goal

Objective

Target

To deliver environmental water which maintains instream and
littoral zone vegetation.

LBC 1Maintain or improve distribution and abundance of

threatened vegetation species along inchannel and within
littoral zones oflower Broken Creekand Nine Mile Creekby
2035.

By 2035, naintain or increase populations of listed aquatic plant
species such as Slender Water Ribbons and Rigid Water Milfoil in
the lower Broken Creekand Nine Mile Creelat 2022 levesk.

To deliver environmental water which maintains instream and
littoral zone vegetation.

LBC 2Maintain diversity of freshwater ecosystem types such as
in-channel, littoral and riparian zones by2035.

By 2035, @uatic plant species diversity and abundance in lower
Broken Creekand Nine Mile Creekis improved or maintained at
2022 levels (excluding postflood events).

To deliver environmental water which improves recovery,
resistance and resilience of native aquatic fauna.

LBC 3Support the recovery of threatened native fish species in
the lower Broken and Nine Mile Creek.

By 2035, the reintroduction of two threatened native fish species
within the lower Broken Creek and Nine Mile Creek

systems. Measured as reintroduction of two species (.g.
Freshwater Catfish, Southern Pygmy Perch, Fldteaded
Galaxias), and species detections in subsequent surveys.

To deliver environmental water which improves recovery,
resistance and resilience of native aquatic fauna.

LBC 4Maintain or enhance selfsustaining native fish
populations in the lower Broken Creek and Nine Mile Creek.

By 2035,the trajectory (catch per unit effort, species distribution,
population structure) of key target species (Murray Cod, Murray
Darling rainbowfish and Australian Smelt) will be at or above 2024
levels.

To deliver environmental water which improves recovery,
resistance and resilience of native aquatic fauna.

LBC 5Maintain flow conditions to support Rakali, Platypus and
turtle populations in the lower Broken Creek and Nine Mile CreeK
by 2035.

By 2035,show evidence thatthere has beenmovement of
Platypus, Rakali and turtles into thdower Broken Creek and Nine
Mile Creek Maintain adequate weir pool depth to assist with
foraging for food. Ensuring flows during Platypus breeding season
have minimum impact on burrows.

To deliver environmental water which minimises the growth
and impact of Azolla within thelower Broken Creeksystem.

LBC 6Maintain flow conditions to prevent the buildup of Azolla
within the lower Broken Creek and Nine Mile Cree&nd prevent
blanketing occurring by2035.

By 2035, pevent any Azolla blooms occurring.

To deliver environmental water to minimise the impact of
drought, floods and fire on thlower Broken Creeksystem.

LBC 7Maintain lower Broken Creek and Nine Mile Creeftows
during periods of drought to provide a refugium to support the

long. term survival and resilience of populations of water

dependent biota.

Maintain flows at least 250ML/d during drought to provide
refugium for water dependent species.




Yhich reaches are you targeting¥

AutumniWinter [May-
August] low flow Z0-40MLId

|

LBC 1Improve and maintain
distribution and abundance of
threatened flara species along in—

channel and within littaral zones of

LBC by 2035,

*

LBC 4 Maintain or enhance self-
sustaining native fish populations
in the low er Braken Creek and

Mime Mile Creek.

l

LES Maintain flow conditions to
support Rakali and Platypus
populations in the LEC by 2035.

l

LBC 7 Maintain LEC Flow s during
periads of drought to provide a
refugium ta support the long-term
survival and resilience of
populations of w ater dependent
biota.

Reach 1and 2

Spring! Summer! Autumn
[August to May] low flow
T0-250MLId

LEC 2 Mairtain diversity of
freshw ater ecosystem types
such asin-channel, littoral and
riparian zones by 2035,

LEBC 3 Support the recowvery of
threatened native fish species
inthe lower Broken and Mine
Mile Creek.

LBLC 4 Maintain or enhance self-

sustaining native fish
populations in the lower Broken

Creek and Mine Mile Creek.

LBS Maintain flow conditions to
support Pakali and Platypus
populationsin the LBC by
2035,

I

LEC & Maintain flow sonditions
to prevent the build-up of
Azalla within the LEC and

prevent blanketing occuring
by 2035,

|

LEC T Maintain LEC flows
during periods of draught ta
provide a refugium ta suppart
the long-term survival and
resilience of populations of
water dependent biota.

YWinter!Spring fresh
[July-November) 300-
450MLMd

LBC 2 Maintain diversity of
freshw ater ecosystemn
types such asin-channel,
littoral and riparian zones by
2035,

v
LEC 4 Maintain or enhance
zelf-sustaining native fish
populations in the lower
Eroken Creek and Mine Mile
Creek.

Figurel7: Lower Broken Creeland Nine Mile Creekwatering decision chart
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Autumndvinter [May-
August] low flow 20—
40MLId

LEC 1lmprove and maintain
distribution and abundance of
threatened flara species along

in-channel and within litoral

zanes of LEC by 2035.

v
LEC 4 Maintain or enhance
self-sustaining native fish
populations in the lower
Eroken Creek and Mine Mile
Creek,

I

LBS Maintain flow conditions
to support Pakali and Platupus
populations inthe LEC by
2035,

1

LEC T Maintain LEC flows
during periods of draught ta
prowide a refugium to suppart
the lang-term survival and
resilience of populations of
water dependent biota.

