Amendment date: 28 June 2017

Title of measure Guttrum and Benwell Forests 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 will reinstate a more natural flooding regime for the Guttrum and Benwell Forests, addressing, in
particular, the reduced frequency and duration of floods. The proposed works will water 1,200 ha via the
irrigation channel system, including semi-permanent wetlands and 82% of the river red gum forest with
flood dependent understorey.

The works will include two separate channels to deliver environmental water into Guttrum Forest, one
channel in Benwell Forest and containment works (regulators and levees) in both forests to contain water on
the floodplain. The works have been designed to meet the environmental watering requirements of the
ecological values by mimicking a 26,000 ML/d flood event in the River Murray for Guttrum Forest and a
24,000 ML/d flood event for Benwell Forest.

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

Geographical location of the measure

Guttrum and Benwell Forests are located on the mid-Murray floodplain of northern Victoria, downstream of
Koondrook and have a combined area of 1,930 hectares.

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. Data used by the MDBA was sourced from the DHI operational water scenario modelling
report which was supplied as a supporting document to the business case. A schematic of the new
representation of the floodplain is included in Attachment A.

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

Guttrum and Benwell Forests, situated on the River Murray fioodplain downstream of Koondirook in northern Victoria,
are River Red Gum floodglain forests of significant ecological importance In the Murray-Darling Basin, With a
combined area of 1930 hectares they tomprise considerable areas of floodplain forest that support rare and
threatened species, and stands of large old troes.

The Guttrum and Benwell Forests Environmental Works Project (the Project), described in detall in this document, isa
proposed supply measure designed to off-set water recovery under the Murray-Darfing Basin Plan by achieving
equivalent or better environmental outcomes on the ground, The Project invelves construction of works and miner
channel works to relnstate the natural flooding regime. Defivered through low-complesity enginearing the Project has
excellent water saving and ecological credentials,

A feasibility study into the propesed project was approved on 11 December 2013 and developed into this detailed
business case over @ 12-month period. The Project is now sufficently advanced that subject to funding, pre-
construction approvals will occur in 2015, with construction commencing In 2016,

Current river operations have reduced the frequency of flooding from natural fiooding eght years in 10 to four years
in 10. Following extensive investigations to align ecology, hydralogy and enginearing, the Praject will fill the current
hydrological gap, via a package of works that will easily integrate with river and rrigation operations,

The cofe scosvitem commaniiies of the forests that are influenced by the Praject comprise semi-permanant
wetlands; River Aed Gum Forest; native fish and; native birds, A diverse range of waterbird and woodland species s
known to make use of the forests, with at least 62 species of birds recorded, Including important migratory birds
covered by intermational agreements. The forests also provide critical fioodplain forest habitat to mammials such as
the recently recorded Yellow-footed Antechinus, and threatenad amphibians such as the Growling Grass Frog,

The Guttrum and Benwell site is located in the heart of the Goulburn Murray Water managed Torrumbarry Irrigation
Area, The local community has & strong understanding of the benefits of achieving water-efficent environmental
putcomes 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 are supportive of the
initiathe,

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

On behalf of the North Cantral CMA and our project partners we commend this business case to you and ermphasise
thal the region stands ready te proceod to the construction phase of the Project subject to funding.

Dl VL i
fﬂ? il
Ciavid Chark Damian Welis
Chairman Chiaf Executive Officer
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Executive Summary

The Guttrum and Bepwel] Forests Enwironmental Works Praject [the Praject) is an efvironmental water infrastructure
propasal that will contribute to achieving the ‘Sustainable Diversion Limit {SOL) Off-sat’ element of the Murray Darfing
Basin Plan [Basin Plan}. The Project i o supply measure’, desligned to off-set the Basin Plan's water recovery target of
2,750 glgalitreg (GL) by achieving equivalent or better environmental outcomes on the ground. The Project s one of
nine proposed infrastructure based supply measures being investigated within Victoria, and one of two within the
Morth Central Catchment Management Authority [CMA| reglon.

The Guttrum and Benwell Forests business case (the Business Case) sets out the ecological objectives, proposed
infrastructure package, operating stratagies, ecological risks and benefits and the costs assodlated with the Project,
fram construction theough to aperation. & has been developed In partnership with the Department of Enviranmant
gnd Priraty Industries [DEPI], Parks Victoria and Goulburn Murray Water (GMW), The following components provide
an overview of the business case with the main conclusions summarlsed below.

Slgnificance of the sites

Loeated an the mid-Murray floodplain of northern Victoria, Guttrum {1,270 hectares) and Benwall [660 hectares)
Forests are bwo of the few remaining intact River Red Gum (Eucalyplus comaidulensis) floodplain systems in Vickoria
and are of sgnificant ecological Importance within the Murray-Darling Basin. The two adjacent forests form part of 3
wider regional ecosystern with Campbells Island directly opposite in Mew South Wales and the Gunbower-Eoondrook-
Perricoota Forest icon site iImmediately upstream,

River Red Gum floodplain forests provide essentlal habltat and resources for a diversity of native flora and fauna,
Eurcpean settlerment and regulation of the River Murray has impacted significantly on these ecosystems, reducing
their extent and changing fiooding patterns. Remaining habitats are of high conservation value providing Important
refuges and hotspots for biodiversity. Guttrum and Benwell Forests are prime examples of this remnant fleodplain
forest ecosystem, supporting rare and threatened species, and stands of karge old trees, & reduction in the freguency
and duration of River Murray inflows however [5 impacting on thesr abdity 1o support healthy fiood plain communities.

Guttrum and Sernwell Forests also provide a range of soclal and economic benafits Inchuding recreational activities,
timber production and aplculture. The sites show evidence of both Aboriginal and European activites, and are
particularly culturally significant for the Traditional Owners, the Barapa Barapa people.

Vislon and objactives
Tha vigian (or Guttrum and Bemeell Forests is bo:

Maintait and restare heoithy foodglein communities ooross Guttrum ond Benwell Forests, te ensure that imgigenaus
plont and amlal species ond communities surnve and fTourish,

The goal for water management i to:

Reinstate g more natura! flooding regime that protects and enfrances the ecological values within the Guitrum and
Bemwell Forests,

Guttrum and Bepwell Forests are cormprised of River Red Gum forests and woodlands interspersed with swampy low-
lying habitats. These are described as permanent wetlands, semi-permanent wetlands, River Red Gum with flood
depandent understorey and River Red Gum with flood tolerant understorey, reflecting the habitat type and fiooding
Tegime,

Ecologleal objectives and targets were developed to reflect the diversity of habitats, thi forests’ values and functions,
and the desirad acological cutcomes of enhanced flooding. The overarching objectives for Guttrum and Bonwell
Farests are for healthy: seml-permanent wetlands; River Red Gum with flood dependent understorey; and native bird
community. These combined will deliver outcomis for threatened flory and fauna, and overall healthy functioning
floodplain ecosystems,




Propased supply maasure

Guttrum and Benwell Forests are entirely dependent on inflows from the River Murray to maintaln the character and
health af the flaodplain ecosystems. Located downstream of Koondrook, Inflows commence when the River Murray,
at the Barham gauge, reaches 16,000 ML/d for Guttrum Forest and 15,000 ML/d for Banwél| Forest. Under natural
conditions flows up to 23,000 ML/ would have occurred every year, causing widespread inundation of the
Aoodplains, 'With regulation of the Rives Murray, there has been a significant reduction in both the freguency and
duration of flows entering the farests, creating a hydrological deficit [see Table E-1)

Tahble E-1: Fleoding regime deficit of Guttrum and Bemwell Forests

Floodplain habitats Frequenty Duraticn of cvent
M of peart compared to nstural % of mowiha compared to nebaral
watlards 75% aof natural 5% af natural
Wetlands and River Red Gum farests 50% of natural T5% of natural
;!.Enmm,r for all areas of the forests 50 to 75% of natural 40% of matural

Thae flooding regime deficit has created an artificial stressor, resulting In the reduced extent and productivity of the
forasts’ more flood dependent values, This is particularly evident for semi-permanent watiands, which are being
replaced by encroaching River Red Gums, terrestrial and exotic speoes. Lange old trees are also exhibiting stress, with
dieback and martality evident in many, The decline in condition of the vegetation communities reduces the sultability
of the forests for many dependant fiora and fauna.

To address these ecological Impacts, a packsge of works has been develoged to reinstate a more natural flooding
reglrme for th Guttrum and Berwell Forests, The works have been designed to mest the enwironmental watering
requirements of the ecological values by mimicking a 26,000 ML/d flood event in the River Murray for Guiirum Forest,
and @ 24,000 ML/d flood event for Banwell Forest, Dellvery of eswironmental water via the [rrigation channel system
will enable watering of the priority habitat types- 99% of Lthe semi-parmanent wellands and 82% of the River Red Gum
flood dependent understorey- a total area of 1,200 ha across both forests.

Critical to the infrastructure package design was the ability lo provide eperational flexibility, minimise footprints, and
generate simple, robust and cost effective assets. The proposed works are presented below.

Table E-2: Infrastructure for Guttrum and Benwell Forasts

Infrastructure | Function
Gultrum Forest
Two inlet channels Dalvar environmiental water from the Tarrumbarry Imigation Area [T
Reguiator and levee works at ferest cutfall Contain water, controd water levels and provide a fish exit.
Enhancement of existing natural chanrel to connect Reed Bed and Litkle Beed
iy Rhux s sommses L :Z:::::T:WUM structime at Uttle Reed Bed Swamp o confrol direction
of flow.
Contain watar on the floodplain,
A Remeﬁilwih'tu mnlmlmpri'sl: to adjacent private knd,
Barwell Farast
e inlet channal Deitear anwironmental water from the TlA

Twao regulators and levee works at forest outfalls | Contain water, cartrol water levels, and prﬂ-‘ﬂlﬂ a fish exit,

Contain water on the flopdplain,

s Minimise risk o adjzcent private land.

The total construction eost for the package of works for both forests is $28,808,309. It 15 noted that cost estmates may
decrease during the detafled design phase as the designs are refined and contingency ks reduced. Works are schoduled
to be complete and operational within four years, from procurement of detalled designs to fully commissioned works.




Ecerlogical Ouloimmes

snvironmental water delivery to the Guttrum ane Berwrel Foreas will generat e slgoilicanl @nwl-anmental banafils and
gl M b the olfocks af Rivier BAudtdy roguo aticn. Prosiding 2 more nalaral Hooeing repine dhresapl weor . well; restone
ihe extenl ane cwlnbution of wetlans sopetatiey and assoc.ated fauna such as the nabgeally vulveable Growtng
Grass Frag, srmyide apparturties For colon al wetar boel seeding of thrspteasd spe:es such s The Gieat Egrat ane,
cobian e Besdplaon pooehio Cady wevailing st *ood, 30 weeding opaacbariles far # dversicy of flieododgin Flerg
ane Fagpd, @nand aff she fogadplam. wWidar benefts to the ver busray snd Mur-ay Dacling Rasie will be feallied
through enkancing connactivity and extend ng habitat 2o 12k gy Fur raokele spd residert spociss.

