Amendment date: 28 June 2017

Title of measure Gunbower National Park Environmental Works
Project

Proponent undertaking the measure Victoria

Type of measure Supply

Confirmation

Date by which the measure entered into or will enter This environmental works project will be

into operation operational by 30 June 2024.

Must be before 30 June 2024

Confirmation that the measure is not an ‘anticipated Yes.

measure’

‘Anticipated measure’ is defined in section 7.02 of the Basin Plan to
mean ‘a measure that is part of the benchmark conditions of
development’.

Confirmation that the proponent state(s) undertaking Yes.
the measure agree(s) with the notification
Basin Plan 7.12(3)(c)

Joint proposals will need the agreement of all proponents

Details of the measure

Capacity of the measure to operate as a supply measure
‘Supply measure’ is defined in section 7.03 of the Basin Plan to mean
‘a measure that operates to increase the quantity of water available
to be taken in a set of surface water SDL resource units compared
with the quantity available under the benchmark conditions of
development’.

Yes.

Description of the works or measure

The project has been developed to enable the delivery of environmental water to the wetlands and forest of
the Gunbower National Park. It will mimic a natural flood event of up to 50,000 ML/day across 500 hectares.
This includes almost half of the permanent and temporary wetlands in the project area and 20% (250
hectares) of the River Red Gum with flood dependent understorey.

The package of works including a new irrigation weir, regulator and channel enhancements will enable the
provision of water to approximately 500 hectares of Gunbower National Park, currently unable to be
watered by any other infrastructure.

A detailed description of the proposed works package is included in Chapters 2.3 and 11 of the business case
(Attachment A).

Geographical location of the measure

The Gunbower National Park is located on the mid-Murray floodplain in northern Victoria. It sits within the
broader Gunbower Forest, an internationally recognised wetland system in the Murray-Darling Basin. The
forest forms part of the Gunbower-Koondrook-Perricoota Forest icon site under The Living Murray Initiative,
together with the Koondrook-Perricoota Forest in New South Wales.

Representation of the project in the MDBA modelling framework

The MDBA has represented the proposed infrastructure, operating strategies and water use in the MSM-
BigMod model. Spatial data provided by the proponent (derived using a hydro-dynamic model) describes the
areas inundated through the operating of the works. The areas inundated are combined with the timing of
modelled operation by the Environmental Outcomes Scoring Tool to quantify the change in environmental
outcomes, relative to the Benchmark environmental outcomes.
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Foreword

Gunbower Matlonal Park covers approximately forty-six percent of the Gunbower Forest and is part af the
Gunbower-Koondrook-Perricoota Forest icon site under The Living Murray Initiative. The forest, which is
listed as a wetland of international impartance under the Ramsar Convention, features a number of creeks,
permanent and temporany wetlands, Black Box and Grey Box woodlands and River Red Gum forest. The
forest is recognised as important due to the genetic and ecological diversity it sustains and (ts role in
supporting large numbers of waterbirds during flood events.

The Gunbower Notionol Pork Environmentol Works Project (the Project), described in detail in this
document, is a proposed supply measure designed to off-set water recovery under the Murray-Darling
Basin Plan by achieving eguivalent or better environmental outcomes on the ground, Current river
operations have reduced the frequency of flooding from seven years in ten under natural conditions to four
years in ten at present. Following extensive investigations to align ecology, wdrology and engineering, the
praject will fill the current hydrological gap via a package of works that will easily Integrate with river and
irrigatiocn operations.

The Project will deliver on ecological outcomes for the national park while generating water savings in the
Murray-Darling Basin.

& feasibility study into the proposed project was approved an 11 December 2013 and developed into this
detalled business case over a 12-manth period. The Project is now sufficiently advanced that subject to
funding in the order of 512.8 million, pre-construction approvals will occur in 2015 with construction ready
to commence in 2016.

The upper Gunbower Forest is located in the Goulburn Murray Water-managed Torrumbarry lrrigation
Area, downstream of the Torrumbarry Welr, The local community has a strong understanding of the
benefits of achieving water-efficient environmental outcomes through environmental watering
Infrastructure. Consultation through community events and one-on-one discussions has been positive with
the local community and landholders adjacent to the project area supportive of the initiative.

The North Central ChMA and its partners have established a strong track record in delivering environmental
watering projects as demonstrated through the recent commissioning of larga-scale infrastructure for
watering the mid- and lower sections of Gunbower Forest, funded though The Living Murray program. This
recent construction experience by the partners positions the region well to deliver on the stakeholder
engagement, approvals, construction, commissioning and operation of the proposed new infrastructure.

On behalf of the Narth Central CMA and our project partners, we commend this Business Case to you and
emphasise that the region stands ready to proceed to the construction phase of the Project subject to

Ol Al

Dravid Clark Damian Wells
Chalrman Chief Exacutive Officar
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Executive Summary

The Gunbower Naticnal Park Environmental Waarks Project (the Project) ks an environmental water infrastructure
propasal that will contribute to achieving the ‘Sustalnable Diversion Limit {3DL) Off-cet’ elemaent of the Murray-Darling
Basin Plan {Basin Plan). The Project is 8 "supply measure’, designed to off-set the Basin Plan’s water recovery target of
2,750 gigalitres {GL) by achieving equivalent or better environmental outcomes on the ground. The Project is one of
nine proposed infrastructure based supply measires beling Investigated within Victoria, and one of two within the
Marth Central CMA region,

The Gunbower National Park business base {the Business Case| sets out the ecologhcal objectives, proposed
infrastructure package, operating strategles, ecological risks and benefits and the costs associated with progressing
the Project, fram construction through to operation, It has boen develeped in partnership with the Department of
Enwironment and Primary Industries (DEPL), Parks Victoris and Goulbum Murray Water [GMW]. The following provides
an averview of the business case and main conclusions.

Significance of the site

Gunbower Mational Park (8,852 hectares) is located within the broader Gunbower Forest, on the mid-Murray
floodplain af nartherm Victora. it s recognised as internationally significant under the Romsar Convention and as an
Icon Site’ under The Living Murray (TLM) Initiative; one of six environmental assets of the River Murray that have the
highest priority for rehabilitation through water managemeant.

in 2010 the Vickordan Govemment created the Gunbower Mational Park in recognition of the importance of the upper
part of Gunbower Forest and its need for greater protection. This part of the forest features permanent wetlands,
temporary wetlands, River Red Gum {Fucalyptus compiduiensiz) forest and Black Box (£, largiflorend] and Grey Box (E.
migrocarpe) woodlands. The area also supports a range of communities and specias - many of which are listed as rare
or threatenad under state and national legisiation (e.g. Australasian Bittern [Botours podctioptilus)), For its traditional
owrners, the Yorta Yorta peophe, Gunbower Forest i5.a significant cultural ancscape, Scarred trees, earthen moundas,
artefact scatters, shell middens and burkal sites are present. In addition, the lacal cammunity highly value the Torest

for the social and recreational valoes it supports.
Wizion and ohjectives
The overall viston for Gunbower Forest is to:

Maintain and improve Gunbower lsland by enabling native plents and animals to flowrish, restoring the floodpiain’s
health for firture generafions,

Thiz goal for water management In the Gunbower National Park is to:

To reinstate @ more natural wober regime that pratects and enhances the ecological values within the Gunbower
Notional Park and, where pogsibie, supports valves In downstreom areas af Gunbower Forest,

b suite of ecological objectives and targets was developed for Gunbower National Park and represent the desired
ecological outcomes of enhanced flooding. The primary ecological objectives and targets are for: healthy River Red~
Gum flood dependent understorey and associated temporary wetlands; drought refuge habitat for fauna (particularly

small-bodied natwe fsh] in Black Charlie Lagoon; and & healthy wetland bird community through improsved access Lo
food and habitat that promoete breeding and recrultment. '



Proposed supply measure

Gunbawer Mational Park relles on frequent flooding to maintain the health and diversity of habitats, and flora and
fauna, The autent and duration of Nooding within Gunbowar Forgst Is determined by the helght of the Bleer Murray
Bizlows the Torrumbarry Weir. Inflows commence when flows in the River Murray exceed 17,000 ML/day and increse
substantially at flows greater than 30,000 ML day, As the upper forest is higher on the floedplain, Righer Rows than
those reguired for the mid to kower reglons are requ ired to Inundate the froject area.

Regulation of the River Murray has significantly decreased the frequency and duration of inflows to Gunbower Forest:

® AT 35,000 ML day, frequency has almaost halved to 37% of years compared to 80% of years under natural
conditions.

& ATAD,000 ML day the median duration of swents has halved [e.g. the medisn duration of 45,000 ML/dey
flows have reduced from 2.2 months under natursd conditions te just one manth at present),

The deficit in the fiooding regime of the Gunbower National Park has had measurable mpacts on the flood dependent
cormmunities in the upper forest. Terrestrialisation of the wetlands and River Red Gurm forests has ocourrsd, with
sgnificant altarations to understorey vegetation in parficular, Reduced diversity and high |evels of weed invasion have
Impacted on floodplain productivity, and flood dependent flora and fauna.

Tor addreess the impacts from river regulation; a package of works has been developed to mimic & natural leod event
of up to 50,000 ML day across 500 ha of the Gunbower National Park. This Includes almost half of the parmanent and
temporary withinds (45 and 47% respectively) in the Project area and 20% (250 ka) of the River Red Gum with flood
dependent understoraey,

Critical to the infrastructure package design was the abdity to provide operational Nexdbility, minimise footpings, and
generate simple, robust, and cost affective assets. The propoesd warks are fsted in Table E-1:

Table E-1; Proposed package of works to enable environmental water delivery to the upper Gunbower National

Fark
infrastructure | Function
Camerons Crealk
Difrver enviranmentad water from upper reaches of Camerons Croek
Rapulator oonnectad 1o the Tarrumbarmy Welr popl, Inta Black Charlie [agoon and

thie Baggots Creek area

Divarcaodn welr [apprasimately 1.5 ke dowrntnesm of

paliver environmental water while maintalning brigathon su to two
the naw l:q,ululﬂr:l. pump pads and sump, short B brrigs Pply

cipaiine darters

Baggots Cresk Arap

:.-i:::i :::Tr:: 5 A ENeTY ey e Enatile dralnage of the kow lving Baggats Crech area
Farme sl warks on e Minimse risk of Hooding to adjgeent private land
Accesstracks Access to the hardstend for pumping operations
Old Cohuna Main Channel

Irrgation ehannol offtake regulatar

Cielivery of envirenmental waber from the Old Cohuna Maln Channel
(2441 Chamned] part of the Torrurmbany Brrigatian Area [T1A

Upgrades v three road cubvert crassings

increase capacity for delivery of water alang Old Cahuna-#ain Channel

Furest regulatar at the Ofd Cobsina 8aln Channed and
ferest inkersection

Retaln high river fiooding flaws within the farest




The total capital cost estimate is $12,838,185 [as upper cost estimate], Cost estimates may be reduced during the
detailed design phase as the designs are refined and contingency reduced.

Works are scheduled to be complete and operational within four years, from procurement of detailed designs to fully
cammissicned waorks,

Ecological Dutcamas

Environmental water dellvery to the Gunbower National Park will generate 2 range of endronmental benedits in line
with the management goal far the Project, A more nwtusal flooding regime will promote the growth of River Red Gum
flood dependent understory and wetland vegatation, providing critical habitat and food resources for nathae Ners and
fauna. Trea canopies will improve and the encroachment of terrestrialy species and weéed invazion will be halted.

Addressing risk

As part of the Project, a comprehensive environmental, social and economic risk assessment, compliant with AS/NZS
150 31000:200%9, was undertaken, Priority ecofogical risks from operation of the measure were dentified with the
highest priority identified as pest fish, which can reduce the ecological value of habitats. Soclo-economic risks Included
reduced access for soclal and economic activities, hoss of cultural heritage sites and third party impacts from flaading,
During the Project's development and construction phases, priority risks Include firg, injury, loss of corporate
knowledpe and delays due 1o approvals or bad weather.

For all priority risks, mitigation measures have been identified, to reduce the likelihood and consequences of their

SCCUFTEnCE,

Implementation of the Project

The local community, Traditional Owners and stakeholders have a strong connestion and interest in B Guribawer
Hational Park and wider Gunbower Forest. Engagement of these groups and general communkcation acthitles will be
a eritical component of the successful Implementation of the Project. Activities undertaken to date provide a strong
foundation for the future, to be guided by the Stokeholder Management Strategy, Ownership of the Project will
enhance and maximize oo the enviranmental outoom s,

The Regulatory Governance Group established by DEP will Facilitate the streamiining of the regulatary appeavals
process. In addition, appropriate governance and project management arrangamants will ba Instituted ta minimise
risks to investors and other parties from the proposed supply measure.

Concluskon

The Gunbower Notienal Enviranmeniel Works Project has the potentlal to generate significant envirenmental
outcomes through the construction and operation of smart, effident and cost effective works, The Project
demonstrabes a high level of scentific rigour and s founded on strong planning, expert input and the significant
experionce of the communily and agencles worklng in partnarship.
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1 Introduction

The Gunbower National Pork Environmentsl Works Project {the Project) has been developed as a supply measure
under the Murray-Darling Basin [MDB) Plan Sustdnable Diversion Limit {SOL) adjustment medhanism, The S0L
adjustment mechanism enables the use of less water to achieve equivalent environmental outcomes sought by the
Basin Plan. The Project is one of nine proposed infrastructure based supply measures belng investigated within
victoria, and one of two within the Morth Central Catchment Management Autharity {CMA] region.

The devidopmaent of tho Gunbower Natinnal Park Environmentol Works Project business case (the Business Case) has
been puided by the Phase 2 Assessment Guidelines for Supply and Constroint Meosure Business Coses, The Business
Case sets out the ecological objectives, proposed infrastructure package, operating strategies, ecological risks and
Benefits and the costs associsted with progressing the Project through to construction. It has been developed in
partnership with the Department of Environment and Primary Industries (DEPI), Parks Victora and Goulburn Murray
Water {GMW],

The primary aim of the Praject is to restorg the ecologlcal condition of the upper Gunbower National Park, an area
situated between Camerons Creek and Broken f&xle Creek (See Figure 2-1). This part of the forest features permanent
wetlands, temporary wetlands, River Red Gum |Ewcelyptus comaldulensis) forest and Black Box (Eucclyplus
largifiorens] and Grey Box (Eucalyptus macrocarpo) woodlands. River regulation has depleted the flooding regime of
these high value floodplain habitats, with the frequency and duration of flood events now approximately halved
compared to natural canditians. The significant reduction In natural fiood events has lowered the biodiversity veluas,
by reducing the extent of tempaorary wetlands and the productivity and habitat value of the River Red Gum forest,

A package of works has been designed to mimic up Lo an equivalent 50,000 ML/day River burray flood avent across
EDD hectares of the Gunbower National Park. The package of infrastructure consists of two separabe inbets that will
provide aperational flexibifity to meet the water requirements of the high value watsr regime classes, and reduce
petential coological and operational risks, whilst Being highly cost effective,

The cost to progress this project through detailed designs, statutory approvals and construction is 512,B38,185.
1.1 Eligibility

Victoria consicders that the Gunbower Nationol Park Environmental Works Project meets the relevant sfigihility criteria
for Commeonwealth supply measure funding,

in accordance with the reguirements of the Murrry-Darling Basin Plan, Victorla confirms that this is a new sugply
measure, additional to those Included in the benchmark conditions. The operaticn of this measure will:
% Increase the quantity of water avallable to be taken in the Victorian Murray surfacs water SDL résource units;

»  provide equivalent environmental outcomes with a bower volume of held environmental water than would
otherwize be required to be achieved,

*  ensure that there are no detrimental impacts on refiability of supply of water to holders of water access rights
that are not offset or negated; and

» - be designed, implemented and operational by 30 June 2024,
This business case-demanitrates in detall haw each eligibility requirement is met. However it is notad that this will be

dependent on the final cutcormes of the modelling work to be completed in 2015 by the Murray-Oarling Basin
Authority. =
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Other than the provision of financial support to develop this business case, this proposal s not a “pre-existing”
Cammanwealth funded projeet, and It hat not already been approved for funding by another organisatian, sither in
full o In part,

2  Project Details

2.1  Locality

The Gunbowver Mational Park is located on the mid-Murray floodplain in northerm Victora, It sits within the broader
Gunbower Forest, an internationally recognised site of ecolopical significance In the Murray-Darling Basin. The forest
is bounded to the north by the River Murray and along Its southern edge by private land and Gunbower Creek (See
Flgure 2-2}, The forest forms part of the Gunbower-Koondrook-Ferricoota Forest icon site under The Living Muray
(TLBA) Initiakivie, together with the Koondrook-Perricoota Forest in Mew South Wales.
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Flgure 2-1: Gunbower National Park within the broader mid-Murray M:I;IHH Bensystenm



Gunbower Forest is managed as three separate fand tenures (Figure 2-1):

1 Gunbower Mational Park, often referred 1o as the upper forest, which covers B892 ha and is managed by
Parks Victoria.

i State Forest, the mid and lower forest, which covers 8,843 ha and 1= managed by the Department of
Emvironment and Primary Industries (3EF]) as part of the mid-Murray Forest Management Area,

3 The River Murray Reserve, which covers 1,666 ha and & also managed by Parks Victoria,
The regional environmental water manager i3 the North Central CMA and the regional water corporation is GMW.

Figure 2-2 shows the lend tenure within and around the upper Gunbower Bational Park.
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2.2  Significance

Gunbower National Park is part of the broader Gunbower Forest, a Ramsar Wetland of International Importance that
forms part of the Gunbower-Koondrook-Perricoota Forest icon ste in the mid-Muoray region. River Red Gum

fioodplain Forests are of significant eeological importance in the Murray-Darling Basin, as they provide essential
habltat and resources for a range of aguatic, amphiblous and terrestrial favna (Roberts & Marston 2011),

The core scoesystem communities of the forest that are influsneed by the Project comprise permanent wettands,
temporary wetlands, River Red Gum farest, native birds and native fish. Ower one hundrad threatened flora species
hawve been recorded within Gunbower Forest, providing hakitat for more than 130 species of birds Including water and
woodland hirds, and important migratory birds covered by international agreements, The Torest also provides critlcal
floodplain habitat to mamimals such = the Sugar Glides [Petawrus brewvicepst, as wall as amphiblans and reptiles such
as the Broad-shefled Turtle [ Cheloding expansa),

This project complements and bullds on the ecological outcomes of TLM environmental works and measures program,
which targeis the lewer and middle sections of Gunbower Forest. The Project will enable an additional 500 ha of
permanent a#nd temporary wetlands and River Red Gum Torest to be nundated, and in combénation with TLR
program wiil enable a total of approximately 5,500 ha to be watered,

2.3 Proposed works package

The purposé of the propesed package of infrastructure is to enable delbvery of erwironmental water to the wetands
and forest to address the hydrological deficit in the flooding regime caused by river regulation. The package has baon
dovetoped to meet the water requirements of biota in the forest, including the extent of Inundation, depth, and
duration, The infrastrieckure has also been destaned to minimise environmental and operational risks

The location of works to deliver the required inundation outcomes in Gunbower National Park are shown in Figure
2-3, A short description of the package of worksis provided below with the full package of infrastructure described in
Sactlon 11 and costings provided In Section 13. The Concept Design report provides further detall on the designs,
critaria and drawings (URS 2014).

2.4 Camerons Creek

& A naw repkacemient regulator and asociated flow oontral works will deliver esvironmental water from upper
reachas of Camerons Creek connacted to the Torrumbarry Weir pool, into Black Charlie Lagoon and the Baggots

Cresk area;

¢ Approximately 1.5 km downstrearn of the new regulator coanstruction of a diversian welr, purmp pads and sumg,
and a short plpeline, will allow environmental watering to be conducted while maintaining Irrigation supply to
two diverters,

2.5  Baggots Creek area

Works to facllitate temporary pumpdng to drain the low lying Baggots area, which artificlally retains water against
parimeter levaes, include; :

¢ |nstalment of a hardstand area for a temposary pump;

¢ TeEmporary plping:
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Flgure 2-3: Upper Gunbower Mational Fark Warks Package
*  Remedial work on levees to minimise risk to adjacent private land; and
*  Access tracks and ancillary works.

2.6  0Old Cohuna Main Channel

= A new offtake regulater to enable delivery of emironmental water from the Old Cohuna Main Channel (2/4/1
Channel] part of the Torrumbarry irrlgation Area (TIA];

_I_.-"

- &
*  Upgrades to three road culvert crossings to increase capacity to deliver envirenmental waker along Old Cuhu:ga
pain Channel; "

A newcontainment regulator at the junction of the 0id Cobuna Paain Channel and the forest fiood !gleE.-EI'II:I
®  Access tracks and ancillary works. ;

- "



The combination of these works will enable the defivery of environmental water onto the forest floodplain, the
provislon of supplemantary flows to permanent wellands, and the extension of the duration of inundation agross 500
ha of the Gunbower Natlonal Park.

The advantage of the proposed approach i fts use of different watering routes to target differest vegetation
communities according to their watering requirements. This ensures maximum benefits and reduces any risks of over-
wintering of other communities. it also refles on existing azsets and reguires [Emited works, thus reducing costs and
minimising potential disturbance to the forest,

2.7 Costs and proposed schedule

The tetal capital cost estimate (excluding G5T) is 512,838,185,
Table 2-1: Project schedule

Stlgﬂ Faar 1 aar 2 Yaar 3 Year 4
Blanning/Oatailad design
Aporovals

Frocusament
Wiorks |
Commissioning I I

2.8  Proponent and proposed implementing entity

The feasibilty study and business case for the proposed supply measure has been developed by the Borth Central
CMa, on behall of the Victortan Government and In pertnership with DEPL, Parks Victoria and GrAW, through funding
from the Commonwealth Government.

Ag the Project owner, DEPI will have oversight responsibility for project implementation, pending confirmation of
canstruction funding. Further Information regarding the propesed  governance and project management
arrangements for implementation is provided In Section L6,



3 Values of the Site

3.1 Ecological values

Gunbower Mational Park is part of the broader Gunbower Forest, which is listed as a Wetland of International
Importance under the Ramsar Convention (DSE 2003). It is recognised as an important site due to the genetic and
ecological diversity it sustains and its role in supporting large numbers of waterbirds during flond avents (MDBA
2012). In addition, Gunbower Forest is recognised as an |con site as part of The Living Murray Initiative; one of the six
emdranmental assets of the River Murray that have the highest priority for rehabilitation through water management.
The Victorian Gowvernment created the Gunbower Mational Park in 2010 in recognltion of the Importance of the mid-
and upper part of Gunbower Forest and (ts need for greater protection (Flgure 2-1)

Gunbower Mational Park supports a range of communities and species - many of which are listed as rare or threatened
under state and national legislation. Flood dependent aquatic flora and River Red Gum dominate the more frequently
flooded areas, while less fiood dependent flora such as Black Box and Gray Box are more comman higher in the
landscape. The following sections provide an overview of the significant values of the Gunbower Mational Park and
Appendix 1 isa full listing of the species recorded. Mote that the Project area Is within the upper part of the Guabower
Mational Park (hereln referred to as upper forest or upper Gunbower National Park),

311  Vegetation communities

Gunbewar Natlonal Park is located within the Murray Fans Bioreglon, one of three bioregions along the River Murray
floodplain downstream of the Ovens junction, and part of the Riverina Interim Biogeographic Regionalisation for
Australia bloregion, The Murray Fans support a mosaic of Plains Grassy Woodland, Pine Box Woodland, Riverina Pains
Grassy Waodland and Rivering Grassy Woodland Ecological Vegetation Classes (WVEAC 2008). The Gunbower National
Park malintains the ecological diversity of the bicregion By supporting vegetation communities representative of it
The River Red Gum Grassy Woodland ecological commanity that occurs across Gunbower Forest has boen listed under
Schedule 2 of the Florr and Foume Guarantee Act (FRG) [ 1888)

Viegetation communities within Gunbower National Park have been mapped and classified into Ecological Vegetation
Classes {EVCs} BVCs are the standard Victorian classification unkt, which growps floristic communities occurring acrass
blogeagraphic ranges within specific emdronmental nichis,

The uppier Gunbower Mational Park eontaing twelse EVCS, three EVC complexes and two EVC aggregates, ol of which
are threatened In Victorla. A list of the EVCs and their relative conservation status Is presented in Table 3-1 The
distribution of recently mapped EVC: |2 shawn in Figure 3-1,
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Tabkle 3-1: Ecological Vegetation Classes within Gunbower Mational Park

Ecological Vegatation Class Conservation Status {DEPI
2014)
EVC 815 ~ Aiverine Swampy Woodland Vilnerakble
EVIC 814 ~ Rivering Swamp Forest Deplated
EWC 106 — Grassy Riverine Forest Depleted
“EVC 56— Floodplain Rlparian Woodland Depleted
[ EVC 816 Sedpy Riverine Forest Depleted
EVC 103 — Rlverine Chienopod Wodd|and Endangered
EVC 803 — Plains Woodland Endangered =
EVC 821 - Tall Marsh Lagst coneerm
EVC 823 - Lignum Swampy Woodland Villmerable
EVCs 816/821 = Sedgy Riverine Forest/Tall Marsh Complex Depleted
EVC E12 /945 — Ahverine Swiamp Forest Complex/Floodway Pond Crepletad
Herbland"
EVCs 106/514 = Grassy Riverine Furestf'ﬁlmlne Swamp Forest Comples | Depleted
| Bllabong Wetland Aggregate’ »
Drainage Line Aggregate [Bladk Box with flood-depandent understorey) | -

Mate 1; EVC complax- Floodway Pond HarblandRiverine Swamp Farest Comples- represents areas of the two EVCS ocourming ina
mosaic, making it difficult tn separate at 3 largar scale for mappng purposes,

Werte I EWE aggrogates presant are areas that, at the tme of mapging, represented one EVC bub would be expected to change
considerably under different hydrological conditiors (Biosis 2014b]. They are thersfore magped as aggregates to ancompass the
dgnamic characteristics of these areas.

3.1.2 Flom

As of Novernber 2014, 268 species of nathve flora hawe been recorded in Gunbower Farest, induding 103 threatened
spedes, Many of these have been recorded, or are expected to be present, in Gunbower National Park, & the Park
includes the full range of habitats found In the lower forest as well as unique Box woodland habitats {Bennetts, K
2014, personal communication, Octoberl. OF this tetal flora list, one gpecies 15 lsted as nationally threatened wndar
the EPBC Act (1999) — Western Water-starwort (Callitiche cyclocorpa) recently found in Dy Tree Creek narth of the
Baggotts Creek area (Frood & Bennetts 2004). At least three species are listed as threatenad under the Victorian FFG
Act (1988, including the Wawy Marshwmart [Nymiphokdes crenata] found below Black Charlle Lagoon (Bennetts 2 4a),
An additional 25 speches are protected under the FFG Act (1988) {public land only) and numerous species on the DEPI
Advisory List of Rare and Threatened Species [(3014a) have been recorded, including the water-dependent rare
Rivering Bitter-cress [Cordamine moirensish and walnerable Long Erynghurm (Erpmgiom patirdosurn) [Bhosis 2014),

Y. j ;,Q,__ ) p p?

Long Eryngium in Gunbowear— [Photo A.Chatfield) Western Water-starwort {Photo L HIggins)



3:1.3 Birds

The habdtats across Gunbower Mational Park support # number of water and woodland bird specles. At least one
hundred and thirty-one species of birds have been recosded, 26 of which are water of wetland birds, and ten are
threatened. The Australasian Bittern {Botawys poiciloptilus), which is listed as threatened under the EPBC Act (1999)
wias previously recorded in Plg Swamp [DSE 2010). The lower Gunbower Forest is a breading site for colonlal nesting
waterbirds, and is one of a limited number of sites in Victoria that supparts breeding colonies of Intermediate Egrets
(Ardeo intermedial (North Central CMA 2014a). Inundating the floodplain habltats of the upper forest, in Gunbower
Mational Park, will support waterbird breeding events in the lower forest through the provision of productive faraging
argat — a criticd requirement for breeding success. The upper forest has been known o support species listed under
the Japan Australla Migratory Bird Agreement [JAMBA), China Austrafia Migratory Bird Agreement (CAMBA], Republic
of Korea Australia Migratory Bird Agreement [ROKAMBA) and the Bonn Convention. These species include the Eastern
Great Egret (Ardea modesta) and the White-bellied Sea Eagle (Haloeetus feucogaster], alsa listed in the FEG Act [1988)
{CSE 2010),

White-bellied Sea Eagles [Photo B.Bissat) Great Egret In flight over Gunbower [Photo D. Kleinert)

Marmy woodland birds are associated with floodplain forests, using them for habitat, foraging, breeding and watering
(lohngan et al. 2007), Gunbower National Park also supports a number of woedland birds listed in the FEG Act (1988}
Victorian temperate woodland bird community, iInduding the FFG-listed Barking Owl [Mlinox commivens cosnivens) and
trve previously recorded ERBC-listed Superb Parrot {folviells swalrseni] (DSE 20100,

3.1.4 Fish

Both the squatic environments within Gunbower Forest and the adjacent waterways (Gunbower Cresk and the River
Murray) provide resources that support 13 recorded native fish species, a number of which are listed under the FE5
Act {19BE) and/or the EPBC Act [19599). This includes the EPBC-Isted nationally wulnerable Murray Cod (Mocculocheln
peelify and the ondangered Trout Cod (Mocculochedia
Maocquanensizs) (North Centeal CMA 3014al. The native fish
community in Camerons Creek, which supplies water to Black
Charlie Lagoon, includes six species of native fish including the
FFG-listed Murray-Darling Rainbewlish (Sharpe 2014). Black
Charlie Lagoon provides drought refuge for small-bodied flsh
[Morth Central CMA 2010a), and has historically supported the
Southern Pypmy Perch [Photo MDBA, G, Schimida) vulnergble Scuthern Pygmy Perch (Nennoperco obscural

{Sharpe 2014}, During recent ervironmental watering in the lower Gunbower Forest, both large-and small-bodied

species have been observed on the flioodplain (Chatfield, A 2014, personal communication, 5 Movember],




3.1.6  Amphibians and reptiles

Thi habitats across the upper Gunbower National Park support native frogs and reptiles, of which 26 species have
bean recordad in surveys to date. In particular, Camerons Creek aind Black Charlie Lagoon are known 10 SuUpport six
species of amphibians including the Barking Marsh Freg (Limnodynastes fletched) (DSE 2010), Numerous marshy
wetland areas throughout the upper Gunbower Matlonal Park potentially also provide habitat for the EPBClisted
Growding Grass Frog | Litona raniformis) including arownd Old Cohuna Sain Channel {Blasis 2014),

Two other water dependent vertebrate species
have been recorded within Gunbower National
Fark. These are the Brioad-shelled Turtle
|{Chelpding exponsa) and the Common Long-
necked Turtle |Cheloging ongicallis), The Broad-
chiglled Turtle is livked wnder the FRE Act {1988]
and &s endangered on the advisasy Bst of rare or
threatenad wertebrate fauna in Victorla, The
Common Long-necked Turtle is listed a5 data
deficient on the advisory Hst of rare orf
threatened wertebrate fauna in Victoria (DEF

2013).

Long-necked Turtle in Gunbower Forast (Phobo H.McGregor)

Other recorded reptiles of note in the upper Gunbower Mational Park include the Woodland Blind Snake
[Romphotyphlops proximus), lsted as near-threatened on the DEPI Advisory List [2014a).

3.1.7 Mammals

Gunbewer Natianal Park provides critical floodplain forest habltat 1o mammals, such as the historically recorded FFG-
listed Sugar Glider (Petowrus breviceps) and Squirrel Glider {Petourus norfeicensis) (DSE 2010). It also provides habitat
far the Yellow-footed Antechinus (Antechinus favipes) (Morth Central CMA 2012), whose preferential habital |s in
decline [Lada & Mac Nally 2003}

3.1.8  Ecological functions

Gunbower Mational Park Is, as part of the Gunbower Forest, an Integral part of the River Murray floodplakn, AT a local
[site-specific) lovel, the forest is critical bo support water-dependent values, including But not limited to:

Food production - The convérsion of matter to energy for uptake by biota, Including substrate surfaces (Le, rocks,
woody debris, gravel} for biofilms and plant matter, and interactions between primary produgers and consumers such
as the breakdown of carbon and nutrients by rooplankton and macroinvertebrates for higher erder consumers.

Provision of shade and shelter for blota - The forest's, ephemeral wetlands and shallow mudflats provide drought
refuge, and feeding and breeding habitat for waterbirds, frogs and turtles.

Provision of water for consumption - Retention and storage of water for biota to enhance growth and development
and to ensure surdival and reproduction



Ak @ regional {complex) level, Gunbower Mational Park Is critical for supporting water-dependent values, including but
miot limited to:

Movement/disparsal - Moblle species move Lo aceess resources such as food, breeding habitat and mates. This assists
with mainkainlng genetic diversity within the landscape and reduces the risk of local species extinction. Mowemssnt
also supparts the dispersal of seeds/progapules in the landscape providing a source for colanisation.

Biological diversity - The provision of 3 suffldent number and range of habitat types in the landscape supports a
diverdty of native species, This In turm assists to safeguard the region fram the Empacts of local catastrophic events
{iLe. bass of habitat through fire and clearingh due to there baing sufficlent alternative habitats available,

3.2 Water regime classes

The upper Gunbowar Mational Park containg a range of habitat values within the 12 EVCs mapped. To facllltate the
development of ecological objectives and watering targets and correlate the EVCs and values with flosding regimes,
‘water regime classas’ have been developed (Ecological Assoclates 2014), The relationship between EVCs and the
upper forost’s water regirme classes is provided In Table 3-2,

Water regime classes [WRCS) were developed using 4 range of sources such as LIDAR, historical hydrodogical modelling
and EVC mapping, and reprasant the hydrological requirements of wvagetalion that ks expectad to be present under a
natural Mooding regime. Four water reglmi classes are identified; permanent wetlands, termporary wetlands, and
River Red Gum forest with flood dependent understorey and Box Woodlands (including Black Box and Grey Box
woodlands] (Figure 3-2).

Table 3-2: Water regime clesses in upper Gunbower National Park |Ecological Associatas 2014).

Total area
(hal

Parmanent wetlands  Irs | Billabong Aggregate

EVC 56 — Flocdplain Riparian Woodland
Temporany wetlands s | EVC 815 = Riverine Swampy Woodland

EVC 821 —Tall Marsh

EWis B16/821 — Sedpy Riverine Forest/Tall Marsh
Complax

EVCs B12 /945 Riverine Swamp Forest/Floodway
Fond Herbland Complex

EWCs 106/814 —Grassy Riverine Farest/Rivering
Swarnp Forest Complex

Riwer Red Gum: flood 1253 EVCB15 — Riverine Swampy Woodiand
depandent understorey EWC B14 = Alverine Swamp Forest

EWLC B16 = Sedpy Riveringe Forest

EWVC 106 — Gragsy Riverine Forest

Box Woodlands 1082 EVC 103 - Riverine Chenopod Woodland

EVC RO3 = Plalns Wondiand

EWC 23 = Lignum Swampy Woodland

Water Regima Class High value EVCs within project area
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3.2.1  Permanent wetlands

PFermanent wetlands in the upper Gunbower Mational Park
relate mainly to Black Charlie Lagoon, Camerons Cresk and
deep localised depressions along the Rwver Mumay. They
provide: important  habitat snd a drought refuge  for
vegetation-dependant fish species, and support Source
populations of native fish that disperse to the wider forest
floodplain during floods. Black Charfie Lagoon and Camerons
Cresek also provide breeding habitat for waterbinds and food
sources for plscivorous birds and insectivorous birds and bats
(Ecological Associates 2014),

3.2.2  Temporary wetlands Black Charlie Lagoon [Photo Narth Contral CMA]

Gunbower Forest is one of the best representatives of the freshwater, tree-dominated wetland type in the Murray
Fans bloreglon [Department of Sustsinability, Environment, Water, Pepulation and Communities (DSEWPaC) 2011), &
diverse masaic of smaller, shalloew, temporary wetlands including Aoed runners eslsts within the forests and
woodlands of the natkonal park, These differ from the wetland complexes In the lower landscape because they are
smaller and more diverse in size, shape and aguatic plant assernblages (Mallen-Cooper et al, 2014). Temporary
wetlands incude Bagaots Creek Swamp, Deap Creek Swamp, MoGillivray Swamp and Red Rise Swamp. These naturally
support & diverse and productive undesstorey of aguatic plants and provide highly productive habitats for a range of
fish species, including adults and juveniles of charnnel-specialist fish that access the forest during floods. Temporary
wetlands also provide shelter and productlve foraging areas for waterbirds, including erplees and bitterns, as well as
bats and mammals (Ecologlcal Assoclates 2014),

3.2.3  River Red Gum with flood-dependent understorey

Gunbawer Forest 5 one of the largest remalning stands of Rlver Red Gurn forest in Australia. River Red Gum with flood
dependent understorey (FOU) oocurs in lower lying areas on the foodpiain, When flooded, this water regime class
provides impertant seasonal floodplain habitat for aguatic fauna, such as frogs and fish, which disperse from refuge
habitat and breed in large numbers. \Waterbirds, including waders, will make use of the abundant prey in flooded
understorey, Flooding initiates the germination of a range of aguatic plants, increasing the Nora dversity of the Torest
(Ecolopleal Associates 2014),

3.2.4  Box Woodlands [Grey Box and Black Box)

Lower elevations of thie water regime class support foodplain box woodlands Le. box woodlands with more water-
dependent understoray species. Rivering Chenopod Woodland §EVC 103) is the dominant Black Box EVC in the
Gunbower National Park and & considered endangered in the Murmray Fans Bigregion, Limited areas of Black Box
woadland {on the perdphery of the River Red Gum forests) will be inundated throwugh the Propeet,

Gunbower Mational Park contains ene of the largest reminant stands of Grey Box woodland in Victoria - the Grey Box
Grassy Woondlands and Derived Matlve Grasslands of South-Eastern Australia ecological cormmunily, which s nationatly
threatened and is listed under the EPBC Act [1999), The box woodlands WRC displays across a range of wet to dry
expressions, including terrestrial box woodiands that are lacated highar on the flaodplain, These are comprised largaly
of terrestrial plant speckes that are not dependent on flooding. This Project will not inundate these-less flood telerant
communities.
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3.3 Recreational values

The Gunbower National Park is an Important lecation for
social and recreation activities Including camping. bird
watching, walking and sightsesing.