Reach 3 and 4

Spring!Summer! Autumn
[August to May] low fAow
200-450MLMd

l

LEC 2 Maintain diversity of
freshwater ecosystem types
such as in-channel, litoral
andriparian zones by 2035,

¥
LEC 3 Support the recavery of
threatened native fish species
in the lower Broken and Nine
Mile Creek.

v
LEC 4 Maintain or enhance
self-sustaining native fish
populations in the lower
Eroken Creek and Mine Mile
Creek,

LBS Maintain flow conditions
to support Pakali and Platupus
populations inthe LEC by
2035,

l

LEC & Maintain flaw conditions
to prevent the build-up of
Azolla within the LBC and

prevent blanketing occuring
by 2035,

LEC T Maintain LEC flows
during periods of draught ta
prowide a refugium to suppart
the long-term survival and
resilience of populations of
w ater dependent biota.

YWinter!Spring fresh
[July-November] 300-
450MLIMd

LBC 2 Maintain diversity of
freshw ater ecosystemn
types such asin-channel,
littoral and riparian zones by
2035,

LEC 4 Maintain or enhance
zelf-sustaining native fish
populations in the lower
Eroken Creek and Mine Mile
Creek.
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5.2.1 Regional significance

Thelower Broken Creekand Nine Mile Creekis a tributary of the mid Murray system, connecting to the
main Murray River channel near Barmah. It is one of many waterwatfsat form a network of habitats
available for migrating aquatic species that can travel large distances within the Murrayarling Basin,
particularly large-bodied native fish such as golden perch, Murray cod anithe EPBC Actisted silver perch.

As such, environmental water delivery in the lower Broken Creealnd Nine Mile Creekconsiders how best

to contribute to system-wide opportunities for native fishdistribution tOlIf ULWG¢ | qRA2 G ¢ | AWl 6 1JWH |
can be increased using environmental water during periods of fish migration to encourage a broader

distribution of native species across the southern connected Basin bgnabling native fishto travelinto the

creek from the Murray RiverThe creekdt Y2 G 1 W¢ Gt YWHIJWHG ¢t + Rn Rng trilpedioddc Wbl | Y e |
As a novel ecosystem, it may play an important role for fish, turtleplatypus and rakali.

There isalso an opportunity to provide ax environmental flow in autumn each year,to enable suitable

conditions and cues fornative fish detected migrating up the Murray Rivep travel into the lower Broken

Creekand Nine Mile Creeksystem. This was trialled in autumn 2022 and monitoring results RT Uk a WT 13 q 1J H q
any speciesusing this flow to enter lower Broken Creeland Nine Mile Creek However, this will help inform

our understanding of what role lower Broken Creeland Nine Mile Creekplays in distributing native fish

across the mid-Murray regiononce more trials are conducted to collect a sufficient database.

N7
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5.2.2 Alignment to Basin Plan

Updated objectives now reflectimproved alignment with the Basin Plan and Victorian Longerm
Watering Plans as further outlinedAppendix Fand described belowin Table 14.

Table14 Basin Plan Schedule 8 PEA and PEF criteria applicable to lower Broken Creeki Nine Mile Creek

Priority Environmental Asset criteria

How lower Broken Creek meets criteria

Criterion 3: The water-dependent ecosystem provides vital
habitat.

A waterdependent ecosystem is an environmental asset that
requires environmental watering if it: (a) provides vital habitat,
including: (i)a refugium for native waterdependent biota during
dry spells and drought or (ii)pathways for the dispersal,
migration and movements of native waterdependent biota; or
(iii) important feeding, breeding and nursery site$or native
water-dependent biota;

(b) is essential formaintaining, and preventing declinesof, native
water-dependent biota.

The creek provides drought refuge habitat with secure wate
for flows during summer.

Fishways allow for fish movement with all listed species
detected moving through fishways as part of migratory and
dispersal behaviour.

Murray cod, Unspecked hardyhead and Murrafarling
rainbowfish breeding siteT evidence of local spawning and
recruitment. The lower Broken Creeland Nine Mile Creek
provides habitat that supports the existing range for all
other listed fish species.

Criterion 4: Water -dependent ecosystems that support
Commonwealth, State or Territory listed threatened species

or communities.

A water-dependent ecosystem is an environmental asset that
requires environmental watering if it:

(a) supports a listed threatened ecological community or listed
threatened species;

(b) supports waterdependent ecosystems treated as threatened
or endangered (however described) under State or Territory law;
(c) supports one or more native watedependent species

treated as threatened or endangered (however described) under
State or Territory law.

The creek supports several listed threatened native fish.
Managed flows including additional environmental water
are required to promote key life history processes including
movement, spawning and survival.

Thelower Broken Geekand Nine Mile Creeksupports listed
vegetation communities and species. Environmental water
is one important management action to maintairthese, but
other actions are also required, e.g. livestock removal,
revegetation, reduce erosion.

Priority Ecosystem Function criteria

How lower Broken Creek meets criteria

Criterion 1: The ecosystem function supports the creation

and maintenance of vital habitats and populations

An ecosystem function requires environmental watering to
sustain it if it provides vital habitat, including:

(a) a refugium for native wateddependent biota during dry
periods and drought; or

(b) pathways for the dispersal, migration and movement of native
water-dependent biota; or

(c) a diversity of important feeding, breeding and nursery sites fo|
native waterdependent biota; or

(d) a diversity of aquatic environments including pools, riffle and
run environments;

(e) a vital habitat that is essential for preventing the decline of
native waterdependent biota.

Lower Broken Creekand Nine Mile Creekprovides
important refuge during dry periods and allows for the
movement of native fish and other native watedependent
biota.

Sustained high flow levels will support a subset of plant
species but will be damaging to others. Without flow level
variation, many of these functions are inhibited. Declines in
bank condition reduce ecosystem functions by restricting
suitable habitat for plant germination and survival.

Criterion 3: The ecosystem function provides connections
along a watercourse (longitudinal connections).