Aeldresdng rlsk

An pant of Lhe Project, a cormgrehensive swdrornenal, so0ad and azononic risk assessmcnl, SOmEIant with A37NZS
50 3100020049, was unceiaken, High prianty ecckae el ks femme opesialicos al (e mcmsors we-e adent flzd and
mwlucs an Ircrease o puesl b vl ng el caoes fish, colg-satian of u1desirable plent speoes, Hyer Bad Gum
ahgraachignd, ard blackeater. Azsocated coclo-economiz cisks inglude raguced socesn dor sncinl ard ecobomic
act wiins, Tor the Majects devzlopment ard conswruction phases, prority ruks ingluds fire, inory, 15es of corparate

Snoaladp arg deays Dl LG aprroyals o bad waslogy

Far all aricnty risks il ganor meaiarss Base been identified, to reduce the Ykelhood and cotsequense of theem

AT

Implementation of the Preject

Thi Inga comrun by, Tradiaon b Owners wdd staksholoers hiega g strong eonnsciie nogre deces o e [yt irum anc
S werll Mavgels. Chpefs Tenl of breze aroups 2nd pereta] Somrtunision eclivities willbe a cnlical zo™panent af the
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1 Introduction

The Guttrum and Benwell Farests Environmenta! Works Project (the Project) has been developed ac a cupply measure
under the Murray-Darling Basin Plan Sustainable Diversion Limit (5DL) adjustment mechanism, The SDL adjustment
mechanism enables the vse of less water 1o schisve equivalent snvironmental outcomes sought by the Basin Flan.
The #roject s one of nine proposed infrastructure based supply measures being investigated within Victoria, and one
of tw'o within the Morth Central Catchment Management Authaority {CWA) region.

The development of this business case has been guided by the Phose 2 Assessment Guidelines for Supply ond
Constraint Measure Busimess Coses, The Business Case seis oul the ecological objectives, proposed infrastructure
package, operating strategies, ecological risks and benefits and the costs associated with progressing the Project
through to consiruction. 1t has been developed in partnership with the Department of Environment and Primary
industries [DEPL), Parks Victoria and Goulburn Murray Water [GRMW),

The primary aim of the Project is 1o restore the ecologicsl condition of Guttrem-and Benweell Forests. The two adjacent
forects feature shallow semi-permansnt wetlinds and River Red Gum (Eucolyptus comoldulensis) forest. River
regulation has depleted the flooding regime of these high valug floodplain habitats, with the frequency and duration
of flood events now halved on average compared Lo netural conditions. The significant reduction in natural lloading
has lowered the blodhversity values, reducing the extent of wetlands, and the productivity and habitat value of the
River Red Gum lorest.

Due to the forests’ ecological and hydrolegicl similarities, they are considered together for the purposes af this
business case, A package of works has been designed to mimic up to an equivalent of 3 26,000 ML/d River Murray
flood event in each forest. The packsge of infrastructure consists of two separate inteéts to dellver emvronmental
wirter into Guitrum Forest, one fnlet in Benwell Foresl, and works to contain water on the floodplain, These works will
enzble a maximem area of 719 ha 1o be Inundated In Guttrum Forest and 481 ha in Benwell Forest, The inlets provide
oparational flexibility to meet the water requirements of the high value water regime classes and reduce potential
ecological and operational risks,

The cost to progress this project through detakled designs, statutory approvals and consiruction is S28,449,306.
1.1 Eligibility

Wietoria eonsiders that the Guiirum and Benwell Enwronmental Wovks Project meets the relevant elsgibility criteria for
Commonwealth supply measure funding,

In accardance with the reguirements of the Murrsy-Darling Basin Plan, Victaria confirms that this is @ new supply
measure, additional to those Included in the benchmark conditions. The operation of this messure will:

= nchease the gquantity of water avallzble to be taken in the Victorian Murray surface water 5D resource
units;

&  provide equivalent envirenmental outcomes with a lower voalume of hald environmental water than
would otherwise be reguired ta be achieved;

# pnsure that there are no detrimental impacts on reliability of supply of water 1o holders of walter access
rights that are not offset or negated; and

& e designed, Implementad and operational by 30 Jene 2024,



This business case demonstrates in detail how each eligibility requirement is met. However it is noted that this will be
dependent on the final outcomes of the modelling work to be completed In 2015 by the Murray-Darling Basin
Authority (MDEAY,

Other than the provision of finandial support to develop this business case, this proposal is not & ‘pre-exsting'
Commonwealth funded project, and it has not already been approved for funding by another organisation, either in
full or in part,

2  Project Details

2.1 Locality

Guttrum and Benwell Forasts, situated on the River Murray floodplain downstream of Ksondrook in sorthem Victoria
IFigure 2-1), are Aiver Red Gum floodplain forests of significont ecological importance i the Murray-Darling Basin
(MDB), With 8 combined area of 1,930 hectares they comprise considerable areas of floodplain forest that supgort
rare and threatened species, and stands of |arge old trees,

The forasts are predominantly state forest managed by the Department of Enviranment and Primary Industries (DEP),
with the fnear Murray Biver Reserve abutting the Rliver Burray managed by Parks Victoria (Figure 2-1), The regional
eiviranmental water manager |5 the Morth Central CM& and the regional water corporation is GMWW,
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Figure 2-1; Guttrum snd Benwell Forests within the beoader River Red Gum floodplain system



2.2 Significance

River Red Gum floodplain forests, such as Guttrum and Banwell
Forests, are of significant ecological importance in the MDE, as
thiry provide essential habitat and resources for a rangs of
aguatic, amphlbdous and terrestrial fauna (Roberts and Marston
2011}, Guttrum and Benwell Fosests are two of the few
rermalning intact River Red Gum swamps in Victoria,

Thia core ecosystem communities that are influenced by the
Project comprize semi-permanent wetlands; River Red Gum
forest: native flsh and native birds. & wide range of waterird
and woodland species are known 1o inhabit the forests, with at
least &2 spocies of birds recorded, Including important 2500
migratory birds covered by International agreements |LAMEBA, Vellow-footed Antechinus (Phato C. Gray)

CAMBA). The forests also provide critical flioodplain forest habitat 1o mammals suech as the recenitly recorded Yelbow-
focted Antochinus [Anfechinus Movipes), and threatened amphiblans such as the Growling Grass Frog (Litordo
raniformis) that are listed under the Eavironment Protection ond Biodiversity Consensation Act 1999 [EFHC Act {1295)).

2.3  Proposed works package

The purpbse of the proposed package of infrastructure ks to enable delivery of environmental water to the forests to
address the hydrological deficit in the flooding regime caused by river regulation, particulerly the reduced frequency
and duration of floods, The package has been developed to meet the water requirements of biota in the forests, and
proseribes the desred oxtent of inundation, depth, and duration. The infrastructure has also been designed to
minimise environmentsl and operational risks.

The location of works to deliver the reguired Inundation outcomes in the Guittrem Forest are shown in Errorl R
eference source not found. and In Benwell Forest in Error] Reference source not found., A short deseription of the
package of works is provided below with the full padkage described in Section 11, and costings provided in Section 13,
The Concept Design report provides detail on the deskgns, oritera and drawings (URS 2014).

2.3.1 Guittrum Forest frofer (o Figure 2-2 for locations of Infrastruciurg)

G1 and G2 Irrigation Channel Supply: two new and separate irrigation channets {G1 and G2} will connect the forest
inte the Torrumbarry Irrigation Area (TIA) brigation channel supply works will consist of an offtake regulating
structure and road and farm drainage culvest/inverted syphon crossings,

G5 Mew Regulator; & new regulator and ralsed access trackflevee at the forest outlet (G5 New] will reglace an old
existing structure to contain water on the floodplain, control water levels, and provide a fish exit.

Litthe Reed Bed — Reed Bed Swamp Connectlon: the connection between Little Reed Bed and Aeed Bed swamps will
be Improved by enhancing an existing natural effluent, and the inclusion of small regulating structures, This will
facilitata the movement of water betwaen the two semi-permanent wetlands when flooding the forest from the
irfigation system. A temporary pumping site with permanent access and civil warlks will also be required to enable the
bop-up of water levels by pumping from the River burray.

Guttrum Perimeter Levee: depending on the preferred aption, works may consist of repairs to the existing perimeter
jevize and new levee sections for high "conseguence of fallure’ points on the north western forest boundany.



Aceess tracks: required for existing perimeter levee monitoring and maintenance along peivate property and within
the forests.

G5 Old Eroshon Pratection Werks: protecting the esisting bridge, channel and outfall at G5 Oid during a natural fleod
evernl or high river the flows with erosion protection.
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Figure -2 Froposed package of infrastructure to deliver snvirenmental water to Guttrum Forest
2.3.2 Benwell Forest (refer to Figure 2-3 for locations of infrastructure)

B Irrigation Channal Supphy: a new irrigation channel connection (B1) will connect the ferest into the TIA, Irrigatien
channel supply warks Include a channel afftake and forest outfall regulating structure and read and farm drainage

culvertfinverted syphon crossings,

Bi3 Regulator: a new regulator (B13 regulstor), primary spillway welr, vehicle crossing and raised forest access
track/levee (B33 leves) on the natural forest efffuent at 813 to contain water on the floodplain,

B7 Culvert Crossing: @ small culvert river track crossing of the natural forest effluent dhannel at BY, with an automated
dualdeaf gate (B7 outlet and cubert) bo contain water on the floodplain and provide sccurate water release control
for thraugh-flows.

Benwell Leves: depending on the preferred option, works may consist of repairs to the existing perimeter leves, ar
new leves sections for all ‘high consaquimce of Rallure’ points an this narth westorn forest boundary.

Access tracks: required for existing perimeter levee monitoring and maintenance along private property and within
the forest,
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Figure 2-3: Proposed packpge of infrestracture to delivar environmental wator to Barmwell Forest

The combination of these works will enable the defivery and containment of floed water on the forests' floodplain,
end the provision of supplementary flows to wetlands to extend the duration of inundation, as required, The indet
channels will deliver water from the TiA Preliminary investigations were undertaken to determine the viablity of
being able to deliver reguired wolumes of environmental water when required, and within the constraints of the
system, Resulis indicate that free capacity does exist virtually all year round at the required Iocation, Further
modeling work however will be required (o exphore any potential constrainds in other years, as modelling was
undertaken on ang particular year, selectad bacausa it was dry, and thers was a high lovel of customer dalivarias,

2.4  Summary of costs and proposed schedule

The proposed scheduls of works and costs |5 presented in Table 2-1, showing a total capital construction cost of
£28,449,30%9 and a planning, construction and commissioning period of four years.