3.4 Cultural values

The upper forest lies within an area of Cultural Heritage
Eenaltivity as deflned under the Aborgmal Heritage Aci
(2006) with 248 sites on Gunbower Island registered
under the Aborigingl Culfurad Hedloge Regiiter and
information Spstem  [ACHRSEL  The Imdigenous
community and organisation with an intarest in

Gunbower Matlonzl Park has been ldentified as the
Yorta Yorta Nations Aboriginal Corporation {YYNAC).
Discussions with these Traditional Owners have confirmed the high value they place on resioring the habitat of the
farest by relnstathng a moare natural Mooding freguency.

There are limited listed sites of European heritage within the forest, but evidence of the historic timber industry and
other industrial pursults is apparent in the many strectures and features scattered throughout (LRGM Services 2014),
Collectivedy, thesa features previde a rich historic landscape.

35 Threats to values

The Gunbower Mational Park is located In an area of lew rainfall and high evapotranspiration. The average annual
rainfall is less than 400 mm/'yr, with evapotranspiration of arcand 1,700 mmyyr. This creates a significant annual
water deficit and means that the health, growth and existence of the forest ecosystem are dependent on regular
winter-spring inundation from high river flows [VEAC 2008). In the absence of these flows, the deficit presents a
significant stressar for the forest (MDRA 2012),

River regulation and diversion of River Murray fiows has resulted in a change in the Nooding regime of Gunbower
Maticnal Park. The frequency and duration of flooding has been reduced and the Intersal between events has, at
times, stretehed beyond the thresholds of wolerance for foedplain vegetation (see Section B, further exacerbating the
exlsting water deficit,

If ho active management intervention is implemented to restore a8 more natural flooding regime and alleyate watier
siress within the forest, a number of threats 1o the health and integrity of this Toodplain ecosystem are likeky 1o
mianlfest [Ecological Associates 2014, Bennetts 201 4a, Blos|s 2014];

¢«  fiver Red Gum health will continue to decline In forested areas;

+  Encroachment of terrestrial species nto wetlands and River Red Gum with Rood-dependent understorey will
reduce the extent of wetland habltats;

¢ Exotic terrestrial species will continue to be disproportionally favoured by the altered flaeding reglme comparaed
with native species;



+  Permanent and temporany wetland habitat values will not be optimised for native fauna induding a number of
threatenad speciss;

+  Theexteat of foraging habitat will be reduced for waterbirds.

The provision of a mare natural Rooding regime 5 expected 1o assist in managing a number of these threats and
Improving the condition and resifience of ecological values.



4  Ecological objectives and targets

4.1 Visien for Gunbower National Park

The overall vision for Gunbower Forest is tor

Maiatain and improve Gunbower sland by enabling notive plants and animais to flourish, restoring the floodploin’s
health for future generations.

The goal for water management in the Gunbower Mational Park is ta:

To reinstate & more natural water regime thot protects ond enhances the ecological values within the Gunbower
Netione! Park and, where possible, supports values in downstream areas of Gunbower islend,

4.2 Objective development

& wite of ecodopical ohjectives and targets were developed for Gunbower National Park that represent the desired
ecological sutcomes of enhanced flooding. These consider the current conditon of ecological walues and whether
intervention is required; and interdependencies within and between these forests and other regional areas such as
the lewer Gunbower Forest and Koondrock-Perricoala Forest,

Bevelopment of the ecological objectives was supported by a range of sources {0 identify the hydrological
requirements of ecological vakses in the forests. These sources included a review of the literature [Morth Central CWA
7014a); ecological and hydrofogical investigations and modelling to identify water regime classes [Froed 2014a;
3014b; Bennetts Z014a; 2014b; 2014c; Biosis 2014; Shorpe 70014; Ecological Assoclates 2014); consideration of
previous experience in TLM for the lower Gunbower Forest and; a workshop including key stakeholders {agancy staff,
experl ecobogists and Morth Central ChA staff) (Morth Contral CMA 2014a), These objectives hawve been further
reflned as information has become available and have been subject to peer review. For further Informatlon, see the
Eeologica! Gljectives and Hydrmfogical Requirements fustification Poper, 2014 for Gunbower National Park.

4.3 Objectives and targets

The draft ecolagical objectives and assoctated targets for waber management of Gunbower Mational Park. are
presented in Table 4-1. The overarching objactives state the high-level broad intentions, while the targets regresent
mieasurable and achievable outcomaes within the given timeframe that will ensure the objective is being achieved, The
tarpets focus on measuring the endooints for each objective, rather than a percentage change from a set benchmark.
Every target however has a defined baseline or benchmark,

Specific ecological objectives anderpin the overarching objectives and are described In the Ecological Objectives and
Hydralogicel Requirements fustification Poper 2014 for Gunbower National Park, & summary is provided below for
each of the corresponding overarching objectives. The specific objectives identify a collection of ecological
components based on the ecological values of the site and are considered integral to the restoration of a “healthy’
fioodplain community. These then link to monitoring mathods and reparting against targets. Monitoring methods and
targets are further described in the Monitoring and Evaluation Plan 2014 for Gunbower National Park, as well as
reference points or basefine data that tangats will be measurad against. A




Several of the detailed obfectives reference a cormplétion date of 2040, This date was selected to account Tar the time
taken In praject confirmation and construction, as well as the current condition of the ecolagical values and potential
time-lag between environmental water delivery and outcomes being apparent and measurable.

4.3.1 River Red Gum forest
The averarching objective is for ‘Healthy River Red Gum FOU and termporary wetlands”, Specific ecological objactives
are to:

#  Achiave an appropriate cover and diversity of species characteristic of the plant functional groups found in the
Riwer Red Gum FOU,

¢ Mawimise the proportion of trees with healthy canopy condition in the River Red Gum FOU.

v Maintaln and where possible increase the ourment diversity of threatened flors species.

+  Reduce the area of high threat weed species,

4.3.2  Native fauna in wetlands

The averarching objective is for ‘Drought refuge habitat provided for fauna (particularly small-bodied native fish] in

Black Charlie Lagoon. Specific ecological objectives are to!

¥ Miaintain and where possible iImprove the current diversity of the small-bodied native fish community in Black
Charlie Lagoon,

¥ Promole recruitment of smiagll-bodied native fish in Black Charlie Lagoan,

433  Native birds

The overarching ohjective ks for *Healthy wetland bird community through improved sccess to food and habitat that
promatas breeding and recruitment’, Spedilic ecological objectives are to:

o Support waberfowl breeding events in most yeurs,

+ Contribute to the success of broeding events of colonial mesting waterbirds in the lower Gunbower Forest by
providing forsging areas in Gunbower Natlonal Park.

v Maintain and where possible increase the current dhversity of threatened wetland bird speces,
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4.4 Interdependencies

Achievement of the ecological objectives for the upper Gunbower National Park i impartant in a regional sense, as it
forms part of a wider regional loodplain ecosystem with the lower Gunbower Forest amd Koondrook-Perricoota
Forest directly opposite In Mew South Wales, and Guttrum and Benwell forests downstream, as well as the Campbelis
Island State Forest in Mew South Wales, The Kerang Lakes Ramsar site is approsimately 20km to the west, The
cumulative benefits of maintaining a netwark of well connected, resiiient and healthy wetlands Is critical in addressing
the decline of many threatened water-dependent species, such as the Australaslan Blttem, that have lost substantial
habitat across Australia. This section discusses the importance of the upper Gunbewer Mational Park in this reglonal
context for different types of fauna.

4 #lq'll WEl‘tEfi]il‘dS

Widely dispersed networks of wetlands are needed Lo provide sufflicient habitat for waterbieds, Different types of
waterbirds require different types of watlands o feed and bread and this habétat cpeclalisation requires them to use
wetlands over large areas [Lau 2014). For example, the success of colonial waterbird breeding depands on access to
foraging sites at a regional scale, Nesting birds are known ko travel to wetlands within a 20 km radius of their nesting
sites In search of food (Reid 2006 cted In MDBA 2012), Breeding waterblrds In Gunbower Forest hawve, anecdotafly,
been reported to mowve on a daily basis from the lower Gunbower forest 1o the adjacent Koondrook-Perricoota Forest
for foraging (Morth Centrol CRAA 20000, Collectively, TLM and this project will increase the availability of diverse
flogded habitat across Gunbower Forest, increasing the diversity and abundance of spedes the forest is able to
suppori. Management of Gunbower Forest to mest objectives for foraging and nesting habitat will enhance waterbird
popatlations throughout the reglon and the MDB,

4.4.2 Fish

Lateral connectivity between the River Murray and wetlands. is critical For fish populations. Floodplains provide
feeding and nuriery zones, and a diversity of habitats that Increase survival, and feeding and reproduction
opportunites (Junk et al. 19849), Small-bodied fish In particular exhibit high bevels of Eteral movement [Lyon et al.
2010} indicating the importance of habitat connectivity for these fish communities. Fleod (lows on the forest
Naodplain are rich In food and nutrients lifted from the floadplai floor and provide an abundance of food sources for
aguatic fauna [Humphries et al, 1999], Providing suitable habitat for small-bodied native fish in Camerons Creek and
Bépck Charlie Lagoon, as well as some connecthvity between channel and flocdplala habltat in the Baggois Cresek and
central floodplain areas, will assist in achieving the objective to enhance River Murray native fish populations.

1.4.3  Reptiles and Amphibians

Reptites such as the Common Long-necked Turtle are known to move in accordance with drought and flood cycles and
assoclated availability of resources; and often move up o 5 km between wetlands {Roe ef al. 2005). Amphibians are
opportunistic users of temporary wetiands, being able 1o seek suitable habitats as wetlands N1 and dry. Temporary
waterbodies are often praferred habitat becawee the seasenal drying precludes predators and the avaiiability of food
sources is high (Wassens ot al. 2008). However, decreases in landscape connactivity through fragmentation and
habitat lows heve contributed to declines in amphiblan assemblages {Lehbenin et al. 1999, highlighting the importance
of malntaining river-flocdplain connectivity for this type of fauna. Management of the upper Gunbower National Park
o meal the objectives for permanent and temporary wetlands, as well as enhancing connectivity heri.'."mn the
floadplain and channel habitats will ensare that suitable habitatis provided for thase fauna.



4.5  Contribution to Basin Plan objectives

The Propact will contribute towerds the emdranmental objectives described in the Basin Plan as outlined balow,

Table 4-2: Link between Gunbower National Park Emdrenmental Works Project and Basin Plan objectives

Dazin Plan overadl Cantribution of the Gunbower National Park Envirenmental Works Project to meet overali® and
BAvirsnrmental specific™ Basin Plan abjectives

objectives*

a) to protect and restore. | 0 Gunbower National Park s part of a Remasar wetland acosystam dopendunt on Basin water
water-dependent resources tn malntaln its ecological charmcier,

wcosystems of tha [ Supports specios Estod undar the Bofn Camvention, CARMBA, IAMEN snd ROKAMER e.g. Latham's

Murrany-Darding Basin

Snipe [Galinagn barowicky| = Bonn, CAMBA, |AMEBA and AOKANMBEA and Eastern Great Egret
(Arden modaska) — Cane and [AMEBA,

L Tha Project will inundatoe SO0 hectanes and result in high fioodplain and wetlond productvity
across 3 range of aguatic habitats,

0 The Project will protect and enhance water-dependent acosystems that support rumeraus listed

threatened species and ecologleal communities [refer to section 3},

Thee Frofect will protect and enhance representative populations and communities of native biota.

b} 10 provect and restone
the scosystem lunctions
of water-dependent
ELOSyHEmS

1 Tha Profect will providie opportunities for connectivity between the Bher Murey end permanem
watiands within the Forest {Black Chardio Lagoon).

I Diverse habitats will be praovided fer Biotes including permanant ari IEmporary wetlands and Hiver
Aed Gum farests with food dependent underslaoey,

[ Fow regquiremants of Uhese habitats will be met through this project, and timed to optimise
acosystern functions that maintaln populations {e.g. recrultment and disparsal),

[ The Project will provide watting and drying phases that enhance ecafgical comemupity structure
and stimulate species inkeractions and food webs.

) Lo ensure that waler —
degendent ecosysierns
ane resilient o climate
change and other rlsks
and thicats

11 The Project will provida Gunbowier National Park witha saitering regime that sustains the
ecological character of the forest. Without the Froject the sres cannot be watered outside of
natural fioad awents = which are of an iradeguate frequency and duratian even undar the
proposed Basin Plan.

L The Project will provide an mportant permanent wetland refuge area in the upper Gunbower
Forest,

[ The propased water regime will probect and enhance & diversity of habitat types across the forest,

which will be eritical to biots under a drying cllmate.

The water reghme, including wetting and drying cycles and inundation intarvals, will be tailored to

rizet the Fydrobapcal reguirements of water-degendent values within the range of tolerance 1o

raintain overall ecosystem resilience,

* From Chapder S of Dasin Plan, # From ChaplerE of Bazin Plan




5 Anticipated ecological benefits

- | Current condition

The condition of Gunbower Mational Park has declined in response to regulation of the Rlver Murray and artificial
changes to the flocdplain (&g, levees, blockages in effluents). This decline In condition has been exacerbated by the
Millennium Drought. The flooding in 2010-2012 resulted in improvements in the condition of the forest indicating that
it retains the capacity to respond positively to an enhanced fiooding regime.

5.1.1  River Murray regulation

Fegulation of the River Murray and changes to inflow points [eg Blockages) has created drier conditlons across
Gunbower Mational Park couwsing an overall shift towards more terrestrial vegetation types. The temporary wetland
erwironments in the central forest floodplain (between Pig Swamp and Deep Creek] would naturally have supported
an open River Red Gum canopy with a diverse and productive understorey of aguatic planis. The wetlands would have
included denses squatie macrophyte vegetation sultable as habitat for a variety of native fauna [Ecological Associates
2014}, The current flooding regime has instead promeoted the recruitment of River Red Gums, creating & closed
canopy that allows less light to penetrate. Reduced Aooding and ight has reduced the productivity of the understorey
and promoted more drought-tolerant aguatic plants such as Rush Sedge [Corex tereticowlis) in place of seasonal
aguatic spacies. Consequeantly the wetlands provige aguatic habitar loss often and for shorter pertods (Ecologlcal
Associates 2014).

Sirnilaghy, the currant water regime has resulted in the terrestrialisation of the River Red Gum forasts in the Gunbonwer
Hational Park. Changes inchude an increased tree densily, closing of the canopy and pronounced alterations In
understarsy spedies composition, The understorey of the River Red Gum communities has exhibited significant koss of
fhoristic diversity and high levels of weed Invasion [Australian Ecosystems 2009], There are a greater proportion of dry-
phase floodplain plants in place of the origingl understorey of perennial aguatic macrophytes such as Water Ribbons
{Triglochin procerum] [Ecological Associates 2014). The Rivar Red Gum forests in the Gunbower National Park provide
aguatic habitat for fish, frogs and waterbirds less freguently, and for shorter periods, compared to natural conditions
and the extent of habitar avallable to aguatlc undarstorey plants has dedined {Ecological Associates 2014}

5.1.2 Droughtimpacts

The Milleanium Drought has exacerbated the impacts of river regulation on tempeorary wetlands and River Red Gum
FOU in the Gunbower Mational Park. Similar to observations in the lower Gunbower Forest during the drought
(Ecctopical Associates 2003], the distribution of River Red Gum forest with an understarey rellant upon flooding has
retracted Into the lower-lying areas of the floodplain. Bwer Red Gum forest with a more terrestrial understarey has
ewpanded. At MoGilvray Corner Wetland to the southwest of the Old Cohuna Main Channel infet point this is
particularty evidant. Modelling indicates that this area will retain water for at beast three manths after @ managed
inflow' equivalent to a 50,000 ML/day River Murray flow (Water Technelogy 2014a), This type of ponding supports
River Red Gum forest FOU (refer o Grassy Riverine Forest-Riverine Swamp Forest Complex — GRF-RSF on left], being
outside the tolarance imits for surrounding drier vegetation commanities, such as the River Rled Gum forests and

'|_|'|.-|.|r|ﬂ.u1lm exient from ARG ML day defvery via Camarans Craek [Waisr Technology 10143 k& loss {kan the 1952 and 1993 fipod-éxbent that
ocmaread after River Murray inflows abows 54,000 mLMday [Eoalogical Asspcwbes 2034),



Black Box woodlands with flood toberant understorey [refer to Riverine Swampy Woodland — RSW and Riverine
Chencpod Woodland = RCW on left). However, based on recent EVC mapping the flood tolerant vegetation
community has shifted into this area (Figure 5-1]. OF particuliar note is the patch of fiood tolerant vegetation {RSW] ot
the southern tip of the ponded extent [clrcled bluz).

o

Currant EVE distribution {suriey and mapping by mModelled 3 month ponding extent [Water Technology
Ecological Assoclates and K. Bennetts 2014) 2014a)

Figure 51; Comparison of water reginme class distribution (left) and 2 month ponding extent [right) at MoGilivray
Corner Wetland

During the Millennium Drowght, the condition of the Black Box and Grey Box woodland communlty at higher
elevations on the foodplain also declined. The decline was most evident in the understorey with reductions in
diversity and cover, During the drought large areas contained only litter with limited understorey [Bennetis & lalky,
I013).

Crheerall, the ten years of drought from 2000 resulted in a reduction In vegetation condition, flocdplain produectivity
and access for nathve fauna to food and habitat.

51.3 2010-2013 floods

Followdng the Millennium Drowght, Gunbewer Forest recelved three years of consecutive flooding betwesn 2010 and
2013, Almost half of Gunbower Forest was inundated including substantial aress of Gunbower National Park (Bennetts
B Jaliy 2013). Floodglain and welland dependent flora and fauna responded positively to these events, with the
diversity of understorey species Increasing and canoples of Hiver Red Gums showing €gns of recovedy [Bennetis B
Jolty 2013}, Waterbird feeding and nesting was also observed wnd colonial waterblrds bred In the hundreds in the
lewer forest (North Central ChviA 2014b).



Wonitoring of the Gunbower Forest through TLM captured several changes in the forest’s condition in response 1o the
natural finoding. For example, the decline in florlstic dversity {cover and richness of characteristic flora) and canopy
condition as the Millennium Drought intensified [2005-2010) was halted by the above average rainfall and widespread
natural floading that commenced in 2000, The subsequent 2011 monitoring results reported twice the diversity of
understorey flora, and a flush of rare and threatensd flora {such &s the EPBC-Isted River Swamp ‘Wallaby-grass
Amphitvomus flitons] compared to the previous year (Bennetts & Jolly 2013). For example, in River Red Gum FOLU
monitoring sites, the average number of flora species per plant functional group Increased frem seven in 2008 1o 19 in
2011 {Bennetts & Jolly 2033), Flooded River Red Gum and Black Box sites supported more than twice the species
richness and cover of characteristic species than non-flooded sites. River Red Gum traes with healthy canopies {ie.
»50% intact/original canopy) In the flood-dependent water regime dass inoreased from 20% In 2010 to less than 50%
in 2013 {Figure 5-2) [Bennetts B kolly 2013),
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Figure 5-2; Percentage of tree population {n=1000) in each crown condition class at Red Gum flood dependent
understorey sites sarmpled autumn 2005-2013 {Bennatts and Jolly 2013)

Although the results from the flooding events are encouraging, Gunbower Forest reguires a more long-term
relnstatemant of a natural flooding regime if its condition s to improve. While the recent Improvement in River Red
Gum canopy condition (in flood dependent understorey areas) s positive, 51% of the trees were still assessed as
unhealthy in 2013 {Le. supported less than half of thelr potential canopy) (Bepnetts & kally 2013} The monitoring alsa
showed that despite the natural flooding, the owerall wetland vepetation response was less than expected, with low
speces diversity, It is thaught that this subdued response was due to the deep and prolonged flooding followed by a
hot and dry 2002=3013 summrer, In combinatlon with other factors such e water gquality and carp, Hroiting
germination and establisthment of plants [Bennetts & kolly 2003}

E.1L4  Ongoing condition decline In Baggots Creel area

The vepetation in the Baggots Creek area [downstream of Black Charlbe Lagoon) has expersenced uwnsedsonal and
prolonged inundation, This is due to the unnatural ponding of water against the perimeter levee on the western side



ol the Gunbower National Park, and the exdsting regulator on Camerons Creek leaking brigation water downstream 1o
this part of the forest. As a result, the River Red Gum farest in this area has an altered species composition [Frood
2014a). The Black Box woodiands in the lower Iving areas downstream of Black Charlie Lagoen are ako In poor
condition, with trees boginning to die {Bennetts, ¥ 2014, personal communication, 13 Qctober).

Camerons Creek regulator [Photo: C, Corr) Camerons Creek regulator [Photo: C. Corr)

5.2 Past management activities

The Gunbower National Park was declared in late 2005 and officlally opened on 30 June 2010. Prior to this, it formad
part of the Gunbower State Forest, Matural résource management activities in the Mational Park to date have fooused
on pest plant and animal control, threatened species management and cultural heritage protection. Mo previoas
waber refated management activities have ocourred in Gunbower Natlonal Park.

5.3 Expected benefits of inundation

Ervironmental water delfivery to the Gunbower Mational Park will generate & range of emironmantal benefits In fina
with the management goal for the Project; To reinstete o more noburol water regime that profects and enhances the
ecologicol values within the Gunbower Notlono! Pork and, where possible, supports values in downstream areas of
Gunbawer siand

5.3.1 River Red Gum forest

fthver Red Gum FOU

The Project will Inundate bisregionally signiflcant River Red Gum forest communities including the vulnerable Riverine
Swampy Woodland EVC and the depleted Grassy Riverine Forest and Sedgy Riverine Forast EVWCs, Many ol the
wegetation communities inundated through the Project are flood-dependent, meaning their compodition end the
health of individual spedes is reliant upon a particular flooding pattern (refer to the Ecological Objectives and
Hydrofogical Requirerments Justification Pager. The aptimum flooding regime will be delivered through the Progeck as
cutlined in the operating plan (see Section B,2] and will maximise the condition and function of the River fed Gum



FOU and associated temporary wetlands, For example, o healthy and diverse oodplain vagetation community will
provide a range of rellabla faod and habltat resources for fauna.

Thi divessity of the flood dependent understorey in upper Gunbower Forest is espected to increase over time in
response to emironmental watering [Bennetis B Joliy 2013} Rare and threatened flora will be supported and
observed mare frequently, as was the case following the 2010-12 natural flooding (Bennetts & Jolly 2013). This
includes species such as the nationally endangered Winged Peppercress {Lepidium monoplocides), as well as a numbaer
of FFG-listed species such as Riverina Bitler-cress {Candamine molrensis) (Bennetts & Jolly 2013},

The watering will also enhance the health of the tree canopy across the Hiver Red Gum forests following the marginal
impravements that were observed after the 2010-13 foods [Figure 5-2). improvements in soil water and growndwater
recharge from flooding will be important far maintaining the health of mature treas in drier bmes (Roberts & Marston
2011). The improvements in tree health and the banking of water resources within the soll/groundwater system will
facilitate the forest’s recovery from drought and help build the resifience of the systems to future extended dry
periods. Furthermore, securing the health of the canopy will help malntain future watlznd productivity by ensuring
the return of organic matter to the floodplain following each flood event {and therefore the release of carbon and
nulrient inputs to the water column from leaflitter in future floods].

The Project will Inundate & small area of Box Woodlands dominated by Black Box. Flooding of this water regime class
will promate opportunistic growth of drought-tolerant plants such as Common Splke-rish (Eleocharis acuta) and Rush
Herncws spp.) and peondde habitat for aguatic fauna including frogs, fish and waterbirds. Damp s5il conditions from
recading floodwater will promote grasses that provide food sowrces for woodland fauna ncluding herbleores and
pranivores [such as the Diamond Fratail (Stagonoplewra guttatal| (Ecological Associates 2014}

Habitat for aguatie fauna

Flooding triggers the rapld decay and release of minerals and carbon from organic debris on the forest floor,
supporting an aquatic food wab of microbes, invertebrates and small fish |Ecological Associates 2013), This In tumn
provides feeding epportunities for waterbirds, whether they are fish-eaters (piscivores] such as Egrets, plant eaters
\herbivores) or iInvertebrate feeders such as grebes [N5W Department of Emdronment and Heritage 2013). Reinstating
a diversity of foraging habitat and food sources will support @ high carrying capacity of waterbirds across Gunbower
Forest incduding those residing/breeding in the Gunbower Mational Park and these residing/breeding in the lower
forest that use broader foraging areas. This will promote a diverse waterbird cormmunity from a range of feeding
guilds,

The inundated upper Gunbower Forest Mocdpialn will contribute to the success of threatened waterbird breeding,
which depends on secure foraging areas. The Project provides more than 500 hectares of foraging habitat for colonial
witerbirds, complamenting the eslsting TLM program, Relevant spedes indude the FFG-listed Intermediate Egret,
Eastern Great Egret and Little Egret [Morth Central Chin, 2009),

Terresbrial faunn

Improving and maintaining the health of River Red Gums an the floodplain is likely to supgort 2 hoalthy assemblage of
woodland bird species (Fitzsimons ot al. 2014}, For example, the trees will directly support nectivorous and
omnivarous birds such as honeyeaters and wattlebird |Ecological Associates 2013}, They will provide nesting matetial
{including hollows] and roosting habitat for waterbleds, In reciprocation, wooadland birds like Inuc’rlmmm’.{pecles
play an fmportant ecslogical roke in maintaining tree health and regenesation Le. by reducing intect attack '



The recession of lNoocdwater In the understorey will provide a highly productive environment, which together with the
increased diversity of understarey flora, will provide food and habitat for a number of llogdplain and terrestrial fauna
e, seeds, fruit and forage for pranivares such as finches, cockatoos, galoh, korikeet and budgerigar, the frugivorows
enmu and herbivorous swamp walkaby [Ecodogical Assoclates 2003).

Riverine food weh

Ay water draining from the forest Aoodpliin (e.g thraugh hybrid events) will be rich In dissolved organic carbon,
which Is important for the riverine food web (Ecological Assoclates 2013). This will contribute to improvements in
channel fish recruitmant through improved instream productivity Le. higher surdval of fish larvae as floodwaters (high
in phytoplankion and zooplankton] recede back into channels {Mallen-Cooper et al. 2014 ).

5.3.2 Wetlands

Aguatic fauna

Wetlands represent a highly productive and diverse environment Important to a range of fauna species, Seasonal
wetting and drying phases [involving the wetland frings at the parmanent Black Charlle Lagoon and the entire area of
other temporary watlands in the natlonal park] premoted by the enhénced flooding regime will mineralise anganic
matter and support microbial and planktonic productivity, During spring, larger aguatic inverfobrates, frogs and small
fish species will proliferate, providing food sources for large wading birds and piscivores. Receding flood water in
summer will provide foraging grounds for migratory wading birds that pick over invertebrates in drying mud
{Ecological Associates 2013),

Diverse withand habitats will be promoted thraugh the project including dense macrophyte beds, marshy areas with
emargent macrophytes and herblands. Habitat, critical for threatened species such as the EFBCisted Australasian
Bittern, will be provided [e.g. reeds, rushes and sedpes), Camerens Croek [feeding Black Charlie Lagoon] provides
hishitat for significant species such as the FRG-listed Broad-shelied Turtle and Murray-Darling Rainbowfish. It has also
histarically supported the Southern Pygmy Perch [Mallen-Cooper et al, 2014). A range of waterfowd are anticipated to
use Black Charlie Lagoon including grebes, crakes, raik, waterhens and snipe (Webster, R 2014, parsonal
communication, Julvl, The wetland habitat will suppart waterfowl breeding by providing food, shelter and nesting
materials {Ecological Assoclates 2013). The abundance of food sounces will be oritical to successful breeding events, as
il enables waterbirds to store fat for susienance throughout thelr bresding season and stimulates reproductive
procasses [Rogers & Ralpk 2011),

Vegetation

wettand vegstation diversity will improve on Mood recession, (o line with recent monitoring observations, For
example, TLM sentinel wetland monitoring results show that the diversity [cower and richness) of characteristic
species peaked when the permanant and semi-permanent wetlands ware in receding (shallowly Inundated, 2005 and
2006} or drying phaves {2000} [Bennetts & lolly 2013).

Providing a closer to natural duration of inundation will ensure that wetland plants are able 1o complete thelr life
cyiche by flowering and cantdbuting to the seed bank (SKM 2007}, Repeated wetting and drying phases assist in
malintalning the seed and rhizome banks (Bennetts & lolly 2013}, 45 the combination of the two drives germinatien in
similar wetiand vegetation in south-east Australia (Leck & Brock 2000}, Continual stimulation of the seedbank and



allowing plants to complete their life cpclie will ensure ongoing diversity and abundance of wetland flora during flood
timas.

The provision of diverse wetland habitat will be coritical in providing conditions sulfable for rare and threatened flara,
such as the EPBC-sted vulmerablo River Swiamp Wallaly Grass [semi-aguatic ﬂnra: and Westarn Water-stanvort
(Callitriche umbongta) the FFG-Histed Wavy Marshwort [rhizomatous aguatic flora) and Matlve Couch en the Victoran
Advisory List of Rare of Threatened Species [perenntal mudfiat flora), These have been recorded in TLM monétoring
(Bennetts & Iofly 2013), Recent fooding of wetlands in Gunbower Forest has recorded an increase in River Swamp
Wallaby Grass and a number of sites in upper Gunbower National Park are expected to support thic specles [Blocic
2014a),

Habitat for sguatlc fauna

Maintenance of the only permanent weatiand In Gunbower Mational Park — Black Charlle Lagoon- will be of particular
impertance in dry times, and critical for improving the resifiance of waterfowl, the small-bodied native fish
cammunity, end other aquatic fauna (e.g. frogs, turtles), Small-bodied native fish and fish larvae in the River Murray,
and permanently inendated sections of Camerons Creek, will make wse of the food resources and hahitat within Black
Charfie Lagoon following environmental water delivery, Black Charfie Lagoon will support a source population of
aguatic species for dispersal to other envirenments in flood times e.g. Murray-Darling rainbowfish,

5.4  Monitoring and Evaluation Plans

The Meniforing and Evaluation Plan for the Gunbower National Park Enwronmental Warks Project |MEF] outlines the
proposed monitoring protocols for the averarching objectives relating to the Rlver Red Gum forest, native fish and
nathe hirds.

In each case there is a structured and practical menitaring method {Based on that déveloped and used under TLIM to
icentify the condition of attributes that are reliable indicators of ecosystem health. Progress towards ecological
objectives and targets can be [dentified owver time, as the MEP caplures basaline data [where available) For each
targel. This in turn provides a reporting and adapthve management mechanism o give confidence to the North Central
CMA, funding agencies, water holders and regional communities that the investment Is achleving its intended aims.
Dngodng monltaring costs have been accounted for in the Business Case costings —iee Section 13,

The MEF will be formalised once funding for the Project has been conficmed, The final MEP for this supply measure
will be infermed by broader intergovernmental arrangements for Basin-wide monitoring and evaluation under the
Basin Plan, This measure is expected to contribube to the achisvemnent of outcomes under two key Chapters of the
Plan, namely; {i} the delivery of ecological outcomes under Chapter & and (II) under Chapter 10, meeting the relevant
sustainable diversion fimit/s (SDLs], which must be complied with under the state’s relevant water resource plan)s
{WRPs) from 1 July 2019,

Both Chapter & and Chapter 10 of the Basin Plan are captured under the MOBA's own menlicring and evaluation
frameworle, Once spocific Basin Plan Chapters commence within a state, the state must report to the MDEA on
redevant matters. This will include fve yearly reporting on the achlevement af emdronmentsl cukcomeas at an assel
scale in relation bo Chapter 8, and annually reporting on WEP compliance in relation to Chapter 100



The proponent is satisfled that s participation in the MDBA's reporting and evaluation framework will effectively

alloww for progress in ralation to this supply measure to be monltored, and for success In meeting asacated coslogical
objectivas and targets ta be assessed,

This approach closaly aligns with agreed arrangements under the Basin Plan Implementation Agraament, whera
implementation tasks are to be as streamlined and cost-efficient as possible,



6  Potential adverse ecological impacts

6.1 Overview of risk assessment

& comprehensive emdronmental, sodal and economic risk assessment, In Bne with AS/NZS 50 31000:2009, has beean
completed by the Morth Central ChiA for the Praject. This assessed both the likelihood of an event ocourring and the
severity of the autcome if that event occurred, for the followdng three aspects of the Project:

« Implementation: Project management and construection risks

+  Dperation of the measure: ecologleal, social nnd econormic eisks

The melhodology generated a risk matrix in line with the (50 standards, which helped prioritise mitigation strategias
and measures, Appendix 3 provides the detail [including the definitions of the various [kelfhood and consequence
ratings used for the assessment)and the process for undertaking it.

The high priority adwerse ecological impacts assocleted with operation of the Praject [implementation of the
recommended watering regime] are described below along with the associated risk mitigation and control
mechanksms. Detalls on lower priorty adverse ecological impacis are presented in the risk register in Appendix 4. The
Project development/construction risks are discussed in sections 11 and 17 respectively,

The risk assessment process and outputs demonstrates that the potential risks are well understood, and that risk
mitigation contrals are svailable, and when implemented ensure residual risks are acceptable,

G.2 Priority ecological risks from operation

The risk register in Appendix 4 records the full range of potential adverse ecological impacts identified. Of thesa, the
highest priarity threat (defined as those in the *High' or Very High' risk categories), pest fish, & discussed below, Table
6-1 presents the initial and residual risk ratings. Forther explanation, potential impacts and proposed mitigation |s
provided in the fallowing sections

Table 6-1: High priority adverse ecological impact risk assessment

Pastlish Almost certan

Hota: Adverse ecologioal Impacts aBocated to the lower risk categodies Can beviewed in the risk register,
6.2.1  Pest fish species

There is the poetential that the watering regime for the upper Gunbowear Matlonal Park will Intraduse pest fish, which
would increase the abundance of these speckes in the Project area, particularly Camerons Creek and Black Chardia
Lagoon, Pest fish can reduce the ecological value of these habltats and potentially risk the achieverment af the
ecological objectives.. A number of nor-native fish species are expected to be present In the channels of the
Tarrumbarry Irigation Area including the Torrumbarry Welr pool Species faund in the Gunbower Creek and lagoons,



which may be prasent in the Project’s supply poinis, include Common Carp, Goddiish, Tench, Gambusia, Oriental
Weatherloach and Redfin Perch (PIRVic 2007; Rebwinkel & Sharpe 2003),

All non-native fish compete for resources and habitat with native fish. However, carp are potentially the most
destructive of these species, They are highly invasive and when present in high densities can Impact an wetland
plants, habitats, turbkdity, and nathee fish (Koehn et al. 2000, Carp can deminate floodplain fish communities where
the shallow warm waters provide ideal conditions for spawning and growth (Stuart & lones 2006).