Assessment indicator: An ecosystem function requires
environmental watering to sustain it if it provides connections
along a watercourse or to the ocean, including longitudinal
connections: (a) for dispersal and recolonisation of native
water-dependent communities; or (b) for migration to fulfil
requirements of life-history stages; or (c) for irstream primary

production.

Lower Broken Creekand Nine Mile Creekprovides
longitudinal connection to the Murray River for dispersal of
locally spawned fish e.g. Murray cod, Unspecked hardyheaq
and Murray-Darling rainbowfish and provides refugia during
hypoxic blackwater events in the Murrayiverand vice
versa.
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5.3 CULTURAL OBJECTIVES ALIGNED WVATERINGDBJECTIVES

As described in Section 3.2.1 the Yorta YortaNation Aboriginal Corporationwere invited to partner inthe

development of this Plan and to be a member of the Project SteerinGommittee but were unable to actively
participate in the process The environmental objectivescontained within were supported by Yorta Yorta
and align with their values of caring for CountryEnvironmental water deliverieshave been specifically
targeted to support instream vegetation and native fish, along with other aquatic biota. TheoGlburn

Broken CMA will continue to work with Yorta Yorta NatiomAboriginal Corporation to identify how

environmental water management can best support cultural values.

In previous meetings to discussSeasonal Watering Proposa, Yorta Yortaraised concern about the
cultural damage water transfers are having on the lower Goulburn River and the Barnmidarrows, this was

in addition to the ecological damage being caused. Using the lower Broken and Nine Mile Creeks for
delivery of water (either environmental or consumptive) to the lower Murray River as a bypass mechanism,
may help reduce risk of erosion on the Banah Narrows and lower Goulburn River and thus help to protect
culturally significant values. Use of lower Broken Creeknd Nine Mile Crek as an alternative pathway for
such deliveries has been identified in the Yorta Yorta Wholef-Country Plan(YYNAC 2021)

The Yorta Yorta Nation Aboriginal Corporation have identified several objectives, outcomes and actions related
to water management on Yorta Yorta Counts outlined within Section 3.2.1and Table3.
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6 ENVIRONMENTAL WATER REQUIREMENTS

6.1 WATERINGREQUIREMENTS

Flow recommendationsfor the lower Broken and Nine Mile Creeksave beendeveloped by Jacobs (2019)
for the ecological objectivesdescribed in Section 5.2 as part of the Lower Broken Creek Flows Studyhich
used the FLOWS methodevision 2(DEPI 2013)

The Flows study aimed to develop environmental flow recommendations for thewwer Broken andNine
Mile Creeks that:

1 Maximise environmental outcomes within the context of the ongoing need to provide regulated flows
in summer-autumn to meet irrigationdemands.

1 Consider current and future environmental water availability, and thémplications for environmental
objectives that might be set for theower Broken Creekand Nine Mile Creelksystem.

91 Identify complementary actions that may enhance the benefits of environmental water delivery in this
system.

It also considered the potential for high flows over the summer with delivery of water to meetownstream
demands in the form ofinter-Valley Trade or for helping meet environmental demandslownstream of the
Barmah Narrows using Murray bypass flows As such, tre Flows study also considered the potential
impacts associated with these flows and provideal advice on an upper threshold of volume or timing of
Inter-Valley Trade flows (Jacobs 2019)

The flow recommendations areexpressed in terms of awatering requirement that specifies the timing
(time of year), component / event (cease to flow, lovilow, fresh, high flow, bank full or overbank flow),
volume or magnitude, frequency (number of events peyear or interval between events) and duration
(days, months etc.). Collectively, the individual flowcomponents comprise a regime that, if achieved,
would have a high likelihood of achieving the specifiednvironmental objectives.

Recommendations have not been considered in the context of climate condition&ry, average,or wet) as
the values identified during the environmental flows study do not have differenwatering requirements
depending on the climatic conditions experienced. However, it is probable thatlelivery patterns may
change according to climate condition (i.e, sustaining baseflowsduring long dry periods over summer).
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6.2 EXPECTEMWATERINGEFFECTS

Theexpected watering effectsof a potential watering action in a systenrelates to the physical, chemical,
biological or behavioural responses to a watering regimeand clarify the outcomes expected with
environmental watering actions.

Table15 providesdetail on the expected watering effects that mayoccur along lower Broken and Nine Mile
Creeksduring an environmental water delivery.

Table15: Expected watering effects at lower Broken and Nine Mile Creeks

Potential watering action Expected watering effect
Winter low flow (20-40ML/day mWAI Y2RT JWU¢ qR2UWNRY 6 Ws RaéWGet + ¢NIWaé!l Y
during May to August) mIWAT Y2RT DUt 2 Rage AGIWN Y1 ¢ DRUN WG §andsapport then Y |

conditioning of females in preparation for the breeding season

mWAI Y2RT JW6¢ ARqe qWnYI Wael qdlt AWRUAG2T RU

dormancy.

n WA | Y 2 R I-watdtiabitasaRd htioid winter drying of weir pools for fish, vegetation,

aquatic insects, platypus and turtles.

nW~¢ RUq¢RUWs ¢ ql WY2131 W 2 AG I DT Wé hve ¢ qRHA

frost.