Takle 2-1; Project schedule

Stagos Yaarl Yoar 2 Yamr 3 Yoar 4
P'l.lnh'l'lEl"[Ht: ilnd I:|I:I$|E.FI

Approvals
P o P i i

Works

Commissioning




2.6 Proponent and proposed implementing entity

The feasihility study and business case for the proposed supply measure has been developed by the North Central
CMA, on behaff of the Victorian Government and in partnership with DEPI, Parks Victorla and GMW, through funding

from the Commaonweealth Government,

As the project owner, DEFI will have oversight responsibility for project implementation, pending conflrmation of
construction funding. Further information regarding the proposed gowernance and  project  managemment
arrangements for Implementation s pronided in Section 16,



3 Values of the Sites

3.1 Ecological values

Guttrum and Benwell Forests provide a diversity of habitats including River Red Gum fiocdplain forest and woodland
ecosystems, and. complexes of shallow semb-prrmanant wetlands, The semi-permanent wetiands, or swamps, are
characterised by open watar, marshiand, reed bed and herbland vagetation, fringed with River Red Gum. Both forest
peosystems, as a whole, are dassifind as a freshwater meadow containing areas of shallew marsh (Corrick and
Morman 1994 In DSE 2007), a classification that is consldered valuable due to the dramatic loss in its extent since
European settlement {NRE 19497).

The forests support a wide range of water-degendent communities and species; many llsted as rare or threatened
under state and national legislation, and contaln representative floodplain vegetation {Bennetts 2014). The following
sections provide an overview of the significant values and Appendix 1 is a full listing of recorded flora and fauna
species, OF note; a greater abundance and diversity of species |5 expected to be present In the Guttrum and Benwell
Forests tham has officlally besn recorded to date. This & due to limited historcal survey effort and thelr simifarity to
other floodplain systems that are consldered biodiversity ‘hotspots’ for native flara and fauna (8.8 Gunbower Forest).

3.1.1 Vegetation communities

Guttrum and Beawell Forasts ang [ocated within the Murray Fans Bloregion, ane of three bioregions along the Murray
River floodplain downstream of the Ovens Junction, and part of the Riverina Interim Biogeographic Regionafisation fir
Australia bioregion, The Murray Fans supports a mosaic of Plalns Grassy Woodland, Pine Box Woodland, Rivering
Plains Grassy Woodland and Rivering Grassy Woodland Ecological Vegetation Classes (VEAC 2008). Located within the
broad vegetation type of the Rivering Grassy Woodland Complex (SKM 2007), they help to maintain the ecological
diversity of the bioregion by supporting vegetation communities representative of it.

Vegetatlon communitbes within Gultrum and Benwell Foresta have been mapped and classifled nto Ecological
Vegefation Classes (EVCs). EVCs are the standard Wictorien classificetion undt, which groups floristic commumrities
ocoyurring across biogeographic ranges within specific anvironmental niches,

Seven EVCS, two EVC agiregates and one FVC comples are present within the forests, all of which are threatenad in
Wickoria. A list of the EVCs and their relztive conservation status is presented in Table 3-1. The distribution of recently
mapped EVCs are shown in Figure 3-1 and Figure 3-2.

Tahla 3-1: Ecological Vegatation Classes within Guttrum and Bermwel] Forests,

Ecologleal Vegetation Class Conservation Status [DEPI 2014)
EVC 814 Spie-medge Wetland Wulnerabis
EYL 653 = Aquatic Herhland Depleted
EWC B15 — Riverine Saamgy Woodland ulnerakde
FC K14 — Riverine Saamg Forest Depleted
EVC 8458/8124 = Floodway Fond HerblandfRhwring Swarmp Forest Complax?® Depletsd
EWC 95— Alverine Grassy Woadland Wulnemble
EWE M6 — Grassy Averine Foest Deple b
E¥C 50— Flocdplain Riparan Woodland Depleted
EVEC B16 - Sadgy Riverine Faoras Depbated
Floadplain Wetland Apgregate?
Bilabeng Aggragato -




The EVC complex — Floadway Pond Herbland/Riverine Swamp Forest Complex — represents areas of the two BV
occurring in 3 mosaic, making it &ifficult to separate at a larger scale for mapping purposes,

The EVC aggregates presant are areas that, at the time of mapping, represented one EVC But wauld be expectad to
change consderably under different lydrological conditions (Biosis 2004b). They are therefore mapped as aggregates
to encompass the dynamic characteristics of these areas.
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Figure 3-1. Ecologlcal Vegetation Classes in Guttrum Forest
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Figure 3-2. Ecological Vegetation Closses in Barwell Farest
3.121 Flora

One hundred and twealve speclas of natlve flora have been recorded In the Guttrem and Berwell Forasts. This ingludas
water-dependent wetland species listed under the EPBC Act (1555 such as River Swamp Wallaby Grass [Amghibromus
fuitons), and the Flera amd Foumae Guonrsntes Acl 1988 (FFG Act (1988]) such as the threatened Wavy Marshwort
|Npmphoides crenota). Eighteen species are listed as protected under the FFE Act [1988] (public land only] and a
further five species ara on the DEPI Advisory List of Rare or Threatanad Plants in Victoria (2014 ). The list of spaches for
Guttrum and Benwell Forests 15 a compilation from four separate studies [SKM 2007, Blosis 2014a; Biosis 2014b;
Bennetts 2014} and the Victorian Blodiversity Atlas (DSE 2010). Given the similarity in vegetation and hydrological



canditions to the nearby Gunbower Forest, it is likely thal one or mare of the ather 36 rare and threatened specias
found there in the [ast decade would be present in Guttrum and Benwell Forests (Bennetts 2014).

Wawy Marshwort (Photo AL Russell) Hiver Swamp Wallaby Grass (Photo A Russell]

in addition to the many rare and threatened species, Guttrum and Banwell Forsts are host B numerous |arge ald
River Rad Gums {=100cm DBH] that were established prior to European settlement. The apge and slze of these trees iz
significant, as in other nearby River Red Gum forests such as Gunbower Forest, most of these trees have been
harvested or ringbarked to promote mill imber (Bennetts 2014), Healthy tress of this stature pravide valuable habitat
for birds and marsupials (Biosis 214k}, and have a key role in malntaining the diversity of ground- and undarstorey,
speclas by outcompeting other saplings and maintaining the open, widely spaced woodland character of the forests
{Bennetts, K 2014 personal communication, 8 October),

Lar@ge aid River Red Gum in Bernwsll Forest



311 Mative birds

& wide range of waterbird and woodland species s known to make use of Guttrum and Bermwell Forests, with 91
species recorded (Disher 2000; DSE 2010; Biosis 2014a; Bennetts 2014), This includes waterhirds such as the EPBC-
fisted Australasian Bittern (Botouras polcifoptifius) and the FFG-Hsted Uttle Egret (Egretio gorzetta) and intermediale
Egret {Ardea Inlermedin), which are considered endangerad In Victoria (DEPI Advisory List 2003). In addition, the
forests have historically supported migratory waterbirds protected through the Japan-australia Migratory Bird
Agrecment (JAMBA] and China-Australia Migratory Bird Agreament (CAMBA): the White-bellied Sea Eagle (Hanaeaius
levcogaster] and Eastern Great Egret {Ardeg modesta). Both species are also listed as threatened in the FFG Act [1988]
with the Great Egret also listed as vulnerable under the EPEC Act | 1959],

Historically, thi forests have provided conditions suitable for waterbird feeding and breeding (Ecological Associates
2013). Guttrum Forest has provided reglonally important breeding habitat for coloniad nesting species In and around
Reed Bed Swamp [Ecological Associates 2013), More recently, evidence of colonial nesting spedes has been found in
South-west Benwell Swamp, which (5 sxpected to have gecurred in the 2010-11 floods. A number of waterbow! have
been recorded within the forests, Including the Australlan Shelduck [ Todosno todornoides] and the Black Swan [ Cpgners
atratus) {DSE 2010). A range of waterbirds, including colonial nesting specles and waterfowl are present in the
farmland adjpcent 1o the forests, and it i Bkely that these return o the two forasts when conditions are sultabie
|Benmetts 2014,

Australasian Bittern [Phate J.Barkls BirdLife Australia) Graat Egret (Photo O Elelnert)

Many woodland birds are assodiated with floodplaln forests, using them for habitat, foraging, breeding and watering
{kohnson et al. 2007), Guttrum and Benwell Farests support a nurmber of these, Isted in the FFG Act [1988] Victorian
Temperate Woodland Bird Commwinity, such as the recently sighted Diamond Firetall (Stegonoglelrs guttata),
endangered [In Victoria) Grey Crowned Babbler {Pomotostomus temporalis), and the near-threatened Brown
Treecreeper |Cimactens ploumnus victorige) on the DEP Advisory List of Rare or Threatened Vertebrate Fauna in
Victora [2013] {Bennetts 3014), A group of Geey Crowned Babblers nest on the edges of both forests in River Red
Gums, part of one of the strongest remaining populations in Victoriz, Cwarall this species has declined by about 90 per
cent since pre-European settlement {Tzaros et al. 2014,



mHamond Firetadl [Photo Morth Cantral Chaaj Grey Crowned Babbler [Fhoto A.Partins)

3.1.4  Amphibians and roptiles

The habitats across the forests support a number of native frogs and reptiles, including the nationally walnerable
Growling Grass Frog recarded within and around Benwell Forest, and would have benefited from the dense resdy
vegetation and sustained flonding that previously existed n the semi-permanent wetlands (Ecological Associates
7013 OSE 2010L The FFG-listed Brown Toadlet {Pseudophngme Bitroni() and the Barking Marsh Frog {Limnodynastes
fletcherd) were historically recorded within & 5 km buffer zone and are both on the DEP| Advisory List of Rare or
Threatenad Vertebrate Fauna in Victora (2013). Anecdotal evidence suggests that the FRG-Isted Carpet Pyihon
(harelia spilato metcalfel) has been in the forests within the last decada, and ecologists have indicated that habitats
would be highly suitzble for this species (Biosks 2014a),

Two other water-dependent vertebrate species have been recorded within and adjacent to the forests, These are the
Broad-shelled Turtle (Cheloding exponsa) and the Common Long-necked Turtle {Chefocing longicailis]. The Broad-
shellad Turtle is listed under the FFAG Act (1988] and as endangerad on the advisory list of rare or threatened
vertebrate fauna in Victoria (DEPI 2013}, The Commen Long-nacked Turtle is listed &5 data deficient on the adwvisory
list of rare or threatensd vertebrate fauna in Victoria (DEP 2013
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3.15 Mammails

The forasts alsa provide critical faodplaln forest habitat to mammels, such as the hiskarically recorded FRG-listed
Sugar Ghder (Petourus breviceps) and the recently recorded Yellow-footed Antechinus (Biosis 2014a), whose
preferential habltat s in decline {Lada and Mac Hally 2003)



3.16 Mative fish

The local River Murray community supports 13 recorded nathve fish species, a number of which are listed under the
FFa Act (1988} and the EFBC Act (1999). This includes large-bodied fish such as the nationally vulnerable Murray Cod
(Maccullochello peelii) and the endangered Trout Cod (Mocoullochelle mocquaniensis) (Morth Central CMA 204a),
Ecalogical monitaring studies are reauired to confirm the presence of flsh utilising the floodpiain in Guitram and
Benwell Forests, though it is expected that thase large-hodied species would move onto the floodpdain during ratural
inundation events as they hawve been known to do in nearby Gunbower Forest {Chatfield, A 2014, personal
commaunication, 5 November]. In addition, a number of small-bodied fish are present in the area that would
opportunistically access the semi-permanent weatland habitat within the forests during natural floading, such as Carp
Gudgeon (Hypseleotris spp.) and the FFG-listed Un-specked Hardyhead (Croteracephelus stercusmuscarum fulvus).