Flioed events, natural or managed, are likely to promote the successful breeding of carp, amongst other pest fish
species, However, sutslde of Black Charfie Lagoon (the only permanent wetland habitat influenced by the Project), the
Gunbower Mational Park environmental watering will only provide tempararily inundated areas {eg. floodpiain
wetlands). Within three months, these habitats will have dried a5 occurs after natural fliooding events (Waler
Technology 2014a),

While the Project will provide some opportunity for small-bodled pest fish to enter the inundated floodplain and
bread, the delivery of fiows to targeted locations rather than providing a single, large continuous flow means there
will be no opportunity for pest fish to disperse from the forest into Gunbower Creek or the Kiver Murray downstream
[udess & Gunbower Mational Park emvironmental watering event Is shortly fallowed by a large natural overbank flew),
Maore often, they will be retained in the temporarlly inundated floodplain habitats as a food souroe for wetland birds
and other aquatic Fauna befare these habltats dry completely. The Initial risk rating: Very High,

screening of adult pest fish (particelarly carp) is proposed for forest inkets to prevent adults from entering the
fiondplain. Young pedt fsh will have less impact on the aguatic vegetation and still-water habitats (although it is
acknowledged they will compete with native fish during the inundation period),

The Project includes a carp screen on the inlet regulstor [o Black Charlle Lagoon/Baggots Creek ares 1o previent access
to the wetland and floodplain by adult carp. No carp screan is required on the Obd Cohuna Main Channel as the flume
crossing Gunbower Creek |5 expected to be a barrier to fish passage (Mallen-Cooper, M 2014 parsenal
communication, 31 October). Carp screens will be used to provide a competitive advantage to the small-bodied native
fish community — one of the primary objectives behind providing permanent refuge habitat within the Gunbower
Mational Park, However, due to the parmanent water regime, any young carp that enter Into the wetland will have the
opportunity to grow to adult size and therefore potentially degrade the aguatic habitat. Drying the wetland would
yndermine the ecological abjectives for the Project regarding mzintaining and improving the current diversity of the
small-bodied native fish community. Therefore, complementary activities around ongolng carp management (e.g.
active removal) In Black Charlie Lagoon will be a priority. The resldual risk rating: High.

6.3 Other potential risks

6.3.1  Water quality and salinity risks downstream

& semi-quantitathve assessment of the potential salinity impacts of environmental watering activities at Gunbower
Mational Park wazs undertaken and the estimated salinity impact at Morgan under the operating scenarios was found
to b negligible (<0.01 psfem EC) (acobs 2014].

Blackwater events have the potential to occur during watering of the Gunbower Natlonal Fark, particularly for the
floodplain watering scenario (see Section 9], Blackwater can have low levels of dissolved oxygen and may therefore
cause stress to fish and other aquatic animals. However, it is also a natural part of the floodplain and river systam



acclogy, replenishing carbon and increasing praductivity in the food web. Blackwater is most likely to occur in-areas
with high organic loads, little cireulation and warm water and the risk of it ferming In Gunbower Forest is relatively
high. However, the risk of It causing ecological impacts ks considered to be low.

The nsture of any dovmstream salinity and/for water quality impacts, and any potential cumulative impacts with other
measures; cannoi be formally ascertained at this time, This is because such impacts will be influenced by other
rheadures that may be operating upstream of this slte, including other supply/efficlency/constraints measures undar
the sustainable diversion limit (SOL] adjustment mechanism, and the associated tolal wolume of water that is
recovered fior the environment,

It 15 expected that Bkely or pobential downstreamfcumulative impacts will become better understood. as the full
package of adjustment measures is modelled by the MDEA and a linal package = agreed Do by Basin governments,

6.3.2 Connectivity

Thit Praject does not alter the oxisting connectivity between the Guabower Mational Park and the River Purray
{imcluding Gunbawer Creek at the downstréeam end of the forest — Chinamens Bend). Flaodplain function under
natural inundation events is maintained e.g. the River Murray Infet peints are not impacted under the Praject, with
thresugh-flows and return flows o the River Musray al various locations retained.

However, dellvery of environmental water to the central forast loodplain will be from the adjacent rrigation channel
system (Okd Cobwna Main Channei} rather than the River Murray. This optlon was chosen as alternathee options for
delivery to the central forest Aoodplain that were investigated in detail under TLM (e.g. upper Forest channel from
Torrumbarry Welr pool and pureplng from the River Murray] were considerad bess feasibla. While aperaticns through
the Old Cohuna Main Channel will mimic natural flood events in terms of area and location of inundation, it will not
provide oppartunities for connectivity with the River Murray, Cannectivity will still occur through natural and hybrid
events (where environmantal water tops up natural inflows),



7  Current Hydrology and proposed changes
7.1 Hydrological context

Gunbower Forest |s sliuated In the central River Murray system, comprising the River Murray and Its anabranches
from Yarrawonga Lo the confluence with the Darling Rhver at Wentworth. Major tributaries of the central Murray
system nclude the Goulbusn, Campaspe and Logdon rivers in Victaria, and the Burrumbidgee and Wakoal rivers in
MNew South Wales,

Flows downstream of Terrumbarry Weir - the major
regulating siructure adjscent to Gunbower Forest- are the
cumulative result of flows from the River Murray
downstream of the Barmah Choke, Goulburn River flows
entering wpstream of Echuca, and flows from the Campaspa
River enterimg at Echuca. At Barmah, river flows are limited
by geomorphological festures, with channeél capacty
restricted to approximately 10,000 ML day, As levels rise, the
Edward River and Gulpa system carry a larger proportion of
flows, by-passing Torumbarry Weir and the Gunbower-
Koondroak-Perricosta loodplain system downstream [CSIR0
2008; Atkins et al. 1991). Flood flows at Gunbower and
Koondrook—Perricoota forests therefore depend heavily on
flows from the Goulburn River.

Torsumbarey Welr (Photo Morth Contral CRA)

Tha extent of fiooding within Gunbower Forast is determinod by the height of the River Murray below Torrumbarry
Walr, Matusal flow diversions fram the Rhver Murray Inte the Gunbower-Koondrook-Perricoota forests commencas at
about 17,000 ML day, with flow diversions Increasing substantially as flow in the River Murray rises above 30,000
ML/day. When the observed flows downstream of Tarrumbarry Wedr are 30,000, 40,000 and 50,000 ML/day, the
proporthens af combined flew naturally diverted Inio the Gunbower and Koondrook—Perriooota Torests are 14%, 30%
and 41% respectively [MSW DECC, 2008). Flows in the River Murray at Tarrumbarry ‘Welr genirally do not excead
about 60,000 ML/ day even in the biggest floods (eg. 54,000 ML diy peak Mow during 2010-11 floods).

Gunbower Forest 5 characterised by wetlands In low-lying areas surrounded by broad areas of River Red Gum forest
at a slightly higher slevation on the ficodplain, and Black Box and Grey Box woodland communities situated on the
highest areas. The highest elevations in the upper forest fall away to the middie and bower sections of the forest, The
average fall scross the island is in @ north-westerly direction at a skope of 1 n 5,000 (URS 2001). Accordingly, the
dominant flow path through the forest is in o nerth-westerly direction |

Figura 7-1].

Water begins to enter Gunbower Forest at Spur Creek, Yarran Cresk and Barham Cut when fiows in the River Murray
reach around 14,000 - 16,000 ML day, Combined inflows through these effluents Fill the wetkand compleses In the
lower parts of the forest [Ecological Associabes 2003). The wetlands generally function as water holding basins on the
fhpodplain wntil the water is bost through seepage or evaporation,



At flowes of about 27,000 ML day, the River Murcay is bank full® and thers is significant flow into Gunbower Forest
through the warious effluents. To create widespread flooding of River Red Gum communities, flows in the River
Murray must be sustained above 30,000 ML/day (URS 2001], During these overbank flood events the River Red Gum
areas aperate a5 a ‘through-Row® system - where Inflow rates cause water to spread oul of the forest waterways and
wetlands. This water moves gradually through the forest eventually draining back Into either the Gunbower Crask or
River Murray

When fiows reach 40,000 - 50,000 ML day and abowe, the highest elevations In the upper Gunbower Forest ane
inundated, ficoding @ large component of the Black Box and Grey Box communities,

7.2 Current floodplain hydrology

The upper Gunbower Forest comprises the area
between Camerons Creek and Broken Axle
Creek. The corvidor 5 15 km long psd generally
2.5 km wide, lying between the River Murray to
the east and agricultural land to the west, The
upper Torest was originally part of & continuous
flocdplain systemn between the River Murray and
Gunbower Crepk. However, the western part of
the floodpdain has been  reclalimed for
agricuftural develogment by the construction of
# forest levee to contain Hoodwater near the
Rlwar Murray. The forest boundasy leves and
historical  earthworks  associated  with  the
develepment of early irfigation schemes (since the early 19004] have alterad the hydraulies of the upper Gunbower
Forest stgniflcantly {Ecolaghcal Assockates 2014).

Historial image of Cohuna Premphouse [Photo: Morth Central Chaa)

The current hydraulics of the upper forest can be described according to four general zones |
Figure 7-1):

Zone 1: Aivear Murray bends
Zone Z: Upper section - Camerons Creek (o Breneton Farm, including Pig Swamp
Zone 3: Central saction - Brereton Farm to Red Rise

Zone 4: Downstream section - Red Rise b Broken Axle Creek
& brief description of the hydraulics within esch of these upper lorest hydraulic zanes iz provided below,
Zone 1 - River Murray bends

The low-lying scroll bars (Le. river bends} of the upper Gunbower Forest along the River Murray bank are the first
areas to be flooded when lows are above 25,000 ML day. These scrall bars sre dominated by River Red Gums with
ceveral featuring deep billabongs which retain water after flocd peaks pass [Ecolopgical Associates 2014).

fone 2 = Upper saction - Camarons Creek to Brereton Farm, including Pig Swamp



The most upstréam section of Gunbower Forest betwesn Camerons Creek and Brereton Farm generally has a high
flood threshold but is crossed by several floodplain effieents which receiwg inflows. at moderate River Murray flows
[Ecological Associates 2014),

Camerons Creek diverges from the river above Tarrumbarry Weir and flows parallel to it towards Brack Charlie Lagoon,
The ground between the River Murray and Camerons Creek is elevated and generally remalns dry even when flows in
the River Murray are very high (Ecological Associates 2014). The creek is permanently inundated by the weir pool o3
far as Camerons Creek regulator. This regulator controls flows to the downstream section, but is leaky and provides
permanent inundation in the channel and Black Charlie Lagnon. The regulator is opened from time to tme to supphy
diverters dewnstream of the structure [Ecological Assodiates 2014).

A5 Black Charlie Lagoon spills the natural flow path is for water to flow through a series of shallow floodrunners wiich
distribute water across the forest fioor before flowing on o the Baggoels Creek area. The natural path of water out-

falling from Black Charlie Lagoon has been blocked by the forest boundary levee causing water to pond In this area
(Ecological Associates 2014},
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Flgure ¥-1: Hydraulic zones of Gunbower National Park

Gther floodplaln watercoursas in the upstream section of the forest also direct minor flood flows towards Baggots
Creek mcluding Dy Tree Oreek, Baggots Creek and Emu Hole Lagoon, Under natural conditions these watercourses
wire activaled by river discharges exceeding 25,000 to 30,000 ML/day, However blockages constructed on these
effiuents at the river bank may have ralsaed the flow threshold Lo over 50,000 ML/day, Prior to the construction of the
torest bowndary levee these watercourses woukd have eventually drained through te the Gunbower Cresk (Foological
Agsnciates 2014

Flood waters entering the upper forest through these channels now pool against the forest levee altering the water
regime and vegrtation structure. For exampbe Emu Haole Lagoon, which is part of the effluent that drains into Bagpots
Creek, now acts as a wetland that retains water for several months (Ecological Associates 2014),



High ground in the vicinity of Straight Cut Channel, a former irrigation: supply channel that extends from the River
BAurray to Gunbower Cresk, limits the potential for the northward fiow of water, Under matural conditions, before the
ferest levee was built, thismay have occurred only in excoptionally large floods (Ecologlcal Associates 2004,

Ione 3 — Central section - Brereton Farm to Red Riss

The central section of upper Gunbower Forest lies between Breérebon Farm and Red Rise. Deep Creek |5 the major
effluent sctivated at River Murray Ievels of 30,000 ML/day |

Figure 7-1). However, natural Inflows to Deep Cresk are now restricted by & block bank near the River Murray with a
300 mm pipe {Ecological Assodates 2014). Under natural conditions Deep Creek may have recalved inflows at river
Flows as low as 20,000 ML/ day [Tate, B 2018, personal commundcation, 26 November),

Historically, Deep Creek has been used as an lrrigation
supply channel and has been straightened, deepencd
and confined by levees an sither side, The levess have
bean breached at several locatlons fadlitating the
northern movement of water (Ecological Associates
2m4).

River flows exceeding approximately 30,000 MLU'day
allow wiater to splll ugstream fram Doep Creek towards
Old Cohupa Main Channel and beyond. A floodplain
depression n this area retains water to a depth of
approximately ope meber on the flood recesston and
supports @ River Red Gum with flood dependent
understorey, that when flooded B interspersed with
shallow temporary wetlands, At 30,000 ML/day water

abso spills northwards from Deep Creek along the Deep  Deep Creek, Old Straight Cut Channal showing immature
Cresl Branch {Ecological Assoclates 2014). eucalypts and dry channel (Photo: M. Barker)

The Old Cohuna Main Channel s a man-made feature within Zone 3 which affects the hydrology of the upper
Gunbower Forest, The Old Cohung Main Channel is & former iirigation channel that crosses the floodplain upstream of
Deep Creek. Substantial banks prevent water entering the channel from the River Murray. It is excavated into the
forest floor and confined by levee banks on either side, These leves banks have been breached in places, howeaver still
impede the llow of water across this part of the ferest, effectively ponding water on the upstream side (Ecalogical
Assoclates 2004),

Once fhver levels exceed 50,000 ML doy extensive Booding of the central secthon of the upper Forest ocours, Broad
overbank flows ocour at Mokay il Bend and Bell Bend. Water from Mckay Mill Bend travels across the Terest and
pooks against the forest boundary levee where it then moves in a brosd nortb-sastedy flow path towards Red Rise,

Flows of 50,000 MUday tend to remaln within the areas which support River Bed Gum with flood dependent
understorey. When flows of 50,000 My/day sre sustained for mose than one month, or i flows exceed 55,000
MLSday, the higher-level fleodplain dreas of Box woodland dre inundated,

Zone 4 - Downstream seclion - Red Rise to Broken Axle Creek



Downstream of Deep Creek the flow path across the forest becomes more confined within incised channels between
arezs of higher ground. A reduction in channel capacity may contribute to flooding in the Deep Creek area. Beyvond
this consiriction the Deep Creek Branch joins the Kate Malene Branch te form the well-defined and Incised Broken
Axle Creek,

Summary

The general distribution of water on the rising River Murray hydrogragh in Gunbower Forest ks surmmarised below,

Water Inundation pattern for Gunbower Forest

25,000 ML/day; water first enters the Gunbower Matfonal Park and floods scroll bar systems akong the river channe],
several of these areas feature deep billabongs which retain water after flood peaks pass.

30,000 ML/dey: water beglns to enter Desp-Creek fram the River Murray and spills both upstream and downstream,

35,000 — 40,000 ML/day: Inflows via Deep Creek Increase causing inundation of the River Red Gum Torests and
tarmporary wetlands in the central forast Meodgalain,

50,000 ML day: Inflows begin In floodplain watercourses in the upper part of the natlonal park including Dry Tree
Cresk, Baggots Creek and at Worthy Bend, Water flows eastward, Tilling Pig Swamp, Emu Hole Lagoon and Bagpots
iCreak Swamp. Flows of this size inundate River Red Gun forest and termporary wetlands #nd some areas of Black Box
woodland when flows ara sustainad for more than one month.

> 55,000 ML day! Inflows inta the central forest floadplain and upper farest flaodplain increase causing inundation of
the higher-level floodplain including Bax Woodland.

7.3 Altered flooding regime of the forest

To wnderstand the altered flooding regime of Gunbowsr Mational Fark - the frequency, duration and timing of
inundation - the flow pattern within the Rhver Murray downstream of Terrumbarry was modelied, The mean daily
flow series from Torrumbarry was evaluated from 1/7/1895 and 30/6/2009 (114 vears) for historical ‘natural’
conditions, "airrent’ conditions (with TLM wiorks), Basin Plan 2750 GL and Basin Plan 2100 GL Spelis analyses were
undertaken for flow threcholds betweaean 10,000 ML day and 55,000 ML/ day at 5,000 ML/ day intervals (Gippel 2014).

This has provided the associated flooding regime for the farest pre and post river regulation, and the potential regime
wnder implermentation of the Basin Plan 2750 GL




Table 7-1 and Figure 7-2 summarise the outputs.



Tahle 7-1: spells anabysis for downstream of Torrumbarny over 114 year modelled period

Flow Metural conditions Current conditions * Basin Plan {2750,000 ML}
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Flgure 7-2; Qutputs of spells analyses for River Murray at Torrumbarry (Glppel 2004},

7.3.1  Frequency

Moderate inflow into the Gunbower National Park commences when River Murray flows are greater than 35,000
b Lfday {Ecologlcal Associates 2014 Ecologlcal Assocletes 2010). The modslfing shows there has been-significant
reduction bnthe frequency of flood events that lmundate the uppor Gunbower Forest,



The most significant reduction in flopding frequaency ocoers in flows of 35,000 ML/day, where the flow frequency has
been almost halved to 3% of years compared to slmost 80% of years under natural conditions. Fhows of 45,000
ML/day now ocour in only 3% of years, compared to 60% naturally. Events exceeding 55,000 ML day oceur In only
11% of vears compared Do almost 0% undes natural conditions (Figure 7-3) (Gippe] 2014}

Under the Basin Plan 2753 &L scenario, there 15 only & minor improvement In the frequency of events of 35,000
ML day and for Nows abowve 40,000 ML/day (1o be mimicked by this project) the improvement in freqguency s
insignificant.
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Figure 7-3: Frequency of River Murray flow events at Torrumbarry for natural and current conditions.

1.3.2 Duration

Under natursl conditions the median duration of events of 40,000 ML/day and above is between two and three
mionths, however under current conditions the median durathon has been halved. For example the median duration of
45,000 ML day flows has reduced from 2.2 months to Just one month (Gippel 2004), Under cuerrent canditians there
has been little change to the medizn duration of flows above 55,000 ML/day from what occurred naturally (Figure
7.

Comparing natural conditions to those under the proposed 2750 GL Basin Plan, a marginal improvement on current
conditiens s apparent, for Mows between 40,000 ML/dey and 50,000 ML/ day, bul & deficit in duration of fiow events
stll remains (Gippel 2014).
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Figure 7=4: Duration of River Murcay flow events at Barham for natural and current condithons.

7.33  Timing

The date at which flow events in the River Murray commence has low variability and is similar under all scenarios,
Under current conditions flood events are now occurring later (about 4 weeks) compared (o najural conditions,



especiafly for the arger flood events which now have & median start date at the start of spring rather than mid-winter
(Gippel 2014),

1.3.4 Event interval

Under current conditions the median interval between events is significantly longer, by about two to three months,
than under natursl conditions acros thie entire discharge range (Gippal 2014),

Urder the proposed 2750 GL Basin Plan the varlability and magnitude of Intervals |5 reduced when compared to
currant conditions [Gippel 2014).

7.3.5 Summary

The spells analysis undertaken demonstrates that current conditions have substantially departed from natural [Table
7-3). For flow events of 35,000 ML day to 50,000 ML day the mast significant degarture from the natural llow regime
peours in frequency, followed by duratlon, Changes to the flooding regime of the upper Gunbower Forest suggest the
hydrodogical reguirements of the upper Gunbowar Forest ecosystem are not currently being met. Closing the gap
between the current flooding regime and what the forest ecosystern reguires |s critical to maintaining the health of
the Gunbower National Fark.

Table 7-2; Evaluation of mean daily flow series from Torrumbarry 1895-2003

Flews Matural conditipns Currant conditions * Shart fall from matural to
threskeld currant conditions
eucended Mian Median | Median Mzan Miedian Madian Mian Miledian
(AL dany) fraquency duratian start frequency duration | start date frequency duratian

{euents/a00yrs] | [days) data | (ovents/100yre) | [days) {pvants/100yrs} |  [days)
=35 (0 an ] hliid Juby a7 &3 Late fuly ] 16
45,000 61 8 Late Iuly 1] 30 Mid 30 as
August
»50,000 52 5 Late July 5 ] Early Ey) 8
September

Source: Gippel (2014), * Benchmark conditions [madel run 6575}, Figures rounded to the nearest whole number,

7.4 Proposed Hydrology

Regulation of the River Murray has significantly altered the Rooding regimea of the Gunbower National Park, reducing
the frequency and durstion of inflows, The gap between current and natural flows for the priority water regime
clazses [at most relevant Aow thresholds) are presented in Tabla 7-3 and Table 7-4.

The Gunbower Notiona! Park Enviranmenta! Works Profee! will mimic & natural flood event of up to 50,000 Mi/day
within the upper sectban [hydraullic 2one 2) and wp o 45,000 ML/day bn the central sectlon (hydraulfic Zone 3] across
500 ha of the Gunbower Mational Park, it will do this by delivering environmental water to the forest through two
new supply inlets:

1, Camerons Creek supply inlet - upgrading the natural connection of Camerons Creek to the River-Murray,
mimicking a natural flood ewent of up to 50,000 ML day; and



Z. Old Cohuna bain Channel supply Inlet —constructing a new connection to the existing irigation system,
milmicking a matural flood evant of 45,000 ML day,

Table 7-3: Fraquency and duration of events for 50,000 ML/ day fliow events in the Rlver Murray

50,000 ML day River Murray flow Matural conditions Current conditions * Basin Plan (2750 GL)
Froguancy (Mo, peaks per 100 yrs| 52 25 I8
Mean durathon {days) 53 ar 50

Table 7-4: Frequency and duration of events for 45,000 ML day flow events in the River Murray

45,000 ML/ day River Murray flow Matural canditlons Current comditions * BazinPhan (2750 GL)
Frogquency [Ma. peaks per 100 yrs) 61 31 £
Mean duration (days) = a 55

The inundation extent and area resulting fram watering of the Gunbower National Park, through this supply measure,
are presented in Table 7-5. Further information on the area to be inundated, the types of habitat and vegetation
watered, and the net volume of water used at each site, accounting for return flows to the Kiver Murray, 1s described
further below for each of the supply inlets,

A description of the hydraulic models developed to inform the Project and the assoclated calibrationfvitlidation
results, and assumptions, Is provided In Appendix 5. Sectlon 8.2 provides further detail on the range of scenarios in
which watering of the forest will occur.

Table 7-5: Areas of WECs to be watered In the Gunbower Mational Park

Camerons Crech supply Old Cobuna Main Tatal progect prea
inlet Channel supply inket
Water Regime Class | Area [ha) %af A (ha) % af Tatad area Tetal araa % of
flaaded mapped flooded WHCS flonded mapped rotal
Wiz [ha)* [ha} WRC*
Permanent Wietkands & 45 - - TH 171 44
Tamporary Wetlands 5 d i 45 iy 71 4
Red Gum with flood- 133 11 LI 93 250 1353 X0
depandent
unarstorey
Bow Weodlands 3l 3 17 ] a5 1oEF 5
Total 145 B.11% 255 g 500 325 17

* Total area not flooded by any other infrastructure

The Project will maet the watering requirements of approximately 500 ha of the Gunbower National Park. This
includes almost half of permanent and temporary wetiands (45 and 47% respectively|. Twenty per cant (250 haj of the
River Red Gum with fliood dependent understorey will also be flooded. These water regime classes have the greatest
deficit in their flooding regime. '



7.4.2 Camerons Creel and Black Charlie Lagoon

The proposal for the Camerons Creek supply Infet 1s te mimic the inundatian extent, freguency, duration and timing
resulting from llows in the River Murray of up to, and including, 50,000 ML day across the Project area {Figure 7-5).
Flow events of 50,000 ML/day would have occurred approximately 52 in 100 years for 53 days  prior o river
regulation, and now oocur about 25 In 100 years for 37 daye [median duration) [Gippel 2014]). Events of this
magnitude would have resulted in the inundation of all wetlands and most of the River Red Gum with flood
dependent undertarey in the upper Gunbower Farest (Ecological Associates 2014).

Camerons Creek Regulator [upstream) [Photo G.5mith]

Inflows will be dellvered wia Camerons Creek. Once Black Charlie Lagoon i filled, water will spill towards the Baggots
Creek ares, Flows will be delivered at up to 20 ML/day and continued for approximately 14 daye to achiews an
Inundation extent equivalent to that of a 50,000 ML/day River Murray flow across the area (Figure 7-5). Once tha
maximum desired extant ks achieved, the Camerans Craek inlet regulator will be closed ar have Now reduced Lo mstch
upstream irrigation dermand,

Flgure ¥-5: Flood extents after filling of Black Charlle lagoon for Inflow rate af 20 ML day (source Water Technology
2014]



T1.4.3 Central Forest Floodplain

The propesal for the 01d Cobuna Main Channel supply inket & to mimic the inundation extent, frequency, duratian and
timing resulting fram fiows tn the River Murray of up to, and including, 45,000 BL day, Flow events of 45,000 ML day
wolld have occurred approximately 61 in 100 years for 68 days prior to river regulation, and now coocur about 31 in
100 vears for 30 days (median duration) (Gippel 2004}

Inflows will be delivared via an existing irfigation channel within the TIA (see Section 11.3). Flows will be delivered at
up to 50 ML day. After 14 days the maximum extent is achieved upstream of Deep Creek achieving an inundaticon
exbent equivalent to that of a 45,000 ML/ day flooding event, Inflows can be continued Tor a Turther approdmately 40
days allowing water to continue to spilf downstream of Deep Creek (refer Fgure 7-8) creating flow and inundation
within the confined witerways and some spread onto the lloodplain,

Figure 7-6: 50 nL/day inflow from Old Cohwuna Main Channal to Spur Creek Island



7.6 Water use

Thera |5 no return of water to the River Murray o Gunbower Cresd under the proposed operating scenarios (Saction
B.2] for the Gunbower National Park. Irrigation water introduced into the farest from the Okd Cohuna Main Channel
will eomtinee ba fow down into the lower Gurbower Forest The proposed watering event of 3 few months is not
expected to be sufficient for return flows from the forest to the River Murray. However a waterng event combined
with Hipwell Road would return flows lower down the forast, Once the desired period af the watering evant inliow
has been achieved, inflows will cease and environmental water will Be retained within the forest above Deep Cresk
before gradually infiftrating and evaporating. Downstream of Deep Creck water will continue to move down into the
lower Gunbower Forest and gradually infiltrate and evaporate, The water use lor each operating scenario is therefare
calculated by the inflow volume {Tabie 7-6).

Table 7-6: Estimated water use unider the proposed operating scenarios

Scenaria Inflaw
volume
(ML)

Carnerans Creek supply inlet

Black Charlie Lagoon fill ffrom dry) 300

Black Charlie and Baggots cresk 580

Obd Cohune Main Channel supply inket

Lipstream of Deep Craek floading |14 days) JOn

Lipstream and downstream of Deep Craek fiopding (40 days) 2000




8  Environmental water requirements
8.1 Water requirements

The environmental water requirements for Gunbower National Park have been defined according to modelled natural
conditions and referenced with the hydralogical requirements of the ecological values present.

The primary ecological objectives for Gunbower Mational Park {Section 4) are;

v River Aed Gum: Resloce the health of River fed Gum forest with flood dependent understorey {incheding
remporary wetlands),

o Matlve fauna in wetlands: Provide drought refuge habitat for fauna (particularty small-bodied native fish) through
restoration of Black Charlie Lagoon.

*  Waterbirds: Restore a healthy wetland bird community through improved access to feod and habitat that
promates breeding and recruliment.

The indicative hydrologicsl requirements for each ecological component described through the objectives are shown
in Tabbe &1. The justification for the hydrological requirements ks based on a substantial (scientific based) literature
review 25 well a5 Input by expert ecologists. Refer to the Ecologice! Objectives ond Hydrologicol Requirements
lustification Poper 2014 for Gunbower National Park for detalls on the scentific evidence supporting the
enviranmental water requirements outlined below.

Black Charlle Lagoon, 3008 {befors floods) Black Charlle Lagoon, 2011 (after floods)
{Phote H. Elelngrt] (Photo Morth Central CMA)
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8.2 Hydrological gaps to be addressed

Modelling suggests that bydrological requirements will not be met under the Basin Plan {2750 GL] conditions {Run
6761 BP2750 dally flow lrme serfet) (Giapel 2004), This infarmation has guided the operating regime for the supply
measure [discussed In the next section], eo that the hydrological deflots are addressed and the ecological objectives
ean be realised.

Table 8-2: Hydrologlcal gaps In achieving the project's ecological objectives under the Basin Plan

Equivalant Rivaer Murray Wataer regime parameater Optimum for | Basin Plan Daficit to be
flow threshold water regime | (2750ML) addressed by
class progect
25,000 ML/day Frequemncy [mean) 9.5 I 10 yrs 7 in L0 yrs 25in 10 yrs
Diuration {median) 253 davs TE days 177 days
Timing {month of median Winter/spring | July -
event start date)
45,000 ML/ day Frequency (mean) G in 10 yrs 3 |n10yrs Ain 10 yrs
Duration { median) 68 diys 55 days 13 days
Timing {month of median Winterfspaing | July
event start date)
50,000 ML/ day Frequency (meisn) G in 10 yrs 3 Im 30 yrs 3in 10 yrs
Duration {median) 62 days’ 35 days 27 dawys
Tirning {manth of median Winter/spring August -
event starl date)

source: Gippel (2014) - based on Bun 6761 BP2750 daily Mow time series, downstream of Torrumbarey data,

Mite 1! Twil imanth ﬂﬁJn"ll.ﬂ'ﬂ duratian chasen [in the |I='|'tu|‘l.l'l'-|] & this achisves the durathon -I'E-ql.l|l"l’.'1:'l'lél‘1t1:ﬂ'3-! I'I'IEI'I'lrI!lT'Ij'IE' EWCE
within the River Hed Gum forest with food depandent undorstorey water regime classas passible. See Forapioal Obfecrves o
Hyayelogicel Requirements Justifiontion Poper 2004 for Gunbower National Pari,




9  Operating regime
9.1 Overview

The Project proposes to relnstate a more natural flooding regima for the Gunbower Matlonal Park in order to support
andl enhance the site’s significant environmental values. This will be schieved by constructing infrastructure that will
enable the delivery of water, under & range of seenarios, from the River Murray and the Torrumbarry Ireigation Area
into the forest. The water will be used to meet the current deficit in the flooding regime of the forest, and component
wirter regime classes, in summary the operating regime for the Gunbower Nationsl Park package of works has been

designed to:

o [ncrease Lhe frequeney of inundation by walering in years when there are no natural evenls, filling the feodplaing
from a dry siate;

#  Increase the extent and duration of inundation by complementing flooding from natural events;
= Meet the specific waterng reguirements of the prisrity ecological communitiesfwater regime elasses;

o mmimic a 50,000 ML day fleod event in the Camerans Creek, Black Charlie Lagoon and Baggots Creek anea, which
wiould hawe occurred about 50 times per 100 years prioe to river reguiation and now oocurs about 25 times per

100 years | Gippel 2014);

¢ allew managed flood events in the central forest Moadplain (the central part of the upper forest) using the Ok
Cohuna Main Channel {officially the 2/4/1 Channel] 1o operate as-a through-floe systam that mimics the farest’s
natural hydrology equivalent of up To a 50,000 ML/ day flood event;

o hulld oo natursl flooding throwgh hybrd' watering events that add to the extent and duration of natural avents,
o peovide foraging areas to support Rige waterbind breeding evenis that ocour in the lower forest;

v provide drought refuge areas i the upper forest to improve the security of permanent agquatic habital availabdity
in response o dry climate scenarios; and

o provide operational flexibility 1o meet the varlous waber requiremants of the flora and fauna communities.

This section outfines the propossd operating scenarios; designed to meet the hydrological requirements of tha
ecological objectives, and the role of operating infrastructure in implementation of the different scenarios.

9.2  Operating scenarios

Two separate, parallel scenarios have been developed. These have been designed to meet the ecoloaical objectives of
different aspects of the upper forest, The wuse of multiple pathways allows the Project to targsl specific outcomes at
the sarme tirme as minlmising casts, impacts and potential adverss acological effects. The two operating scenarios are

o Permanent wetland watering (Camerons Creek and Black Charlle Lagoon|

¢ Forest oodplain weatering (River Red Guen and temporary wetlands)

Table 9-1presants a summany of operating scenarlos and the ability to meet the flooding regime reguirements of each
water regime class, :



Takle 9-1: Overview of scenarlos and their abifity to meet the flooding regime requirements of the water regime
classes.

SCENARIO Permanent Wetland waterlng River Red Gum watering

Water Frequency Diirgtien Timing | Frequency Durgtion | Tirming
ravgime clpss
Hiver Red
Gum FOU
Parmanent
Wetlands

The operating scenarios can be dellvered either as stand alone watering events (into a dry forest) or as ‘hybrid events’,
enhancing the Inflow rate or duration of unregulated fows. The combined use of natural with introducad inflows
genefates multiple benefits [(Marth Contral CMA 2010k ] such as:

* Migmising the chance of successful wetland bird Breeding events by making use of climatic cues:
*  Greater floodplain inundation, creating a greater food resource for water binds;

* Enabling use of the flosdplain by native fish — an outeorme that |s limited through artificial delivery via the
Irrigation system; and

¥ Greater connectivity between the forest and River Murray = important for magimising scosystem functions.

Thé relationship between the scenarios and the ecological objectives is outlined in Table3-2.



Tabbe 8-2; Summary of operating scenarios and their fink to the ecological objectives

DOperating scenario
Ecological ohjective Permanent rorest
wetland watering wll:

Riwer Rod Gum with flood depandent understorey

Ovarmrechimg: Healtly River Rad Gum forests with flood dependent understonsy
[ternparary wotlamds).

Achbeve an sppropriste cover and diversity of spedies charsetaristic of the plant
functional groups found in the Aiwer Red Gum FOLL,

Masimine the proportion of trees with healthy canopy candfian in the Riser Rad Gum
FOLL.

M.aintain and whers possible incregse the current diverstty ol theeatened florm
pecied,

Raduce the area of high threat wead spacies,

Mative fish in wotlands

Owarmrehinng: Drought refupe habitat provided for fauna (particalarly smal-bodbad
nathve fah| in Gunbowes Maticnal Park through Black Charlse Lagoon,

Maintatn and whera passible improve the current diversity of the small-bodled native
fish commundty in Black Charlle Lagaan,

PFramote recrultmant of wmall-badied natkes fish in Black Charlie Lagoon.

Mative bhirds

Cwerarciing: Healthy wetland bird community through bmproved access to food and
habitat that promotes breeding and recrultment.

Contribute 1o the colenia! nesting waterbind cormmunity In the lower Gunboaver
Farest by providing foraging areas in Gunbowsr National Park.

Provida suitable habitat for the threatened (EPBC-lsted) Australasian Blttern in the
Gunbowver Mathonal Park.

maintain ard wheare posstbie Increase the current diversity of threatenad wetland
bird species

9.2.1  Permanent wetland watering

Water will Be delivered (o Black Chardie Lagoon wia Camerons Creek using the new regulator and Sreigation weir.
Defivery will continue until the level within Biack Charlie Lagoon reaches B5.05 mAHD, to achieve the reguired
inundation extent (16 ha). Seventy two hectares of Camerons Creek will also be watered as part of this operating
scenario (Water Technology 2034a).