nWADT e /AW WIW qenNU¢c qRYUWY nWs DRI WGY Yt
Spring/summer/autumn low flow WAL Y2RT DWW ¢ HRaaeé aqlin Yl WU¢ qR2 1JWn Rquiatit s q
(70-250 ML/ day inreaches 1and2 | n WE2 GGY Il qWagdé Wi Y2 13a W Uqwe U7 W WHlI eRqa WUq L
and 200-450 ML/day inreaches3 | n W~¢ RUq¢ ROUWY ! nOWG w200t WROW 26613l

and 4 during August to May) W TTRqRYU¢GOGWAWNUUNRat Ws 6 130 WIT 1J0 R-AEDIMYdaiin |
1 Mibbilise azolla and increase oxygen levels during higlisk periods.
Winter/spring fresh(es) (one to milif et 6We 0T WG YARGRY WWEAY@Odce WRNWRqLWE ¢t LWe

three freshes of 300-450 ML/day nWNI RNDNDII W6 WWaY2061030quwe 07T Wt Ges URUN WY n LU

for one to two weeks during July MWEUHRY21l ¢NUWaé IWNII G RUC¢ q Rifedrihegbiatid | Y5 q 6 LU

to November) nWART e #HO W6 WU qe PUE qRYUWY nls DRI WGYYat

Autumn Fresh (one fresh of 80- A fish attractant flow was tested in autumn 20227 results did not find any fish using this

450ML/day during March to April) flow to travel up into the system TBC whether 6 be tested again over consecutive years.
Note: flows over 300 ML/day can flush Azolla whilst it is still in single layers or individual plants. Flushes up to 450 Mly/disperse large blooms.

6.3 SEASONALLYMDAPTIVEAPPROACH

A seasonally adaptive approachdentifies the priorities for environmental watering under different climatic
conditions. This meansthat watering events can be tailored to current conditionsand forecasts and be
easily adapted in response to shorterm local climatic variability, as conditions change throughout the
year.

The demand and utilisation of environmental watemay vary according tochanging climatic conditions.
Scenarios are based on receiving catchment inflows with a Probability of Exceedance (Poand the likely
availability of environmental water, based on data from GoulbursMurray Water. The scenarios are
extreme dry/drought (99% PoE), dry (90% PoE), average (50% PoE) and wet (10% PoE). These scenarios
were chosen as they may result in differentnatural inflows to the waterways and the volume of
environmental water required.

However, the lower Broken Creeland Nine Mile Creeksystem differs to many other environmental water
locations in that the environmental flow needs are relatively fixed from year to year i.e. are largely
independent of annual climatic conditions. This makes the standard scenario planning process less
applicable. Firstly, most of the water in the lower Broken Creeknd Nine Mile Creeksystem is sourced
from the Murray and Goulburn Rivers through regulating structures. Catchment runoff may contribute
short flow peaks in winter andspring butdoes not significantly contribute to environment flow needs apart
from in very wet years.

7 Probability of Exceedance describes the likelihood of a specific volume being exceeded in a given time [8886dPel§.means that 90 out of 100
times we would expect higher inflow volumes.
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However, even in wet years the potential watering actions may not change. E.g. thiming of natural
freshes may occur later in the year after managed freshes have already been delivered, or flow may be
required to restore dissolved oxygen levels in the creeks after flood waters pass. Potential watering actions
therefore remain consistert across each scenario, although their timing and purpose may change from
year-to-year depending on the conditions.Secondly, the volume of water expected to be available tthe
lower Broken Creekand Nine Mile Creekgenerally exceeds that required to meet environmental flow
requirements, even under an extreme dry scenario.

N6 Rt WaWcUt W6 WWGYqUWUqRedWseqldl RUNDWeHqRYUY WT YUk qWUIIT
water. They are instead delivered through a combination of different water sources including
environmental water, hter-Valley Trade, Murray bypass and unregulatednflows. The lack of constraining

factors and therefore consistency in potential watering actions across climate scenarios, means the

ecological goal for delivering environmental water in lower Broken Crealnd Nine Mile Creelhas a strong

focus on recovery, and where possible, enhancement (while acknowledging the limitations posed by being

a regulated, working creek).

This includes improving recruitment opportunities and the health and resilience of the system, rather than
just maintaining it. For this reason, the lower Broken Cree&tnd Nine Mile Creekis also a good candidate
for complimentary measures.

Despite the consistency in potential watering actions, the actual management of water through the season
needs to be adaptive and flexible, with water delivery decisions adjusting as the season unfolds,
particularly in response to the variable flowneeds of Azollaand dissolved oxygermanagement.
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7 ENVIRONMENTAL WATER DELIVERFRASTRUCTURE

7.1 WATERDELIVERYNFRASTRUCTURE

Environmental water can be delivered to the lower Broken Creek and Nine Mile Creek waseries of
irrigation channel outfalls from either the Murray Valley orShepparton Irrigation areas operated by
Goulburn-Murray Water.Themain delivery pathwaysare the East Goulburn Mairchannel outfall and the
Murray Valley 7/3 channel outfall both of which are at the upstream end of lower Broken and Nine Mile
Creeks.

There arefive outfall structures that connect directly to the lower Broken Creek and Nine Mile Creek from
the SheppartonIrrigation Area, and six outfalls from the Murray Valley irrigation areaThe approximate
delivery volumes through the various outfalls are showim Table 15 below.

As part of thehistoric modernisation programs, four outfalls have been decommissionedor partially
decommissioned (Figure 17). The partiallydecommissioned outfalls are a result of the channels being
shortened and the channel directly upstream of the outfall into the creeks now act as drains passing
floodwater. All delivery infrastructure is owned and operated by GoulburMurray Water

Table 16: Outfall delivery rates(ML/d)

Irrigation Area Outfall Delivery rate (ML/d)
Murray Valley 7/3 channel 60

4 Main 10

6/6 20

15/6 35

Jewells 35

26A/6 Flanners 70
Shepparton East Goulburn Main 250

Hicks 40

Hollands 20
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7.2 COMPLEMENTARWORKS

Several complementary works are recommended to improve the outcomes from environmental water
delivery in lower BrokerCreekand Nine Mile Creek. Thesaere suggestedn JacobsFlow study (2019and
include:

1 Riparian fencing to remove stock from the creek line in those areas where stock access remains.
Reinstating large woody debris instreanto improve native fish habitat

Instream planting of aquatic and ephemeral native species, especially those that help stabilise banks.
Reinstating deep pools through silt removato improve habitat diversity for largebodied native fish
Translocation of threatened native fish species.