3.1.7 Ecological Functions

Guttrum and Benwell Forests cormprise approdimately 1,930 hectares of River Red Gum forests and semi-permanent
wetlands, and are an Integral part of the River Murray foodplain performing a numbaer af ecosystem functions. At a
local [site-specific) level, the forests are critical in supporting water-dependent values, including but not Hrmited 1o

Food production- The corwersion of matter to energy for uptake by blota, including substrate surfaces (e rocks,
woody debris, grawval) for blofilms and plant matter, and interactions batwesn primary producers and consumers such
a5 the breakdown of carben and nutrients By rosplankton and macrolnvertebrates for higher ordar consumers

Provision of shade and shelter for biota- The forests, ephemeral wetlands and shallow mudfiats provide drought
refupge, and feeding and breading habitat for waterbirds, frogs and turtles,

Provision of water for consumption- Retention and storage of water for biota to enhance growth and development
and o ensure survival and repradection.

Al -a regional (complex) level, Guttrum and Benwell Forests are critical to support water-dependent values, including
but not limited to:

mMovement/dispersal- Mobile species move to access resourcas such as food, breeding habitat and mates. This assists
with malntalning genetic diversity within the landscape and reduces the risk of local spacies actinction. Movement
alsa supports the dispersal of seeds/progapules in the landscape providing a source for colonisation.

Cyeling nutrients and storing carbon- After Rooding, water drsins off the fioodplain back to the River burray,
providing critical carbon and food sources for aguatic fauna inclding netive fish populations. in particular, this
connectivity provides an important food source for channel speclalist and generalist fish species in the local River
Wiurray flsh community, and may enhance conditions for spawning and recruftment (Humphries ef al, 1993},

Biological diversity- The provision of a sulficient number and range of habitat types in the landscape supporis 3
diversity of native species, This bn urn a35is31s to safeguard the region from the impacts of local catastraphic evants
{l.e. boss of habitat through fire and cearing) due to there being sulficient altermative habitais svallable.

3.2 Water regime classes

As putlined in Section 3.1 the Guttrum and Benwell Forests contaln a range of significant flors and fauna values within
seven EVCs mapped for the forests. To facilitate the development of ecolagical objectives and watering targets and
correlate the EVCs and walues with flooding regimes, ‘water regime classes’ have been developed [Ecological
Associates 2013}, The relationship bevareen EVCs and the forests” water regime dasses is provided in Table 3-2.

Water regime classes (WRCs| were developed using a range of sources such as LIDAR, historical hydrological modelling
and EVC mapping, and represent the hydrological reguirements of vegetation that is expected fo be present under a



natural flaoding regime. Four water regime classes are identified: permanent or semi-permanant wetlands, and River
fiad Gum farest with either flood dependent or flood tolerant understorey (refer Table 3-2). Water regime dlasses are
described briefly in this section, and In further detall in Appendix 2.The distribution of WRCs in both forests is shown
In Figure 3-3 and Flgere 3-4.

Table 3-2: Water Regime Classes in Guttrum and Benwell Forests [Ecological Associates 2013)

Water Rogime Class Guttrum | Barmwell High value E¥Ce
[ha) [ha)

Permanent wetlands 23 0 Blllabong Aggregate

Semi-permarent wetlands | 224 55 EVC #19 - Spike-sedge Wetland
EVC 653 = Aguatic Herbland
Floodway Wetland Aggregate

WAG: flood-dependent 542 156 EVE 815 - Rivering Swampy Woodland

understorey EWE 814 - Riverine Swamp Forest
EVC945/814 —Floodway Pond Herbland/Riverine Swarmp Forest
Complex

| RAG: food-mlerant 351 225 EVIC 295 — Rlvering Grassy Woodland

undarstonay EVC 56 — Pooadplain Alparian Woadland
EVEC 106 ~ Grasay Riverine Forest
EVC B16 = Sedpy Riverine Forest

3.2.1  Permanent wetlands

A small billabeng is located in Guttrum Forest to the east of Reed Bed Swamp and s the enly permanent wetland i
both forests. The billabong Is small in extent and makes & small contribution to the habitat diversity of the forest
compared to ether wetlands. The steep sldes of the billabong present limited habitat for emergent macrophytes, and
subsequently provide little habitat for wading birds, although waterfow! may feed and roost within and nearky
(Ecological Associates 2003).

3.2.2  Semi-permanent wetlands

Two large semi-permanent wetland complexes are located in Guttrum Forest - Guitrum Swamp and Reed Bed Swamp
linduding Little Reed Bed), Bernwell Forest has two semi-permanent wetland complexes, Benwell Swamp and the
smaller Southwest Banwell Swamnp, These wetkinds provide a diverse range of habitats including shallow marsh, open
water, reed beds and herbland. River Red Gum would normally be excluded by prolanged flooding. Although water is
usually present, the wetlands dry out occaslonzlly, Spring flooding prometes macrephytes such as Marsh Club-sedge
(Betboschoenus medionus] and Common Water-ribbons (Triglachin spp.), while the desper wetlands that remain
Inundated Inte summer and autumn would be deminated by rushes and reeds such as Common Resd | Phragmites
australis) and Glant Rush [uncus ingens). Wetland fringes support herblands and low-growing emergent species such
as weatermitfoils (Myriophyllum spp.) and Lesser Joyweed [Altemanthers denticulata).



teriiF Hagran (sasn
B Pewvaraid VWtiands

| EeriETE e A v
[T Fnd Cary Wi PIGa D se il Gt
M Cary i E R T e

NEW SOUTH WALES

i L% EA i km
=y

T hr

WD TORTA,

Figure 3-4: Distribution of WRCs across Bernwell Forest




The diversity of habitats provided by the semi-permanent wetlands supports rumerous waterbirds, providing shefter,
nesting habitat and food sources. Flooded reedy habitat provides habitat for frogs and birdgs such as bitterns and
crakes (Ecological Assocates 2014). The seasonal Inundation and recesskon of Aoodwater stimulates microbizl and
planktanic productivity, supporting higher-order species in the food web such as aquatic invertebrates, frogs and

small Tlsh, which in turn are an important food source for waterbirds. The fringing River Red Gums also provide
important nesting habltat, parthoularty for colonial waterbdnds.

Aquatic herbland within Benwell Swamp (Photo G. Smith]

3.2.3  River Red Gum with flood-dependent understorey

Rivar Red Gum with food-dependent understorey (FOU) ooours in Guittrum and Benwell Forests in areas which have a
low flooding thrashold bet do not retain deep water when floodwater recedes. This WRC typically supports danse
forest and ocours in low lying, frequently flooded areas and eften adjoins wetlands. The understorey is dominated by
grassy perennlal specles that require seasonal fleoding, comblined with nushes and reeds in local depressions.
Submerged aquatic macrophytes appear during winter and spring fRooding, but die off as the forest dries out. This
WRC i distinguishad from River Red Gurn with Nood-tolerant understorey by the dominanee of graund flora thit
require flooding to complete their [ifecycle (e, Water Ribbaons {Triglochin spp.), Common Splke-sedge [Eleochanis
pruta) and Warrepo Summer-grass (Pospalidivm jebiflerum] (URS 2001).



River Red Gum Forest FOU [Photo: M. Cooling)

When flocded, this WRC provides imporiant seasonal floedplain habitat for aquatic fauna sueh as frogs and fish, which
disperse from refuge habital and breed in large numbers, Waterblrds, Including waders, will make use of the
abundant prey in the flooded wnderstorey. Flooding also initiates the germination of & range of squatic plants,
increasing the flora diversity of the forest. Understorey plant growth persists for several months after flooding and
contributes to the productivity of the forests (Ecological Associates 2014). Damp soil conditions from receding
floodwater will promote grasses that provide food sources for woodland fauna including herblvores and grankvores
isuch as the DHamond Firetall (Stoponoplevns guitotol) (Ecologicsl Associates 2014), Understorey vegetation also
provides seeds, frult and forage for granivares, while trees support nectivorous and omnivorous birds. Both
overstorey and understorey support insect praduction an which a range of birds and reptiles depend

3.2.4  River Red Gum with Hood-tolerant understorey

River Red Sum with flood-tolerant understorey (FTU) ocours on the elevated flocdplaln floor, along the natural leves
formed on the rver bank in Guitrum and Benwell Forests, Vegetation includes the drier, more elevated spectrum of
thi trees’ fioodplain continuum. This WRC ks thought to flood less often, for shorter periods and a1 shallower depths
than the River Red Gum FOUU and is hence typified by an understarey that Is mere ndependent of flooding {URS 2001,
Typical understorey species are Small Spike-sedge (Elechars pusita), Common Swamp Walaby-grass [Amphibromis
nensosus), Ruby Salthush (Enchyloeno tomentosa) and Pale Fruit Ballart (Exocorpus séncius). Some understorey
spacies along the river levee are more water-dependent, but may be accessing additional soil water along the river
bank (Eeological Assactates 2013),
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33 Social and economic values

Guttrum and Benwell Forests are multi-use forests providing both direct and Indirect social and economic benefits.
Commercial uses indude timber production and domestic tmber collection, as part of the mid-Murray Forast
Management Plan Area, domestic stock grazing, aploulture {bee keeping), and sand mining. Social and recreational
uses Include dispersed camping, horse rding, hunting, fourssrheel driving, bird-watching and sightseging pursuits

3.4 Cultural values

The Guitrum and Benwell Forests contain evidence of both Aboriginal and European activities, Both forests comprise
areas that are culturally significant to the Traditional Cwners. The archeesloglcal assemblage &= characterised by a
dominance of moundsfearth features with known burial sites, artefact scatters and scar trees recorded In the
Bboriginal Cultural Heritage Register Information System (ACHRIS) database [GHD 301LL  However, many
archaenlogical sites across the forest have become damaged or lost from past land wuse activities, including stock
grazing and timber harvesting. The historical frequency of flooding may also have reduced the quality and number of
sites remaining in the Guttrum and Benwell Forasts,

Dascusslons with Traditknal Owners has confirmed the high value they place on restoring the habitat of the forests by
reinstating natural fiooding frequency.