In summary, the indicative inflow pattern will be:

¢ Filling at peak Nows of 20 Mi/day for 15 days to fill Camerons Creek downstream of the regulater and Inundate
Black Charlle Lagoon to Full Supply Level [B5.05mAHD],

o (Dosing the regulator and ponding water for at least 12 months,

¢ Delivenng top-up flows if required,

Tahble 5-3 below summarises the proposed infrastructure operation to deliver water to Black Charflie Lagoon under this
.scenario, This reprasents filling from dry to full supply kevel — the masimum watering option except for when grester



flows and water depths/inundation areas are required towater the Baggots Creex area. Less water will be required for
wietland topping up.

Table 9-3: Dperating plan summary for permanent wetland watering scenario

Companant Permanent wetiand watering scenasio

{Black Charfiz Lagoan)

Frequency of didheary 10 yoars i 10 [no natural flosding espectad)

Timing irter spring

Inundatad area 16 ha ak FaL BS,05m {Water Technology 2014z}

Paakinflow rata A0 Lty [Wiater Tachnology JI'.'I-H;-]"

Deliary tirme (days te Nl From dry) Apprest 15 days (Water Teckinology 2004a)

Drying time {doys to diy for watiand oree infigws 12 martks [Water Technology 2014a)

CEasa)

Desired duration of inundation (from bydeobogical 365 days (e, 12 mths]

reguiraments)

estbnated total water Infiow (8L} 300 ML* {(Watering from dry. Topping up if required will requine

texcluding ramp ug, ramp down and contingencies) lass watar each year)

ot 1: Accurate levels for Black Charlle Lagoon are nat available, Capacity hos been estimated from an average degth of 1.5 m (it
I+ understood to ke 3-3 m desp in parks] with an area of 16 ha, This i5 graater than the Water Technology [2014a) eddirmate. Fuzld
cbservations and |ocal knowledge Indicate that the 2-3 m dapth & more realistic, Bathymetric surveys of the wetland will be
reguired to refine this figure,

Pt 31 & volume of &0 ML s estimated to be reguired for charging the cresk downstream of the regulating structure, befors water
erers Alack Charlie Lagedn.

9.2.2  Forest floodplain watering

The forest floodplain watering soemario afms to reinstate a more natural flooding regime for the River Red Gum FEL,
including those areas supporting temporary wetlands, This scenario will contribute towards achisvemant of the
Project’s ecologheal objectives for the River Aed Gum vegetation communities and natlve birds,

Watkar will be delivored to mest the shartfzll in freguency and duration of natural fooding, and to target the wabsr
requirements af the River Red Gum FRU i twe makn loeations:

¢ Central forest foadplain — 255 ha in te vicinity of the Old Cahuna Bain Crhannel, spanning from the Munzel Road
area in the south to konro Track (Red Rise areal in the north.

¥ Bapgots Creck area — 154 ha immediately downstream of Biack Charlie Lagoon.

These ocations were chosen as they contain flocd dependent values over a refatively large ares and can be targeted
forenvironmental watering thraugh minar infrastructure warks.

The scanario relates to watering the forest floodplain from dry in ordar to achiewe the desired frequency (and
duratlen) of watering in addition to that supplied by natural events. The floading will mimic an event up to
approginately 50,000 ML dey at both locations:
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Baggots Creek, exft from forest (Phato: Narth Central Forest lining waterway between Black Charlie Lagoon and
cMAl blllabong south of Baggots Creek Track. (Photo: Morth Central

ChA)
9.3 Infrastructure operation (from dry)

8.3.1 Central forest floodplain

Wwater will ba dellverad to the central forest floodplain by the Ofd Cohuna Makn Channel (officially known as the 2/4/1
Channed), which is suppliad off the Mational Channel and crosses over Gunbower Cresk through a 70 m long flume.
Whilst the 20401 Channel capacity te=lf has a large cress section and Righ capacity, the capacity of the flume and a
furmber af other farm road vehicle crossing points |5 a constraint on water dellvery Inte the forast from this bacation.
Warks will be required Lo achisve the desived (fow rates af 50 ML day.

water will spread north and south fram the Gld Cobuna Main Channgl inlet point, following the lower Iying areas of
thia ferest supporting temperary wetlands and River Red Gum FOLL ‘Water Tlow |5 slowed by the Banks of Deep Creek
and rasylls in upsbream ponding. This inundation pattern mimics the pattern of water distribution that occurs from
natural Rivier BMurray mflows Water will continue downstream through the natural braided system that occurs to the
morth of Deep Croek. Dowrstream flow will depend on the duration of a given wataring swent, Within two 1o three
days, flows will reach Spur Creek Island, and then into the lower Gunbower Forest, to the sime areas as watered by
TLM Hipwell Road infrastructure,

Once inflows cease, water will continue draining throwgh the foodplain system, with sorme water ponding in the lower
tying sections [i.e, temporary wetland envirsnments) before being lost to evaporation and ssepage.

A summary of the proposed infrastructure operation to deliver water o the central forest floodplaim of Gunbower
Mational Park under this scenarko s presented in Takle 9-4 and Figure 9-1. This represents the maximum use of the
Infrastructure |.e. water defivery to 8 dry forest with the aim of creating the maxzimum flood extent within the River
Red Gurn FOL.
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Figure 9-1: Central forest floodplain watering scanaria

Tahbe 9-4; QOparating plan summary for central forest floodplain watering scenario

Component Forest floodplain watering scenario

Froquency of daltary A wears In 10 {Iinundation kn othar years provided through natural flocding ta
achipue the &in 10 flooding freguency]

Timirg Wirtar

Dealivery time |days o 0 rom dryd | 19 deys (Warer Technobogy 2004a)

Feak inflow rate (WL day) Sl MLy

Inundated area (haj 175 ha —upstream of Deep Craek [Water Technalogy 2014al
& ha — dpwrstream of Desp Creek (Water Technnlogy E'ﬂid‘-u:l

Tetal water inflow (ML) 2,750 ML [45 diays x S0 ML day|

Duration of delivery omeoe E1 days (Water Teehnobogy 2014a)

floodplzin full | deys)

Drainage time [days to ey from 2 wesks ba 3 months [Wates Technology 2014, CCore peds, comm, 23 Movamber

fully 20da).

Total duration of ponding (days) an{le. 3 mitha approx.)

L. total lengeh of event

9.3.2 Bagpols Creek area

Water will be delivered to River Red Gum in the Baggots Creek area Immediately downstream of Black Charlie Lagoon
from Camerons Creek. Inflows will be provided to achieve the maximum inundation of the Rver Red Gum
communities, while minimising watering of the Black Box community (Riverine Chenopod Woodland],

& surmmary of the proposed infrastructure operation to deliver water to the River Red Gum forests In the Baggots
Craok area is presented In



Table 8-5, This represents the maximum use of the infrastructure L.e. water delivery to a dry forest with the aim of

creating the maximum flood extent in the River Red Gum FOU.

2.3.3

The Hybrid operating scenario will supplement natural Inflows that enter the forest from the River BMurray. All
opporiunities to use natural Inflows will be sought as they ane likely to resilt In a greater environmental benefit

Takle 9-5: Operating plan summary for the Baggots Creek area foodplain watering scenario

Component Baggots Creck floodplain watering scenario

Frequenﬂ,' ol |E|I'.=El"r B ysarsin 10 [imundation in ather wears provided I.'|'|r4;|i|.|g,l1 natural flonding bo
achiove the &in 10 faading frequancy|

Tireeng Wiriter

Delivery tima [days to il from dry} 14 days (Water Techrology 2014a) = from when Black Charlie Lagzan full

P=ak Indlow rate (ML day} 201 WL day [Water Technnlogy 2014a)

Imundated area [hal

76 haa — Block Charlie Lagoon and Carmerons Creek [Water Technology 2014a)
170 ha —8lack Charfie Lagoon and Camerons Cresk (Water Technobogy 20d4a)
245 ha total

Total water Inflaw {MLI

S40 ML

Duration of delivery once flesdplain

& days &t appeonimately 10 ML day

full {days|
Drainage timo {days o dry from fully | 40 days (Water Technology 2014a). Lo, 1,5 miths appros.
Total duration of ponding [days) GO days [i.e. 2 mths approos)

i.a. total length of evant

Hybrid scenario

compared to fully managed events, Benefits of using natural inflows include (North Cantral CMA 20106)

Maximising the chance of successful bird breeding events by making use of chimatic cues:

Greater Noodplain Inundation, creating & greater foed resource far waterbirds;

Enabling use of the floodplain by native fish — an outcome that is limited through artificial delivery wia the

Irrigatlon syster;

Lse of less envirenrmental water allocathon wolume bo achieve ecological outearmes; and

¢ Greater connectivity between the forest and River Murray —important for maximising ecosystem functions.

Extending forest flioodslain rundaotian; Under natura! conditions, inflows of 35,000 MLAday {Ecological Sssaclates
2014 would have oocurred In cight in ten years, with events lasting about 80 days on average, ranging from one to 4.5
manths (Interguartile range) (Gippel 2014). Under current conditions [benchmark model run 6575), Aows of this size’
last about B3 days on average and range from one to 3.5 months {interguartile range) (Gippel 2014). The central
forest floodplain ponds water for about 2.5 months on average. :



«  Eaggots Creek area: Inflows of 50,000 ML/day are needed to achieve River Red Gum inundation in the Baggots
Creak area due to regulation and effluent blockapes (Ecological Astociates 2014). Under current conditions
(benchmark model run 6575) flows of this size last about 37 days on average for approdmately 1.5 months
finterquartile range) (Gippe! 2014).

+  Some natural floods will require intervention to extend the effective duration of flooding if the forest floodplain
yegetation in the central parl of the Gunbower National Park is toachieve its bydrological requirements.

For the central forest floodplain, & continuous inflow via the irrigation system of 50 ML/day would maintain the
inundation extent (Water Technology 2014a} after a late winter/ spring natural overbank flow (Gippel 2014), In
practice, the dellvery rate and timing would be adapted to meet the needs of gach individual situation incheding
changes in evaporatian ower time,

inthe Baggots Creek area, @ minimum inflow of appreximately 2.7 ML/day would maintain the inundaticn extent
in this part of the forest (Water Technology 2014a) after a late winter/ spring natural overbank flow (Gippel
2014),

9.3.4 Discussion

The Oid Cohuna Main Channed and Camerons Creek will be operated to mimic 2 variable fiooding regime for River Red
Gurns, In terma af flood estent, timing end number of flood peaks.

A 50 ML day inflow through the 0id Cohuna Main Channel and a 20 ML/ day inflow through Camerons Creek will
mimie up to a 50,000 ML day River Murray inflow, which would have naturally oocurred In approximatesy fve out of
ten years.

9.4 Role of operating structures

The role of each engineering structure required for the operating scenartos is outlined below [Table 9-6].

Table 9=6: Roke of structures in the operation of the project

Dperating structre '| Aole in operations | Operating scenarlofs)
Camurgns Cresk
Camerops Craek [ Emables accurately controfied relesses of water further down Pafmancnt wetland watering
Irrigation Weir gnd Camerons Creek too mipph environmental water o Camerans Creek, River Red Guim wakering
Regulator Black Charlie Lagean and the Baggots Cresk area, Hybrid watering
M Prowvides operational fledbllity for permanant wathind watering and
River Hed Gum watering.

Il Prevents downstream leakage of waber thus removing the
averwataring of wegetation as presently oocies.

1 Emables contlnued water dallvary to the irigators accessing the
diversiars from the Tarmumbarry Weir,

Torrumbarry Weir (I Enables automatic control of the Camerons Cresk krrigatian Weir and | Permanent wetland wataring
Aaad weir and water Rapulator based on water level to provide dewnstraam flowes to Black | Alver Red Gum watering

bewe| msnitaring Charhe Lagoan and Baggots Créck arek. Hybrid wakering

Black Charlle Lageon [T Enebles sutematic and remate menitoring and contral of water Permanent wetland watering
water level inffows to Black Charlie Lagoon by controlling the Camenons Creek River Resd Gum watgring
menitErng Irvigation Weir and Regulitor and thus the flow of the Tarrumbarry Hylirid watering

Widr Road veeir,




Operating structure | Robe in operations | Operating scanariois]
Ok Cohuma Masn Channel
Farm Crassing L Enables p greater water delivery rate down the restricted Old Cohuna | River Red Guim watering
Replacements miain Channel to madlrmise flows o the central forest fioodplain (Rivar | Hiybeid watering

Resd Guim forasts),
DCKEL Irrigatisn T Enahles control of waker outflaiws Fromm the Oid Cobung Main Channe River Red Gum watering
Farest Supply and into the cantral forest floodplain (River Red Gum forests). Hybrid watering
Regulator
DICRAC Flesad L Contrals outfiess from the floodplaim during a major river caused
Regulatar flond, This regulator is located within the exsting Gunbower Mational

Park tood protection levee.




9.6  Operational considerations

The Gunbower Notiona! Park Environmental Warks Project proposes 1o supply water to the forest via Camerons Creck
and the Cld Cohuna Main Channel, which are used to supply irfigation water to local irrigators, Camerans Creek
diverters are private diverters and take water directly off the Torrumbarry Weir pool. The Old Cohuna kain Channel is
part of the Torrumbarry Irrigation Area. The successful implementation of operating scenarios therefore depends on
the physical eapacity of the system o deliver the reguired flows at a particular time of year while maeting the dermand
from other customers.

In Victaria, envirenmental water can currently access the irrigation network via the following means:

Delivery Share: Entitles the holder to a 1 ML day share of the channel system capacity during the brigation season (15
August to 15 May]. Priority access is given to delivery share holders,

Casual User: A& guaranteed supply once arder is placed. Firsk to lose access |F water restrictions or demand from
diefivery share holders.

Interruptible Supply: Lowest level of security with access only avallable once other customers' demands met,

Moe: this s the current Framewark for delivery of water within Victoria and is subject to change. Under corment operational
coftlitians, it |= propesed that the majorty of water delverad to the Gunbowsr National Park would be pomvided as interruptible
supply. Tha foflowing section discissas this Inmona datall

961 Torrumbarry lrrigation Area

The Torrumbarey Irrigation Ares covers 167,000 ha in northern Victoria and extends along the River Murray from
Gnbower in the east to Nyah in the west and includes the towns of Koopdrook, Cohuna, Kerang and Swan Hill (G-RMW
20030, 1 i monaged by GMW and consists of a complex distribution network of natural waterways and 1400 km af
manmade irrigation channels.

Thex district originates from Tormumbarmy Weir where water from the River Murray is diverted through the National
Channel Offtake Into the National Chanmel, The National Channel [approximately 4,000 WML day capacity) |5 a
straightened and enlarged section of what was originally Gunbower Creek. Water can elther be diverted Into
Gunbower Creek at Gunbawer Welr, or continue down Taylor's Creek to supply the Number 1 and 2 channe systems,
or anter into storage at Kow Swamp. Gunbower Creel has 8 numbes of welrs and regulators that feed lrigation
channels and supply wetlands in the Gunbower Forest (e.g. Ready Lagoon and Black Swamp) iMorth Central Cha
2014h).

9.6.2 Old Cohuna Main Channel

Delivery to the central forest foedplain is constrained by the 50 ML/ day capacity of the exsting Mume over Gunbower
Creek, Given this flume is required to supply irrigators, the ability to deliver the full capacity of the Tume (50 ML day}
iito the forest to achieve the desired inundation extent, is restricted to the irfigation off-season (May to August].

It is intended that environmental water deliveries to the River Red Gum areas of the central forest will ooour on
gverage three years in ten under Batin Plan (2750 GL) conditions. Maore freguent watering may be regquired inthe
abgence of natural floods (e.g. during drought periods), With ongoing communication, it is expected the three year In
ten dulivery schadule will resilt in fow confiicts with GMW's channal maintenance/capital works program. that occurs



over winber, However, it & important to note that capacity availability has not been modelled and will reguire
panfirmation prior to implementation of the Praject.

9.6.3 Camerons Creek

Camerons Creek 5 currently used by gight surface water diersion customers as a source of irrigation supply to their
proparties. The raquired capacily at the ofltake for Camerons Creek and the diverters channed has been estimated on
the bagis of the Rural Water Commission's method of eguivalent outlats at 50 ML/day (GIM Civil 2014). The hydraulic
modelling undertaken astimated the Camerons Creek capadity at 180 MU/day (Water Technology, 2014a),

Whilte aperation of Camerons Creck is linked to River Murray operations, glven the inflow volumes are small and
required for short periods in winter, capacity constraints are not an issue for endronmental water delivery to the
Bapggats Creek area. Camerons Creek is used by regulated River burray diversion customers. However, environmental
wirtiering will pose no impact to the ability of these lrrigators to access thelr entitlements



10 Socio-economic impacts from operation

The methodology for assessing the risks has been briefly outlired in Section &and further infarmation ks provided in
the Project’s Risk Monegement Strategy. Potential adverse ecological impacts are discussed In Saction Errer|
Reference source not found. and the Project development and construction risks are discussed in Section Errar]
Reference source not found..

This seclion describes the patential ndverse impacts that may result from operation of the supply measure on;

#  socip-economic values and

#  cultural heritage values.
10.1 Overview

Gunbower Matlonal Park is a multi-use site with 3 range of social and economic values and benefits for local and
regicnal communities. Commercial uses include apiculture (bee keeping] and tourism. A soctal impact assessment
study undertaken in 2009 identified that the level of expendiiure bn local shops Increased by 33% in busy holiday
periods from visitors to the forest (SKR 2007). The creation of the National Park in 2010, excluded previows, higher
impact economic uses of the forest including grazing, hunting and timber harvesting.

Soclal and recreational uses Incude low impact activities such as camping, fishing, swimming, boating and horse-
riding,

The results of the risk assessment to social and economic values of the forests are shown In Table 1001,

Table 10-1: Prierity soclo-economic risks

Consausanie

Leas of access for
recreaticn

Lozs of cultural hertapgs

Mepative impacts of Likolby Muocherais Possibia Minor bodarain
flooding on apiary
Damage to relationships Passibbe Major
with Aboriging
stakaholders

Third pariy flooding Likeky hioderate

Unlikeky Maderate Moderdiz

Unlikefy ninar taderais

Environmental watering in the upper forest will temporarily reduce access In years when watering Is taking place, as
would be the case when natural flooding ocours, This will restrict sodal and economic uses of the forest which are
dependent on access to these resources, The sodal benefits of llooding, fech s increased opportunities for
recrestional uses and improved aesthatics af the forest, will affset some of the potential impacts.

The Praject cverall will kelp to restore and maintaln soclo-seconomic recreational and tourist values - albeit at the rick
of limiting access for periods of time. The cost benefit assessment In Section 13.8 confirms the major potential
benefits from enhanced watering for recreation and the reglonal aconomy. The mitigation controis invalnl a number
of elements described in Further detail below.



10.2 Loss of access

Rights of acoess to the forests to manage beehives are subject to lcences. Standard leence canditions include that the
licensee may be required to remove bee hives from, or not place bee hives within, the licence area to allow the public
lard manager to condwct management operations {DEF, 2014b). Early warnings to bee-keeping licence halders before
watering commences will allow Ume to adjust operations. For example, bee hives may be placed on the outer edae of
the Hooding extent, and the bees can still use the forest, which is fikely to have more flowering as a result of the
ftoading. With these controls in place the residual risks for aplculture is deemed to be ‘possible’ with o *minor impact’
generating an awverzll risk rating of "Moderate’,

The Stoketoider Monogement Strategy (discussed In Section 13) will be updated following approval to proceed with
the Project. Key angagement and communication activities will be informed by the particular phase of the Project and
the individual needs of the key stakeholders. Clear and timely communication of planned watering activities will be 2
key cormponent of this. Engagement with tourist information centres to ensure that visitors have appropriate and up-
to date information will be ane tool utilised to enswre the impacts of flooding of the national park Is reduced.

The Morth Central ChA prépares annual seasanal watering proposals for all sibes that are to receive environmental
water, under Victoria's envirenmental water sllocation framewark, Developing the propoesals involves consultation
and engagement with envronmental water advisory groups, comprised of interested community members and
stakeholders, This process ensures that all parties’ interests are considered in planning and implementing  any
watiring event,

The Project overall will help to restore and maintain socio-economic recreational and tourist values - albeit at the ridk
of [imiting access for perfods of time, The cost beneflt assessment in Seclion Errar] Reference source not found.
confirms the major potential berefits from enhanced watering for recreation and the regional econamy,

10.3 Cultural Heritage

Flooding of the Gunbower National Park has the potential to impact on cultural heritage sites by inundating areas of
cultural sensitivity. The cultural heritage management plan, in development for the Project, will ensure that these
impacts are considered in the implementation and operation pheses. In addition, the Morth Central CMWA s
undertaking praject work with Gunbower Forest’s Traditional Cwners to progress the develapment af meaningful
cultural flow objectives to enhance and complemant the ecological objectives for forest,

10.4 Third party flooding

The Upper Gunbower forest is bordered to the south by agricultural land. Historically, this agricultural land would
hawe Tormed part of the Gunbower Forest. The cleared agricultural land however |5 now protected by a systerm of
levees to provide protectlon fram natural flead events, There is a risk of third party Impacts associated with private
land fiooding should the kevees fail,

In arder to demonstrate that this risk can be adequately mitigated for this proposed supply measure, an informed risk
assessment was undertaken (Water Technalogy 2014a), accompanied by the development of a comprehensive sulte
of potential risk mitfgation options. This assessment was underpinned by scenario-based hydraulic modelling [DH!
2014, Water Technology 2014a) and Iever condition assessments (DM | 2014; Watar Technology 2014a), The hlp'ﬂrﬂ.!:llli:
modelling reports and the gk assessment were reviewed by the Expert Review Panal for Victorian wpply medsure
business cases, wivwo detarmined the process and work undertaken 1o be fit for purpose’ (see Summary Report of
Expert Peer Revipw Panel Qutcames in the supporting documents).



The risk assessment [Water Technology 2014a) indicated that the risk of levee fallure vared considerally cepending
on location. Potential mitigation options are aimed at both reducing tha lkelihood of levee failurefovertopplng and
minimising consequences or evolding litigation iF a levee failure/overtopping did occur, Table 10-2 provides a
summary of the mitigation options that will be further investigated for their implementation viability during the
detailed design phase (e, post-business case submission). It ks anticipated that potentlal mitigation options will be
asslgned to each risk category (e.g. low/moderate/high/faxtreme) at this time,

Tahle 10-2; Potantially Viabls Mitigation Measures Tor Further Consideration.

Option Aim Mitigation Options
Tao reduce the likelihond of *  |Levesupgraces
faikire/overtopping *  Leves maintenance®

*  Blonforng levee condition
& Manage rabes of rise fdrawdown dudng watesing |
& Emergency resporse procedurs

¢ Commaunications plan

v Lipgrade axisting managemenl o provids mitigation
fateegroess roads ancHracks —
Avoid litigation i fallm-.l'mﬂ:nmlr’g Getus s landhodder agresmsnts

Minimise consequances if
failurefavartoppng ooour

r—Fhocthwary Ersernents
*Wote that leves maintenance can be enabled in a variety of ways howeserall require permits under redevant leglsiation.

In presenting the rick assessment In this business case, it is noted that key policy matters that will inform the final risk
management strategy for this proposed supply measure cannot be formally determined at this time, Thils includes any
final decision-making on which mitigation options will be selacted for implementation, Including who owns and
maintains the levees.

DEF will be i & position te provide more formal advice on the state's preferred long-term risk mitigation
arrangements for this supply measure once the full sulte of Victorian proposals under the SDL adjustiment mechanism
has been more definitely scoped. This will occur as early as possible in 2015,



11 Technical feasibility and fitness for purpose

11.1 Overview

This section of the Business Case prowvides an owerview of the tachnical feasiblfity of the Project’s infrastructure
package, I outlines the options analysis, deslgn criteria and the location and features of the infrastruciure. The
Information presented |s a summary from the Concept Design Repart for Gunbower Natlonal Park, which indudes the

concept design report, design drawings, and construction cost estimates (LIRS 2014).
11.2  Options analysis

A number of badkground imvestigations and studies wera undertaken 1o Inform and support the selection of an
Infrastructure package for the Praject. Alternative options were dssessed on their benefit, feasibility, cost and risk and
included significant input from partner agencies and the Expert Raview Panel, & summary of the dasign principles and
options assessment is provided below.

11.2.1 Design principles
# suite of principles were applied to guide the development of cost effective and appropriate engineering solutions to
mieat the flocding requirements of the Gunbawer Matianal Park, Thase ware:!
*  Natural patterns: Bulld on and mimic natural flows and flow paths
¥ Tarpeted: foous on the specific watering requirements of priocity ecological vegetation classes
#  Dinimum impact:
% Lowintrusion feotpeint: build assets in already disturbed areas or gutslde the Natlonal Perk
f  Minimise adverse impacts on the forest and risks of overwatering of other EVCs
A Minimise impacts on third parties, e.g. aninundation pattern to minimise pressure on leves banks
v Effective: rabust simpple assets that will be effecthive and resilient over time

¢ Fesible: capable of adaptive management to respond to the outcomes of the monitoring program to mest tha
variaus waber requirements of the flora and fawna communities and to respond Lo climate change.

¥ Lowcost: Lo construct and operate.
11.2.2 Options assessment

The Fhase 1 Feasibility Study proposed & large-scale engineering solution to the Inundation deficit in the upper forest,
This invelved the construction of @ major channel to comvey envirenrmental water from the Torrumbarty Welr pisil
into the forest, The channel proposed was 280 m in length, 30 m in widih and seppled through three overshot flume
pates, each 2.3 m wide and 2.2 m high,

im Phase 2, further investigation of this option revealed that the channel option did not meet the design principles.
Construction of the chennel would have required significant native vegetation removal, adversely impacting an-a high
value area of the forest. A lack of operational flesdbility and control would also have resulted in over watering of
terrestrial vagetation cammunitles - Box woodlands - causing damage to the ecological integrity.af the site. The



optkon was therefore rejected and alternative infrastructure options were scoped. These alternative options focussed
an delivering water ta meet the specific flooding regime requirements of the water dependent wegatation
communities in the upper forest, while avolding lInundation of the less fiood tolerant commuanities.

The resulting aptions were o daliver water through:

¢ Camerons Creek into the high value permanent wistland - Black Charlie Lagoon - and provide walering 12 River
Red Gum surrsunding the wetland in the upper part af the forest,

¢«  Dld Cohuna Maln Channel to provide broad scale iInundation of River Red Gum, in the middie and low'er parts of
tha forest.

11.2.3 Camerons Creek and Black Charlie Lagoon

Black Charlie Lagoon I the only permanent wetland in the Gunbower Natlonal Park and ks the deepest wetland in
Gunbower Forest. Supplying environmental water to Black Charlie Lapoon will enable the provision of permanent
refuge habltat, which |5 particularly important during dry conditions. The proposed works involve enhancing the
natural connection between Black Charlle Lagoon/Camerons Creek and the River Murray,

Flows inta Camerans Creek from the Terrumbarry Welr pool are controlled by a regulator which supplies an Ifrrigation
chanmel used by six rrigators. A further two Irrlgators pump directly off Camerons Creek downstream of the regulator,
although the marshy nature of the creek and channels in this location means their water supply can be intermittent
and substandard (Corr, C 2014, persanal communlcation, 22 September) [Figere 11-1).
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Flgure 11-1: Schematic of exlsting Camerons Creek Infrastructwre (RS 2014)

The regulator on Camerons Creek leaks resulting in water inflowing inte the downstream Black Charlie Lagoon
throughout the year, and overflowing into the Baggots Cresk area of the upper forest. This leakage causes unssasonal
ponding In the Baggots Creek area, This has caused dagradation of the local vegetation community (Frood & Bennalts
204,

The proposal for Camerons Creek invalves establishing better conkrols on inflows to provide operaticndl flexibiity and
mirnic flows of up to 50,000 ML/day, while maintaining the supply of irrigation water to the diverters [GIM Civil 2014),



Dptions assessed ranged in price from S2.56 million to 57.21 million (Table 11-1). These Fwvolves combinations of
wialrs, ragulatars, chaanels and plpelines.

Tahle 11-1: Options assessad for Camerons Creek works

# Dption Descriptlon Cost {5m)

1 Skandard Enginasring Proceed with traditional &nginmaring salution £7.71
F Share the creek Irngeowe the cresk to enhance low 43,54
ia Weir & pipaline Maw inline welr - relnforcod corcrate pipeline £8.487
i Wi & channel Mo inline walr and earthen channe 55,18
da Pump and pipaline Pump station, rebnforoed cancrete pipaline $?t-ﬂ‘-_l_
4k Purmg and channe Purmp station and earthen channel S4.03
5 Structural adjustmant Buy out diversion licences, decommission assets 52546

Spurce GikA Civil 20033

The preferred option that is cost effective and will generate minimum disruption is Dption 2,
11.2.4 Central Forest floodplain

The central Torest floodplain within Gunbower Forest Includes significant areas of River Red Gum forests with shallow
watlands, Watering this area will contribute towards the Project’s ecological objectives and targets For River Red
Guems and natlve birgds,

A number of design flows, 50 MU day to 200 MLSday, were modefled and the associated Infrastructure costed, o
determing the most elfective infrastructure option, Fews above 50 ML day increased infrastructure costs sigrificantly
a5 an upprade of the exdsting furse and an Increase to the capacily of farm crossing culverts as wel as larger
regulating structures, would be required. Increasing inflows to the central forest abowve 50 ML/day inundated only a
small additional area of floodplain, Tharefore, the utilisation of the existing capacity within the irrigatien system, while
accormmadating Irrigation demand, was Identified as the preferred option. The flooding extent resulting from inflows
is prosented In Fgune 7-6,

11.2.5 Bagpots Creek area

Water currently ponds In the Baggobs Creek area for an extended period due to leakage from Camerons Creek and the
restriction of flows by the perimeter levees. A number of aptions were consldered for this area including:

¢  Maintaining flows to the Bagpots Creek area but providing permanent drainage to alleviate extended ponding
apainst the levee and prevent further degradation of the local vegetation community, This would result In about
5-10 hectares of terrestrial Grey Box [EPEC-listed Plains Woodtand) being inundated. This was considered to be an
unacceptable impact, This was also a high cost and high risk activity given the proximity of private land,

¥ Reduce flow rates and raly on temparary pumping to remove ponded water (from natural and environmental
wateringl from Bagpots Creek to an area in the forest 2 km downstream with a higher dependency on waber,
Temporary pumping represented a lower cost option compared to the higher cost of permanent drainage works
at Baggots Creek but still risked inundating Grey Box woodland, :

¥ Limit flows through Black Charlie Lagoon to restrict inundation to a smaller area of River Red Gum with flood
dependent understarey. This appraach reflacts the most recent understanding of the fllooding reguirements of



the relevant EVCs In the Baggois Creek area, This option minimise risks of over-watering or the potentlal for
inundation of private land,

The third option was identified as the preferred option, as it generated the best eodronmental outeames in line with
the Project objectives and targets, at beast cost and sk,

11.2.6 Other options

& number of additional options were considered and discarded as they did nol meet the design principles or make a
significant contribution to the overall project objectives.

Farest inflows vio Ofd Steaight Cut Channel through Pig Swarnp

This option imvolved delivering flows to the lower forest from the Old Stralght Cut Channel through Pig Swamp. In
arder to transfer the fows downstream into the forest it would have been necessary to construct o channel betweaen
50 m and 1200m wids.

This option was discarded as it required extensive, intrusive, high cost works that would impact on the forest. The EVC
in the wicinfiy of the required channel to thie north of Pig SWwamp s Riverine Chenopod Woodland (EVC 103}, which is
endangered in the Murray Fans Bioregion.

Forest infiaws via Deep Creek

An alternative ocption for watering the lower forest was To source water from Deep Creek, However, Irrigatoes in this
lpcation pump water frem the irfgation system, indicating there is insufficient bydraulic head o support a grivity
flow [Lacy, P 2014, personal communication, 4 September), Delivery of environmental water into the forest floodplain
via Deep Creek would therefore require pumping, which would require @ new pump statlon and potentially dredging
andd replacerment of crossings.

This option was less appealing than other gravity fed eptions (Old Straight Cut Channel, 0dd Cohuna Main Channel)
due to the need for pumping and the higher operational costs associated with pumping options (RMOG 2004 In
addition Deep Creel is downstream in the lleodglzin, limiting the area upstream that can be eflectively floonded,

11.3 Proposed package of works

The lgcation of works to deliver the required inundafion outcomes in Gunbower Nakional Park are shown In Figure
11-2. Refer to the Concept Design Report which includes the brief and design drawings (URS 2014}

Camerons Creek Regulator: Construction of a new irrigation weir and regulator structure to provide controlled
endrgnmental Tows lrem upper reaches of Camerons Creek, connected te the TorrumBarry welr pool, Into the lower
raaches of Camerons Creek and Black Charlle Lagoon and beyond to the Baggots Creek area. The same regulator will
@lso prowide irrigation supply to two currenl Camerons Creek diverters via irrigation supply works required
approximately 1,5 km downstream of the new Irrigation welr regulator,

Baggots Area Temporary Pumping: Provision of works to facilitate temporary pumping to drain the low lying Baggois
mrea where [t s contained by surrounding levees and pump water some 2 km further down the forest.



Old Cohuna Main Channel (OCMC): Enhancements to the OCMC (20471 Channel] to enablie inflows to the lower half
of the Gunbawer Mational Park. Works incluge construction of & regulating structure 1o control flows and a flood
control regulator to retain focding within the forest from high river flows.

Thie above package of works will enakle the provision of water to approximatedy 500 ha of Gunbower National Park
currently unable to be watered by any other infrastructure,

11.4 Project design criteria

The development of concept designs for the englneeding works, required to defiver endronmental water (o the upper
forest, were guided by the following overall design criteria:

Facifitation of forest or targeted wetland waterngfosding from the River Murray via Camerans Creek and/or
Torrumbarry Irrigation District via the Old Cohuna Main Channel [2/4/1/ Channel}L

Praovision of the following dasign inflows:

¥ upto 50 ML day wa Camerons Creek from the River Murray.

+ 500 100 ML/day via Cld Cohuna Main Channel from the No,1 Channel and the Natlonal Channel,
Fully automiated operation of inflow control structures,

Access to each structure at all times during watering events and in forest floeds, by use of the existing public
roads, forest tracks and [/ o new acoess tracks.

Containment of water within the forest,

Drainage of ecologically sensitive Torest arcas to present overwatering by natural river fioods incuding the
Baggots area;

Provision of safe downstream fish passags for senall bodied Tish through all new regulating structiunes.
Provision of carp [/ lange bodied fish screens to prevent lrge fish entering the floodplakn.
Provigion of erosion prataction warks.

Maintenance of the existing level of flood protection of private land from inundation events whera new
infrastruciure 1s tobe introdueed.

Consideration of enviconment#l and culiural heritage impacts,
Incorporation of Safety in Design peingiples.

Mimimisation of operation and maintenance costs,



Gunbower Nationsl Park: Supply Meesure Business Case

Figura 11-2: Package of works — Gunbower National Park (URS 2014}



11.5 Key design features

11.5.1 Camerons Creek regulator

An edisting regulator sits within a weir embankment at the site and Is dilapidated and in disrepair, The existing
regulator has manually removable drop boards and leaks extensively both through and around the structure.

It i proposed to construct 8 new ragulating structure within @ new embankment, immediately downstream of the
existing Installation. The regulator will consist of concrete [precast) box culverts containing Aume gates, and include a
walleway for mainténance access over the regulator Figure 11-3,
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Figure 11-3: Location of Camerons Creak Regulator Irrigation Supply works (URS 2014)

Upstream and downstream key walls hawve been included along with rip rap and a carp screen to achleve plunge pool
type conditions permitting safe passage for small fish downstream through the structure. Upstream and downstream
rock beaching has been designed to minimise erosion and scour around the structure. To prevent piping failure, it 1s
anticipated that a sheet pile cut-off wall will be required directly below the regulastor and extend to a depth of at least
5 m. A secondary row of sheet piles is also likely to be required to a similar depth along the downstream aspect of the
regulatar base slab,

A twa bay regulating structure containing flume gates (FGB-1675-0674] is proposed, each gate with & flow area of 1L.E
m width and a height of 0.8 m, The structure is expected 1o pass up to a total of 134 ML/day with the two gates which
surpasses the design critoria of 50 ML/day. Two gates are proposed so that, in the case of the failure of ane of the
gates, the structure can continue to regulate flow. This provides structure redundancy and future pperational
ﬂle'ﬂhllit_-r. if in practice a higher regulated flow |5 reguired. Additionally this regulator will‘essentially operate
throughout all of the yesr 5o a level of redundancy is considered appropriate,



it is anticipated that the existing weir embankment will act as @ colfer dam during construction and assist with
daweatering of the new strusture downstream.