Increasing opportunities to provide water level variability to reduce bank erosion and improve the
recruitment and growth of littoral vegetation.

1 Replacing/ improving KokodaRoad culvert which provides a barrier to fish movement.

=A =4 =4 -4 4

7.3 CONSTRAINTS

7.3.1 Deliveryconstraints

The delivery of environmental water via the channel network is constrained by the availability of spare
channel capacity when irrigation demand is high, as the environment does not hold delivery shares and is
therefore subject to interruptible supply. Thiss particularly a risk in autumn during peak irrigation demand.
As a result, the estimated volumes to meet the environmental objectives for the lower Broken and Nine
Mile Creeks may not be delivered.

Outside of the irrigation season, infrastructure maintenance by Gulburn-Murray Water over winter also
limits the ability to deliver environmental water.

7.3.2 Flooding private land

Low lying land in reach one means that flows over0D ML/day can create minor flooding of private land.
Goulburn-Murray Water manage the KatandraWeir and the BrokenCreek regulator at the top of this
section to maintain flows below 100 ML/day by sending most flow down Nine Mile Creek (Reach 2).

Delivery of environmental water is not constrained by the risk of flooding private and public assetsother
parts of the creekas the maximum volume able to be delivered (around 500 ML/day) represents a small
proportion of the total capacity of the creeks downstream of the environmental water outfall locations
(around 2,000ML/day) andGoulburn-Murray Watercan actively manage flows to prevent out of channel
flows.

7.3.3 Farm drains along Nine Mile Creek

Several farm drains exist along Nine Mile Creek to enable private land to drain to the creek under wet
conditions. Currently, Goulburn-Murray Water opens these drains over winter and closes them with
stopbanks when the risk of wet conditions passeslf environmental water is delivered while the drains are
open, environmental water can enter the drains and be harvested by landholders under their drainage
licenses. For this reason, deliveries are constrained to 150 ML&Y on Nine Mile Creek when drains are
open to prevent loss of environmental water Goulburn-Murray Waterhave advised there is a londgerm
plan to install infrastructure (e.g. oneway stop valves) to eliminate this temporary constraint.
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8 DEMONSTRATINGUTCOMES

Monitoring is required to demonstrate tte effectiveness of thewateringregime inachievingthe statedlong-
term environmental objectives. Itis also a critical componentto the adaptive management of lower Broken
and Nine Mile Creeks.

Two types of monitoring are recommended to assess the effectiveness of the proposed water regime on

objectives and to facilitate adaptive management these being bng-term condition monitoring and

intervention monitoring. Currently, the principle state-wide monitoring program is é RAq VY|l R¢ k1 L
Environmental Flov Monitoring and Assessment ProgramEFMAR, designed to assess theecological

response ofaquatic and riverbank vegetation and fish to the delivery of environmental water in Victorian

rivers.

Primary objectives of this program include:

1 The ability for delivery partnersto clearly demonstrate the ecological value of environmental water
management to the community and water industry stakeholders.

1 Fill knowledge gaps to improve planning, delivery and evaluation of environmental water management
in rivers across Victoria.

9 fTRWU0qRN! WIHYL 't qUaWYeqrYAUE Wnl YaWIU2RI YOGUWUq¢aWs e qll
Murray-Darling Basin PlanSchedule 12, Matter &eport (DELWP 202Q)

Victorian Inter-Valley Trade assessment project

2021-22 was the first year of data collectiorfor the lower Broken Creeland Nine Mile Creeksystem as

part of the Goulburn to Murray TradeRule Reviewmonitoring program, which included water levelfor
geomorphologicalimpacts, vegetation,and fish population surveys. The monitoring program is focussed
on ensuring the operating rules are performing as intended, i.e. that the system operates within
ecological tolerances to avoid damage from high, unseasonal summer flows to provide some opportunity
for environmental recoweryincluding:

1 Improve the diversity of physical form including hydraulic and sediment conditions.

I Maintain a balanced level of erosion and deposition within the channel, specifically reducing the
rate and extent of riverbank erosion.

1 Reduce the sedimentation of pools.

1 Reduce sediment deposition on the sills entering meander cutoffs/billabongs.
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Other monitoring includes incidental observations and monitoring by ®@ulburn-Murray Water staff such
as water quality monitoring Goulburn Broken CMA staff undertake water quality monitoring in response
to incidents such asflooding and photopoint monitoring is conducted along the creekto track long term

trends in condition.

A more robust monitoring program thagligns with the environmental objectives and targetss suggested

in Table 16 below.

Table17: Possible monitoring program for the lower Broken Creek and Nine Mile Creek

Objective

Target

ITarget Monitoring & Baseline Status

Demonstrating
(Outcomes

LBC 1Maintain or improve
distribution and abundance of
threatened vegetationspecies
along in-channel and within
littoral zones of lower Broken
Creekand Nine Mile Creelkby
2035.

Maintain or increase populations
of listed aquatic vegetation
species such as Slender Water
Ribbons and Rigid Water Milfoil ir
the lower Broken Creekand Nine
Mile Creekat 2022 level.

Existing monitoring program annually|
\via the Goulburn to Murray Trade
Review Projectr currently program is
committed to 2026

Baseline datafor abundance of

Gl RYI Rq! W21INWJagc¢ qHA
U Y Uarodsl10 survey sitest
established 2022.