Scar Tree located in Benwell Forest (Photo A .Chatfield)



3.5 Threats to values

The Guitrum and Benwell Forests are located in an area of low rainfall and high evapotranspiration. The average
annual rainfall is less than 400 mm/fyr, with evapotranspiration of around 1,700 mm/yr. This creates a significant
annual water defict and means that thi health, growth and existence of the forest ecosystems are dependent on
regular winter-speing Inundation from high river flows (VEAC 2008}, In the absence of these flows, the deficit presents
a significant stressor for the forests {MODEA 2012),

River fegulation and diversion of River Murray flows has resulted in a change in the flooding regimes of Guttrum and
Bemvell Farests. The frequency and duration of flooding has been reduced and the interval between events has, at
times, stretched beyond the thresholds of tolerance for floodplain vegetation (see Section 8), further exacerbating the
axrsting water defeclc

If no active management intervention is implemented to restors a more natural flooding regime and alleviate water
stress, the following & likely to continue (SKh 2007, Ecological Associates 2013, Bennetts 2014, Blosis 2014b):
=  River Red Gum health will decline in forested areas of the forest

»  Encroachment of terrestrial specles, including River Red Gums, into seml-permanent wetlands reduding
the extent of wetland habitats

& Exolic errestrial species will be dispropartionally favoured by the altered flooding regime compared with
native species

s Wetlind habitat valuas will not be optimised for native fauna including a number of threatened specles

» Waterbird breeding events will be rare and of a limited size, threatening the viability of existing
populations and the resience of spacies to additional stressors

» A reduction in organic input from the flsodpiain to the River Murray,

The provision of & more natural Mlooding regime is expected to assist In managing a numbser af these threats and
improve the condition and resilience of ecologlical values within the foresis

Other potential threats to the condition of Guttrum and Benwell Forests are pest plants and animals, and land
management practices such as domestic stock grazing and timber harvesting. This is discussed in Section 12,2,



4  Ecological Objectives and Targets

4.1 Vision for Guttrum and Benwell Forests

The vision for Guttrom and Berwell Forests is ta:

Maintein and restore healthy floodpioln communities across Guttrum and Benwell Forests, to ensure that
indigenows plont and anlmal specles and communities survlve and flowrizh,

The goal for water management in the forests is to:

Reinstole @ more neture! ffooding régime-that protects and enhances the ecological values within the Guttrum and
Benwell Foresis,

4.2 Objective development

& sulte of ecological objecthves and targets were developed for Guitrum and Benwell Forests that represent the
desired ecological outcomes of enhanced flooding. These consider the current condition of ecological values and
whether Intervention is required; and interdependencies within and between these foredts and other regional forests
such as Campbells Istand, and the Gunbower-Koondrook-Perricoota loon shtes. Although Guttrum and Benwell Forests
imvishie independent works, their proximity to each other and thelr similarity in values and condition mean that the
ecological objectives and targets are representative and applicable to both sites.

Development of the ecological objectives was supported by 3 range of sources to identify the hydrological
requirements of ecological values in the forests, These sources Included a review of the literature (North Contral Cha
2014a, 2014k}, ecolopical sand hydrological investigations and modelling to identify water regime classes [SKM 2007,
Ecological Associates 2003; Bennetts 2014; Biosis 2014a, 20140}, consideration of previous experience in The Uving
Murray program for the nearby Gunbower Forest and; & workshop including key stakeholders (North Central CALA
2014a; 2014b), These objectives have been further refined as information has become available and have been
subject to peer review. For further Information see the Ecolegloe! Objectives ond Hydrological Regquirements
Justificotion Popers for both Gutbrum and Benwell Forests (Morth Central ChA 20i4a, 2034b],

4.3 Ecological objectives and targets

The draft ecological objectives and associated targets for waber management in Guttrum and Benwell Forests are
presentued in Table 4-1, The overarching objectives state the high-evel broad intentions, while the targets represent
measurable and achlevable outcomes within the given timeframe that will ensure the objective(s} is achieved, The
targets focus on measuring the endpoints for each objective, rather than a percentage change from a seb benchmark,
Every larget however has a dofined baseling or benchmark &.g. semi-permangnt wetlands — at present there are 0%
recedving an optimal flooding regime, but under the proposed Project there will be >95% receiving an optimal flocding
regime by 2040, It & anbicipated that these targets will be tested and refined ance the proposed supply measure ks
operational.

Specific ecological objectives underpinning the owverarching objectives have been described for the Guttrum and
Berwell Forest Environmental Works Project (Morth Central CWA 2014a, 2014b). A summary B provided below for
each of the corresponding oversrching objectives, The speciile objectives identify a collection of ecological
components based on the ecological values of the sites = for example habitat for Growling Grass Frog — and are




consldered inbegral to the restoration of a *healthy” floodplain community, These then link bo monitoring methods and
reporting against targsts. Monitoring methods and targets are further described in the Guitrnm Forest & Benwel
Farest Enwirammeantal Works Project Monitoring and Evalugtion Plon, as well as reference points or basaline data that
targets will be measured against.

sevaral of the targets reference 3 complation date of 2040, This date was selected to accaunt for the tme reguired to
confirm and construct the project, as well as the current state of ecological values and potential time-lag betwesen
environmental water delivery and outcomes being apparent and measurable.

4.3.1 Semi-permanent wetlands
The pverarching objective is for *Healthy semi-permanent wetiands', Specific ecalogical objectives for semi-parmanent
wettands include:

® achieving appropriate cover and diversity of species

*  reducing Alver Red Gum encroachment

=  providing suitabde habitat for threatened flora species

®  malntaining and where possible, Increasing the diversity of threatened flora specles

#  reducing the area of high threat weed species.

4.3.2  Native birds
The overarching objective |s for "Healthy wetland bird communlty throwagh improved access to food and habitat that

promotes breeding and recruitmant’. Specific ecological objectives for rative birds include:

&« supporting a sulte [diversity and abundance] of water birds including waterfow!, colonial waterbirds and
oither wetland-dependont Spciak

o providing foraging ereas for colonial walerbirds
= providing suitable habital for threatened specles

s malntaining and whene possigle, increasing the diversity of threatened specles,
4.3.3 River Red Gum FDU

The averarching cbjective is for "Healthy River Red Gum FDU and temporary wetlands'. Specific ecological ohjectives
for River Red Gum FOU include:

# achieving appropriate cover and diversity of understorey species

& improving canopy condition In River Red Gums

& maintalning and where possible, creasing the diversity of threatened specles

v reducing the area of high threat weed species,



Tabla 3-1; Ecologlcal objectives and draft targets for Guttrum and Benwell Forests Ervisonmental Wrks Project {North Central CMA 2004a; 20248)

Ojectives {by 2080)

Deaft Targets [by 2040}

Applicable water-dependent
valuses

SEMI-PERBAANENT WETLANDS [SPW)

= Rpctors the health of
semi-permangnt

51: #85% of 5FW with a flonding regime that mawim|ses hesdthy condision by 2040,
520 AL luast TE% of wetland transects with ‘modarale be excellént vegetation conditien as defined by T wetiand and fldodplain condition
BisEsEmEnl CMEgaries,

53; Plant Functlonal Groups 1-7 >50% of toial cover eccupied by ot least 213 of o species possible within thesa Plant Functionsl Greups.

Barg fraskasisr masdoa with
drreigie habilats
Matianaly viulnerable Growfing

PR # L4 River Rgd Gum ancroachement aheent, Grass Frog
¢ 55 Prasence of habitat sultable for tha EPEIC-lsted Growling Grass Frog. e, water with dherse habltat includng emergent, submerged and = ‘Wabarhird feeding and brasding
Eaating vegetation within the Seprember bo banch breeding pecad i at least 7 years in 10 [2F. Reed Sed Swamp, Bemwell Swamp). hahitat.
= 56 »50% of threetened spacips preyioussy recorded obierwad
*  &7: High threat exetic plants absent In >30% af 1otsl cover.
RIVER RED GUAM FDL

Rt: =809 of River Red Gum FOU with a flooding regima that masdmésas haalthy candition.
R2: Range of age classes sxist for Rluer Red Gums in 8t laast 758 of sisveyed aréas

FRG Act listed River Bad Gum

=  Bpstors theo haalth of = RA: Arver Red Gum FOU: Plamt Functiansd Growups 2-7 have »508 of total cover cocupied by at least 273 of &l spacies possible within thase Plant (Grassy Wondisnd ecoiopicsl
Fisveer Al Guerm FDU Funciions Groups. COmImAny,
* Rd:x 755 af surveyed tress with “healthy” canopy condition - crown condition inde soore of 8 o grestes, v 73 theastensd flars speceas.
= R5: »50% of threatened flora spacies praviously reconded cbserved
& Ric High threat exotic plants absent in »50% of total cover
MATIVE BIRDS

= Rezstore healthy wetlard
bird community, through

B1:- Zuccessful colpnial waterbird breading in &t least 3 vearsin 10 (for @ range of soecias = egrets, corm erEants, herpnsl,
B bureessiul waterfow| brasding in at lease 7 years in 10.

B3 =50% of all waterbird species expeacted 1o ccour observed over a ten=year period,

Bird specied af conservation
significance a.g. EPAC-lsted

improved access o food Australogian Batern
&nd Babiar that ®=  Bd: 605 of the floadplain inundeted for colanial wetersird foraging In 8 years in 10, *  Waterbied feating and braedin
promotes bresding#nd |« B5: Prasence of water in swamps with emergent vagetation [e.p. Reed Bed Swamp, such az bullrush Tyoha spp., resds Bhrogmite: spp. and habitat, partcudarky colonial
T T sedpes Fleachoris 506, in 81 8ast 7 years outof 10, waterbird nesting sites,
& B 250%of the wetland bird species of corservation significance recarded ohsered over a ten-year pesiod.

MATIVE FISH

»  Enharece River Murrey | = Diwerse fish commumsity simitar
native fish ulaticns recosded around Gunbowt
hlmmm - = FL Commsandy ofeurming large-bodied, channe| speciafist nathe fish spedes (Murray Cod and Golden Perch) oocur svery yeas n lacal River khat m::u Gu

Murray surveys and indude a range of aga and size classes. ;

productive flodpiain ' PRI ®  EPEC-listed Murray Cod in the

oiiflonas,

Rives AAurray.
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4.4 Interdependencies

Achiswerment of the ecological objectives for Gutbrum and Benwell Forests & Important in a regional senae, as they
form port of 3 wider regional floodplain ecosystem with Campbefis island directly opposite in New South Walos, and
the Gunbower-Koondrook-Perricoots Forest immaodiately upstream (Ecological Assoclates 2013, The Kerang Lakes
Ramsar site Is approximately 30km to the south-west. The cumulative bensefits of maintaining a netwark of wall
connected, resilient and healthy wetlands is critical in addressing the decline of many threatened water-dependent
species, such as the sustralasizn Bittern, that have lost substantial habital across Austrafia, This section discusses the
importance of Guttrum and Benwell Forests in this regional context for diffarent types of fauna.