Estimated costs for these structures are provided in Section 13 with further detail in the Concept Design Repart.
11.5.2 lrrigation supply works

About 1.5 km downstream from where the new regelator s propossd on Camerans Creek, Infrastructure works will bi
required to maintalin Irrigation supply for two rrigation diversion customers and allew for environmental watering of
Black Charlie Lagoon, lowar Camerons Creek and the Bagaots Craek area.

A sl dlversion bank and weir will be constructed an Camerons Creek to divert low flows Into an irrigation channel
adjacent to Torrumbarry Weir Road to enable a pumping supply rate of 25 ML/day at 4 new combined offtake (sump)
leation for the two irrigation diversion customers. From the sump, a pump hardstand, power supply and rising main
will be required to reinstate irrigation supply to one of the irrigation diversion customers Figure 13-4, Overtopping of
the fixed crest weir will provide a measurable capacity of up to 20 ML/day to enler Black Charlie Lagoon and the
Baggots Crock area to mest environmental water requirements,

L L

Figure 11-4; Location of Camarons Creek Irdgation Supply works [URS 2004)

Estimated costs for these structures are prowided in Section 13 with further detail in the Concepd Design Repart.
11.5.3 Baggots Creck area drainage/pumping

The perimater levee bank around the Bapgots Creek area provides protection to peivate land against risks of
inundation, However, the leves results in poaling of flood waters, and presently water fram the leaking Camerons
Creek regulator, leading to insppropriate watering and degradation of the vegetation communities.

The package of works [Refer to Flgure 11-5] Invalves the provision of temporary pumps and piping 1o T'l"-i_ll'ld'ﬂr tihds
artificial pooled water from the Bapgots area to @ location further down the forest Given the oecasional and
oppartunistic basis for the pumging, the concept deslgn ©s based on the provision of temporary infrastructure o
reduce thie footprint in the forest, This will require the construction of an access read, sump, and pumps slab.



The costs do not inclisde works required to remave trees within the construction footprint ar to pravide access along
the lewes crest to lay the temporary piping when required, An alternative alignment that could be further
investigated during detsiled deslgn would be to allgn the temporary plpeline within farmland immediately outside the
forest.

Estirnated costs for these structures are provided in Section 13 with further detall in the Concept Design Report,
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Flgure 11-5: Baggots Area Temporary Pumplng (URS 2014)

11.5.4 Old Cohuna Main Channel

The Old Cobuna Main Channel [2/4/1 Channel) provides a supply mechanism to enable effective inundation af the
central forest floodplain both upstream and downstream of the channel Figure 11-6. The works involwe a number of
elementsincluding:

v Replacement and upgrading of three farm crossing culverts be achlave 50 ML day.

¢ Dfftake and outlet |Flood Protection] regulstors



#  The offtake regulator at the end of the channel backbone will have cast in situ guide walls designed to
supporl the proposed Bume gates [thiee of FGB 1675-1437) and facllitate bulk heads for maintenancs
dewatering.

¢ The outhet regulator will be located within the food protection levee where a stopbank currently
exists within the channel with the channel continuing into the forest. Box culverts will be designed to
support thie two AWRAA dusl leal gates,

For both regulators, upstream and downstream key walls have been ncluded along with rip rap o achieve plunge
pool type conditions permitting small fish travel and to minimise ercdion and scour around the structure. Cuershot
gates will provide suitable flow conditions for small bodied fish movement, Undershot gates will provide for flow
during periods of low head drop across the structure, To prevent against piping failura a sheot plle cut-off wall will be
required directly below the regulator and extend to a depth of at least 5 m, & secondary row of sheet plies is also
likelty to be reguired to a similar depth slong the downstream aspect of the repulator bass slab, A grated steel
walloway including handrails has been Included to provide maintenance access over the regulator, along with access bo
thi bulkwads and fume gates,
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Flgure 11-6: Old Cohuna Maln Channel = Central forest floodplain watering [URS 2014)

The axisting fioed protection leves will require repair work et specified points {Water Technology 2014k} and o mew
lever access track will be required for ongoing monitoring and maintenanoe of the levee,

In addition to strectural levee repalr, at project construction, the levess will be inspected by an expariencad englnges
and arborist and all vegetation removed from the levee and Its iImmediate surrounds either side of the toe of the levee
where Inthe professional opinion the risk to the levee will be reduced by its removal. This process would potentialy
result in further mingr points of weakness being identifled and rectifled where necessary.

Inspections and maintenance will be conducted ko prevent inappropriate vegetation growth and the ongoing
conditian of the leves monitored and repaired where necessary, With ongolng inspections and maintenance, this low
risk proflle ks canshdered manageakbe.



Estimated costs for these structures are provided in Section 13 with further detail in the Concept Design Report.

11.5.5 Ancillary works

A number of complementary andllary works have been identified to enhance the effectiveness of emvironmental
watering ewents, In addithon, ancillary works have been (dentifled to assist with malntenance of exlsting perimeter
levaes, 1t showuld ba noted that cost allowance estimates only have baen developed. Mo design and cnly Emitad on site
verification of these works has been undertaken.

Remedlalfbank waorks along northeast side of Black Charlie Lagoon and Camerons Creek

These works are deslgned to avoid flooding of Black Box [Riverine Chenopod Woodlands ) during watering events from
Camerans Creek negulator.

The short mound Lo the sauth will be approximataly 500m long and average 200 mm high (the 200 mm will act as
freeboard), The bong mounds to the north will consist of two mounds: the mound to the west will be approximately
350 m long and the mound 10 the east will be approdmataly 50.m long.

Both mounds will have an average nelght of 00 mmwith approximately 200 mm of freeboard. All mounds will be
approximately 1 m wide. & one way flap valve will be incledod in the westarn long mound to provide the ability to
drain thie ad|acent woodland ares, These waorks are highlighted in Figure 11-B.
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Figure 11-8; Black Charlle Area Exclusion Mounds

Remedial works within Camerons Croak

These works will be between the River Murray and the proposed Camerons Creek Irrigation \Weir and Regulator to
increase flow rate (if water level / flow drops excessively under required demands). The following remedial works are

proposed:

o Minor earthworks, mcluding defouling of the cresk from Camerons Bridge at the river forest track to
Camerons Creek (a distance of approximately 1 km)



*  Remowe vegetation within the oreek,
In-forest works at Deep Creek

These are works at Deep Creek or other locations to Improve hydraulic efficiency and Inundation effectiveness of
forest esvironmental watering Nows (depending on hydraslic performance). Proposed works include excavation and
remove vegetation at varous locations at Deep Creek and providing eroston protection at various locations,

New leves occess trocks for exlsting perimeter leves monitoring and maintenance whers water touches/pools against
the oxisting leves.

Small bodied fish passage for Camerans Creek regulator site

Different forms of fish passage were consbdered for Camerons Craek including: Vertical slot Fishway, Denll Fishway,
Fishiock, and Rock Ramp Fishway,

Denll fishways are unsultable for the passage of small fish, and therefore this option was considerad unsuitable, A
fishleck was considered too complex and expensive for the Camerans Creek site and requirements, A fsock ramp
fishwiay option was also considered as unsuitable, as at the location It ks required that flows can be variable and fully
shut off, & function that rock ramp fishways do not have.

Vertical slat fishwsays were considered to be the most apprapriste option for Camerons Creek, as thesa!

+  Work well with a constant upstream waler level

s Work weall with variable downstream water levels

+ Can bedesigned to suit the target fish, in this stuation enly small bodied fish are to be targeted
*  LCancontrol flows through the Fishway

+ Can e fitted with Carp screens and/or monitoring traps

The regulatar concept design indicates a head differentlal of 06 m through the structure with the upstream welr pool
connected to the Torrombanry Weir pool creating a constant upstream water level,

The fistvway entrance would be offset a by a minimum 1 m from the regulating structure; this aliows fish to enter the
fishway without hawng to travel [n the high velocity zone produced arcund the structure. As the fishway is only
required to pass small fish, 2 single vertical slot entry would be provided.

It is expected thatl the fiskway would consist of 5-7 pools, each having an approximate water depth of 1 m, and
dimensians In the arder of a length of L5 m and width of 1.1 m, Each pool would have a drop In head of
opproximately 93 mmoand each slot entry would b2 100 mm wide. This design approsch will provide a low energy
fishway, with low turbulence zones, suitable for upstream fish passage of small bodied fish,

Far Camerons Creek it has been suggested that the existing levee bank and dilapidated regulating structure can be
ged m% a ternparary coffer dam and therefore based on the existing information 1T s suggested that the construction
coak of & vertical fishway at Camerons Creek would be between 5500,000 and 5600,000. However, if the construction
of the fishway was 1o be undertaken concurrently with the regulating structure, then the cost would decrease as ioems
such @5 mobilisation and dewatering would be shared. As a result, the cost aflowance of the fishway. woukd be
hatween S200,000and S400,000, g



Top up low paints in existing levee system

This will provide the reqguived level of service as well as maintain a minfmum of 200 mm freeboard, This optian
adopted the recommendations from the Lewvee Breach Risk Assessment and Strofegy Report [Water Technology 2014,
which determined low points and points of weakness along the leves aBpnment. Total lengths of levee needing to be
raised were adopted from the report,

Woater leval monitoring devicas

Automated gates will aperate via real fime water level measurement, Functional requirements for the water level
senenrs include:

o Heal time water kevel messurement

Capacity to connect to GWA SCADA control systam
v  Powered by solar panel
« Suitable for Installation In semi-permanent wetland locations and channsals

11.6 Private land and flood easements

Project implementation will reguire acguisitton of private land and flood easemants cwver private land bordering
Carmerans Creek and the Baggot Creek arens. The mlent is (o conduet o veluntary flood easement process, as for TLM
Gunbower Farest — Flnoding for Life project.

Megotiation with the affected landholders was conducted in collaboration with GMW because of their extensive
experience in these types of negotlations. The consultatlon dellvered n-principle agreement by all andholders (o
hegotiste food easements if the Project is funded, Costs ta purchase pasements ara included in Section 13.

Flood easements will be reguired on three properties covering 20 ha of forested land within the confines of the
perimeter levaees in the Baggots Creek area. This lend |5 Inundated both frem natural Rooding events and esnstant
leakage from the Camerons Creek ragulator, meaning that it is effectively not currently available for produective use,

Twe Irrigators on Camerons Creek, dewnsiream from where the new ropulator is proposed, access water from two
sumps fed by channels within the national park. The replacement of the current manually operated regulator with &
new slitomatied regulator will créale & more even and confrolled supply for these two irigators who would have thalr
pumping points consolidated at the one location to remove a long, heavily vegetatad and indfficient chanmeal.
Howewver, in order to maintzin current supply as per thelr regulated diversion llcences, modificathons to thelr rmigation
infrastruciure will be reguired. This will require the creation of a private casement to allow one diverter to place
pipework and a pump on 8 nelghbowrng  private property. The relevant landholders have been consulted and
recognise the benefits from the upgrading of the infrastructure, which will provide 2 more secure and consistent
suppdy. On this basis, the affected landholders have indicated n-principle agraement to the necessary easement.

Camerons Creek s not currently actively used for environmental watering. While the leaky existing regulator does
provide some beneficial watering to Black Charlie Lageon, due to overwatering and the inability to stop inflows, the
lagoon is kept permanently full and the Baggots area is also aften detrimentally wetted, The proposed works on the
creek and the change in supply arrangements will trigger the need for a formal Water Sharing Agreement to
document the relative rights of the existing diverters and the environment. The capacity of Camerons Craek and the
timing of the environmental water delivery in late winter and early spring are not likely te impact on Irrigators. The
capacity of the proposed Camerons Creek Irrigater Weir and Regulator has been sized such o allow simuftaneous



Irrigatar ;:lun1r.||||g angd ervironméental walering, On this badss the wfecied landhotders have indicated in-principle
-HEFEEITIEI'IT.

The Issue of easements was included in the risk assessment process and Is reparted in Section 17. The relevant
tandhalders have been included as part of the risk management and stakehaider engagement strateglas.

indicative costs are set out in

Table 11-2,

11.7 Reliance on other measures or actions

Interdependencies and complementary actions are detailed in Section 11, However, this project Is not rellant on other
supply ar constrainl measuras far implamantation or cperation.

11.8  Geotechnical investigations

Geatechnlcal investigations are being conductad to Inferm the detalled dasign phase, Preliminary reselts were

provided on 19 December 2014 with their completion due in January 2015, Results of these investigations will be
utilissd to rafine (he designs.

In the absence of geotechnical results, the concept designs for the Camerons Creek regulator and Odd Cohuna Btain
Channe! regulator incorporate extensive sheet-pillng which adds approdimately 5225000 to the construction cost

estimate. Depending upon the outcome of the pestechnical investigations, cost estimates for the regulators may he
reduced.

The key objectives of the geatechnlcal investigatlons are to provide;

v Geotechnical infermation at the locatlons of Impertant Infrastructura to assist in progressing the concepl designs,
The fallowing will be undertaken:

+ Assessrent of the presence or otherwise of poor quality materials (e.g. silts and softened soils) and
requirements for preparation of suitable foundations for regulating structures, culverts, levees.

¢ [fequinaments for out-offs af filkering if needed
#  Decign of stable earthfill structures and slopes for new embankmeants, levess and channils,
o Agsesament of sultability of the excavated materlals for re-use in the construched works.

i Impact on groundwaler on the proposed works and requirements [If needed) for managing
proundwater.

#  Baseline gectechnical information to assist understanding of the subsurface conditions and impaertantly to reduce
the potential for latent condition clalms related to the graund conditions and groundwater,



LRl

All proposed Infrastructure sites will have borehale drilling andfor test pitting undertaken, 501 samples will be
anatysed ata laboratory accredited to the National Assoclation of Testing Autherities.

11.9  Ongoing operation, maintenance and management of infrastructure

Refer to Section 13 which outlines the process being taken in Victoria to determine asset ownership, management,
aperation, and mamtenance. Once determined, it will be possible o develop an 2sset operations and managerment
plan, risk management framework, water accounting arrangemeents, and ongoing operaticnal monitoring and record
kgepingarrangements.



12 Complementary actions and interdependencies

The proposed Sunbower Netiong! Park Environmento! Works Project supply measure will affect the Victorian Murray
{552) suffece water S04 weter resource unit, This 500 resource unit is anticipated to be affected by this supply
meaiure through an adjustment to the 500, pending MDBA confirmiation of a final off-set amount,

12.1 Interdependencies

Any potential inter-dependencies for this supply measure and its associated 50L resource unit, in barms of other
frzagures, cannot be farmally ascertained at this time. This is because such inter-dependencios will b infuenced by
other factors that may be cperating In connection with this site, Including other supply/efflcency/constraints
rmieasures under the 500 adjustment mechanism, and the total wolume of water that |s recovered for the environment

It i expected that all lkely linkages and inter-dependencies for Lhis measure and its osociated SOL resoures unlt,
particularty with any constralnts measures, will become better upderstood as the full adjustment package is modelled
by thee MIOBA and a final package is agread to by Basin governments,

sirnilarly, a fully comprehensive asssssment of the likely risks for this supphy messure and its S0OL resowrce unit cannot
be compdetad until the full packape of adjustment measares has been modefled by the MDBA, and 3 final package has
besnagreed betbwesn Basin governments,

12.2 Complementary actions

To maximise on the envirenmental outcomes from implementation of the supply measere, a number of
complementary actions have been identified.

12.2.1  Invasive Plants and Animals

Invasive plants and animals threaten biodiersity by competing Tor
natural resources and contributing to hakitat and natee species loss
and displacement. Invasive plants often displace native species and
can provide & harbour for frvaslye anlmals, Invasive anlmals such as
fodes directly prey on natwe fauna, and have been identified as a
sarlows rlsk 1o freshwater turthe populations. The Narth Central Chaa
fmvasive Plonts and Animals Strategy 2010 [Morth Central CBAA
2010c] has identified the Gunbower Ramsar Site as having
exceptionzl signiflcance, faclng a high P& threat. The Gunbower
Reamsar Site Koy  Assel Profect fonded by the  Australian
Govermment's Mationa! Landcare Program is fupded untl 2018

Activities that enhance the achievement of the ecological objectives Bridal Creaper’s climbing stems smaothes native
inelude: plants {Phetn VicWeg LM(Ina]

¢ Invasive Plant Control —target high threat weeds (g, Weeds of National Significance: - Bridal Creeper, Paterson's
Curse, Afrlean Basthorn, Blackberry, Bathurst Bure, Prickly Pear] particularly weed Infested areas.

- Invasive Animal Management: monitar pest animal activity (e.g. European Fox, Rabbit and Feral #igl.end employ
appropriate managameant technigues (e.g. balting, fumigation .



12.2.7 Revepgotation

Revegetation of threatensd speckes undertakien within the national pack will assist in improving the floriste diversity.
This will enhance ecological objective B2 (River Red Gum FOU understorey composition).

12.2.3 Cultural Heritage protection

Aboriginal cultural herltage sites are known throughout the forests, Complementary dctions include worls 1o Isotate
and protect areas of cultural heritage to minimise incidental damage from forest usars,

12.2.4 Aboriginal engagement

Morth Central C84 |5 undertaking project work with Gunbower Forest’s waditional owners o progress the
development of meaningful oultural flow objectives incleding:

#  Project management of a Cultural Flows project

+ Co-ordination of a Project Steering Commities

»  Dowvelopment of a framework to dovalop cultural llow objectives

= Promoting understanding of the cultural values to forest stakeholders and the broader community

#  Communication to stakehalders of project learnings

*  Improving ennual watering priarities to Incorporate sockal, cultural and spiritual vakues

The Marth Central CMA employs an Indigenows Facilitator to share knowledge with Yorta Yorta Traditional Cwners and
Aboriginal groups aimed Lo

¢ Increase opportunities for indigenous partnerships in TLM icon site planning, activities and monitoring

¢ Provide communication and updates on TLM and North Central CMA activities

¢ Promote the invedvement and sustainable use of Aboriginal groups in natural resources.

This process has Included ongoing investigation of epportunities for econamic and cultural benefit from the provision

of eulturel services such as tourlsm. Gunbower Forest has been identifled a8 a potential priorty natural sset bo utilise
in this endeavour for its rich cuftural [andscape and proximity to the existing tourist market.

12.2.5 Tourism

Enwiranmental wataring has the potentizl to expand the tourlem industry and create jobs, boast the loeal aconomy
and raise the profile of the Gunbower National Park, This isa priority for the Campaspe Shire Councll [Campaspe Shire
Councl Environment Strategy, 2012),

The Campaspa Shire Council is committed te the defivery of a sustainalyle future for [ts communities to assist in the
defivery of environmental, economic and social outcormes, The Council has been proactive in estabdishing & framework
for activity and investment in the environmeant through the adoption of its Enviranment Strategy 2012 — 2015 that
alrns to manage threats to blodhersity and develop the eco-tourlsm market. Targeting past plants and anlmnli;.me
Council partners with ather government agencies [DEPI, Parks Victoria, CMAs) and other groups (Le. Lalﬁl-:arell to
collaborate on specific initlatives and programs to prevent the growth and spread of weeds and fabbits that will
enhance the value and effectiveness of environmental watering. Bird watching, bike riding, bush walklng and canoe
Erails would be Lourivm apportusities arising fram the anvironments! watering of the Guabower Mational Park. .



Canoeing on Gunbower Craek (Photo: 5.Volk) Tents baside Gunbower Creek (at Trae Tops camping area)
(Fhoto; MDBA, 0, Kleinert]

12.2.6 Integration

The package of works developed under the Project is designed to operate in conjunction with the forest's existing
water delivery infrastructure, downstream of the natienal park including the:

v Hipwell Road Channel — dellvers watar to the mid-forest via Spur Creek, Inundating River Red Gum lorest
flondplaln and aspoclsted permanent and semi-permanant wetlands across the mid and lower forest. Large
waterbird breeding events can be supported throuwgh Hipwell Road Channel deliveries.

¢ Lower Landscape regulators = deliver targeted lows te priority weitands in the lower part of the forest,

Hipwedl Road Channel [Photo: A.Chatfield)

This will ensure synergles from conjunctive operation with inflows to the wpper Gunbower Forest contributing o mid-
forest inundation, and providing foraging stes in the River Red Gum FOU to support colonial bird-breeding in-the
lawer forest.

Operating scenarios for the Lower Landscape Regulators and Hipwell Road Channel are described in detadl in the
relevant Invastment Propogals (Narth Central O, 2000; Morth Central CMA 20106) and the Finoding Enboncermeant of
Gunbaower Forest Infenm Openating Aan {North Central ChA 2013a), '



13 Costs, Benefits and Funding Arrangements

13.1 Overview

This section of the Business Case details the estimated financial costs of the Praject, separated into the following key
Project araasand components;

¢ Detailed design: design and apgrowal;

#« Capital costs;
- Construction: on-ground water dafivery infrastrocturs works and capital assat itams
- Risk management; costs Incurred to minimise potential risks from operation
- Contingency: proadshon for uncertainty around construction costs

v [peratlon and maintenance;

# Co-~contributians: and

v Project benefits; benefits and costs that support a compelling case for invest ment.

This business case presents the cost to fully deliver the Project (e untl all infrastructure is constructed,
commilssioned and operational), incheding contingencies, Cost estimates for ail compoments in this proposal gre bosed
on current costs, with no colculgtion of cost escolations either accounting for the time taken fram estimating the cost
ta the tiime for construction to comwmence ar for escalption during ekecution af the Praject.

To ensure sufficient funding will be svailable to deliver the Project in the event that It Is epproved by the MDE
Ministerial Council for inclusion in its approved SDL Adjustment Package {o be submitted to the MDBA by 30 June
2016, cost escalations will be determined in an agreed manner Between the proponent and the investor as part of
negotiating an investment agreement for this project,

13.2 Total capital costs

Altheugh significant work has been undertaken to develop cost estimates, Including peer and expert panel review,
information gaps, uncertainties and options remain, Further investigation in the next phase of the Praject will provide
groater cortainty Tor refinement of the costs. The cost astimates as presented, reflact the unecertalnties for the current

sage of development of the Project. During the detailed design phase as the designs are refined and contingency
reduced, costs may decrease,

The botal capéital cost estimate to design, construct and commission the works at Gunbower Naticnal Park [excluding
G5T) s 512,838,185 [at upper cost estimate} {see Error] Reference source not found.),



Table 13-1: Gunbower Mational Park - Estimated capital costs

Across the upper and lower cost estimates, costs for items relating to quantities, task duration and rates are
unchanged, excapt a5 noted belowin Table 13-2,

Table 13-2: Gunbower National Park — Allowances

13.2.1 Assumptions

The following assumptions ware made during the preparation of the construction cost estimates:

Rates for lems mentioned in the cost estimates are based on locally avallable materlal
It 15 assumed that earthworks are carrled out in the dry season
Greotechnical Investigation and analysts have not been estimated In the oot estimates provided

Tree cutting at each site |5 based on desk top analysis and engineering judgement from available
phatographs

Top 30il cannot be used as backfill material

Backfilling of sail incledes a 10% bulking factor and

aerial



o Given that many of the siructures bave no existing rasd access, mobilisation and demabilisation costs have been
included with each individual structure,

Costs associated with further geotechnical investigations have been indluded in the detailed design costs.

13.2.2 Exclusions

Construction contract costs do not indude the Tallowing:

* Al costs are excluding G5T;

¥ Allewances for detailad design, invastigations, superintendence, project management and construction suppaort;
¢ [Obtaining (planning) approvals and pesmits;

¢ Mativevegetalion offsets;

+  Cultural heritage and envirenmental studies;

¢ Proparation of mainbenance programs and aperations manuals;

v Landowner consultation and land acqulsition (except as specifled);
v [hsposal of contaminated material to an approved site; and

#  Testing and commissioning of regukatars and fishwans,

Thase costs are included in the detailed design and construction ancillary costs. The approach being taken by Victoria
with native vegetation offsets is explained in Section 16

13.3 Detailed design and approvals

The cost estimate (excluding G5T] for completion of the detailed design and approvals phase for the Project is
52,358,427, This indudes the completion of technical Investigations, datalled design of all strectures, and statutory
approvals Talkle 13-3 Bedow is a summary &f the cost estimates,

Management of the detalled deslgns will take 18 months and be tupported by the North Central CMA, DEP| and Parlks
Victaria for the following key activities:
¢ |nvestigations

Further geotechnical investigations, hydraulic modefling and Tield Inspections, land feature and level
suryeys, to refine designs

Water sharing arrangements (with Camerons Cresk Irrigation diverters)
Watar delivery cost arrangements
Irrigatlon system capacity review

& Slatutory approvals — includes preparation of permil applications, referrals and assassment (refer ta Section 16
for the list of regulatory approvals anticipated for the Project)

¢  Onpolng stakeholder engagement and communications
e Resolution of dellveny costs

] 'nw.-cl_-:nmef-t af the constpuction praposal,



Table 13-3;: Gunhower Matlonal Park = Costs assoclated with the detalled design phase

13.4 Capital Costs

The capital oosts has been packaged into thres separate seclions [construction, risk management and mr.tlng::‘nfﬂ to
better present the differing range of cotls astociamd with the supply measune.

13.4.1 Construction Costs

A detalled construction cost estimate |s provided in the Cencept Design Heport. Table 13-4 below & a summary of that
estimate. Gnly forward looking costs have been Included.

The total constructlon cost estimate (excluding G5T) (= 54,773,993 I:al'. upper cost estimated,

The concept designs for the Camerons Creek regulator and Old Cohuna Main Channel regulator incorporate extenshee
sheet-piling as they have been developed |n the absence of geotechnical information. This additional sheet-piling adds
appraximately [ to the construction cost estimate. Geotechnical investigations are currently underway to
Inform the detasiled design phase, Depending upon the outcome of these nvestigations, due for completion in early
2015, past estimates for the regulators may decrease

Table 13-4; Gunhower Mational Park — Estimated construction costs for works




13.4.2 Anclliary costs

The estimated ancillary costs for construction are provided in Table 13-5 below. Project defivery will be a partnership
between the North Central CMA, the constructing autherity (TBC), DEFI and Parks Victoria. [N

Tahle 13-5; Gunbower National Park — Estimated andllary costs for construction

13.4.3 Rizsk management

The risks to the Project development and delivery are explained in Section 17, the risk register in Appendix 2 and In
the Project’s Risk AMonogement Strotegy. Costs heve been cstimated for flooding delays, wet weather delays,
approvals delay and contingency

Fleoding delay

AR assessment has been made (URS, 2014} on the potential cost impact at each of the sites if they drg inundated by a
1 In Z'year frequency river flow event during the conskruction period. The cost allowance Tor fidod risk is R o
the higher cost Bstimation



For regulator and irvigation works, a three month constructson period has been assumed. For levee systems, @
il month eanstrustion period has baen astumed. The intentian is to buikd these structunes during the dry perod o
each yvear.

Thee cost of rewsork and clean-up of the site following a flood Incuding delay costs i assessed as follows [see Table
13-pand Table 13 '.":I:

¢ Agreater than 20,000 M/d flow based on Torrumbarry Welr records occurs on avarage cnce avery bwo yoars

«  This represents a 50% chance of It ocourring In any one year at any time as the records did not show a bias
toweards ome seasonal perked compared 1o another

¥ The Construction cost (excluding Contingency and Profit) of the compansnt of the works af risk s determined and
divided by the construction pearlod

¢ |t s assessed that the site would be oul of sction and / or belng reinstated over a 2 week period following the
event, |1 week for the avent to recede, 1 week to reinstate)

v Therefore the cost of the flood event is two weeks of cash flow for the site
¢ The probakility of this accurring Is 50% haneo the contingency allewance |s the two weak cost multiplied by 0.5

¢ Thisls them expressed asa % of the riw constrection cost [exduding profit and contingency).

Table 13-6: Camerons Creek Regulator flooding delay costs

For the Old Cohuna Main Channel area anly the autfall regulator is consaderad [0 be at risk from MNooding and 5 row
canstruction cost has determined 10 5086 Nlood risk continpency Cosls.

Table 12-7: Gunbower National Park - Flood Risk Contimgency Cost Allowance Estimates



Wet weather delay

A 3% allowance for wet weather delay s Included In the contingancy costs. This contingency will be transferred to the
construction confractor, with as stated ralief on the basis of tima extensions at no axtra cost. Due to the remole
access and the difflcuity in gelting materials to site, most work will be done i the dry period and patentially
programmed over a number of seasons, This will reduce the risk of wet weather delay. 3% s allocated for wet
weathar dalay,

Approvals delay

The Regulotory Approvois Strotegy [DEPI 2014c) has identified the approvals, permits or licences likely to be required
prios to the commencement of construction. This strategy ncludes an indicative program for effecting regulatory
approvals that predicts a minimuom 31 week period to obtaln all reguired approvals, However, delays can come from a
number of sources including:

¢ [Dalaysinpreparing applications including sepporting documantation;

#  Delay In assessment of submlsséons by agencies;

¢ Request by agendes for further studiesfinvestigations/specific management plans creating a time delay;

v Lack of direction with regards to poficy or change in policy; and

¢ The Project triggers an EES or assessed as a controlled action under the EFBC Act [1999].

Mo construclion work will be tendﬁurli until all approvals have been granted or will be staggered ot different sites

depending on expected timeframes and sase of obtaining for approvals. Based on experience from TLM program, and
achies from GMW and URS, & 20 contingancy has baen included an top of the existing spprovals cost estimate af

I ' cstirmated for approvals delay,

Project contingency
Contingeney as applied In an enginecring cost estimate is dolingd as the cost assigned to uncartainties in the
definition of the project. The major sources of uncertainty that heve influsnced the degree of contingency include:

o Insuftliciont geology and geoiachnical infermation, Lo, upen Bter investigation, gesdogical conditions fouind te be
wrorse than reasonably anticipated durng concept design;

e  Design changes, Including changes in the level of design definithon, e, as more detalled hydrology, topography
and site conditions boacome available alterations to the design criteria for a given regulator structure result in

larger capacity requiraments;
v Cuantity variations include pobential changes initiatad by dosign alterations or site conditions;

¢ Wariation in site conditions, including unanticipated permit restrictions, seasonal limitations or enviranmental
conditions;

¢ Pricevarintions incheding escalations, and variations in lnbour rate and cormmodity prices; and

*  Schedule risks, include unforseen delays due Lo weather effects i.e. projects with seasonal window restrictions ate
particularly wulnerable fo schedule delay rlsks since relatively short delays can result in having to move
construction windows to the following sedson. -

A 40% contingency has heen applied to the design given the level of uncertiinty. A lower Eﬂﬁ_mthmw was also
eonsidered. However, with a 20% contingency, there are no allowances for changes in design. The degres of-



contingency will reduce over time as further investigations, planning and detailed designs are compieted during the
Froject implementatien phase, Contingency costs are cutlined below In Table 13-8,

Table 13-8; Gunbower National Park = Estimated contingency costs

Conatruction cost estimates specific for specific infrastructure (s presented in the Concepl Design Repait.
13.5 Ongoing operating and maintenance costs

fAzsat renewsl costs have nal been Included In the caloufation of operatien @nd malnienance costs,

Table 13-9 sutlines the projected costs {in current dallars) for system operation and maintenance. These are averaged
between years 1o take account of the variation in fevels of activity, These do not form part of the construction budget
Bt are Lo be considered in future budgat planming.

Table 13-%: Gunbower National Park = Ongoing estimated costs after practical completion



13.6 Co-contributions

Mo co-contributions are provided for project capital costs,
13.7 Proposed financial responsibility for ongoing costs

The Department of Emdronment and Primary Industrles (DEM) comenead a workshop with the key defivery partners
for Victorla's preposed supply measures to inform a decision on propasad financizl responsibifity for ongoing assel
ownership costs. Attendees at the workshop included representatives from the Mallee and Noeth Central Chas, DEPI,
Parks Victorka and Goulburm Murdray Water, The workshop identifled a sat of oriterla required By an agency to own,
operate and maintain an assat like those proposed by this supply measzure. These weare;

#  Accasstocapablity to perform the required functons, efther directly or under contract;

¢ Aceess to sultable resources which can be deploved in a timedy, effident manner|

o Sufficient powars confarred under kegisiation to enable services to be provided,

¢ Demonstrable benefit or linkage to primary business mission oF aclivities;

& Ablfity to collaborate and co-ordinate effectively with multiple parties; and

¢ Risks areallocated to those Best placed tomanage them

Although the criterla have been identified, the defegation ol asset ownership and operation, Including any associated
proposed financial responsibility, cannot be formally ascertained at this time. Such declslons are generally whole-of-

Vieterian Sovernment, and sufficient information is not currenthy available 1o enable a formal position on this matter
to ke clarified

In fife with pood fnanclal practice, any long-term arrangements for assat ownership, operation and maintenanca
should maximise cost-efficiencies where they can be found. This includes aptions to ‘package up' ongoing ewnership,
pperation and maintenance where this is deemed the most cost-effective approach.

DEFl will be in 8 position to provide more formal advice on the state's preferred long-term arrangements for this
cupply measure, ohee the full suite of Victorian proposale under the SO0 adjustment mechanism has bean more
definitely scoped. This ks anticipated to cocur during the course of 2015, pending receipt of advice from the MDBA an
likkehy adjwstrvent

13.8 Cost benefit analysis
The primary purpose of the Gunbower Notfonal Port Environrmentol Works Project §s to achieve environmental

benefits and water efficiencies [refar {0 Seciion 41, However, the delivery of this project will pravide ather benafits
that depend on cosdition of the site, sech as supporting social and cultural valuss.



A formal cost benefit analysis kas not been undertaken as part of this business case, because the main benelit of the
project [the SDL adjustment} cannct be reliably estimated at this stage in the planning cycle, This approach =
conslstent with the guldance given on page 26 of the Phaie 2 Assessment Guidelines for Supply and Constraing
Megsure Business Coses,

However, from a gualitative perspective, Victorla considers that, on balance, the benefits of this project will
signiflcantly outweigh its costs. The rationale for this assertion & that 2 broad range of enduring sodal, economic and
emironmentsl benefits can be asumed to arise from this project,

13.8.1 Cultural heritage

Traditionally, Indigenous people have a strong affinity with waterways and wetlonds, a5 a vital source for food, water
and comping, The Gunbower National Park is part of the lands of the Yorta Yerta people. The cultural heritage sites
are an important component of the forest values. Improved fooding will result in the enhancement of the ecological
values of the gite, with the oppartunity to maximize on cultursd flows i relevant, in the future,

13.8.2 Licensed forest use

Aplary [igences allow occess bo the Gunbower Natianal Park for honey production, The bee hives depand on seasonal
flowering of River Red Gums, which will increase in regularity and reliability due to the Project. This should provide
apporiunitie: to increase the number of active Stes and hives af sach site

13.83 Economic benefit to local communities

Previous analyss by Oyack et al, [2007) has caleulated the econamic value of additlonal visitation days to the Barmah
Forest based on the travel cost method. Given the proximity and simitarities between the Barmah Forest and
Gunbowar Natianal Park, this is a useful source study for transferring values to the current site. Dyack et al. {2007)
found that each adgitional day of visitation had an economic value of 5135.50 per day. Adjusting for CP1from 2007 1o
2014 produces a current value of $161.40 per day.

Applying this cconomic value to the number of visitor days to the forests as estimated by Parks Victoria, ghes @ total
econamic value of wsitation as per Tabla 13-10.

Table 13-10: Annual visitor days to Gunbower National Park

Type Wisitor day=* Econamic valae per day™® Valus
Dver night 29, (HX] 516180 44,592,100
Duy visitars 15, 000 416160 $2,427.000
Total 4,000 5161.80 $7,118,200

*Wehnar, B 2004, persomad comnsenication, Dolebsr,
**Tnurizm Research Australia, Reglanal Toerism Profie for Comral SMurray 2003513

13.8.4 Balancing benefits and dis-benefits

There will be some dis-benefits from the proposed Project, but these are expected to be minor and transiont,
Construction will invelve some physical disturbance which has the pobential to mpact on native vegetation and
wildlife, These impacts will be minimised by careful planning and adherence ta relevant state and Commonwealth
legislatlon, regulations and guldelines, Ary unavoidable impacts will be minimised through the implementation of a
rigorous erviranmental management framework during congtrectian.