Surveys to be conductedacross the
next 10 years.

Collated vegetation
survey data over the
extended period.

Delivering hydrographso
meet vegetation
objectives T reported
annually

LBC 2Maintain diversity of
freshwater ecosystem types
such as in-channel, littoral and
riparian zones by2035.

JAquatic vegetationspecies
diversity and abundance in lower
Broken Creekand Nine Mile Creel
is improved or maintained at 2@2
levels.

Existing monitoring program annually|
lvia the Goulburn to Murray Trade
Review Projectr currently program is
committed to 2026

Baseline data for abundance of

Gl RYI Rq! W21UNWJaé qH
Zonek LG HIO Sutvéy sitest
established 2022.

Surveys to be conducted across the
next 10 years.

Collated vegetation
surveydata over the
extended period.

Delivering hydrographs t(
meet vegetation
objectives T reported
annually

LBC 3Support the recovery of
threatened native fish species
in the lower Broken and Nine
Mile Creek.

By 2035, the reintroduction of
two threatened native fish specieq
ithin the lower Broken Creek an
Nine Mile Creek
systems. Measured as re
introduction of two species (eg.
Freshwater Catfish, Southern
Pygmy Perch, Flaheaded
Galaxias), and species detctions
in subsequent surveys.

Existing monitoring program annually|
via the Goulburn to Murray Trade
Review Projectr currently program is
committed to 2026

Historic threatened Species detected
include:

Murray Cod (EPBC & FFG)
captured in 2024

ITrout Cod (EPBC & FFG)) captured
in 2024

Silver Perch (EPBC & FFGP
captured in 2024

Murray-Darling Rainbowfish (FFGJ 3
captured in 2024

ITarget met in 2024.

Collated fish survey data
over the extended period

Delivering hydrographs t(
meet fish objectivesT
reported annually
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*Note FFG listed Freshwater catfish
have been translocated to the LBC,
however unlikely to be captured in
future surveys

LBC 4Maintain or enhance
self-sustaining native fish
populations in the lower
Broken Creek and Nine Mile
Creek.

By 2035, the trajectory (catch per
unit effort, species distribution,
population structure) of key target
species (Murray Cod, Murray
Darling rainbowfish and
lAustralian Smelt) will be at or
above 2024 levels.

Existing monitoring program annually|
via the Goulburn to Murray Trade
Review Projectr currently program is
committed to 2026

Management of the system by GB
[CMA will monitor fish kill events

2008-2023 survey result averages

Murray CodT 54 2035target captured
70

IAus SmeltT 84 (2035target captured
110)

Murray-Darling Rainbowfisht 34
(2035target captured 44)

Collated fish survey data
over the extended period

Delivering hydrographs t
meet fish objectivesT
reported annually

LBC 5Maintain flow conditions
lto support Rakali and turtle
populations and recruitment of
platypus in the lower Broken
Creek and Nine Mile Creek by
2035.

To encourage the movement of
Platypus, Rakali and turtles in the
lower Broken Creek and Nine Milg
Creek system by2035.

JAiming for flows during Platypus
breeding season (August
September) have minimum
impact on burrows.

No existing formal monitoring
program (for the species)

Incidental observations noted

Environmental water baseflow targets
are monitored

IAnnual hydrographs
demonstrating
proportion of time
meeting e-water flow
objectives for platypus,
rakali and turtlest to be
reported in system
seasonal summary

LBC 6Maintain flow conditions
to prevent the build-up of

lAzolla within the lower Broken
Creekand Nine Mile Creeland
prevent blanketing occurring by
2035.

Mitigate the impact ofAzolla
blooms occurring by2035.

Management of the system by
Goulburn Broken CMA will monitor
and respond to Azolla bloom events

lAzolla bloom events to
be reported in system
seasonal summary.

LBC 7Maintain lower Broken
Creekand Nine Mile Creek

Maintain flows > 200ML/d at Rice
IWeir during drought to provide

flows during periods of droughfrefugium for water dependent

lto provide a refugium to

support the longderm survival

and resilience of populations o
ater dependent biota.

species.

Flow delivery data plus climatic
conditions (i.e. Drought) will be
available.

IAnnual hydrographs
available, will be
overlayed with declared
drought periods.

\Watering proposals and
deliveries will prioritise
adequate baseflows
during drought.
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There are currentlyseveral knowledge gaps in relation to environmental water managemenwithin lower
Broken Creek and Nine Mile CreekWhile most of these do not impact the ability to provide water to the
system and generate ecological benefit, addressing these would provide lonterm ecological
understanding of the site.

The Yorta Yorta Nation Aboriginal Corporatiorwas invited to partner in development of thePlan and to be a
member of the Project SteeringCommittee but were unable to actively participate in the processThis has led to
a gap in knowledge regarding cultural objectivieas they may align with the environmental objectives stated here

in this Plan.

The key knowledge gaps related to each environmental objective are outlined belawTable 16

Table 18: Knowledge gapdor the lower Broken and Nine Mile Creeks

Environmental
Value

Long-term environmental
objective

Knowledge gap

Implications and planned monitoring

Fish

Maintain or increasethe
distribution of each
native fish species.

Improve the relative
abundance of native fish
in each reach.

Reduce fish deaths from
poor water quality.

Maintain native fish
habitat and passage all
year, particularly during
migration and breeding
seasons.

Evidence of migration, spawning events
and recruitment following specific flows.

How weir pool manipulation (water level
rise) in conjunction with fresh delivery
could optimise flow cues for native fish.

How carp respond to different flow
components.

How head loss through Rices Weir could
be increased at times of high juvenile carp
immigration to prevent access to the
creek.