1.4.1 Waterbirds

Widely disparsed networks of wetlands are often needed bo provide sufficient habitat for waterbirds. Differant types
of waterbirds require different types of wetlands to feed and breed and this habitat specialisition may require them
to use wetlands over a large scale |Lau 2014). For example, the success of colondal watertird breeding depends on
aecess to foraging sites at a reglonal scala. Mesting birds are known bo travel to wetlands within a 20 km radivs of their
nesting sites in search of food (Reid 2006 cited in MDBA 2012), Breeding waterbirds in Gunbower Forest hawe,
anacdotally, been reparted to move on & dally basis from the lower Gunbower forest to the adjscent FMoondrook-
Perricoota Forest for foraging (Morth Central ChA 2008). Management of Guttrum and Benwell Forests to meet the
objectives lar providing Foraging and nesting habyital will enhance waterbird population: theoughgut the region and
MDE.

4.4.2  Fish

Lateral connecthdty between the river and wetlands is critical for fsh populations as flocdplatns provide feeding and
nursery zones, and diversity of habitat with heightened survival, feeding and reproduction opportunities (Junk et al,
1989). Small-bodied fish i particular exhibit high levels of @teral movement (Lyon et al 2010) Indicating the
importance of habitat connectivity for these fish communities, Flood flows that drain from the forest flocdplain are
rich in feod and nutrients lifted from the floodplain floor and provide an input of food sowrces to the River Murray
that benefit rivering fish [Humphries et al. 199%), Connectivity between channel and flocdplain habitat, and
rmanagament of return flows from the floodplains to the River 8urray will as=lst in achlewing the obiective to enhance
Biver Murray native fish populations.

id.4.3 Reptiles and amphibians

Amphibians sre opportunistic users of termporary wetlands, with the mobility to seek sultable habitats as wetlands fill
and dry, Temporary waterbodles are often preferred habltat by amphlblans because the seasonal drying precludes
predators and the availability of food sources s high [Wassens et al. 2008). However, decreases in landscape
connectivity through fragmentation and habitat locs have contributed to declines in amphibian assemblages [Lehtenin
et al. 19991, highlighting the importance of maintaining river-Aoodplain connectivity far this type of fauna,

Reptiles such as the Common Long-necked Turkle are known to move In accordance with drought and flood cycles and
associated svailability of resources, and often move up to 5 km between wetlands [Roe et al. 2009), Management of
Guttrum and Bemwell Forests to mest the objectives for semi-permanent watlands, as well as enhancing connectivity
betwaen the floadplain and channel habitats will ensure that sultable habitat & provided for these fauna,



4.5

Contribution to Basin Plan objectives

The Project will contribute towards the environmental objectives described in the Basin Plan as shown below.

Table 4-2: Link between Guitrum and Benwell Forests Environmental Works Praject and Bagin Man ohjectives

Basin Plan overall
environmental objectives*

Cortribution of Guitrum and Bemwell Eorests Environmental Works Project to meat ouverall®
and specific® Basin Plan objectives

a) to protect and restors
watar-dependent
weosystems of the Murray-
Darling Basin

= Guttrum and Bemsell Fareits ore water-dependent ecosystems within the Ragin that support
speches listed uncer CAMBA and MRMEA [e.£. Eastern Great Egret [Ardeo modesta) -
CAMEASIAMBA and White-ballied sea-sagle [Hafasetus leucagaster) - CAMBA),

s |nundation of about 1200 ha resulting b high floodplain productivity acnose a range of aquatic
habitats. Fallowing recestion of floodwates, the ratwen flows from the Aosdplain to tee River
Burray will promote ecological dispersal.

s Protection and enhareement of water-dependent scosystems that support numerous lsted
threatened speces and ecologicsl communities,

»  Protectisn and enhancement of representative populations and communities of nathe biota.

bj o protect and restore
the ecosysterm functions of
wiateEr-tependant
eCosystams

»  Provision of opparturities for lateral and longhudinal connectivity belween the forsst
frondpkain and the Rver Burray — with apgraximately 35% of waber held in the forests
returmed fo the rivar.

= Provision of a range of diverse habitets for biata incluging semi-parmanent wetlands and
River Rad Gum forosts with {lood-depandent saderstoray.

= ieeting the flow reguirements of these habitats, and timed to optimise scosyitem functions
that malitaln popislationg (&g recruftment and dispersal),

= Prevision of wetling and drylng phases that enhande ecological communnity structure and
stimulate spedes inferactions and faod webs.

€} by @rsuire thal water —

dopendent ecosysten am
resillent to dimate change
and other risks and threats

= Provisioen of a watering regime that sustains the ecological character of the forests. Without
the projact these forests cannot be watersd by any means outside natural flood events —
which are of an inadequate frequency and duration even under the proposed Basin Flan.

# The propssed flocding regime will protect and enhance a diversity of habiat types acroas the
forasts, wiich will ba critical ko biota under & drying chmate,

»  The fiooding regime, including wettng and drdng cycles and inundation intervas, will bs
tailorad o meet the hydralogical requiremnants of water-gependent vakies within the range of
tolerance to maintain oversll ecosystem resllience.

* From Chapter 5 of Basin Flan, * Fram Chapter 8 of Basin Plan




5  Anticipated ecological outcomes

i § Current condition

The Gulirum and Benwell Forosts comprise considerable aress of floedplain forest and support rare and threatened
species, and stands of large old frees (Bennetts 2014). The current overall condition of nathive vegetation within the
forests is considered to be moderate to good, though the distribution of vegetation types has changed dramatically,
and many individual ecological components of the forasts show extensive signs of modification, as a result of a change

in hydrology,

Condition assessments and mapping of the water regime classes/EVCs undertaken in November 2014 dentified the
curcent distribution and guality of vegeiation communities. Flgure 5-1 and Fgure 5-2 show a comparlson between the
histarical and current distribution of '\WRCs, The results demonstrate a considerable shift from the communities that

would be expected under a more natural flocding regime. The mast significant sverall change is the terresirialisation
of water-dependent vegetation communities, River Red Gum FOU has been replaced with drier, fiood-tolerant
understarey, and semi-permanent wetlands are encroached by terrestrial spedies and River Red Gums,

Tohle 5-1; Changes from the original extent of water raghme classes

Water regime class Original extent (ha) Current extent (ha)
Permanent wetlands 23 03
Semi-permanent watlands 289 a
Seasonal wetlands o] =4
Fledﬁum_v'.:l.l-:h_hf-l'ﬁnd-depenﬂent uniderstorey 958 1208+
Red Gum with flaod-talerant understorey 616 667

*Tha gurrent extent of Red Gum FIMU has increased due to napansion into semi-permansnt watlinds.
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Flgure 5-1. Guttrum Forest historical extent of WRCs [left} compared to current extent (right) [Ecological Assaciates 2013; Ecologiead Assacistes, unpublished 2014)
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53.1.1 Semipermanent wetlands

serni-permanent wetlands in the Guttrum and Benwell Forests, prior to regulation, would have recelved Inundation on
an annual basis for profonged periods |Ecological Associates 2013). Under curron? conditions there i 3 significant
reduction in flooding freguency and duration, which has been exacerbated by the recent Millennium Drought. This has
recullied in conslderably altered vegstation communities and habitat,

More specifically, the acological integrity of semi-permanent wetlands in both Guttrurm and Senwell Forests has bean
impacted by the extensive encroachment of terrestrial species, and River Red Gum saplings, and the colonisation of
exothe species (SKEM 2007; Bennetts 2014,

Across the majority of wetlands, the vegetation type |5 modiflied and dominated by species, both native and
introduced, that are not typical of frequent inundation, The floristic composition Indicates a recent history of
proftonged dryness and an absence of flooding, which & required to promate a more diverse struchere and presence of
native species. The drier conditions provide a competitive advaniage to the recruitment and spread of weed species
(Biosis 2014b). Medic [Medicego spp.) is one of the most abundant weeds, forming mono-specific patches In the
wetlands, and reducing biodiversity. The presence of this species is the result of extended dry periods (Bennetts
2014

Thir drier flonding regime has provided optimal conditions for the germination and recruitment of River Red Gums,
resulting in their encroachment into wetlands [Blosis 2014b). The tota ared of open wetland habitat and other flood-
dependent vegetation has contracted over the last few decades — for example, he treeless sxtent of Reed Bed Swarmnp

has decreased by 62% - Indicating that this s a long-term effect of a change in hydrology (SN 2007; Ecological
Associates 3013; Bennetts 2014).
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Different age classes of Rivar Red Gum encroaching into Southwest Benwell Swamp [Fhoto G.Smith)



5.1.2  River Red Gum with flood-dependent understorey

Tree condition within Guitrum and Benwell Forests is consldered moderate, though the drier vegetation types in
higher elevations {Le. further away from wetiands) are exhibiting signs of extensive drought stress {Biosis 20145},
Some maturé canopy trees have died and mary others are supporting epicormic growth [(Beanetts 2014). Tree
mactality is likely to be a response to the Millernium Drowght in addition to long-term river regulation. Canopy tress
in the south of Guttrum Forest are significantly impacted and are at risk of being lost if there are further extended dry
conditions [Biosis 2014b). Trees in pioar condition arm known 1o contribule l@ss o ecosystem functions and PrOCEsSSES,
reducng the habilat guality for dependent tervestrial fauna [Roberts and Marston 2011),

Both Guitrum and Benwel| Forests contaln many large, old
traos that have persisbed despite an alterad flooding regime.
These trees are of significant size and habitat value = the
fargest recorded had & DBH of 235cm |Blosis 2014b), The
recent decade of drought, as previously noted, has had a
gignificant impact on the health of the large old trees, with
dieback and mortalily evident In many (Bennetts 2014; Biosis
Aldb). Also, generation of dense stands of saplings provides
an additional stressar by competing for resowrces. Mature
trées with healthy eanoples generally out-compate saplings
|04 Stefano 2001), However, a reduction in canopy cover and
extent due to declining health, a5 well as gaps In the canopy
introduced by forestry activities, has provided suitable
conditions for the survival of large stands of River Red Gum
saplings.

Understories of the River Red Gum wates regime cfasses are
degraded from the 'benchmark’ condition for these EVCs, due
to the absence of some epected specles (SKM 2007
Benneils 2014; Biosis 2014h). This may be due to historicasl
timber harvesting and selective grazing activities. Thare was
limited recruitment and eover of shrub species observed and
in sorme areas of the River Red Gum FOU, organic matter was
conslderably higher than the benchmark standards, Depth af
organic matber can affect plant recrultment, and may explain the low cover of understorey species in many areas

Water-stressed large obd troe compating for resources In
Benwedl Forest [Photo: K.Bannetts)

{|Biosis 2014b), The recent re-mapping of WRCs within the forests has shown a considerable transformatian of River
fed Gum FOU to FTU, indicating that the former areas have recsived inadequate Nooding to maintaln their character.