Aocass will alsa be restricted to some extent during the construction phase, but this will be temporary, Given the
relative remoteness of the site from poputated areas, there is unlikely to be any significant loss of social amenlty to
surraunding communities due to the nodse and nuisance that will be encountered during construction.



Access to the forests will also be restricted during managed flooding events. This will impact on recreational activities
and Beence holders, The public will still have some access to Biver Murray frontage during delivery of ervironmantal
water, which will limit dis-benefit during delivery and drying out phases provided the watering schedule is well
pullicised, This restriction on access would alsa aceur during natursl floads.

Over the long term, the local and regional communities kocated cose to this site will significantly benefit from the
environmental amenity dividend generated by this praject over its Iifetime,

13.9 Project seeking Commonwealth funding

Wictoria will be secking 100% of Project funding for this supply messure proposal from the Commonwealith, The
funding requested will ensure the proposed supply measure is construction ready, built in accordance with all
regulatary approval requirements and conditions, and fully commissioned ance construction s complated,



14 Stakeholder management strategy

The North Central CA S0 Cffset Brojects Stakeholder Manogement Strotegy 2004d (the Strategy] was preparad to
guide engagement and communication activities for the Gunbower Nationa! Park Emdronmenta! Warks Praject. The
Strategy darifies project specific communlcation and engagement objecthves, key messages and target avdiences to
gnsure clear, transparent and thorough communication to all identified stakeholders.

An overview of the Strategy and the outcomes from the Business Case phase is provided [n the following sections,

Thie Marth Central CMA& uses the International &ssociation for Publlke Participation’s (LAR2) spectrum for effective
engagement in strategic planning. The spectrum guides the approach to kentifylng activites at the project fevel that
will see Intaraction with community members and stakeholders [0 sways that Inform, consult, Imvodve, collaborate and
ultimately ampower them (Morth Central CAA 30136

14.1 Project phases

Four project phasas have bean identified for the Project’s engagerment with stakeholders. These are:
*  Phase 1 Business case development

s Phase 2: Approvals and detailed desgn

s Phase 3: Construction

*  Phassd: Operation

The waripus phases of the Project will require different approaches to engagemant with the varous stakeholders.
There will be overlap as the Project moves into different phases; and adaptive management as new learnings on the
Project and the noeds of stakeholders are gleaned,

14.2 Key stakeholders

The proposed supply measure has engaped a similar "community of interest’ to Tha Living Murray Guambeawes Forest —
Fleoding for Life project. The Morth Central C0MA has been able to draw on the extensive consultation and engagement
activities undertaken for that Project and experience gained. These existing channeks of communication, and the
benefits of prior significant work to assass issues and develop effactive solutions, have provided a solid basis for the
devalopment and implementation of the Strategy for this Project.

Etakoholders have been characterised into four groups relating to their intarest and (nfluence an the project
outcomas {refer Table 14-1). Relative to each other, Stakeholder Group 1 has & higher level of interest in, and
Influence on the Project outcormes, with Stakeholder Group 4 having the lowest level. A moare detaited analysis of the
project stakeholders is provided Inthe Strategy.



Table 14-1: Stakeholders of the Gunbower National Park Environmental Warks Project.

Stakeholder grou - stakeholdar

Group 1: Profect L Department of Envirorment amd Primary industriss [EPH
partrers 1 Goulbiurn Murray Water [GNW)
(Collabarate) 1. Parks Victoria {PV)

4, Commonwealth Department of the Envirpnmant (DoE|
5. Murray Darkng Basin Authority [MDES)

b. Commonwealth Emdranmestsl Warer Holder {CEWH)
7. Victorian Erfironmentat Water Holder [WEWH)

Group 2 [Inualve] 1. Irrigators S Bdjacent freshold [andhaiders [Mversion, Gravity and Groundwater)
# GRAW custormers
#  Tarrumbarry Warer Serulces Commities (a GRW Committes)
2 Tradithanal Cwmies: Yorta Yarta Mation Aborigingl Conporation
3 WCCMWA Community Committess: Portfollo Group, Mamwiral Resource Management
Commettes |[HRMC|
Growip 3 1, Local Government: Campaspe Shire Council
{Consult) 1, Local community: townships of Tarrumbarmy, Gunbower and Cohuna

3. Endronmental / Technica| Expart organisations: Musray Dasling Freshwater Research
Centre, Mumay Darlkng dssoclathon, Ermiranment Vietara, dusirallan Consenation
Foundathan, Victorian Natienal Parks Associatien

& Commumnity groups: Cobura and District Histercal Soclety, Cohuma and District Progress
Association

¢ Industey (businesses and services): taursm businesses, licence halders {agiary)

# Special Interest Growps: Flekd and Game Australia, Victorlan Farmers Federation, anghng

clubg, VR Fish, Harltago Victoria
Groupd 1, Recreational usars; campers, fishing ard boating users, AWD motorsty, field and game
[inform) hurting enthusiasts, day visitons, sto-towrists, bush walkers, bird watdhers

&, Wider commmnity: [ocal retailers, Motk Central region, Yictoria, Murray Darling Basin
3, locaizschools

The alms and approaches for engaging with each of key stakeholders were identifled to ensure that each stakeholder’s
expectations and needs were met. These approaches (summarised below] have been applled conslstently for all
engagemont and commaunication activitles during the Busingss Case phase, They will form the basis for future phases
of the Project but will be adapted to refiect the activities and needs of a particutar phasa,

Stakeholder Group 1; Collaborate = invalves an extended bevel of consultation to formulate solutions and requires a
targeted and tailorad approach to mest the nesds of each Indidd wal stakeholder.

Stakeholder Growup & Invalie - aims to ensure that issues and concerns are understood and are considered as part of
the process. It Invalves working directly with stakeholders and Infarming them in a timety manner of any planned
wiorks or major decisions related to the project.

Stakeholder Group 3: Consull - aims bo increase understanding and awareness through sourcing feedback on analysis,
alternatives or decisions. It 15 more generic in nature in comparkson (o Stakeholder Group 1.

Stakeholder Group 4: Inform - stakeholders are informed about the project and/or decisions that have already been
made threugh a variety of mediums that may include information dissemination and responding fo enquiries.



14.3 Phase 1 stakeholder group engagement

A stakeholder reforence group (project partners] was established and existing groups utiised for community
consultation.

North Central OMA groups: Engagement with the local community has bean complemented by engaging establiched
groups such as the Narth Central CMA Board, Morth Central CMA Matural Resource Management Commities [MAMCE],
anl the Campaspe Shire Counctl. Fleld trips and presentations hawe been used fo connect with these greups and
disseminaie infermation to the local community abowt the project

Stakeholder Reference Group [SRG): this group was established to provide a forem for inter-agency collbBoration o
facilitate the successful development and Implementation of Project. The success of the Project depends on the
support and involvement of the varfous sgencies — DEP), Parks Victorla, GWW and Campaspe Shire Council. Thesa
organisations have been Invohed, throughout the Project, through representation on the Project’s SRG. Local staff
have provided key information to support the development of concept designs, operating scenarios and risk
ascesaments, Staff have also reviewsd concepl deslgns and their comprehensive knovwledge of the forest ecology and
flooding patterns has been invaluable in the development of the package of works

Gunbower Island Community Reference Group [CRGE): The CRG was adtablished In 2006 as a reguirement of The
Living Murray Business Plan. For this proposed supply measure, the CRG has provided a platform to seek advice bulll
on extensive expeorience, i;m:-wledE:El and undersiandimg of the |local area. |1 has also provided a community
perspective on the project communication and engagement activities, This has encsured that project devalopment and
implementation has been undertaken with consideration of local knowledge and issucs o achisve the desired
erwironmental outcomes. Membership of the group & shown In Table 14-2

Table 14-2: Membership of the Gunbower Island CRG.

Adjacent Landhalders: Letters were sent to all 25 landholders adjacent to the Project site in February 2014, Nosth
Central CMA egntacted 25 lnndhelders by phome with o follow up emall. Face-to-face meetings were then held with 11



af these landhalders who were interested In furthar discussion. That has ensurad close, personal contact with key
affected parties to explain the proposed Project and understand landholders’ concerns.

Traditional Owners: The Traditbonal Dwners of Gunbower Mational Park are the Yorta Yorta MNation Aboriginal
Corporation (YYMNAC) a Reglstered Aboriginal Party under the Abordging! Herftoge Act 2008,

In accordance with the Victorian Abasipinal Herloge Act 2008, 0 Cultural Heritage Management Plan [CHMP) is being
developed for the package of works. The ¥YYNAC were engaged from Inception of the CHMP [Table 14-3 below),

The develspment of the CHMP will be used as the key vehicle for ongoing engagement with the YYNAC. \With
assictance from the North Central C0A Indigenous Facllitator, wiitten and face-to-face briefings, phone coneersations
and site tours will continue to be used to maintain open communication channels with the YYlAL,

Table 14-3: North Central CMA engagemant with Y¥NAC

Date Evant

Mgy 3014 FYRAL consultation an drafting the AR and Imvokement in the tender
AssEsEmEnls

Jupes 2014 ¥ HAL prowide comment feadback on the Aborignal Cultural Heritage
bashiop AsELamen

luyne 2078 Inception mesting and Surbower fledd visit

July 2014 Y¥HAL evalieate the Motice of intent to prepare a Cultural Heritage
Managament Plan

Auguist 2014 YYNAC participating in survaying for cultural heritage material

September 2014 Piast suresy mesting with YWHAC and provide comment/feedback on the
standard Survey repart

Licance holders: Lethers ware sent to commercial farest users [i.e, honey production and tourist operators), informing
them about the projects and thelr benefits.

Public Information: FACs, fact sheets, a media release, introductory ketters to llcensees, an Intreductory email to
other project stakeholders, and project update emails have been prepared and released about the project. A project
- page is available on the Morth Central ChA website, The fact shests were atiached to lefters and emalis
intreducingfexplaining the projects and their progress, displayed at the North Central CMa office, attached to the
project page on the Morth Central ChA website, and provided at a stand at the Murrabit Markets on 4 October 2014,

Stakehodder engapement and communication acthvities undertaken to date areshown in Tabée 14-4,

Table 14-4: Stakeholder engagement and communication activity log

Date Event Target Audience

Fobruary 2014 Project mEroductony lotbers Landholdars with property adjoining
project site

Aprll 2014 Project update presentation ard Gokl visit SREG

My 2014 Project update presertation and ekt visi SREG

JunE=fiLgLst 2014 Onean-0ne meatings Landheidars with progermy adjening
praject site

July 2014 Project update presantation and field visa 5iG

July 2HA Projict wpdate presentaticn CHG

HBugust 2014 Project update emadl Landbssddiers with praperty adjaining

' LT sie

August 2014 Project update presentation and field visic 5RG




Deate Ewent Target Audience
Alngusk 2014 Council meeting Camipaspa Shire Councillars
August 2014 Field wisit Morth Central Chas KRR
August 2014 Project update presentation and Held wisit (R
September 2014 Mropect Introduckory ermail Stalkeholder groups
Septesmbar 2014 Projecl update presentation and held visil SRG
October 2014 Pt update emall Landhglders and Sakeholder groups
October 2014 Profect infroductany letters Lcensees [apkany, toursm operators)
Ditbodrer 2014 A progect information stall ob the Cimore Fledd Comimunily marmbers ond mdustny
Charys
Ogloher 2014 A pragect infarrmation stall at the Murrabit Carmmunity members
fvlarkets
Octeber 2014 Preject update presentation Harth Ceptral s NRAC
Octoher 2014 Presantathon to Tormambany Water Services Irrtgators’ committes
Commities

14.4 Outcomes

The main outcomes from stakeholder engagement for Phase 1 are provided in Appendix 7. For all actiities
undertaken, the North Central CMA has documented the: consultation parties; type and degree of impact; extent of
stippart for the Project; and how consultation outcomes have been considered and responded to by the North Central

Chia.

in summary, 3 wide spectrum of groups and indivduals, with differing levels of interest and impact, were engaged,

Thia main findings that demonstrate broad community support are:

¢ Thereisrecognition of the importance of the health of the forest for emdronmental, social and economic values

#  There is broad suppert to increase the frequency of floading as this is considered the best way to restore and
enhance forest hoalth

i There & recognition that the Project will increase the health and vitafity of the Gunbovwer National Park and 5o

support social and economic uses a5 well a5 ecosystem health,

Sorme concerns and nterests rased by the community, through engagemeant activities, are outhined belaw, Thess have

baen addressed through the risk asssssment process,

i Unplanned lnundation: risk of looding to inundate private fend. The sk management sectlons conlirm the

comprehensive program in place to reduce rislks 1o an overall rating of “Low®,

s Blackwater! risks of blackwater entering and affecting water quality in the River Murray. The operating
regime js designed to minimize this risk, Increasing the watering frequancy should akio reduce the bulld-up

of arganic material that can fead such events.

% Access: reduced access for recreation, fimber harvesting, grazing and honey prodoctlon. There will be

restricted but overall benefits are recognized.

& Fire: risk of greater understorey growth increasing wildfire risk. There was also an acknowledgment that

greater imundation will reduce the frequency and severity of such risks.

14.5 Proposed consultation for implementation phase

Further engagement activithes and Implementation of the Strategy will continie in the next phases of the Project if it I
approvied: The cost of these engagement and communication activities ks estimated at 3129, 258 {refer to Section 13

for detadled costings].




The Strategy will beupdated and revised for subseguent phases. An overview of the proposed approach is provided in

Table 14-5,
Tahbtke 14-5: Consultathon strategy for the Implementation phase
Stakehalder | Consultation approach AP level of Moumsher [/ Timing
graiip : Engagemenl
Group 1 Intenshe angagement through: Collaborate Oingring
Frojact ¢ Steering Committes (6 weekly
partnrs meetings]
* Construction progress maetings
Group 2 = |rigator / Adjacent landhalder Impohve Furding announcementy commencesment of
mizetings {face-to-face] corstruction 2006
®  Spedal avents - sie towrs (8.8, Contact and organise mestings with all
furding anneuncement, Interested rigatars f adjacent landholders
commencement of construction) AG
_Eo Site tours 2017
Group 3 »  Telecanference hriefing sessions with | Consult O during 2016
Marth Central ChAA
v Presentations conducted by North Corsult Dre during 2016
Central Chdd
v Special events = sie tours .8 Corsult Site towrs 2017
fimding announcemant,
commencement nfl;nmlml:tl-nnj
Group 4 = |nformation accessed thraugh the Irferm Beessible in 2016
Marih Centrad ChA, wehiite
Al +  |rnfarmation package acoesied on the | Infaem Aeressible in 2016 {25 soon as possible after
stakeholders Harth Cemtral ChA webuite [fact tundirg i eonlirmed)
sheets, photns, contact infarmation)
o Project updates seresced theavgh the | Infam Regularly during 2016
Morth Central Chid wabsite and social
madla (g newslstier, Twitler,
Facebank)

o Project update emails infarm e during detailed dexign, two during
construction, and one assocated with each
witaring event. Coimclde with media releases

i Media eammisnication (8.8, meadia inform Maodia releases = ona chiring detziled daa.l.gn.

releases, newspaper articles, radio
inbervicws, talavision intondsws)

twir during canstruction, one associated with
mach wataring ewant. Codnelda with project
update emalls




15 Legal and statutory requirements

15.1 Regulatory approvals

A Regulatory Governance Group [RGG) s supporting the delivery of business case reguirements by praviding a
mechanlsm, through high-level engagement with responsible sgencies, to streamline the regulatory approvals
process, The RGG provides advice to the Project Control Board {PCB) regarding the regulstory approvals needed for
Victorian projects, the resolution of associated issues and the development of a program-level strategy to obtain
approvals.

The teem ‘approvals’ refers to all environmental and planning consents, endorsements and agreements required from
povernment agencies by leglslative or other statutory sbligations to conduet works [DEP| 2014c]. The approvals
required for the Project are listed in Tabie 15-1,

The Reguiatory Approvals Strategy (DEPI 2014c) has idenkified the approvals, permits or licences Rkely 1o be requirad
prior to the commencement of construction, An assessment of the Hkely impacts of the proposed works, based on
prefiminary  construction footprints confirms the need to obtsin a number of kocal government, State and
Commonaealth approvals.

The following supporting documents will ba required and are likely to be requested through referral decisions or
planning permit conditions (DEPI 2014¢):

v Anoffset strategy for native vegetation losses {see befow]
¢ Anenvronmental management framework
¢« fAthreatened specltes management plam, and

¥ A cultural heritage managsment plan.

Any vegetation losses will be offset in line with current state policy. A programe=level approach to offsetting is currently
being developed, where the primary offsetting mechanism will be the gains in vagetation condition within the areas
watered by the various Victoran works-based supply measures. An assessment of vegetation offset requirements
based on prefiminary construckion footprints indicates that the offsets for this proposed supply measure can be met
using this approach.

The application process for each approval, the responsible agency, timing of submissions and timeframe for decisions
are outlingd in the Regulatory Approvals Strotegy (DEPI 2014c). The Strategy includes an ndicetive program far
effecting regulatory approvals that gredicts a minkmum 31-week period to obtain all required approvals, This
timaframe assumes that an Environmental Effects Statement is not raquired, all applications (including supporting
documentation] are already prepared and that there are no significant deloys durlng the assessment process. The
Strategy also nmofes that there are a number of linkages and dependencies between approvals, where for emample,
some approvals cannot be issued until another is approved e.g. a planning permit cannot be granted untl theee is an
approved cultural heritage management plan,



Table 15-1: Regulatory approvals anticipsted for Gunbower Mational Park (DEPI 2014c)

Bppnronials reguired Description
Commanvwaakth leglslation
Enuirommeniol Pratection & Oiodiwersily | A number of potentlally affected “matters of natitnal anvironmental slgaificancs"
Conservirtion Act 19940 IMINES) are present [ the forests
= Referral = Wetlands of international importance (Ramsaristad wetkands|

+  Migratory waterbind species TAMBA, CAMEBA, ROKAMBA)
*  Natlonally threatened Species or commmBies &g Western Water-sturwort
[ Calfitriche cyciocorpa)

Victorian legislation

Envircrmentel Effects At 1078
+  FRaferral

Belevant to twn ol the sis relerral eritera for ndividiaal potentisl effects s,
= Potential long-terrn change to the ecological character of & wetland listed

wnclar the Ramsar Copvention of in ‘A Directery of Important Wetlands In
Bisskralia'

*  Potentinl extensive or major effects an the health or biodiversity of aquatic,
astuaring o marine gcosystems, dver the lang term

Fenaig & Environment At 1987
*  PManning permit

o Public Land Manogars Carmend

Applicant 1o raquest permizsion from public land manager to appdy fora planning
permit for works on public lond

A planning parmit apolicatian i then subenitled with supporting docusmentation:
likely o irnchude an offset plan, threatened spacies management plan

Aboviginel Weritage Act 2006
*  Cultwral Herltage Management Plan

Local Lm'n:ﬂ refers applications and plans to appropriate authorities for adwice

A CHMP 5 reguired when a listed high impact actiity will cause significant grownd
disturbance ard 15 inan area of oultural heritage sensithvity as defined by the
Abaonging! Heritage Bequlations 2007 {Part 2, Division 5)

To be prepared by an approved Cidtural Heritage Advisar

Water Act 1959 Application for a Bcence to constriect and operate works on a watersay,

*  Warks on walerwans permit

Mirtiardal Parks Act 1975 Approval for & puliiic authadity to carry aul it fundtions in e netional park,

o Bpction 27 corsent

Flora & Founo Gearontes Act 1988 Application for approwal to remove protected flora withén public land for non-

*  Protected fora lcence oF permat

commaencial purposes.

¢ Willneed to includs targeted sunsys for thraatenad/protected specles
consicared likehy to be present at the site and impacted by proposed works

15.2 Legislative and policy amendments and Inter-jurisdictional agreements

At the state level, 3 legislative change may be nepded to addrass the requiremesnt bo secure nathve vegetation offsets
prior 1o clearing, &s the primary offsetting mechanism is expected to be the gains in vegetation condition within the
areas watered by the various Vietorian works-based supply measures, (e the outcomes of the measures once
aperational], this reguirerment cannot be met. DEP! will Investigate a sulte of options to address this lssue during the
detailed design for this measure, including the potential for a planning scheme amendment. Note that the other
aptians to be investigated do not require leglslative changes.

tgatters redated to other regulatory approvaks nacessary for the implamentation of this supply measure are discussad
elsewhers in this bugness case.

ko other amendments to state legislation or policy are anticipated. This Includes any formal amendments to state
water sharing framoworks, or river operations rules or practices, Further to this, no changes to the Murray-Darling
Basin Agreement 2008 are required to implement this measure, mor do any new agresments need to be created elther
wlth other jurisdictions or water holders in the Basin,

State policy on wator tarifs, associated with use of the irigation system, B currenthy being rindewsd. This will
Influegnce the costs associated with defivery of emvdronmental water but not the feasibility of delvery,



15.3 Cultural heritage assessment

Iniitial assessments have been conducted both for Aborigingl and European cultural heritage. 248 sites on Gunbower
lstand are recorded in the Sberlginal Cultursl Heritage Register Information System (ACHRIS] (Colin Pardoe Bio-
Anthropolopy B Archaeolkogy). The upper forest |s within an area of Culfural Hesltage Sensithdty as defined under the
Aboriginal Heritage Act {2006),

The Morth Central CMa& has engaged the Traditbanal Owners, Identified as the a5 the Yorta Yorta Mations Sborlginal
Corporation (YYMAC), a Regicstered Aboriginal Party, in the development of a Cultural Heritage Management Plan
(CHMP), under the Aborigingl Heritage Regulstions 2007 [Part 2, Division 5], The YYNAC were engaged from project
incaption,



16 Governance and project management

Appropriate governance and project management arrangements hive been put in place to minimise risks (0 investors
and other parties from the proposed supply measure, The sections befow describe the goverpance arrangements
during business case development and proposed arrangements during project implementation.

16.1 Governance arrangements during business case development

DEP! conwened o Project Control Board (PCE] to oversee the development of business cases for the nine Victaorlan
works-hased supply measures, Tha PCB is comprised of senior axecutlves fram DEPL, the Morth Central and Mallee
ChAAs, GMW and Parks Victoria. This has ensured high level engagement of responsible agencies and has assisted in
Identifying and resolving program-level lssues during development of business cases. The PCB's rale has been to
ensure that:

¢ Al business cases meet the reguirernents sef aul in the Phase 2 Guidelines |refarence)

o Al busiress cases are of a high and consistent standard, and delivered within specified tmefines

s The technical basks of each business case Is robust, credible and fit for purpose

s That appropriste consultation with stakeholder agancies, affected persons and the cornmunity was carried out

durng business case development.

The B#CB has been supported by an Expert Revew Panel and Regulatory Governance Group, and project-specific
governance arrangements set up by the Morth Central and Mallee ChAs (Flgure 16-1),
5. Project Control Board
Project Owmnar ﬁﬁ'ﬁi '
Deputy Secretary, Water & North
Catchments Grap (DEP) el
Parks Victoria
Goulburn Murray Water

Regulatory
Expert Review Panel - Governance Group

Figure 16-1: Governance arrangements during business case development

Thi Gunbower National! Perk Emvirenmentol Works Profect business case has been endorsed by the PCB as part of the
final package of Victorian businest cases to be submitted for assessment under Phace 2 of the SDL adjustment

mrechanizm.

16.1.1 Expert review panel

An Expert Review Panel [the Panel'] was established to examine the oritical elements of each-business case at key
stages and assess guality, credibility and whether the element is fit for purpose. The Panel was chaired by David Dole



and compeised of experts in engineering (including geotechnical, structural, hydraulic and water system operations),
mydrobopy and acolegy. Hs members include;

¢ Phillip Cummins (engineering]
*  Shane MoGrath (engineesring]
& [Or Chris Glppel (hydrology)

¢ Andrew Telfer (salinlby)

»  Professor Terry Hillman [ecology)
The following evaluations ware carried out during the developenant of this business case;

& Engineering: Review of concept engineering designs {hydrawlics and structures), the scoping of geotechnical
rvestigations to support water management structune design and construction costs

¢ Hydrology: Review of hydrodynarmic and hydrological models, data, modelled scenarios and outputs
w  Salinity: reviow of assessments of patential salinity impacts of works and messures prajects

* Ecology: Review of the descripfions of ecological walues. the eoplogical objectives and targets, and
emironmental water requirements, and the descriptions of anticdipated ecologica! outcomes and
emvironmental water reguiremenis

Thi expert review process has led ta the conclusion that the underiying feasibility and cutcorme investigations have
effectively provided a soundly based proposal that is fit for purpose. See tha Summary Report of ExperT Peer Rewew
Panel Cufcomes far further detail.

16,1.2 Repgulatory Governance Group

The Regulatory Governance Group {RGG| was estabfished to support the dellvery af business case reguirements
related to repulatory approvals, The RGG was comprised of relevant staff from Victosian approvals agencies, including
DEPI, Parks Victoria and Aborlginal Affairs Victoria. The RGG provided advice to the PCB regarding the regutatory
approvals needed for Victorian projects, the resadution of assoclated ksues and to develop a program-fevel strategy to
obitain epprovaks (provided with this business case as a supporting document).

Setting up the RGG has provided a mechanism for high-level engagement with responsible sgencies at an early stage
to stresmfing the regulatary approvals process for progosed supply measures. \While the RGG ceased operation when
gll business cases were finalised for submissien (December 2014], the Group may be reconvened by the PCE as
rejuired,

16.1.3 Stakeholder Reference Group (Project partners)

At the praject level, development of the business case for the Gunbower Nationa! Park Ervivenrmental Works Project
was overseen by the Stakeholder Reference Group (Morth Central CMA, 2014e). The group’s role was to ensure the
business cases developed for these sites are of a high guality, consistent standard, and that they meet the
requiraments of the Commonwealth,

The Stakeholder Reference Group was comprised of members representing Morth Central Cha, PV, DEPL GRMW,
MDBA, DoE, Gannawarra Shire Council and Campaspe Shire Councll {North Central Cha, 201de).

Specifically the group was responsible for the following functions in the development and defivery of thi relovan
project business cases (North Central CM&, 2014e):



¢ Adwising on the development and preposed delivery of the projects from a technical perspactive
»  Ensuring projects developed and the supporting business cases produced are technically rigorous and sound

»  Guiding and advising on statutory and policy ksues, including the identification of any constraints or issues that
may Impede the success of the projects

¢ Advising oninterpretation of policy and legislation relevant to their agency
#  Advising on processes to riselve issiies relative to thefr agency

» Identifying any issues associated with the proposed works that may impact upon project Imptementation,
including any peficy changes

«  Monitoring the developmaent of business cases to ensure a consistent approach and that required information is
provided, Inaccordance with the Phase 2 Guidelines (reference].

v Disseminating information within thelr respective agencies regarding project progress and Issues.

16.2 Governance arrangements during project implementation

To ensure that this proposed supply measure & delivered on time, arrangements will be put in place that will ensure
Appropriate senior oversight of project governance and delwery. This will allow for the successful completion and
opeeration of the measure a5 part of the S0L adjustment mechanism.

These arrangements will be prodominantly based around those that were used to deliver the three TLM projects
within Victoria, complemented with existing state government frameworks, which together will underpin a set of
robust and thorough processes for procurement and project managerment, Key aspects of the proposed governance
and project management for this supply measure are explained below.

16.2.1 Project management structure and team

The project management structure and t=am will be overseen by the project owner, currently antidpated to be the
DEPL, in line with the povernance arrangements that have underpinned Business Case preparation for this proposed
supply measura, DEP will be supported by & Project Control Board (PCB), comprised of senlor executives from DEPI,
the relevant Victarian Catchrnent Management Authorities (CMAs), the relevant constructing authority (e.8. Goulburn
Murray Water, SA Water) and Parks Wictorii.

It is expected that the PCB will be comprise appropriate senior managemant representation from each of the
participating agencies, who will have the roquired decison-making authorlty to owverses all elements of
implementation. In line with the successlul governance arrangements utilised during the Living Murray EWMP and
the ocutcomes of the warkshop on ongolng asset management arrangements {see Section 13.7), the relevant
constructing authority would be well placed to undertakie the construction of the supply measurse, supported by the
relovant Chis

16.2.2 Procurement strategy

s the primary delivery agency, the relevant constructing authority could manage procurement during the
construction of the supply measure, operating under the high-level aversight of the PCA. Supporting this, Harth
Cantral CMA will piay a critical role by assisting in the development of a procurement strategy, ﬂ'h]l:'ﬁ would be
approved by the PCB. More specific detalls of the preferred approach for procurgment will be detalled In the
construction progosal,



16.2.3 Project Steering Committees or related governance mechanisms

in Hne with pood governance practice, and again drawing on the experience of the Uwlng Muray, B s expected that
the PCB would meet regularly througheut th construction af this proposed supply measure to ensure that milestones
and timelines are met, and 18 resolve any potentlal arlsing lssues.

The PCE members would have the required decision-making authority to address any emerglng risks, including the
following:

¢ |dentifying and resodving issues, induding those that might impact timelines/budget

¢ Froviding puldance to resolve project-specific issues

v Ensuring appropriste consultation with key stakeholder agencies and the community

«  Closely monitoring bmplementation to ensure tmelines and budgets are met

Kaking recommendations to DEP| an any issues that may arlse durkng construction

16.2.4 Monitoring and reporting during implementation

The PCB would be the key conduit for monitoring and reporting during the implementation of this proposed supply
messure, This would induda:

s Maorth Central CMA providing regular implarmeniation updates at each PCE meeting

« Consideration of any milestone or payment repaorting that is likely to be required under all contractual funding
arrangements associated with this supply measure

16.2,5 Design and implementation plan with timalines

The PCB will meet regularly throughout the consfruction phase of this proposed supply measure to ensure milesiones
and timelines are met, Lo review desipns, and to resolve any arising Bsues. North Central Chas will play a critical
supporting role by assisting with statutory approvals and the dewslopment of the construction proposal, as well as
managing discrete projects to support detailed designs and the imgdementation/ construction of the sugply méasure.

North Central ChA hias a proven track record i the design and owver-sight of project deliery Tfor major enviconmental
wearks mipasures, such as the TLM investrmant in the lower Gunbower Forest,

A detalled work plan will document the key tasks and the agency responsible, associated rescurces and timelines for
the implementation of the supply moasura. An overall timelrame for the completion of constrection is shown in Tabla
16-1.



Takle 16-1: Milestones and timelines for construction

Slages Year 1 Yaar 2 Year 3 Yeard

Planning/Detailed design
Bpprovais

Pracurement

Whorks

Enmw'ﬂﬁanlrﬁ

16.2.6 Reforence Group

A Reference Group will be established to assist and advise on the commissioning and operation of this proposed
supply measure, This group will provide a forum bo ol project partners in the decision-making process, 19
consider broader system operations (g of the Rier Murray and other environmental watering events) durkng
planming and operations, and to inform stakeholders of operations and progress,

For the upper Gunbowser National Park, the Reference Group membership will consist of partners and stakeholders,
including the PMDEA, DEP|, GRW, NSW Office of Water, Lowsar Murray Water, Barks Victoria, the Cammonwealth
Ervironmental Water Hobder and the Victorian Envirenmeantal Water Holder, Other agencies and organisations may be
Iinvited to participate a3 guests or observers,

The Reference Group's key responsibilities will be to ensure the necessary planning, monitoring, communication and
reporting arrangemants are established prior to and during events and to identily and moniter any event risks or
Is5ues. This allows for safe and effective operatbon of the warks, real time response and adaptive management when

MECEtsary.
16.3 Governance expertise of partner agencies

Implementation of the Project in the upper Gunbower National Park will be & partnership between four agencies:
Nerth Central CMA, DEP, PV and GMW,

16.2.1 North Central CMA

The Morth Central ChA™s primary responsibility &= to ensure thak natwral resources in the region are mansged in an
integrated and ecologically sustainable way. North Central ChiA's work is based on rigorous science and dethered
through meaningful partnerships with government agencies, mdustry, environmental organisations, private land
managers, Indigenous dtakeholders and the breader community. All defivery arrangements are formalised thraugh a
range of mechanisms Including operating agresments, service level agreements and landholder incentive / tender
management agreesments, the application of comprahensive MER| framewaorks; and the application and interprelation
of complex spatial data,

The Morth Central ChA has a proven track record in successfully delivering a ranga of endronmental projects which
have varied in complexity, monetary valee {up to multi-million doBar projects) and in spatial extent [from
concentrated local points o landscape-scale pragrams).

Operating within policies and controls approved and overseen by the Morth Central CWMA Board Erﬁml?__a-h"insparenl
and accountable governance systems that embody performance and continuous improvement, Thess governance
arrangements include a quality management approach to project management, with policles and procedures for



project management, contractual arrangements, procurement and risk management, The Morth Central CMA'S risk
management approach covers strategic, operational, financlal and compliance risks,

The Morth Central CMA wis recagnised in 2014 by the Australian Crganisational Excellence Foundation with a Branze
Awcard for fis achlevements utilising business excellence principles, thersby demonstrating a commitment to
sustainable performance, stakeholder value, guality and service, philanthropic ideals, ethical behaviour and
emdrommentalsustainability.

16.3.2 DEP|

DEPFs primary responsibility in regard to this project is to act as its sponsor through the project assessrment process.
established by the Intergovernmental Agreement on Murray-Barling Basin Water Reform 2004 (I1GA), As part of this
process, DEPI will represent the State of Victorla in negotiations with Commonwealth Government agencles to seoure
funding for the project, consistent with the commitments and arrangemonts cutlined in the above mentioned 1GA,

Once a funding agreement is reachad for this project, DEPI will then assume an oversight role for the rolkout of the
project consistent with the terms of the funding agreement. &s indicated previcusly, this oversight will be applied
through the establichment of 8 PCE for the purposes of this project and any others that secure Commonwealth
Government funding, It is envisaged that DEPI will chair and operate this PCB, its primary focus will be to ensure that
milestones and timelines are mel and where necessary, (o resolve any emerging issues that present a material risk to
the conduct and/or completion of this project.

Crver the past decade, BEPI has had considerable experence in undertaking such owersight roles to a high standard for
major Commonwealth funded water infrastructure projects in Victorla, Motable examples in this regard include The
Livirhg MMurray EnviFonmeantal Works and Measures projects at Gunbower, Hattah Lakes, Mulcra and Lindsay fstands,
the GMW Connections Program and the Lake Mokoan project.

16.3.3  Parks Victoria

Parks Victoria & a statutory autharity, created by the Porks Wictoro Act 1995 and reporting to the Minister for
Envircnment, Climate Change and Water,

Parks Victoria is responsible for managing an expanding and diverse estate covering mare than 4 million hectares, ar
about 17 per cent, of Vietora,

Parks Victoria s committed to dellvering works on the ground across Victoria’s parks network to protect and enhance
park values, Parks Victoria®s primary responsshility s to ensure parks are healthy and rasilient for current and luturs

genecations and (o manage parks in the context of their surrounding lendscape and in partnership with Traditional
Chaners.

Parks Victoria works In partnership with other government and nen-government organisations and community groups
such as DEPF, catchment management authorities, private land owners, friends groups, volunteers, lcensed tour
aperators, lessees, research institutes and the broader commiunity,

Heaithy Parks Healthy People is at the core of everything Parks Vietoria does, Parks and nature are an important part
of improving and maintalining health, both for individugls and the community. Parks Victoria has a clear rode to play in
cannecting people and communities with parks.



16.3.4 GMW

GMW provides rural water and drainage sendces in northern Victorla, GMW s the Victorian State Constructing
Authorlty |SCA) for the MD&EA, and the Victorian Murray Resource Manager, with responsibilities for water accounting
and fiison with the MOBA on planned and actual diversion operations, GMW manages 54 billion of its own assets and
a further 52 bilion of MDBA assets to fullll its functions, As 5CA, GMW was the deflvery authority for the Gunbower
and Hattah Liwing Mimay Projects In Victoria, GMW has the asset management and design and construction policies
and controls in place te deliver against a large eapltal works program. These policies and contrels will direct GMW's
activities for the delivery of thase SOL Offsat projects far which it & assigned responsibility.



17 Risk assessment of project development and
construction

The Project’s approach 1o assessing risks ks been outlined brlefly In Section 7 and is further detailed in the Risk
fionogement Strotegy and the Risk Register.