Fish movement patterns in the absence of
winter low flow i.e. refuge locations.

Regular fish surveys are required to
enable adaptive management of
watering actions and identify whether
progress is being made towards the
long-term environmental objective.

Fish surveys have been conducted in
2008, 2010, 2016, 2021, 2022, 2023,
2024.

Other research opportunities are
subject to funding.

Other native
aquatic fauna

Provide permanent
aquatic habitat in all
reachesyear round,
including during
drought, for aquatic
biota.

Status of platypus, Rakali and turtlest
abundance and distribution.

In the absence of surveys, it is unknown
whether populations are stable and
whether overwintering habitat provided
through current winter low flows is
adequate for these species.

No surveys arescheduled in the near
future.

Other native
aquatic fauna

Provide permanent
aquatic habitat in all
reachesyear round,
including during
drought, for aquatic
biota.

If and how the diversity and abundance of
macroinvertebrates is changing,
especially given recent hypoxic events.

How the macroinvertebrate community is
recovering from hypoxic events.

In the absence of surveys, it is unknown
whether the macroinvertebrate
community is being maintained.

Given this is a key food resource for
fish, turtles and platypus, it is also
unknown whether the
macroinvertebrate community is
limiting the ecological health of the
system.

The last survey was completed in 2015
16. No surveys are planned in the near
future.

Vegetation

Reduce proliferation of
Azollain the weir pools
downstream of
Nathalia.

None identified.

Regular monitoring ofAzollalevels
(particularly in reach 4) will continue
(Goulburn Broken CMA, GMW).
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Environmental
Value

Long-term environmental
objective

Knowledge gap

Implications and planned monitoring

Vegetation

Improve beds of
submerged and
emergent macrophytes
(e.g.Vallisneria
australis, Ludwigiasp.
and Myriophyllumsp.).

Improve the
development of a
diverse and extensive
littoral vegetation
community along the
creek and in meander
cutoffs/billabongs.

If and how the cover and condition of
native instream and littoral vegetation is
changingand where the seedbank is
coming from.

What flows provide optimum conditions
for native vegetation, particularly in the
littoral zone.

Whether consistent high flows associated
with water-in-transit deliveries are
impacting littoral vegetation.

Regular vegetation monitoring is needed
to determine progress against the long
term objective and enable adaptive
management of watering actions,
particularly any risks associated with
consistently higher flows.

An autumn bank vegetation survey was
conducted in 2022 and followup
autumn surveys are planned under the
Goulburn to Murray Trade Rule
Monitoring Program.

Water Quality

Maintain adequate
dissolved oxygen for
aquatic biota in all
reaches year round
(including during heat
waves and hypoxic
blackwater events).

Reduce turbidity by
reducing bank erosion.

Improve carbon and
nutrient cycling by
providing greater water
level variability.

Improve energetic
functional pathways
including the number
and length

Reduce development of
BGAblooms.

Improve biofims.

Why Rices Weir pool is prone to lower DO
levels compared to other weir pools in
reach 4.

Regular monitoring of dissolved oxygen
levels (particularly in reach 4) will
continue (Goulburn Broken CMA,
GMW).

Establish bank erosion monitoring sites
along the Upper Broken creek.

Geomorphology/
Physical form

Improve the diversity of
physical form and
hydraulic conditions.

Improve the movement
of sedimentthrough the
system to facilitate
feature formation and
reduce negative impacts
such as bed smothering.

Maintain a balanced
level of erosion and
deposition within the
channel, specifically
reducing the rate and
extent of riverbank
erosion.

Reduce sediment
deposition on the sills

How to recreate the diversity of physical
features including in-channel benches,
bars and pools to increase depth diversity
and hydraulic variability, with interrupted
sediment supply and limited connectivity.

An understanding of sediment movement
through the system is limited.

Erosion of riverbanks, including notching
and mass failure, has been linked to a
lack of flow variability (particularly in
reach 4). The ability to manipulate is a
limitation in knowledge and opportunities.

Knowledge of connectivity and sill levels
of billabong/cutoffs could be improved.

A water level and bank condition
investigation was completed by
Streamology (2023)lt found the primary
erosional process on lower Broken
Creekand Nine Mile Creekis notching
of banks due to prolonged static water
levels.

Incorporate into monitoring an
understanding of sediment transport
and deposition.

The primary means of maintaining (or
improving) bank condition on lower
Broken Creekand Nine Mile Creekis to
avoid static water levels and introduce
more variability in water levels to mimic
a more natural regime. This is a
challenge due to the dominant
influence of weirs (specifically in reach
4) whereby flow variability does not
translate to water levelvariability.
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Environmental
Value

Long-term environmental
objective

Knowledge gap

Implications and planned monitoring

entering mender
cutoffs/ billabongs.
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11 APPENDICES

11.1 APPENDIXA: FINDINGS FROM THE LOWBROKENCREEK ANININEMILECREEK

PLANSCOMMUNITYCONSULTATION PROCESS

What do you value most about the creek?

=A =4 =4 4 -4 -4

The aestheticsT scenery and beautyx 2

Corridor of habitat along the Broken Creeland Nine Mile Creekr reserve system.
Good water quality x 2

The creek is a better colour now.

Water available yeafround.

Fish community and fishing.

Bird life.

What would you like to see improved?

il

= =4

= =4 =4 -4 -4

Water level management

o 2021-22 was a higher water level resulting in more undanining of the creek banks and

trees falling in.