While the forests gpenerally contaln regresentative loodplaln species, several of them rare or threatened, there 5 a
notabie absence of perennial emergent macrophytes that would Be expecied throughout the semi-permanent
wetlands and Rlvar Red Gums FOUL One exnmple is the absence of Glant Rush (Aencus ingens) In Reed Sed Swamp,
which historically was present bat Is now limited to a small stand in Little Reed Bed Swamp (Ecalogical Actociates
2013} In Benwell Forest, perennial emergent macrophytes are limited to stands of Common Reed {Phragmites
gustralis) in the understorey of the River Red Gum forest and are absent elsewhere (Ecological Associates 2013}, The
absonce of these flora species and the food and habitat they provide is likely to have resulted in a decline in the
prasence of threatened native fauna, such as the Growling Grass Frog, which has been found In these forests
prendoushy {DSE 2010},



Guttrurn Forest Glant Rush In Uttle Reed Bed Swamp (Phote M. Coaling)

5.1.3 hativi birds

A number of rare and threatenad water and woodland bird species have been recorded and observed in the Guttrum
and Benwell Forests in the past decade. Recent surveys suggest that the forests are ina drier than usual state (Biosis
2044b), and mare bird spedes than those recently observed are expected to utilise the forests. The shorter duration,
roduced frequency and fonger Intervals between flooding have reduced opportunities for bresding events and
foraging habitat (Ecological Associates 2013). Recent colonial waterhird nesting in Southwest Benwell Swamp i likely
tor have oocurred in response to the 2010-11 floods, suggesting thal when inundated, the wetland habitat still
provides suktabile conditions for breeding.

A decline In the condition of floodplain woodlands also affects the forests’ ability to support a full assemblage of
woadland birds (Fizsimons et al, 2014). Thelr density and diversity is influenced by the health of the canopy trees, the
productivity stimulated by flood events, and the availability of habitat elements such as hollows, fallen timber and tha
presence of understorey [McGinness et al, 2010). Bath forests contaim good guantities of fallen timer and numerous
habitaf Lrees; or stags (Blosis 2014a; 20140}

5.1.4 Mative Tk

Mative fish have not been surveyed in Guttrum or Benwell Forests, likely due to the semi-permanent or temporary
nature of the wetlands, However, 3 nimber of threatened species are known to be prasent in the area, and would be
euprected to utilise the Moodplain and semi-permanent habitat, The reduced frequency and duration of flood events
has provided fewer opportunities for native fish 1o access the foodplain, and reduced the input of carbon and
nurtrients into the e channel |Ecological Associates 2013),



Colonial waterbirds nests in Southwest Bemwell Swamp [Phote G. Smith)

5.2  Expected benefits of inundation

Ervironmental water delivery to the Guttrum and Benwell Forests will ganerate a range of environmental benefits in
line with the visien for the Project: To mailoln ord restore Realthy foodplaln communities ocross Gurlirum and
Benwell Forests, to ensure thot Indigenous plont ond animal specles and communities surhe apd Tourish

e | Semi-parmanent wetlands

A diverse array of processes and ecological components will benefit from reinstating a more natural flooding regime
for the semi-permanant wetlands, These are summarised the in Table 5-2 with further detail provided below.

Table 5-2: Summary of anticipated ecological beretits in semi-permanent wetlands

Overarching ecological Ecological banefits of inundation
abjective
Healthy semi-permanent *  Increased cover and diversity of wetland flora species, including rare and
wetlands
threatened species
o Wetting and drylng flux stimulates a productive food wehb

= Halt eneraachment of terrestrial spedies, mekiding Rlver Red Gurms
e Diversity of habitat for fauna, Including rare and threatened fauna species.

Helthy wetland bird »  Shelter, nesting materlals and nesting habitat for waterbirds

commaunity in Guttram and
s Suitable hvdrolopical conditions and habliat provided for eolanial nestin
Berwell Forasts through 4 B ' P ; &

improved access to food and species
habitat that promaotes » Foraging grounds for colondal nesting waterblrds and migratory wading birds
s e & Suitable habliat for rare and threatened waterbisd species

s Abundance of food saurces for waterbinds,




Providing a more natural Aooding regime will restore the extent and distribution of wetland wegetation in Guitrem
and Benwell Forests. The encroachment of terrestrlal species and the dominance of introduced species will be
addressed by providing more favourable conditions far native wetland species [Bilosis 20046} Manitoring programs in
the nearby Gunbowser Forest have shown this response follewling pralonged flooding (Bennetts & Jolly 2013}, The
proposed flooding regime will alsa limit further recruitment of River Red Gums by providing conditions that are
unsuitable for seedling recrubltment and growth {Ecological Associates 2013, Biosis 2004k}, Existing stands of young
River Red Gums can be difficult to controd through inundation alone, &5 tolerance of flooded conditions increases with
age. For example, seedlings S0-60cm tall can survive four to slx months of shallow inundation (Dexter 1978), while
mature River Red Gums have been known to tolerate up to 24 months {Bran 1957). in these sltuations complementary
miznagement actions may Be regquired,

Vepetation communities and flora

introducing a more natural flooding regime will ensure submerged and emergent wetland plants complete their fife
cyche (SKM 2007], Repeated wetting and drying phases will aszist in malntalning the seed and rhizome banks, ensuring
ongaing diversity and abundasce of wetland flora throughout the forests (Bennetts & Jolly 2013; Leck & Brock 2000].

The maintenance of open water habitat in semi-permanant wetlands is critical o providing suitable conditions for rare
and threatened water-dependent flora, such as the EPAC-isted River Swamp Wallaby Grass and FFG-listed Wavy
Warshwart that are currently present In small numbers. Flora surveys to date have occurred obly when the wetlands
are dry, 50 a number of other threatened aguatic species observed in the reglon are likely to be present, such as the
EPBC-Aisted Western Water-starwort [Colliirche cyelocarps) [Blosis 2004b).

Matlve birds n semi-permanent watlands

The reestablishment of resdy vegetation will provide habitat lor the EPBC-listed Australasian Bittern, previcasly
recorded at Reed Bed Swamp in Guttrum Forest (Disher 2000}, Providing this habitat is critical for this endangered
speces, which has reduced slgnificantly across |ts range (Slicocks et al, 2014}, Promobing & diversity of wetland
habitats will assist in achieving the objectives set for native birds., Marshy areas with semi-emergent wegetation are
impoartant (o grobes and dabbling ducks; dense macrophyte beds are important for cryptic waterbirds such as the
Mankesn Night Heron [Mypcticoron coledonicus) and the Black-tailed Wative Hen (Golinule ventrads) (Ecological
Assodates 2013). Colonial nesting species often build stick nests in trees beside ar overhanging water, 5o the Rhver
fed Gum fringes of the wetlands In Guttrum and Benwell Forests are critical. Evidence of this type of nesting has been
soan n Southwest Benwell Swamp and has been observed in Reed Bed Swamp in Guttrum Forest. it is likely that given
another latge fiooding event, the birds will take up these platforms again (Themas, G personal communication, 1
Hovember), The Nooding reglme proposed In Section 9 has the ability to maintain inundation of these fringe habitats
for longer than four months, known to be preferential breeding habitat and conditions for & number of colonial
nesting speches historically recorded in Guitrum Forest e.g. Eastern Great Egret, Great Cormorant {Rogers & Ralph
2011}, Follewing the 2010 natural flooding in Gunbower Forest, environmental water was dolivered to maintain water
levels of wetlands which resulted in successful breeding of thousands of waterbirds, Including colonials (Staniskiswski
20340,

The wetland productivity that |s stimulated by flooding provides an abundance of prey items for waterbirds. Seasonal
wetting and drying phases mineralise organic matter and support microbial and planktenic productivity seon aflter
fleoding commences, it ik expectad, s a result, that larger aquatic invertebrates, frogs and small fish specles will
proliferate during spring, providing a diversity of food sources that support birds of different feeding guilds such a
fish-eaters, dabbling ducks, waders and grazing waterfow! that have previously been recorded within Guttrum and
Benwell Forests (Ecological Associates 2013), The abundance of food sources is critical to successful breeding events,
as it enables waterbirds to store fat for sustenance throughout their breeding soasons and stimulates reproductive



processes {Rogers & Ralph 2011). At the tall-end of a flocd, receding floodwater will provide forsging grounds for
migratory wading birds that pick over invertabrates in drying mud [Ecological Associabes 2013).

The wetlands and surrounding floodplain areas will provide foraging grounds, a scurce of nesting materials and
suitable habital for a diversity of waterfow| and colonial nesting species. Providing suitable conditions for breeding of
colonlal nesting species, particulary egrets, 15 alse lkely to provide suitable conditions for ather waterfowl such as
ducks, prebes, swamphens and herons (Morth Central ChAA 20049), Egrets are amongst the last waterbirds to begin
breeding, and may take as long as nine months to complete a breeding cycle; thas, it is thought that inundation of
wetlands for this long would suppert breeding cycles af athor waterbirds, IF sultable feeding and breeding conditiong
for @ ranpe of waterbirds are prowvided, the diversity of species lincluding threatened species] and instances of
sutcessiul waterbind breeding will increase.

Amphibians and reptiles

At present there is little cover of aguatlc and seml-aquatic Aora species within wetlands, with lmited patchy stands of
Gignt Bush and other sedges, reeds and rushes. Benwell Forest retaing a number of stands of Common Reed though
these are distributed throughout the River Red Gum forest, rather than the wetlands. Restoring cover and diversity of
emergent, submerged and floating vegetation will provide sultable complex habitat for the natlenally threatened
arowling Grass Frog, historically recorded in the forests and surrounding waterways (Ecological Associates 2013). This
species prefers seasonally inundated water bodies that retaln water for five te seven maonths (Rogers & Ralph 2011),

Providing more frequent Inundation of wetlands within the forest will benefit turtles such as the Common Lomg-
necked Turtle, which & known to take advantage of temporary water bodies. Turtle populaticns are substantially
affected by drought [Chessman 2001), so frequent inundation of wetlands will provide important drought refuge,

522  River Red Gum with flood-dependent understorey

The anticlpated banafits to the River Red Gum FOU s sumimarised n Table 5-3 with further detail provided belas.