Section G deals with potential adverse ecological Impacts and Section 11 with potential adverse social and economic
Impacts, from operation of the measure. This section reviews the potential risks réfated to the seccessiul completion
of the Project, including its construction and delvery, There is some inevitable overtap with the earlier risk assessment
sections.

17.1 Construction risks

Construction of the infrastructure regulred to deliver the watering activitias has the potential to have impacts, These
include adverse emdronmental Impacts, fire, damage to cultural heritege and/or Eurepesn historical assets, njury or
loss of lfe, and sodo-economic impacts including disruption to local amenitles or economic activities. Table 17-1
provides a listing of the risks which scored an overall risk rating of either “Very High' or "High'.

17.2 Process

Risk mitigation and management of constructlon acthvitles involve a standard set of well-established leglsiated
controls outlined below:

#  The project proponent applles for a planning permit to undertake the warks
¢ The appllieation triggers referrals 1o multlple agencles
»  The agencies impose conditions on the planning permit
& That permit reguires the development and implemeantation of standard controls including:
— Public Land Manager of Land Owner consent
= #n Environmental Management Framework
— A Offsot Strategy
— Threatened Species Management Plan
= A Cultural Heritage Management Plan {see below]
= Installation and site plans
— A traffic managerment plan
— A fire management plan
= An Oecupational Health and Safety plan
— A rehabilitation plan

# - The relevant constuction eanlracter |8 responsible for developing and implementing these plans, subject to ovar-
sight by the relevant managing authortby. £

#  Approvals under ather legislation [refer Section 16) will be required as part of the development and delivery-of
the Project. The implementation of these legislated mitigation controls will reduce the risks in Table 181 to a
‘Maoderate’ rating



Machineny may start a fire,
emusing o of blodhversity
within the Mational Park

and hurnan andfar property

darnage,
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Further dekail an Ehe risks and pssociated mitfgation contrals is provided below.




17.2.1 Environment

To identify potential risks of construction to significant, threatened or listed species or communities of envircnmental
significance, a flora and fauna assessment of proposed work sites was undertaken [Biosis 2004). The study identified
the following relevant matters [isted under refevant legislation:

i Commorsenith Envirconment Profection ahd Bindiversity Conservertion Act 1999 [EPBEC Act)

Patential habital for EPBC-listed specias - River Swarmp Wallobyw-grass, Winged Peppercress,
Stiff Groundsel, Growling Grass Frog and Superb Parrot.

Listed Grey Box woodland community,
v Vichoron Florg and Feune Guarontee Act 1988 [FFG Act)

Study recorded presence of Broad-shelled Turtle and habitat for a number of listed species.
Murmerous protected flora specles were recorded.

The results of this assessment were incorporated into the Project design and opfions mvestigated to retain as much of
the mapped vegetation/habdtats o3 possibde, Priofity was ghven to the iWghest value areas and retalning as many large
trees as possible, As aresult of the above Investigation, the design and construction of the required infrastruciurne will
minimisa removal of native wagetation and terrestrial and squatic habitat. Le, the construction focused adverse
ecological impacts are niegligible.

In addition, the following will be undertaken by Morth Central CMA prior 1o any works:

+  Prepare a referral to the Commonwealth Envirenment Minkter to determine if the project needs to be farmally
misestod under the EPEC Act (1999) for pofential impacts to Matbers of National Environmental Significance
{MNES)

*  Prepare a reférral under the Enwronment Effects Act 1578 to determine If the project needs to be formally
dssessed,

*  Prepare an offsel strategy to meet the required offsets for the permitted cearance of mative vegelation and
threstenod specias habitat,

o Obtain permits required by policy and legisiation,

¢  Prepare relevant management plans such as a Construction Environment Maragemend Plan [CEMP) and a
Threatened Specias Management Plan (TSMP] that will identify activities reguired during construction to avold or
minimise impacts on significant, threatened or Hsted specles or commanities of envircnmental significance.

17.2.2 Physical Injury

The residual risk for physical injury, from construction wehicles and construction acthdties, i considered to be
moderate. A Consiruction Management Plan will be developed that will prescribe responsibilities under the

Occupational Health ond Sofety Act 1994 to ensure safe practices for all actiities on site and related to the
construction work.

17.2.3 Community unsupportive
Community support is an important part of implementing and operating environmental watering projects. The North

Central CMA has developed the Stakeholder Marogement Strategy (Morth Central Chis 2014c) 6 'guitlu crngagement
activities for the Project and mitigate the potential risks associated with a lack of community sepport. This & reported



o more fully in Section 14, Targeled engagement of adjscent landhobders has been a key activity for the business
case development phase of the Project, The resldual risk for this risk is considered to be moderate. Ongoing
engagement and communication activities will be critical to ensure this risk s mitigated,

17.2.4 Cultural Herltage

Construction of the works and operation of the proposed watering regime has the potential to impact on sites of
cultural hnrlt:aq;e significance. The proposed construction works n Gunbowers MNational Park will require the
preparation of & Cultural Heritage Managemant Plan {CHMP) for indigenous cultural heritage as these gre high impact
activities within an area of Cultural Heritage Sensitivity as defined under the Aborgingl Heritage #ct 2006 (Benchmark
Heritege Management. 2014},

The CHMP willl e the primary mitigation contral 1o protect cultural heritage values firom harm durlng construction,
The CHMP will set out the actions reguired to minimize potential impacts and manage any residual risks. The magar
mitigatian strategy will be Yo relocate warks and activities away from lecations with an existing recard of significance,
Thits will reduce both the Fkelhood and severity of amy risk. Howevear, it |s recognised that the register of aboriginal
sites and artefacts Is only a partial record of all potantial sites, Therelare, amy work activities will also need to incdlude
syystems to identify assets and respond to them i construction s undertaken,

The Marth Central ChA has an exsting relationship with the Traditional Owners, the Yorta Yorta Nation Aboriginal
Corporation, through its ndigenous facilitator and project staff, The preliminary cultural hertage assessment was
undertaken with Yorta Yorta Traditional Owners (Benchmark Heritage Management, 2014), If significant assets are
itentifled durlng construction, the CBAa will work closely with Yorta Yorta Traditlonal Oweners to reach an agreed
response, as well as adhering to the legal requirements. It is also worth noting that the Traditional Owners place
comsEderabie value on the health of the wetlands and lorests,

A preliminary European cultural heritage stidy (Kaufman £ Balinger 2014) identified a number of cultural haritage
sives of local significance, The study concluded that there are no historic heritage compliance issues arlsing from the
Heritage Act 1995 or the Plasning ond Emdronment Act 1987 associated with the impacts outlined above and no
action b required of the Morth Central CMA or its contractors in carrying out the proposed works. Given these
gstablishied control and protocals, It s [udged that the residual risk s Tikely® 1o ooour but could cause ‘minar harm' -
rasulting In an owerall risk rating of "Modearate’,

17.2.5 Fire

Fire has & residual risk rating of high due to the consequencas of a fire e.g. property damage, loss of 1ife. The likelihood
of the event & considered to be ‘Unlikely’, but the consequence of any such event would still be ‘Sdajor Harm' and so

triggers 3 Categorny B "High' risk rating,
17.2.6 Poorworkmanship

If poor quality controls are in place, the functionality and durability of the infrastructure will be compromised,
impacting on the desired operational outcomes, fulure maintenance and operational costs and safety, The detaited
design and construction process will engage sultably qualified and experenced personnsd, with a peer review process
to ensura that appropriate quality assurance and quality controls are in place, The resldual risk & conskdered o be
moderate with a probabillty of 'unlikely',



17.2.7 Flooding and adverse weather

H finoding of wark areas or abnormal weather conditions pravent acoess 1o the site, this could resuft in delays and
costs for de-mobifisation and re-mobilization of workforce. Ensurlng approprizgte contractor contract and minagerment
arrangements will be critical to ensure that cost escalation, insurance considerations and liability are agresd up front
With this mitigation control in place, the residual risk was assessed as ‘possible’ and "minar’ generating en overall risk
rating of 'Mince’, Costs for this risk have been accounted for in the construction costs (refer Section 13.2. 1} The
residual risk is considered to be moderate.

17.3 Project management

There are risks arising from the project management aspect of the implermentation phase as outlined below. Thess
risks could be from a number of sources, which will trigger a range of differant risk mitigation strategies and conkrols

17.3.1 Approval delays

The Reguiotory Appvovals Strotegy (DEPI 2014c) provides a detalled review of the approvals reguired for
implementation of the Project, The Propect plan will cutline proposed timelines with appropriate contingendcies to
account for potantial defays. DEFI will also provide statewide oversight on the approvals process on behalf of victora.

17.3.2 Loss of staff capacity

Effective and efficient project management requires skilled and experienced staff, particularly for projects that are
multidisciplinary imvolving ecological, hydrotogical and engineering relationships The time lag between submission of
business cases for assessment by the Australian Government and notification of approval poses a risk that key stafl
involved in planning and development of the Project will no longer be available for the implementation phase. This
risk will be mitigated through collaborative statewide and Basin wide approaches to skill resourcing and developmaent.
The residual risk 5 considered to be "'moderate’ as there Is limited control over the availability of funding to retain
staff during this key perind,
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Appendix 1: Species lists

Table 1 Flora species found in Gunbower National Park (DSE 2010; Biosis 2014; Bennetts 2014a; Bennetts 2014b;
Frood & Bénnetts 2014; Bennatis & lﬂ||'5|' 2013)

Species Mame Comman Name EFBC MIC FFG
Arocia acirocea Gold-disit Watkle
Acacie brachplotrsg ey BAulga

Acocio dealbate subsp. deatheto Sikar Wantle

Allsimg plante po-aguatioa Water Plartaln
Alternantbera denticalats Eetser ywesd
Alternaathera nodifiars Commoan Jaywaned k
Alternanthera sp, 1 [Pains) Plaims Joyweed K
Ao mus flultans River Swamp Wallaby-grass W A
Amphihromus REFVEEUS Comman Swama Wallaby-grass
Amphilromus 509, Swamp Wallaby-grass
Amyema migueilil B Mistisine
Anthasachne scobra 5.0, Common Wheat-grass
Aphares pistralions fustralian Piert
Arthropodim fleavbvlotem Modding Chocolate Lily
Arthropodium minus Senall Vanilla-lily
Atripley eardlepar Srmall Saltbush

Adriplex leplocarpo Sender-fruit Saltbush
Atrlplex mrmmanlerin spbzp. rummuiania Oiel-man Saltbiush
Atriples prevdocs mponuiate Meaby Saltbush

Atriplex purmilio fAak Salthisth

Ariple s searibaccata Berry Saltbush

Atriplew suborocta Sprawding Saltbush
Austrostipo sleganiisime Feather Spear-prass
Austrostion nodoso Kmakty Spear-grans
Austrostion scabra Rough Spear-grass
Austrostipe scobra subsp, folcato Fough Spear-grass
Austrestipn 50, SpRar-grass

Aralle fiNculoides Pacifsc Azolla

Aroily pinmmia Farmy Azolla

Axollo spp. Axoila

Hoerhoufe dosmin Tah-vine

Bolboschoenus medianus Miarsh Chib-iedge
Brerchyscome hosaltico var, graoils Woodland Swamp-dalsy
Brochyscome cillaris var. brachyglotiis Warialde Daisy
Brachyscome diversifalia Tall Dalsy

Brachyscome readen Feader's Daisy

Buibine samibarbato Lank Lily

Calondsing calyatnrta Fink Purslane
Colendrini sop, Purslang

Coffitriche sonderi hEarted Water-siarsart
Calieriche spp, Water-stanaort
Calfitdiche ambonala Western'Water-stanaort
Colocepinalus sanderi Pale Beauty-heads
Cofotis crnefiolia Blue Burr-daisy

Colotis hispidulo Hairy Burr-daisy

Colatis scabiosifaliy var, scohiosifalia Rough Burr-dalsy
Colotis scopigere Tufted Burr-daidy
Craredinmivia morensls Rivering Bittar-cress
Corex fnversa Erioh Sedpe

Cirre tevaticmilly Popngort

Covsinia orowata Drooping Cassiria



Specles Mame

Centeilr condifola

Contipadn cunnlnglamd

Centipedn minime subsp, mimima 3.5
Corotophylivm demarsum
Chamaesyee drummondii
CHARACEAE spp.

Chensgodium desertornn subsp desertorum
Chepopadivm desertorem subsp, microphylivm
Chenspodium desertorim subsp. feetum
Chenopodium pumilip

Chierls 1o,

Chilgrls truncote

Codirkr osiralis

Crospedio paludicole

Crssiiy calarsto

Cressuim decambens var, decumbens
Crassule helmzi

Crossuie pegdunculoris

Cressula siekerany

Cymbonotus prefssirous

Cynadon dictplon var, pulchellus
Cypers difformis

Cyparies gxallatus

Cyperus g swbsp. gami

Cypenas spp.

CDomas ol min s

Dowcys glociioioris

Deyeunia quadriseta

Oianellr admivta

Dfanele spp. aff. leagifole [erar)
Dichomdro repens

Dillwynie cinerascend

bysphoni glomuifera subsp, glomueiifera
Dyaphanis pumilia

Eclipto platyglossa

Etnodia hastate

Einedin rutans subsp. nutang

Einedia trigones subup, trigamnm
Efatine gratiololdes

Eleacharis acule

Eleocharis palleas

Eteccharis pusilfa

Elepcharis sphaceiot

Elpmus scober wor, seeber

Enchiplaens Eamendasa vor, tomentasa
Enteropogon aclfowlivis

Epilobdim biffardieriomem

Eplipbiym blipriferionem subsp, Bilfardieriomem

Epilobium billordieriamum swbdp, cinereum
Epdinbirm hivtiparum
Errgrroaiis Infecunolr
Erpdlimm crindtiem
Eryragiium paludostim
Epcalyptis comoldriensls
Eincarypius fongifloners
Evralyptus microoanpo
Ewchiton collinus
Euchiton nvolucrotus & L
Enchiton Myalucrolus 5.5,
Euchiton sphaericus

Common Mamea EFBC WG
Cenfeiie

Common Snesgawedd

Spreading Sneatsvwesd

Hormisort k
Flat Spurge

Seommwnrt

Frosted Goosefoat r
Srmall-keaf Goosefoot

Frosteg Ganse oot W
tlammy Goosefood

Windmill Grass

‘Windmill Grass

Commaan Comla

Swamp Bllly-ittons

Dense Crassula

Spreading Crassula

Swarmnp Crassula

Purgle Crassula

Sieber Crassula

Aistbral Bear' s-ear

Matlve Couch

Wariable Flat-sedge

Tall Flat-sedpe

Flecked Flat-sedge

Flat Sedge

Star Fruit

Australlan Carroi

Reed Bemt-grass

Black-anthar Flax-lly

Piale Flax-lily W
Kikney-weod

Gresy Parmol-pen

Globalar Plgweed

Clamwey Goosefoot

ol Twiini=haads

Saloop

Modding Salthush

Lax Goosefoot

Waterasert

Comman Spike-sedpe

Pl Splle-tedge k
small Spike-sedpe

Tall Spiki-sedpe

Comman Wheat-grass

Rubry Saltbish

Spider Grass

arishhs Witlow-harh

Smnth Willow-herb

oy Willow-herl

Hairy Willess-harh

Seaithern Cane-grass

Bl Her it -0

Leng Eryngham v
Rl resf-griarn

filack box

GErey b

Cresping Cirdweed

Common cutwesd

Star Cuidwesd

funrual Cudhweed

FFG



Spuncios Name

Ewlrfie aurea

Euphorbic drummaoedii
Eubarias atcrapfyita vor. diffueo
Evterwlr feraphyia vor, microphylo
Exprarpos cehress iformis
Expcorpos sirkctus

Galium gowdichewdii
Grococces pusifiug
GEranium sp,

Geranium sp. 2

Garaaim 5o, §

@inus fotoides

s oyppesitiolis
Grapimlinm podycmuion
Erapfnlinm ap,

Goadenfa fascicwinrs
Goodenie gleves
Goadenio grocilis
Gaoagdanis heleromerr
Gaadenin pinpatifita
Groodenie pusilifiiore
Gratinta pumils

Hiloregs aspers
Haioregls heterapydia
Hellicheysum hniepaibnm
Helichrpsum anidmepis
Hypoxis ginbefa ver, glabelly
e pis spp,

Juipoys amabiis

Jupcus aridicoly

Jupcus austooly

Jumeus flavidus

Jumces holpsefraenus
Jurcus ingeny

dureus pellidus

Jurens sishse ey
Jureugs usitatus
Lachnagrostis fiffarmis 5.6
Landoitio punctata

L digme g

Lepidivm psevdobyssapifolivm
Limaselio australs

Lium mergimale

Lohelic concolnr

Lobeln proticides
Ledwipie peplofdes spbsp, monfevidensls
Lycopus austrolis

IwEhewm bpssopilfollo
Lythrum salcaro
Mafreana brevifodo
Moireona decaivans
&Moireana enchpinenaides
Mualreana burmiimg
Maolve spp.

Marsilea costnlfere
Morsliea drammaondii
MorsiTea firsauto

Mersliea spp.

Mekaleuca fancelota subsg, eslpio
Menthe awstrolis

Comman Nama EFRE  VIC
Siky Brawntop

Hat Spurge
Sgreading Eutaxia
Comman Ewtaxia
Cherny Ballart
Palie-fruit Ballart
Rouglh Bedlstraw
Earth Cress

Crane’s Bl

Varlable Crane's-hill
Maked Crane’s-pill
Hairy Carpat-wead
Slender Carpet-weed
Indiam Cudwesd
Cisdlwegd

Silky Gooderia

Pale Goadenia
Skendar Goadenia
Spreading Goodeiia
Cut-leaf Goodoniz
Emall-flower Goodenia
Dwarf Braaklime r
Rodah Raspwart
Varied Raspwort
lersey Cudwesd
Pale Evertasting
Tireg SRar

Club sedge

Hollow Rush
Tustack Buth
fuistral Rsuh

ok Rush

Joini-leaf itush
Giart Aush

Fale Rush

Flrger Bush
Elllabnng Hush
Conmimn Blowr-gras
Thin Duclwead
Covrimon Duckweed
Wative Papparcross k
Austral Modwort
Hative Flax

Poi=on Pratia

Poizan Lobelia
Choe-strip
Austrafan Gipsywort
Emall Loosestrife
Purpls Loasastrife
short-deaf Blusbush
Hlwck Crtton-tush
Wingless Aluehush
Drugiur| Blusbish
flallow

Magrow-taat Nardoo
common Nardoo
Short-frult Mardoo
Mardo

Iesangh

Fheer Mlnt

FFiG



Lopcms Name

Mimilus grocilis

flnurrl integersima
Ifiuehlenbeckin florslente
Iiypsurys ousiralis
Mpraphiumcapul-medisee
fyriophyiium crispatum
Napriophyiiiem papiliesum
Fetpriophyfiurm sop,
Taprrapl e VEFr ORI
Najas tenuifolin

Nitalle spp.

Nypmphoides crenoto
Oleovka pimeleaides
Ophloglessim fusitmmicem
Ottelio ovalifols subsp. evellfola
Dxeiis perennemns
Pereletario delwls i
Paspefidiam jubiffaamm
Paspeium distichum
Parsicorio decigfems
Persicoria hydvopipor
Persicoria kpathifofin
Persicora prasirate
Phergmites austiaiis

Plcris spp.

Pittospornt angustifolinm
Flortogo cunninghomil
Plwrtege dnanmendall
Plortogoe paudichoudii
Piermtogo turrifers
Pigntage varla

Poar lab Wliardlerel verr loblloratiered
Pedpganam awculare
Podygoman plebeium
Aolemogetan chess smamii
Potemoegeton ochremius
Potmmogetan pp.
Potemogeton sulcalys
Potemageton tricarinatus
Ferudagnaphaliom uteaeibm
Pesuporephis spinascens
Fiilotus spothwiorius £ spothuladus
Ranunciilys frundabuz
Hanunonkes lappoceus
Hapumorlus pumilio
Hasuncwrhs sessififforus suhep, sessilifionrs
Rhagedie splne sceis

Riceia duplex

Rlcctocarpos mabhans
Rarigpo eustyiis

Raripga fecinlota

Rumeay Bidens

Rumex Brovwnll

R Crigpis

Rumew drumosus

Rinimasy te s
Rytidospe rma coespitosiam
Rytidosperma duttonionim
Rytidosperma erfontfmm
Rytidasperma fuham

Comman Mama EPBC WIC
Slender Monkay-flower
Simaath dinuda r
Tangled Ligram

iviowsetall

Coarse Water-milfoi

Upright Water-raffoll

Babust Water-rnitfail
‘Water-midoll

Red Water-milfel

Watar Mymph r
SonessTt

Waney barshwort W
Plrnelea Dajsy-bush

Augtral Addar's-tongues
Swarmg Lily

Grassland Wood-sormal|
Shisde Peliitery

Warrepn Summer-grass
Wates Couch

Slemdar Knobwamd

Wates Fepper

Pade Knobweaesd

Creeping Knotweed
Carmeman Reed

Picris

Weeping Fittos patum

Clay Flantain

Diark Plantain

Warrow Flantain

Crowned Plantain

Yarabls Fantzin

Coiriran TUsok-Eraca
Presstrake Kol

Small Knotweed

Red Panchaead

Blunt Ponidwesd

Brndwaed

Furrowied Pondwead
Flzating Pandwensd

Jersey Cudweed

Spany Mud-grass

Fussy Tails

River Buttereup

dustralian buttercup

Farny Srall-fower Butterciep
Annual Hutteroup

Hidge Saltbush

Flaating Crystalwoart

Frinped Haartwort

Mot Bittor-cross r
lapgged Bitter-Crass

Bl Dack

Slender Dock

Curled Dock

Wiry Dock

Marraw-leaf Dack

Common 'Wallaby-grass
Brown-back Wallsby-grazs
Hill wallatey-grass
Coppar-nwned Walloby-grass



Spacies Name
FyHid oS0 TG FOCEIMISTAR WIF. FECRHRrE AT
Rytidasperme setadeia var, seiotemn
Ryttdaspermoe spg,

Soivola tregus

Solsodg trogus subsp, tragus
Ecleroloeno discanthe

Sclerafoene muricale

Eeleroloene murlcata vor, semiglobrr
Eclerofeenn undfiorn

Soneelo comprplocarpus

Sonecio curminghamil ver, cuninghamil
Semecio quadridenbatus

Semacho arpcinifollis

Sermmg ariemisioides sop. ogg.

Sida corrugota

Stgesheckis orisntalis subip, orientalis
Solenm esuriale

Solaminm spg.

Solenogyne daminil

Spergul@nie maring

Spirodela spp.

SteMirrio gt

SteNorip cacsgitoss

Stemadia flovulemia

Stemodia globelfy =5

Stwarting mosiien

Swalnzono procumbens

TRUErLE Presmasiim

Themodo triangra

Triglochia munitifricha

Triglochin procero

Triglochin spp.

Tpho dambagensis

Typihe avie balis

Tpha spp.

Lirtice fnclsa

LAErEwtoriy st rafs

Valitsnere americana var, americana
Verbama fitoreits

Wittadinie cerviciniarls var, cerwenlnns
Littaelaie condylaides

Wittedlinlz coneato

Wittaeiimiy coutedbar war, cumerir
VTetmelind groeilis

WiEeeln i spp,

Wahlenbergia communis 5.5,
Walilernbergia flunninalis
Wabienbergia grocit

Wahlenbergie hitaaln

Wurmbea dicioo subsp. dioler
Xevochrysum bracteatuan
Zygophylinm giaucinm

Comman Mama EFRC Wi
Skender Walleby-jraas
Bristh Walaby-grass
Walaly-gras

Prickly saftwort

Prickly saliwort

taray Copperburr

Black Roly-poly

Crark Roly-poly
Two-spined Capperburt
Hoadplain Freweed r
Branching Graundss|
Cotton Firewead

Tall Firewead

Desert Casslie

Wariahle Sda

Incinn Wieesi

Quena

pightshade

Smaath Solenogyne

Salt Sand=spurray
Cuchweed

Swamp Starwort

Miatbed Starwart

Blue Rod

sSmooth Blue-rod k
Spann cudwesd
Broughton Pea

Gray Germander
Kangareo Grass

Maorthesn Waker-ribbons
‘Water Ribbons
Marrow-leat Cumbung
Broad-leat Cembungi
Cumbanghi

Scrul Mettla

Yallow Bladderwars

Eal Grass

Werbana

Annual Mew Halland Dalsy
Club-hair Mew Holland Dalsy
Fley Mew Hodland Daisy
Fuzzy Mo Holland Dalsy
Woally Mew Holland Daksy
Mew Holland Dalsy
Tufted Blusbell

River Blusbal

Sprawling Bluebe|l

Branze Buehel|

Common Early Mancy
Golden Everlasting

Pale Twin-laaf

Table 2: Threatenad species [Thely to accur in the project area
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- Species Name

Acanthiza chrysorrhon
Acanthirg fneoha
Acanthize nmna
Acanthire pusilio
Arapthiza reguloides
Acanthizm wroppglalis
Aceipiter cirrhocepimias
Accipiter fasclatus
Acrecephalus oustrais
Acrocrphalus steptoreus
Asgotfeles crivhotus
Aras casboneo

At graciis

Anas superciiosn
Anhinge movasholandlae
Antechinus flavipes
Anthochoero corumculote
Aphelpceplhaly leucepsis
Agus pocificus

Aguila auday
frges ol

Ardea fhis

Ardea intermedio
Ardea pacificn
Artamios cyanoglerus
Artemus feeconynchiss
Arfamus personetis
Artomus sugerciiosus
Apthya australs
Barmardius sonariis
Biriura lobotg
Botaurus polclioptiius
ﬂunnﬂ.rn'pnk.rﬁn'
Cocotug sanguinea
Cacobivg tenuirostns
Cocomantls flebeiifarmis
Cocemnontis pelides
Corduells Cordueily
Ceyx aeures
Chpleites bsalls
Chalinalobus pouldil
Cheiaclobus marnio
Cheloding expania
Chiloding fanglcalls
Chenonetie jubata
Chermmoega feucasterng

Compan Bpms

¥ollow-rumped Thornhbill
Striated Thonnhill

Wallow Thornhill

Brawn Thormbil
Buff-rumped Thorndhlll
Chestrut-rumped Thanbill
Caollared Sparrawhark
Brown Goshawdk
Auistralimn Reed-Warklor
Caimorpus Reed Warbier
Bustrabian Owlet-night|ar
Chestmut Taal

Gray Tesl

acific Black Duck

Dartar

Yetlow-footed Antechinus
Hed Wattinhird

Southern Whiteface
Fork-talled Swift
‘Wedge-tailed Eagle
Eastern Graat Egret
Cattle Egrat

Intermediate Egret
‘Whita-nacked Hevon
Dty Wiaodawallow
White-birested Woodswallow
Mlasked Wondawalow

W hite-browed ‘Wioodswallow
Hardhead

Austrzlian Ringneck

Musk Duck

Australasian Blitesn
Sudphur-crested Codoatoo
Little Coreli

Lang-billed Corella
Fan-talled Cuchoo

Pallid Cuckoo

European Gokdfinch

frwre Kingfisher
Herrsfield"s Bronge-Cuckoo
Giould's Wattled Bat
Chocolate Wattled Bat
Broad-shelled Turtle
Common Long-neckad Turtke
fivistralizn Wood Duck
White-backed Swaliow

Tabde 3, Fauna species found in Gunbower National Park (SKM 2007; Bennetts 2014; Biosis 2014a, 2014b; DSE 2010)
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Specles Mame

Chiidfpmlis hybridus fovonious
Christinus marmorotes
Chrysmeoccys base i
Chryspcocyy lochdus
Chrysococsys st
Cincloramphius mae the wsl
Circus approximon
Cisticodn exilis

Climactesls plodmius wiolarlae
Colluricimcha harmanion
Canlimaba fivia

Covaciar manima
Covraiing noineholomdine
Covacing pepucnsls
Cavearar mealemarfamphos
Cormobates euophoen
Corirs coranoides

Corvis mefiar!

Coderrniy poatophong
Cractious pliproguiars
Crocticus torquratus
Crerctieus thbicen

Crinda porinsignifera
Celivder shgnifers

Crinda sioanei
Cryptollephorus pasnosus
Chenotus robustus

Cygnus afrabis

Dacelo rovaegringae
Daphoenositte chrysophery
Dendrocygna eytani
Dicoeurn Wrndiapeeumn
Diplodectpls fesselnts
Dipladuchplies wittatus
Drormaius rovaeholondioe
Egerara siriolale

Egretta garsetta nigripes
Egpratrhar maveshiolianglng
Elmmrs aniliaris

Elgeraras melmnaps
Entomyron cyanotis
Colpphus roseicap il
Eapsaitria australis
Ewrdemapreirs hoatuwa el
Enrpstooms orlentalis
Falco bergona

Fakee camchroides

Faleo Lgipammds

Fakp prreginus

Comrmon Mame EPRC WiC

Whiskered Tern nk
harbled Gecks

Harsfield's Bronge-cucken

Shining Bronze-cuckoo

Black-eared cuckoo nk
Fufous Songlark

Swiamig Harrler

Galden-headed Cisticola

Bruwn Treacrespar [sowth-eashern ssp,) nt
Gray Shrike-thnesh

fepck Diowa

Grownd Cuckoo-shrike wu
Black-faced Cuchoo-shrike

White-ballied Cuckoo-shrike

W hipe-winged Choush

White-thraated Treccreeper

Mstralian Raven

Littha Raven

Braweri Quiall

Pied Batcherbird

Grey Butcherbird

Australlan Magple

Plains Fraghat

Common Froght

Soarwe's Froghst

Carnaky’s Wall Sidnhk

Large Siriped Skink

Mack baan

Lauphing Kookaburra

Varigd Sittnila

Plumed Whistling-duck

Misthatoabird

Taizellated Gecko

Wond Gecko

Emru ni
Trae Skink

Litele Egrist B
Whitefaced Heron

Black-shauldered Kite

Black-fronted Dotterel

Blim-Faced Honayaates

Galah

Eastern yallow rabin

Yiallpw-balllad Watar Skink

[allarbird

Browm Falcon

Markizan Kastrel

Australlan Hobby

Feragrirm Faloon

FFG



Specias Name

Falcuncalus frontatus
Funfea oEra

Golifoule tenebrasa
Geapelio curente
Gropelio siriata

GErpona fusea
Glossapsitte commmg
Graiting cponoicmo
Heliaeetus feucegaster
Helistier sphemras
Hamirastra melaneslerman
Miermaeius momphaoides
Hirrantapes kmaitapes
Hirundapis erudecitis
Hivupele neaseng

Lainge triealor
Lampraphals guiisheaat]
Lerista bougainuitli
Liehenasbemds chpeeps
Licheanstomis fusous
Lichenostorus gemicilaiue
Limnadpnostes dimerilil
Lirmnadpnastes dpmerill dumerdy
Lirmaadpnostes fletcher
Limmmodpnestes inlevioris
Lirmnodynpstes tosmanipnsls
Limrnadpnastes tpsmaensis MOT
Litorks peronil
Loplrodcdinks Mo

Mo cropds gigurteus

Mo lurus Cyaneis
Monoring melomocephola
Megalurus grantinels
Melgnadnas cuculata
Melthreptus brevirastrs
Aefithreptys gulans
Melthreptus linefus
Melppsittoous wnduleies
Merops ormalus
Microcorrbo melonalescos
Microece fasclnons

filves migrans

Morethie bouleagend
Myiagra cyonolewce
Miyiagra fnfleto

AMyimgra rubsculs
fheochrmki Eermparalis
Minow comnivens connlvens
Minox novoesesia poling
Sotechis seutobus

Comemon Name

Crested Shrike-git
Eurasian Coot

Drusky Moorhen

Dlamoend Dove

Peaceiul Dove

Whastom Gerggona

Musk Lorikest

Al pi-lark
Wihite-ballied Sea-Eagle
Whistling Kite
Black-breasted Buzzard
Littha Eagla

Black-winged Stilt
Whita-throstad Meedlatall
Welcome Swallow
White-winged Trilhar
Gorgen Skink
Bougsinvile's Skink
Yellow-faced Honeyaater
Fasoous Honeyeater
Wihite- plurmed Haneyeatit
Southern Bufifrag {ssp, wnknown)
Pobblebonk Frog

Barking Marsh Frog

Giant Bullfreg

Spotted Marsh Frog (race unknewn)
Spotted Marsh Frog MOR
Peron’s Tree Frog
Squara-tailod Kita

Eastemn Grey Kangaron
Supesls Fairy-wren

Holsy Miner

Litthe Grassbivd

Hooded Aolln
Brown-headed Honeypeater
Black-chinned Honeyeater
Wwihite-na ped Honsyeater
Hudgerigsr

Raimisys Bes-apier

LUitthe Pead Cormorant
Jacky Winker

Bdack Kite

Boiheiger's Skink

Latin Fheoatchier

Resthss Fyeatcher
Leaden Flycatchar
Red-brawed Finch
Barking Sl

Southern Bosoook

Tigar Snake

B

fit

cr

rit
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Specles Mame

Mycticonas cakelormicus
Wyceophilus geajfroyi
Wypmplicies holfansdice
Coypiraps iephotes

Drralus sogiblales
Pachycephala imomata
Pactiyeephala peclonalis
Pachycephala ngffventris
Pardalotuy punclolus
Fardalotos sirimbes
Passerdomestices
Feloconus conspleifotus
Petamrus norfoleeniis
Petroche oo arlel
Betrocheldon nfgricans
Petrolea goadenou
Petroica multicolor

fetroic phosniceg
Fholocroconmy corbo
Polpcroconms sulolrostns
Phaleoroconay vorus

Plvags chalcoptera
Philemon otreaguioris
Phitgimon carniciorug
Plmteien flavipes

Pleetihae rogio

Platpceres slegans
Platyeerens megand flove ol
PlEtycercus eximits
Podargus strigaides
Padiceps cristotus
Podioeephaius poliocepholes
Podytelis swoelisonii
Pomertastounys sirperciifasus
Fomatastomus temponslic
Farphyrio porpivprio
Parrang flumines
Peaphot s hoematonotus
Pspudechis parphyrioces
Eesudorhelis pEragrings
Romghotyphiogs bituberciwetis
Hamphotyplleps proxisus
Ahipidure efbliiopo
Rhipidene lercopings
Sericormis fromtais
Semboronmts Breviros (s
Stagonoplewra guthola
Sprepen graciling

Sturnus wuigors
Tarchphimptus movaehallandive

Coemmon Mame EPFBL . MIC

Karke=n Kight-Heron i
Lesserilnong-zaned Bat

Cockateil

Crasted Pigeon

Ditve—backed Oriole

Gilbert's Whistler

Golden Whistler

Rufous Whistler

Spotted Pardalste

Striated Fardalpte

Howse Sparmaw

Austradlan Pallcan

Squirrel Glider e
Fairy Martin

Trie Martin

Red-capped Aobin

Scarled Rabin

Flamma Rokin

zreat Cormorant

Little Black Cormorant

Pied Carrmorant nt
Commrnon Bronzewing

Little Friarbard

Maksy Friarnird

Yellwsbilled Spoonbil

ippal Spognbil rit
Crimon Razalla

Yellow Rioselia

Eastern Rosefla

Tawmy Frogmaouth

Grest Crested Graba

Hoary-headed Grebe

Superk Parmat v on
‘White-browad Babbler

Grey-crowned babblar an
Furple Swamphen

hstralian Spotted Crake

Red-rumped Parrot

Red-beffied Black Srake

Comman Ringisdl Posswm

Petir's Blnd Snake

Woland Blind Shake ne
fray Fantai

Willle Wagtall

White-browed Scrulbwsin

weshill

Mamond Firetall it
Pied Currawmang

‘Cormeman Starlsng

Australasian Grebe

FFG



Spacies Naims

Terdferlda inatralis
Taochyglossus oowleotus
Tirdorng badaraoides
Toeniopyeia gutiete
Threskiornis mplcca
Thresitornis spinicolis
Todlremphus sancus
Tribonysx veatralis

Turdirs merwio
Turniy pyrrebotonay
Turniy vorus

Tyt jovanics

Wes ey regrils
Wespodelus waiturnos
Wallabin bicolar

Fosterops fateralis

Spacies MName
Burflms grofimrus
Falco subriger
Hirundapes covdmoudus
LiEoria remifoemin
Pogane arbote
Varanus wariis

Cameren Name

Wihite-striped Freetail Bat

Short-beaked Echidna
Aiatralian Shelduck
Zefara Finch

Aualralan Whike bis
Straw-neckyd [bis
Sacred Kingfisher
Black-talled Native-han

Cammon Brushtail Faesaim

Common Blackhird

Fecl-chastad Butbar-guai

Fainted Bution-gusail
Paeilic Barn Chal
iasked Lacewing
Southern Forest Bok
Little Forest Bat
Black Wallaby
Sieroys

Table &: Threatened species likely to accur in the project area

Comman kama

Bush Stone-curlew

Black Faloan
‘white-throated Neeadietall
Growling Grass Fring
Bearded Dragon

Lace Goanna

EPALC

Wi

en
Yu
vl
an
vl
an
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Appendix 2: Water Regime Class descriptions
Water Regime Classes (a5 excerpted from Ecological Associates 2014)

Scrofl Bars ond Riparien Blifabongs freferred to s Permonent Wetionds throughout this business case)

serodl Bars and Riparian Billabongs represent the low lying meander loops and deep lacalised depressions mostly
pecurting along the River Murray, but also Black Charfie Lagoon. This water regime class comprises aneas mapped as
Floodplain Riparian Weoadland and Blllabong Wetland Aggregate.