0 2022-23 the creek was running lower so there was less erosion (outside of flood times).
A regular inflow (e.qg. outfall from channel 12) seems to help fish and yabbies etc, particularly when
the water quality is bad.
NSWWIeH WYnWndYs Wl el RUNDWs RUqIII W+ W=ZOWf qUe nnlIdaqt Way
2YUkqWs ¢ UqWagé UWs DRI WGYVYat WRUWqYs Ulllel ¢q6¢ORCE b WaY WY
Blue-green algae is more prevalent now.
More flow being put in from the Murray and Goulburm these have better quality water (better
colour).
Addressing the silt build upx= Wi WRI + Wl YUKk qWE WO GWI WUIGWGYYdt oW WaYaq
Reduce carp numbers.
Maintain a high level of water between the two town weirs for water activities, fishing, canoeing.
Stop grazing to the edge of the creek.
Woody weeds (desert ash) are starting to become more common (e.g. around Nathalia town
bridge). These need to be removed.
There aretoo many suckers along Weir Street (between the bridge and Chinamens WeirR q k t LU
impacting the ability to fish during fishing competitions.
The fish communityT fish abundance was better 12 years ago. Used to catch 340 fish in a5-hr
fishing competition, now only get SNMIOWIT Wk | JWUOYqWNUgqqRUNDWNYGT WOWGI H
¢cUT Wt qYet RUNWRY Uk qWaédwe Ut 5 131 OWI Wk 23WAHIJI0W qVYHE R
respond.
Fishway maintenancet shags get caught on them and block them. Need more regular clean outs
¢cUT wWr6WAT RUNWq Y WG ¢ t 1JHigr dnagsivenéréddpprdpridtéls Y1 t R U N IOWA 1J
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What do you think are the highest priorities to focus on?

1 Water quality management x 2. E.g. reduce blugreen algae, sediment and nutrients.
1 Adequate flowT good management of flows including having winter flows.
1 Weed control when needed (some willows are beginning to frappear). Want no willow treesx 2.
 Keep ontop of weed controf Ray k + WNY YT WE q a6 DWaxeh JUq e lJONOWE 1 1 Y56
1 Keep main channel (i.e. creek weirs) opemfloods are super expensive.
1 Reduce carp.
1 Riparian fencingr off-channel watering.
1 Stopping the creek from widening and shallowing used to be narrow and deep.
1 Suggest having focus areas around the towns (fishing and recreational areas) e.g. 3km stretch.
Focus lots of management in set spots to see if it makes a difference and then roll it out elsewhere.
1 Silt managementt improving the depth.
f ImprovedfishtRUHI D¢t DWRUt gl Wea Wt ql efqgel ¢cdWé¢c AHRac¢ aqn Yl LWnF

pools near townsT pretty goodcurrently around Nathalia. Focus on areas that are poor.
1 Recognition of the importance of the creek environment.
Improve the diversity of the riparian zone.
1 Make sure there are people in control of the weirs to open them early enough in a flood situation.

=

What does a perfect lower Broken Creelnd Nine Mile Creekenvironment look like?

1 Reduced carp numbers leading to cleaner water and less erosion of the banks.
Good stocks of edible native fish.

Clearer water.

? YUk qut UYs 1O

= =4 =4

Other comments

1 The age of attendees is disappointing absence of young to middleaged community members.

1 Historically (when | was a kid) the creek was clearer, had lots of large freshwater mussels and we
used to go swimming in the deep holes. The Nathalia pool used to be in the creekhere were
jetties and a diving board.
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11.2 APPENDIXB: ECOLOGICAIVEGETATIONCLASES OF THE LOWHBROKEN ANONINE

MILECREEKS
A hierarchical system of classification of vegetation communities has been developed in Victoria over the
past decade to classify vegetation into units that are both ecologically meaningful and useful for vegetation
managers. The classification that has ben adopted in Victoria is Ecological Vegetation Classes (EVCs),
which are defined by a combination of floristics, lifeform, position in the landscape and an inferred fidelity
to environments. Each EVC includes a collection of floristic communities, which ocur across a
biogeographic range, and although differing in species, have similar habitat and ecological processes
operating. Approximately 300 EVCs have been described for Victorishe combination of EVC and bioregion
(BioEVC) is used to determine the bioregional conservation status (BCS) of an EVC. This is a measure of the
current extent and quality for each EVC, when compared to it's original (pf&’50) extent and condition. On ttg
basis, a BioEVC will have a BCS of endangered, vulnerable, depletezhdt concern or rare(DELWP 2022)

Lower Broken &
Reach 1 - Boosey and Broken Creek A Nine Mile Creek
Reach 2 - Nine Mile Creek Environmental Watering Plan

EVC
- 68 - Creekline Grassy Woodland
- Drainage-line Aggregate 0 1 2 3 ¥m Reach 1and 2 EVC Map
- Plains Grassy Woodland/Gilgai Wetland Mosaic
- Red Gum Swamp
- Plains Woodland
- Creekline Grassy Woodland/Red Gum Swamp Mosaic
EVC present (2005), not found along EWP reach

NVIRP &\iﬁ""f‘"

Figure19: Reach 1 and Reach 2 Ecological Vegetation Classes
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Reach 3 - Broken Creek

Lower Broken &

Nine Mile Creek
68 - Creekiine Grassy Woodland Environmental Watering Plan
125 - Plains Grassy Wetland
259 - Plains Grassy Woodland/Gilgai Wetland Mosaic ° 1 2 3
333 - Red Gum Swamp/Plains Grassy Wetland Mosaic L L 1 | Reach 3 EVC Map

803 - Plains Woodland

873 - Riverine Grassy Chenopod Mosaic
882 - Shallow Sands Woodland

EVC present (2005), not found along EWP reach

NVIRF Q

Figure20: Reach 3 Ecological Vegetation Classes

Figure21: Reach 4 Ecological Vegetation Classes
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