Under natural conditions, with a threshold of 25,000 ML/day, the scrofl bars were flooded in 83% of years for 2to 5
manths {interquartile range 66 1o 163 days]. The deep billabongs retained water on the flood recession and wers
essantlally permanent. Under current conditions the reguency of events has halved to A8% of years and the dueration
has fallen to 1,5 to 4 months {interquartibe range 43 to 125 days), The billabongs now rarely rermain Rooded far 12
months, Black Charlie Lagoon s an exception: ik is maintaimed asa permanent wetkand by water from the Torrumbarry

Welr ponol,

Seasonally connected permanent billabongs are important to vegetation-dependent fish species such as pudgeon
species and river murray rainbow(ish, These habitats provide & diverse range of drought refuges during periods of low
flow and prowvide a colony from which fish dispersa to the wider forest area during floods. Small permanant weatlands
within the forest anwironment are the favoured breeding habitat for several waterbird species and provide sources of
lwod for pscivarous Birds and Insectivorous birds and bats.

Seasonal Inindakion of scroll bars contributes to the habitat requirements of channel-specialist fish species inclueding
Murray cod, trout cod and golden perch. These species benelit from access to snaggy habitats that provide diverse
hydraulic conditions [deep holas, turbulent water] and sbundant macrolnvertebrate and small fish pray. Access tothis
habitat & particularly important during spring to Supporl adults prior to spawning and e developrment of juvaniles,

Under current conditions the bilabongs are now intermittently flooded and have imited valee a5 drought refege or as
habitat for small fish. The productivity of scroll Bar vegetation has declined with summer-growing grasses becoming
mere dominant in the understorey than aguatic species that are more productive during flosding inspring

The ecological objectives for scroll bars and riparian billabongs are o

+ ralntam permanent populations of small fishin riparian billabongs

o fosupport the spavwning and [uvenlle development In channel speciakist flsh specles

«  promofing understorey vegetation dominated by seasonally growlng aguatic macrophytes
These objectives will be achisvad by:

¢ [nundating scrofl bars for 3 1o 4 months in spring and early summer in 9years out of 10
Searonal Swamps (referred to as Temporary Wetlands throughouwrt this business cose)

The seasanal swamps of the upper forest are Pig Swamp, Deep Creek Swamp, MoGillivray Corner Swamp and Red Rise
swamp. Bapgot Creek Swamp i also a seasonal swamp that has been degraded through modifications to Cameran
Creek and by the river levee, The swamps are mapped from a variety of EVCs comprising:

¢ Drainage Line Aggregate
r  Rivering Swarmp Forest - Floodway Pond Herbland



& Grassy Riverine Rorges - Rivering Swarmp Forest
¢ Riverine Swampy Woodland {part)
«  Tall Marsh

«  Sedoy Awerine Forest - Tall Marsh Comples

Deep Creak Swamp and Red Risa Swamp receive Inflows at approximately 30,000 ML/ day and would be substantially
Acoded at flows exceeding 35,000 ML day, It B interpreted that that Baggoet Creek Swamp sharad a similar water
regime to these wetlands, Howewer inflows to this wettand ocour less often due to the effects of the Cameron Bridge
regulator and effluent blockages. When it does occur, fooding s lenger and deeper because the forest leves prevents
cutfloave to Baggot Creek.

Under natural conditions flows of 35,000 ML/day occurred in T4% of yoars with a duration of one (o four months
(interquartile range 38 to 133 days), The swamps retain water to a depth of approximately 1 m.and woulkd remain
flooded for a further bwo to four months, providing seasonal flooding of thres to eight months, in sequences of wat
years the wetiands would remain flooded throughout the year,

These conditions would support an open canopy of river red gum and a diverse and productive understorey of aquatic
plants,

Pig Swamgp and McSilliveay Corner Swamp receive inflows at approximately 50,000 ML/ day. Under natural conditions
these fows oocurred In 48% of vears and lasted for 1 to 3 months [interquartile range 38 to 82 days). The wetlands
‘would retaln water for about 2 months after filling.

The seasonal swamps woubd have provided highly productive habitats for vegetation-dependent fish and potentialty
aduits and juveniles of channel-specialist fish that access the forest during flonds. The swamps would support dense
and diverse aguatic macrophyte vegetation with little open water hakbitat, The swamps would be productive foraging
greas for watarbirds, bats and & source of prey For plscivorous waterbirds and reptiles. Dense wetland wigetation
provides shelter for biack wallaby and several waterbirds including crakes and bitiern.

Under current conditions the frequency of events excesding 35,000 ML day has declined to 35% of years and the
duration has declined to approximately one to three months (interguartile range 34 to 101 days). The Inlerval
betwann svants has increased so that 75% of cvents are s than 620 days apart but were only 318 days ander
naturdl conditions,

The frequency of events exceeding 50,000 ML/day has declined to 20% of years and the duration has declined to 3 o
7.5 weeks [interquartile range 21 to 52 weeks), The Interval between events has increased so that 75% of events are
less thar LOZE days spart but were 615 days apart under natural conditions,

At Deep Creek Swamp and Red Rise Swamp the current flooding regime has promoted the recrultment of river red
Eum, creating a closed canopy that albovws kess light to reach the anderstorey. Reduced flooding and light has reduced
the productivity of the understorey and promoted more drought-tolerant agquatic plants such as Carex (ereticawis in
place of seasonal aguatic species such as Triglochin procerum. The swamps provide aquatic habitat less often and for
shadter periods. They no longer sustain signlficant beds of drought-intolerant aguatic plants and are less productive
hakitats when they are flooded.

The effects of the current water regime are more comples at Pig Swamp, due to a history of excesshee and aseasonal
flooding, and at Baggot Creek Swamp, due to reduced infiow frequency and increased flood depth @nd duration.
Howayer all seasonal swatips would have shared simitar ecological characteristics undar natural conditions.



Thi obyjectives for seasonal Swamps areg to:
o malntsin estersive beds of aguatic macrophytes dependent an seasonal flooding

o suppoert breeding in 75% of years by wegetation-dependent waterbinds including crake and bittern
¢ support large populations of vegetation-dependent fish species when flooded

v sepport farge resident populations of frogs

% restole an opEn of Speree red puEm canopy

These objectives will be achieved by;

#  inumndating seasonal wetlands in 5 to 7.5 years in 10 for 1 to-4 months.

Red Gum Forest and Woodipnd [referred to as River Red Gum Flood-dependent Understarey throoghout this
business cose]

Red Gum Forest and Woodland I8 inundated by significant overbank flows that occur when flow in the River Murray
axceeds 50,000 ML day, This water regime clats k= represented mosthy by Grazsy Riverine Forest in lower-fying areas.
AL the upperaxtent the class is represented by Riverine Swampy Woodland whera black bow is also prasent: Lignum
Swampy Woodland dominates the understorey in the upstream section near Worthy Bend,

Under natural conditbons river discharge exceeded 50,000 ML/ day in 48% of years for a duration of ane to three
months (interguartile range 38 to 82 days). Under current conditions these ewents oocur in enly 200 of vears and have
a median duration of 3 to 7 weeks (interguartile range 21 to 532}

When flooded, the red gum forest and woodland provides an mportant seasonal fioodplain habitat for aguatic fauna
sisch a5 frogs and siall fich whibch disporse from refuge Rabitats and breed in lrge numbars, Waterlawl will bresd amid
wading birds widll make use of the abundant prey in fleoded understorey. Flooding promotes a range of aquatic plant
spocies and contributes significantly to the plant diversity of the forest.

The understorey plant grewth promaoted by fooding will persist for several months after looding and will cantribute
ta the forest productivity in tha form of seeds, forage and nectar, Water returning to the river will carry significant
Ioads of arganic carbon and contribute to the energy reguirements of the riverine food web,

The curren] water regime has resulted in the terrestrialisation of this water regime class including inerepsed tree
density, closing of the canopy and & greater proportion of drg-phase floodplain plants. The forest provides aguatic
habitat for fish, frogs and waterbirds less fregquently and for sharter periods and the extent of habitat availabie (o
aduatic understorey plants has declined,

The objectives for Beg Gum Forest and 'Woodland are fo:

s restore an understorey of perennial aguatic macrophytes dependent on requent seasonal Tooeding such as Carex
tereticaulis and Triglechin procerum

o provide extensie ceasonglly flooded breeding and feeding hablitatl for frops, waterfowl and wvegetation-
dependant lish

#  contribute to the feeding requirements of wading birds
¢ Increase forest productivity to support berrestrial fauna during the dry phase including kangaroo and bush-Dirds
& contribute to the organic carbon requirements of the riverine food web.

These abjectives will be achieved by:



+  providing floods of 1to 3 months duratlon S years in 10 with & maximum nterval of 4 years.
Fipadplain Box Woodlonds {referred to o5 Box Woodlands throughout this business cose)

Floodplain Box Woodlands are inundated by over bank flows that ocour when river levels excead 55,000 ML day or
excaad 50,000 ML day for sustained periods of time.

Under natural condithons events exceeding 50,000 ML/ day and lasting lanper than 2 months ocourred in 25% of yoars,
Events axceeding 55,000 ML/ day occurred in 35% of years with a median duration of duration of 37 days. Seventy five
percent of these events were less than 2 years apart (636 days).

These areas are represented by Riverine Chenopod Woodland and, where fiood water can pond, Lignam Swampy
Wioodland.

Flooding would pramote the opportunitic growth of drought-tolerant aguatic plants such as Eleochons ocuta and
duncus spp. ond would brieflly provide habitat for aquatic fauna including frogs, fish and wisterbirds, Muddy soil
axposed by receding floodwater would promote 2 range of grasses including Posapiidium fibdforum which provide
forape and seeds for woadland favna induding herbivores [such as kangareo) and graniveres [such as dismaond firstall,
The persistent forest productivity that follows floeds supports higher-level predators such as carpet python,

Long seguences of years without fleoding rarely ocourred and would have allowied limited developmaent ol & LErrestrial
plant understorey,

Under current conditiens the frequancy of events exeeading 50,000 ML/day for more than 2 months has decreased to
less than 10% of years. Events exceeding 55,000 ML/ day also now ocour inonby 10% of years and heve a median
duration 35 days. The interval between 75% of svents is now 6.5 years.

The current water regime has resulted in a significant changs in vegetation composition and produstivity. Flood-
depondent plants hava baan lzrgely lost from the understorey. The long intervals between floods, and shorter flood
durations, have allowed the development ol a terrestria] understoray, Tree growth and recruitrnent is likaly to be
lower and overall forest productivity, incduding the production of browse, nectar and flowers, will be lower, A% a result
the wondiand has lower habitat value for terrestrial fauna between flood events.

The objectives for box woodlands are to:
»  rostore drought-tolerant aguatic plants to the understorey

* increase woodland productivity and habitat value for terrestriad Fauna
These objectives will be achleved by

¢ |nundating box woodland for 2 manths in 2.5 yeass in 10 with 8 maximum nterval between events of 5 years.
Terrestrial Box Woodlonds (frcluded in the Box Woodlonds WRC throughoot this business case)

Terrastrial box woodlands are located en the fleodplain but at high elevations. This community i derlved from Plaing
Woodland and Riverine Chenopod Woodland EVC mapping at locations that were not inundated by the high flow
peaks of:

= 22 0ct 1592 (54,679 ML/ day])
s 23 5ep 1993 (54,932 ML/day)
® 17 Oct 1996 (53,278 ML/day)



This is essentially a terrestrial plant comrunity cormprising species that do not depend on Aloading. IF it oceurs at all,
flooding onby results from very high (greater than 55,000 ML day] flows that are sustained for long periods and
encroaches on the perimeter of this community. Flooding represents an intermittent disturbancs and is not an
gcologleal requiremant.



Appendix 3: Risk assessment methodology

Intraduction

& cemprehensive envirenmental, social and eaconomic risk assessment in line with A5 NEZS 150 320002009 has besn
complebed by the North Central CMA for the Sunbower Netienal Park Environmental Works Profect. The process {or
complating tha Ask assessment invaived the Tellowing:

* A risk reglster [Appendix 4] was developed by a team of specialists with knowledge of the relevant sites and
experience of delivering similar projects. This risk register identified core values at the sites, categories of
threat, individual threats and a risk rating for each threat with @ score against:

Thee likelihaad of those peants acedrring

The severity of the cutoome if the svent occurred

A consegquential Fisk rating

The available mitigation strategies and controds to offset these risks
The residual risk onge thosa controls were imposed,

. The risk register was subject to critique, challenge and validation by a panel of stakeholders with a wide
range of expertise (NCCMA, GWW, DEPY, Parks Victoria, MDBA, Campasee Shire and the Gannawarra Shire) who:

Identified the key risks that merited priority attantion, These wers defined as any risks with a score of B
or above, with a focus on the categories "High' or Wery High'

- Confirmed appropriate mitigation contrals

Agreed to the residual risk after mitigation options were identified,

Risk assessment methodology and approach

The risk assessment assesses the potential risks against the varigbles of ‘Ukelihood' and ‘Consequence”, That then
allocates each sk an gverall rating from A - D In line with the methododogy in 150 31000:200%, Risk managemsnt.
Table 1 presents the risk managemen! matix wied and Table 2 and 3 present the Bkelihocd and consequence
deseriptions respectively.

Tahle 1: 150 Risk management matrix

L oins oo g o

Lik=l#ood

Almst cortaln 1] £
Likmly ] L
Possiblo ] C
Linlikety 8] i
Rarn o e]

Thie flve different ratings for the lkelihood of an event occarring are presented in Table 2,



Tabde 21 Risk Likedihood Description

Do scripticn % Probability
Rara 1 E:.re-nt ey DECUr anly ineseeptienal S
Cinoumstances
Uniealy z The awent could accur at some tima 5-20
Possifle 3 Thut eiant might aceud 250
Likedy 4 The ewant will probsbey accwr inrmost S0-80
croumstances
¥ The ewemt 5 &xpeciad o ooour in most
Almaast ceatain 5 A s0-100




Gunbower Mational Park: Supply Measure Business Caze

le 3: Contequence Description
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Appendix 5: Hydraulic model development

Model establshment

The hydradynamic maedels for this study were developed using MIKE FLOOD medelling software. MIEE FLOOD has
been applied to & range of environmental manapement floodplain studies in Australia, incleding major studies for the

Gunbower and Koondrook-Perriconta foreas iocated immediately upstream on the Rivar Murray,

The different models have been developed in order 1o address specific guestions [/ investigations as outlined in

supparting document, Gunbower 504 Modelling (Water Technology 2014), These are summarised in Table 1,

Takle 1. Models usad in the investigation of SDL works for Gunbower Forest

i cacdia|

Detads

Purpase

Gl wer Forest

%5 m grid rasolution

Couplod 10020 in blkaFLOOD

Extends fram Torrumbary Wes Rosd to
Gunower Creek at Garham,

Rber to Water Technology [2007) in Appendix
A tor calibration detaile

Ineastigate water management
options inthe Gunbower Forest,
Furthes wied |n this exlsting project ta
inuvestigate the sensitivity of inflaws ta
the forest.

Cammorons Croek Inflow

10 v g i resowthan

Aasens the leasibility of delivering flow

Compled 10020 in MIkeFRLOOD from Camarons Creel 1o Lhe uppes
Extends fram tha Murray River inket ta forest
Gamerons Craek o Baggots Creek

Black Charlie fBaggots flosding | 4 mgrid resalution Investigate apthars for defivering flaw
20 Mike2 1 model o Black Charlie Lagoon from
Extends from the existing stop bank an Camerons Creek and through to
Camerons Creek to Bappots Creak Baggots Creck

tlld Stralght Cut 5 m g bd resalution Irvestigate spriare to delver water
20 Mikz?1 maoded froen Oid Straight Cut chasnel o upper

Extends from Emu Hald Track (upstream of the
channel] to Munzal Cormar (dew nstraam of
Desp Cresk)

fiorest and Fig Swamp

Old Cobwna Chomne

5 m prid resolution

20 ik 1 model

Extends fram Emu Hold Track {zpstream of the
charmel) o hMunzel Corer [downatream of
Deep Cresk)

inwgstigate options to delver wator
fram Ckd Cohuna Channe! to upper
forest

Modelling requiremants

modelling requirements were specified by the Murray Darling Basin Authority (MDBA) 25 2 sories of § points, to
inform the irvestigation of 501 works. The necessary information is contalned within the supporting document,

Gunbawer 500 Modelling (Water Technology 2014) in Appendix B,
Camerons Creek model development

A coupled LR/ZD mode] was developed of Camerons Creek, from wpstream of the inlet to dawnstream of Baggots
Creck, The 20 model component was represented by available UDAR [2010) at a 10m grid resolution, The 10 model
component was represented by 20 crose sections of Camerons Creek from survey data by Think Spatial, and
supplamented by 9 cross sections extracted from the LDAR. As the LIDAR was flawn whan water was present in
Camierons Creek the bed level was not well defined by the LIDAR dataset, Hence cross sections-extracted from the
LiDAR were manipulated to better represent the bed level, In line with the surseyed diﬂﬂ- That is, thee bed level fos
cross-sections taken from the LIDAR was fincarly interpolated from surveyed cross sectians,



Structures wera incorporated into the 10 model component based on key atfributes and cross sections surveyed by
Think Spatial Thiese included:

v Camerons Creck bridge

¢ Stop bank with regulating structire
¢ Bdinos road crossing with cubvert
o Torrumbarny Weir Road Bridgs

The 10 model component incorporates a section of the River Murray sa that the impect of Torrumbarry Weir and the
ugstream hurray Biver weaber lewedl could be simulated dynamically to obtain a realistic estimate of inlet conditions to
Camerons Creek. Bapgots Creek and Dry Tree Creek were also incorporated into the model so that any outflows from
the forest back to the Murray River or Gunbower Croek worn represented,

Downstream boundary conditions were represented in 2D downstream of Baggots Creek. This level was exiracted
from LiDAR and previous hydraudlic modelling results to represent a typical wibar level 1 this point in the forest.

The hydrodynamic medels Tor this study were developed using MIKE FLOOD modalling softwars. MIKE FLOOD fas
been apphied to a range of environmental management floodplain stedias in Australia, induding major studies for the
Gunbower and Koondrock-Perricoota forests located immediately upstream on the River bturray,

Camarons Creek model validation

Mo data was auallable for calibration, and =5 such, the mode! was validated anecdotally by comparing photographs,
perial imagery and water levels captured in the LDAR to extents produced by the simulation. This form of validation s
wery basic, and greater confidence will be pained by undertaking a validation watering event n 2015, where conditions
are observed and compared to the model results, This would allow more confidence in the maedelling results.

It was assumed thot the phates/UDAR are representative of normal conditions, Le. with normal operating lvals at
Torrumbarry Weir Pool and a typical daily flow event along the Murray River,

The Torrumbarry Weir Pood is operated at-a level of B6.05 m ARD. A Typecal winter-spring flow in the Murray River at
this location was modelled at 10,000 ML/ dey {note that the range of Murray River flows [s large, with sgnificant Roods
up around 60,000 FL/day)

The resulting levels in the 1D network of Camerans Creek, along with water levels represented by the LIDAR, indicated
that the model was behaving as expected, with the water levels upstream and downstream of the stop bank within
the range represented by the LIDAR, Given the uncertainty of the actual flow conditions at tha time of the LiDAR and
photograph capture, and the uncerlainty with respect to the operation level of the timber gates in the stop bank
regulator, the modelled results ware suffidiently reprasentative of normal existing condition water levels, A roughness
wilue of 0.05 was used for this validation, representative of a winding channel with seme pools and shoals, weeds and
slones.

Black Charlie Lagoon model development

A 20, dm grid hydraulic model was developed of Black Charlle and the surrounding area, from the inflaw point at the
Camerons Cresk stop bank, downstream to Bagpots Creek, The upstream boundary was a source infiow pobnt, just
downstream of the stop bank (it is assumed this structure will be modified as required). The outfiow boundary was a
constant water leved boundary at Baggots Creek, equivalent to the normal standing water level of B4,0 m AHD.

= =



Preliminary medelling indicated the need for esclusion mounds to prevent |nundation of riwerine chenopod
woadlands on the north-east side of Black Charlie lagoon, and adjacent Foster road, These were incorporated into the
ircdad,

Varlous Inflows from Camerons Creek were modelled to assess the filling of Black Charlie Lagoon, A flow of 2080 day
wat found te undesirably inundate adjacent areas. The optimal inflow rate was determined o be 10ML/day. This is
sufficsent to fill the longoon within 10 days.

4 Cohuna Channel model development

A Sm grid resalution 20 model was devaloped for investigating inflow from QK3 Cohuna Channed, with the Inflow
beaundary being o source palnt within the Cohuna Channel, just east of the regulating structure |aligned roughly with
the forest boundary]. Inflow ratas of 50 to 200 ML/ day were modelied,

Model calibration

The development of a hydraulic model of a large floodplain requires @ rigorous calibration process to ensure the
hydraulic modal accurately reproduces the observed flooding behaviour. The calibration process consists of
systematically comparing observed looding Behmiour within the study area against the Inydraulic modets
reproductien of that behaviowr. This process generatly incorporates comparisons between gauged stream flow data,
observed flood levels and areas of inundation as derived from analysis of satellite imagery, Where the model does not
adequately represent the observed behaviour, reasons far the discrepancies are identified and Inputs to the model
adjusted, This process 1s repeated until a-satisfactory result |5 achleved,

In order for a calibration event to be most useful itshould have the following data attributes:
¢ Wellidefined inflowes and outfiows (boundasy conditions).

o Flaw and leval measurements over time (temparal distributbon) at discrete podnts of Interest within and along
the farest such as alTluent paints and contral structures.

¢ Flood extent and/or depth measurements |spatial distribution) at multiple timeas,

¢  Bedsures ower a time period that exhibits the desired hydraulic responses In terms of fiooding and drying of
the system.

The historical floeds used to calibrate the model were chosen based on the following criteria:

A reasonable callbration data set of éoincident flood infarmatbon was avallable to make messdngful comparisans with
the model,

The flood was of & significantly different magnitude to the other callbratbon floods to ensure the model was capabla of
accurately reproducing the fioading behaviour of the forest over a range of flood magnitudes.

The chaice of calibeation ovents reflects the nature and magnitude of flooding Rkely to be of interost as part of the
water management optlon nvestigations. This ensures the model schematisation s appropriately targeted to
accurately and efficiently model hydraulic behaviour at scales relevant to the various water management oplions
proposed. The water management options for Gunbower Forest are expected to Investigate minor to moderate
Fihuddng via discrate flows from a series of Gunbower Creek and River Murray effluants.



Following & review of the avallable data an historical floods in the Gunbower Torest and through discussions with the
steering committee, the following histarical floods were spected for callbration of the model.

¢ September— December 2003
¢ Qcilober—Decembier 2000
¢ Gaptember - December 2004

v Saptambser— Movember 1993



Appendix 6: Concept designs

Wote: Concept design report is included within supporting docurments

.

Concept
Design Report

Confirming Concepts for
Gunbower National Park

18 December 2014
North Central 43260685/01/02
CMFR Preparad for,

: Morth Central Catchment Managemeant Authority
Sustainable

Diversion Limit
Frojects

Prepared by URS Australia Pty Ltd
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Appendix A Guabower noticrial park representation in Murray Maode! (based on Bigmod f=v. 241)
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Appendix 8 Level-velume-area relationship

To represent the storage sites in Gunbower National Park the following level-volume-area relationships from the hydraudic
madel hive been used,

Tobie T Level-volump-oren reletionship for different sioroges in Guniowsr notipea) pank

Black Charlie Lagoon Baggots Creek area Old Cohuna Wetland
Level | Volume Area Level | Wolume | Area Level Volume | Area
[mAHD) | (ML) (hal | (maMD) | (ML) {ha) | (mAHD] (ML) {ha)
B5.060 0.0 00| 84810 0.0 0.0 83,560 0.0 0.0
85,068 20.0 195 | 84648 218| 345 83.571 340 | 1289
85076 40.0 39.1| BH4.662 88| 683 83,593 622 | 112
£5.084 60,0 55.0 | 84.664 565 931 83,611 89.6 | 1516
85.120 80,0 745 | 84672 754 | 1055 £3.627 1163 | 163.2
BS.144 92.7 6.5 | 84,684 S50| 11541 gagan| 1419 | 1721
B5.150 98.2 89.9 | B4.696 114.7 | 1313 B3.652 166.2 | 181.3
B5.151 101.2 92.4 | 84705 134.3 | 139.0 B3.664 1887 | 189.8
85152 | 1035 935 | 84713 | 1541 1474 BIG76 | 2086 | 1960
85.153 104.6 941 | 84721 | 1737 1531 83.685 2156 | 202.2
BL.154 106.6 446 B4.730 186.1 157.1 83692 240.3 7.8
84.738 2004 | 1608 83699 2529 | 209.1

B4.746 | 2114 | 1646 83.704 2654 | 2144

84.753 2227 | 168.2 B3.709 | 2723 | 2154

83715 | 3263 2259

B3.746 | 3739 | 2381

83762 | 4135 | 2490

83,773 | 4468 | 2564

83,785 | 4748 | 2624

83,704 | 4968 | 2881

E3.B01 5136 268.3

B3.BO5 |  526.1 | 2743

838D | 5353| 2748

83.812 5420 | 2783

83.814 546.9 | 2794

83.815 550.5 | 279.6

831816 553.2 27

83.817 5551 | 2798
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Appendix C interoction between river flows and inflow inte the works proposol areg

The inflow into Cameron’s Creek and Old Cohuna Chanmel from the Murray River i dependent on the fow downstream of
Torrumbarry, thie level In the Blver burcay and levels inside the Gunbower Matlonal Park, Under the benchmark, averbank

Flow ks modebed a5 one branch fow relationship, The relationship is presented in Table 2.

Tiaitse 2 Aeetivaship between ver Mimmy Mow eon the prregudates bnfiow (o Gunbower rotianal park

Flow at D% Existing flow to Hevised flow ta Flow to Cameron's Flow to Old

Tarrumbarry the Forest the Forest Creak (ML/d) Cohuna

(ML/d) (ML/d) {ML/d) (ML/d)
.0 0.0 0.0 0.0 0.0
13700.0 0.0 0.0 0.0 0o
14000.0 2.4 2.4 0.0 0.0
17500.0 E b 326 0.0 0.0
21000.0 BO.O 0.0 0.0 0.0
25000.0 250.0 25040 0.0 0.0
340000 10000 1000.0 0.0 0.0
A7000.0 1700.0 17000 0.0 0.0
40000.0 2350.0 23500 0.0 0.0
45000.0 35000 3450.0 0.0 200
50000.0 5200.0 5105.7 20.0 74.3
S5000.0 70000 BETI.] 25.9 1000
600000 a8700.0 B42.2 33.5 124.3
TO000.0 10000.0 QE1E.6 185 14249

Appendic O Retwrn ffow from the site to the rver

Cnce inflows to the site are calculated, the model applies Fydrolagic routing 1o calculate level, volume and inundation for key
flocdplain storage arsas within the site. When an upstream storage fevel B bevand Lhe natwral drainage sill level, water drains
ta the downstream storage. For this site, Black Charlie Lagoon Ml first folowed by Baggots Creek, Fig Swamp and Old Cobuna
wetland (In sequence before additonal water drains inta the Guaboweer TLM sita), Maturad drainage levals asad In BMSK-
Blgrmaod are as follows:

B Black Charlie Lagoan: 5. 120m (AHD],

. Baggots Creek: B4.721m [AHD),

L] Pl Swamp: 84.587m (AHD), and

. Old Cohunz Wetland: B3.566m (AHD],

Forstorage routing, the following refationships have been used in MSM-Bigmod to enable outflows comparable to hydraulic
mode resuits.

Tl 31 Aetearm flow from the ite to the rver

Black Charlie Lagoon Baggots Creek ares Old Cohuna Wetland |

Level Dutflew Level Ot flow Level Cutflow
(mAHD) [ML/d) {mAHD) (ML) {mAHD] (L)

a5.06 0 84,61 0 83,560 0

A5.12 01 84.721 01 83.571 16
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35.144 .3 Ba.73 5 B3.593 218
85.15 145 84.738 5.8 83.611 226
85.151 7l 84.746 8.6 83.627 23.3
85.152 17 84.753 8.7 83.640 24.4
825153 18.9 B3.652 25.7
B5.154 19.9 83.664 275
83.676 ETERE

23685 i3
&3.692 35.3
83.693 174
83.704 39.4

] 53,709 41.1

83.725 46

83.746 52.5

B3.762 6.3
83.773 66,7

B3.785 72.1

83.754 78
83.8035 875
83.812 §3.3
B3.815 96.4
23.817 98.1

Appendiy E Surfoce water lnss relotionships

The hydraulic modeling report provided by the Victorian Government mentions 2mm/d seepage koss and a uniform

evaporition kst rate. A stendard loss rate for evaporation is applied based on monthly data from climate station at Swan HilL

B eanstant seapage lews rate af 2 mmfday has been applied for the site in M5M-Blgrmod

Appendix F Representation of the each operating strotegy in the MOBA modelling framewark
Chapter 9 of the business case [which is inchieded a5 an Appendix to the Natificaticn] outlines a serles of proposad operating
regimes. Thisinformation has been summarised in Table 4,

Tirhle 4 Operriing strotegies o prapoased for Gualawer natione! pork

Operating
Regime

Operation of structures

Freguency and
timing of
delivery

Inundated
Area

Peak inflow rate and
delivery time
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Operating Frequency Duration Target Water used Inundation
Strategy extent

Strategy 1 every year Until Black Charlie | Maintenance of & Black Charlie
(GBW) - evaporated | Lagoon @ continuous trickle Lagoon — 16 ha
Permanent from the 85.154m fiow to maintain the | at F5L
Wetland targel level | AHD inundation extent of U/'s of Black
Watering Cameron's Creek Charlie Lagoan

and keep the Iagl:lmn at B5.2 m AHD —

above half full, with 91 ha.

a top up flow in

Winter/Spring to

bring the lagoon to

F5L
Strategy 2 Linm3yr, Baggots @ Divert water at 20 Baggots Area
(GBF) - £4.753m ML/ d for a further downstream of
Baggots Creek AHD 14 days In addition Black Charlie
area to OF1 Lagoon 170 Ha
Floodplain (20 ML d)
Watering
Strategy 3 1in 3 yr, Filling occurs for 14 Upstrearn aof
(GBC) - Did okt days at 50ML/d w0 Deep Creek,
Central Forest @ 83.725m fill from dry followed | 175 ha at 50
Floodplain AHD by 31 days of ML/ d.
Watering maintenance flows. Downstream of

Deep Creek, 80
bva at 50 ML/d

Appendix G Spatiol data describing the inundation extent associoted with the operation af the megsure

Spatial inundation extents for each proposed operating strategles (as described sbove) are described In the Water
Technology Gunbower 50L Modelling Report (see Flgures 6.2, 7.2 and 7.3). Spatial data describlng the lmendation

extents for the various operating regimes have been incleded inte the BMDBA Assessment Framework. L s important to
mate that & single dpatial dataset was provided for inundation derlved by the Cameran®s Creek supply Inlet operating
sirategy, however Baggot's Creek and Black Charlie Lagoan can be operated independently, To enable these aperating
strategies 1o be accurately integrated into the MDBA's Assessment Framewark, inundation extents for sach strategy
woould reid to be supplied,

Thee area of inundation associated with the operation of the works has been modelbed with the hydrodynamic mode|.
The total area of Inundation for each of the operating strategles ks given In the table below,

Tabie & Torol area af fuadotion far aperating strotegies

Operation strategy Inundation area (ha)

Gunbower Mational Park Wetland [GBW] 232
Gunbower National Park Floodplain (GBP) 224
Gunbower National Park Cld Cohuna option [(GBC) 236
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CThip S of maniaighian far GERS

Inundatlon area (ha) for GBW ' %Fi Flow Bands o
Ecolopical Element 16000 20,000 30000 | 40,000 | »40,000
Genea hiealth and abund2nee - all Wateritirds 0.0 14 . 11.0 23240 -
Eil'.tarns_::-r"akns 2nd rails . | 0.0 0.4 L) 2.0 2135
Grized g ~ Colonidl-nestig watarhinds ' i 0 a0 11.0 2320

ml!-ru edi1g — orher wateralrds .0 0.0 0.; EI_II 235!
Fedaum Forest (.0 4.0 0L 35 91.3
Redpum Waodlants . 0.0 0. 0.0 ag| 2|
Feresls and Woodlands: Black Box o LG .c 0.0 irc 100.3
Lignum (%rushlards) 00 L 0. I
Talt Grasslands, Sedgelands ane Rusklands e e 0.0 R
lienthir, Herlands 0141 04 0.0 0 1.1
Lhort lvec fizh 0.4 _ .4 . 2.0 235

t Lo lived fish ad ac 0.0 113 2324}

ke B e Sfaaoviliafion oy 0G4

Inundation area {ha) far GBP 5FI Flow Bands

Ecologicsl Element _ 16,000 | 20,000 | 30,000 | 40,000 | »40,000
teneral hzaltt and abundance - all Waterbires | L0 0.0 0.0 0| 2290

furterns, crakes and ralis [0 00 07 58] 1155
EBreediar  Caleaial nesting watorbids U 0.1 | 0. TSI
Lreeditg — cther wate-hicds .G LA 0.0 157 1152
Rodpum lorest 0 o Lo 0 7l
Redgar wWood ands o an LN 0.3 118 530
Forests anc wocdlands: Black Sk 0.4 Q. =.n 153 oL
Liggrewm [Shiwbalengs . 0.3 .0 n.Jd .0

_Tall Grasstards, sedpelands and Hieshlands 0.0 0.z c.0 155 1158
Qenibhid Herb'and s I 0.0 1.4 5.0 0.0 i)
sanrt lived fish _ . 0.0 ] on 15&| LlnE
Lehg lived fizh i 0o b R 0] 2240

Tekle 5 Acrbararl ared af snumeres far GREC

Inundation Area :Im];_rnr GEC _ 5FI Flows Bands

| Ecolugical Elemens 16,000 | 20000 | 30000 | 40,000 | =40,000
Generdl wealth aae abuadanoe — ol water bicds .o . ar Loy Q.0 a4

-.Enlt'.l-_'lr'lh., craks=y aul rails 0 fl C- 1y ) ] 4]
Uregding — Calenigl-nesting wate-bids 0.0 iy 0. 0.0 a.




CGreeding crher wateraigds Pkl .41 4.0 _,”_._n_ 40
| Redpurm Torest AR} 0.d; 0.0 on 1.5
Fadpu wWoodlands _ o, .“_.._..__I.m 1.0l _m_..._”__ 7.2 _
Furesly amd Woodlands: A sk Brx o 0.3 0.4 0.3 aJ.4
[ Ligrum (Sheblands) an| T an o a i A |
Ta'l Grasslands, Srdge aqcs andd Anshlands MRl 0.1 n.o 0.y 4.0
Renehlc He - aland: . i na.  wo| oo i
Shors lived 1'sn ad _n_.._n_ 4.0 n.g 4.0
g liverd fish . n an’ 0.0 an a0