Tablp 5-3: Summary of anticpated ecological benefits in River Red Gum with flood-dependent understorey

Overarching ecological objective Ecalogical benefits of inundation

Healthy River Red Gum FDU s Increased cover and diversity of understorey flora specias, including rare
[temporary wetlands) across St S eRraticd Spatin
Guttrum and Benwell Forests. e
& Halt and reverse encroachment of terresinial Nood-telerant species
& improved tree and canopy condition, ingluding in large old trees
s Wetting and drying flux stimulates a productive floodplain food web
¢ Diversity of habitat for fauna, including rare and threatened fauna
speches,

Healthy wetland bird community »  Shelter, nesting materials and nesting habitat for waterbirds

through improved access to food ; -+ . -
antt hatikat thak prormates ¢ Foraging grounds for colonial nesting waterbirds and migratory wading

breeding and recrultment, birds
# Abundance af food sources for woodland birds,

Enbancement of River Murray

native ﬁ!-h populations by e Avallabdlity of flocdplain habitat for small- and large-bodied fish
Increasing accass to productive * An gbundance of food sources (organic carbon, phywtoplankton and
flocdplain outflows.

moopiankton, nutrients) to suppart the riverine food web, Including
recrultment of largo-bodied channel fish &pecialists,




Yegetation commundties and flora

Prowiding a more aatural lrequency, duration and extent of Mlocding will restore the cover and distribution of River
Red Gum FOU and revesse the encroachment of the drisr River Red Gum FTU [SEM 2007). Monitoring programs in
Gunbower Forest have shown a cormelation between flooding and an increase in food -dependent species richness and
cover in this water regime class. Priar to flooding, terrestrial species were dominant as the dry conditions provided
them with a competitive advantage, Conversely, the dominance of flood-dependent species two years after flooding
suggests that once established, they were able to regain the competitive advantage (Bennetts & jolty 2013). Given the
slrmifarities bebween this water regime class in Guttrum and Benwell Forests and Guabower Forest, it is expected that
providing an appropriate flocding regime will enable flood-dependent understorey species to re-establish [Blosis
20014k}, This will have the benefits of boosting cover and diversity of flora species within plant functional groups, and
halting and reversing encroachment ol terrestrial specles,

in addition;, rare and threatened understorey spedes are expected to-occur more frequently, such as the EPEC-lsted
Winged Peppercress {Lepidium monoplocoides) that Is predicted to oceur within Guttrum and Benwell Forests (Biosis
2014a). Monitoring in Gunbower Forest has shown that the greatest diversity of rare and threatened species ooour
after flooding [Bennetts & Jolly 2013). In contrast, the cover of Introduced specles appears 1o reduce affer flooding, in
part because of increased competition from native perennial species that emerge after flooding.

Restoring & more natural floodng regime to River Red Gum FOU will provide rellef to currently water-stressed (rees
within the forests. The condition of tree canopy across the Rver Red Gum forests 15 Hkely to improve, which s
aspecially impartant to mature trees thal rely on sofl water and groundwater recharge from flooding to mainiain thelr
health (Roberts & Marston 2011} Meeting the hydrological requirements of River Red Gums is also expected to
reduce stress on mature trees by assisting them to out-compebe surrounding dense stands of saplings, whilst
providing unfavourable conditions for continued growth of the saplings and further recrultment (Bennetts 2014], This
s especially important for malntaining the large old trees that provide valuable habitat to birds and terrestrial fauna
[Biosts 2014b),

Mative Birds

The inundated River Red Gum floodplain is Impostant to the success of waterbird breeding because It provides ralsed
habitat for colonial waterbirds to nest in over water, and the productive floodpain provides an extended area for
foraging [Ecological Associates 2013). The considerable aren of inundation will provide foraging sites for colonial
waterbirds breeding in the Resd Bed Swamp comples, Southwest Benwell swamp and other local areas, Mesting
colonial waterbirds will travel to wetlands within a 20 km radius of their nesting sites to forage {Reld 2006 cited in
MDBA 2013), For example, breeding waterbirds in Gunbewar Forest have been, anecdotally, reported to move on a
dally basls to the adjecent Koondrook-Perricoota forest for foraging and can be expected to use Guitrum and Benwell
Forests also. This is also relevant to other wetlands to the south of Guttrum and Benwell, such as Lake BMurphy where
a number of threatened water birds were recently recorded Including the Intermediate Egret [Arden infermedi),
anather species historically recorded at Guttrum and Benwell,

The recession of Roodwater in the understorey will pravide a highly productive environment, which together with the
incrensed diversity of understorey flora, will provide food and habitat for a number of Aloodplain and terrestrial fauna,
&g seeds, frult and forage for granivore birds such as finches (Ecological Associates 2013}, Impraving and maintaining
the hualth af River Bed Gums through the floodplain woodlands, and restoring the cover and diversity of understorey
vegetation is likeby to support a healthy assemblage of woodiand bird species [Fitzsimons et al. 2014}, In reciprocation,
woodland birds such a5 nectiverous and insectivorous species play an impertant ecological role in maintaining tree
hialth and regensration,



Ecological processes and functlons

When Aoaded, Guttrum and Benwell Forests will provide floodplain habitat for Invertebrates, fish and other aquatic
fauna. Flaading triggers the rapid decay and release of mingrals and carbon from organic debris on the torest floor,
supperting an aquatic food web of mlcrobes, Invertebrates and small fish, Native fish entering from the Rlver Murray
in matural floods and the irrigation channel in managed events will make use of the abundant floodplain food
resources, The Project will be particularly valuable for srnadl-bodied native fish by providing large areas of shaltow
flooded aguatic habitat. Water dradning from the forest Aaodplain will be reh in dissolved arganie carbon and convey
wipndy debris, both of which are important for the riverine food web of the River Murray | Ecological Associates 2013}
in aadition, floodwater will contain high densities of phytoplankton and tooplankton that provide food of appropriate
slze and density for fish larvae (Mallen-Cooper et al, 2014), This 1= particutarly Important o promote recrultment af
karga-bodied channel fish specialists that spawn and recrult within tha river channel (e.g. Murray Cod) (Mallen-Coopar
et al. 2014},

5.3 Monitoring and Evaluation plans

The Monitoring and Evaligtion Plans for the Guttrum cnd Benwell Environmental Waorks Project (MEP) outfines the
proposed monitoring protocols for the overarching abjectives relating Lo somi-permanent watlands, River Red Gum
Forest, nativa fich and native birds.

I g&ch case there is a structured and practical monitosing protocol (based on that developed and used under The
Living Murray progranm) to identify the condition of attributes that are refiable indicalors of ecosystem health, The
establishment of baseline data for each attribute = outfined In the MEP for Guitrum and Benwell Forests. Progress
towards ecological objectives and targets can be identified over thme. This n turn provides a reporting and adaptive
managament mechanism (o give confidence to the North Cantral CMA, funding agencies, the Victorian Environmental
Water Holder (VEWH) and reghonal communities that the investmant in the watering regime |s achlewng its intended

aims.

The MEF will be formalised once funding has been confirmed, Ongoing monitoring costs are outlined in Section 16.2.4.
The final MEP for this supply measwre will be informed by broader intergovernmental arrangements Tor Basin-whde
monitarkng and evaluation under the Basin Plan. This measure |5 expected to contribute to the achievement of
outeomes under two key Chapters of the Flan, namely; (i} the delivery of ecaloghcal outcomes under Chapter 8; ard (i}
under Chapter 10, meeting the relevant sustainable diversion limitfs [S00s), which must Be complied with under the
state’s relevant water resowrce plan/s (WHRPs} from 1 July 2019,

Both Chapter B and Chapler 10 of the Basin Plan are capbured under the Murray-Darling Basin Autharity's (MDBA}
owm monltoring and evaluation fremework. Once specific Basin Flan Chapters commence within a state, the state
must report to the MDBA on relevant matters. This will include five-yearly reporting on the achievemant of
enviranmental outcomes ab an asset scale in relation to Chapter &, and annually reparting on WRP compliance in
redation to Chapter 10,

The proponant i satishied that ks participation in the MDBA's reporting and evaluation framework will effectively
allow for progress in eelation o this supply measure to be monitored, and for success in meating associated ecalogical
olyjectives and tarpets to be assessed.

This approach closely aligns with agreed arrangements under the Basin Plan Implementation Agreement, where
Implementation tasks are to be as streamlmed and cost-efficient as possible.



6 Potential adverse ecological impacts

6.1 Overview

A comprehensive environmental, social and economic risk assessment In line with ASMES 150 310006:2009 has been
completed by the Morth Central C0MA for the Project. This assessed both the likelihood of an ovent cceurring and the
severity af the outcome if that event occurred, for the following main aspects of the Project:

= |Implementation: project management and construction risks

=  Operation of the measure: ecobogical, soclal and economic.

The methodology generated o risk matrie in lne with the 150 standards, which helped prigritise mitigation strategies
and measures. The Risk Assessment Methodology in Appendix 3 provides the detail fincluding the definitions of the
various likelihood and conseguence ratings used for the assessment) and the process for undertaking it The Risk
Reglster at Appendlx 3 docurments the Tull sulte of Flsks

The high priority adverse ecological Impacts assoclated with operation of the Project (implementation of the
recommended watering regime] are described In this section along with the assocated risk mitigation and conftrol
mechanizma. Further Information |s provided in this chapler an lowes priarity rieke that are "of Interest’. The petential
adverse soclal and economie Impacts are described in Section 10, The Project develapment and construction risks are
dizcusssd in Section 17,

The rik assessment process and outpuls demonsirates thatl the potential risks are well understood, and that risk
mitigation contrals are avallakle, and when Implemented ensure residual risks are acceptable.

6.2 Priority ecological risks from operation

The risk register in Appendix 4 records the full renge of potential adverse ecological impacts. Of these, the four highest
priority threats [defined as those in the High' or "Very High' risk categories) are discussed below, These are pest fish,
fish stramding, Giant Rush colanisation, River Red Gum encroachment and binckwator, Table 6-1 presents the inltial
and residual risk ratings. Further explanation of the rigks, the potential Impacts and proposed mitigation |s provided in
the foflowing sections,

Table 6-1; High priority adwarse acological impact risk assessment

Pest fish almost certain A o Likeely Moderate

Flsh stranding Likeky Moderate Unilikedy Mlirge

Gianl Rush ;

il szl Mador Brible M mde e huderate

River Red Gum _ e
R .umlm,- Major _ Uniltkely pinas ﬁuife_

Blackwatar Lk ly Maderate Uinlikly Moderate Low

Hotes Ackwrss soalagionl Bnpacty aliocaiesd 16 U lownr sk cilegariaa ean be viswod in tha risk registor. Tha more high profile threats in lower risk
categeries are discussed in the Ecologico Aisks and Mitigeiion Fockground Poper deseloped for the project.

b.2.1  Pest fish spacies

There is & risk that the proposed delivery method for Guttrum and Berwell Forests will introduce pest fish, which
Increase the general abundance of these species, reduce epadogical values and reduce the likellkood that ecolegical
objectives will be achieved. & number of non-native fish species are expected to be present in the channels of the
Torrumbarry Irrigation Area (TIA), Species found in the associated Gunbower Credk and lagoons, which may be



present in the irrfigation channels supplying the Guttrum and Benweell Forests incdlude Common Carg, Gobdfish, Terch,
Gambusia, Oriental Waatherloach and Redfin Perch [PiRVIc 2007; Rahwinks! & Sharpe 2003

All pon-native fish compete for resources and habitat with native fish, However, carp are potentially the most
destructive, They are highly invasive and when present in high densities can impoct on wetland plants, habitats,
turblidity, and nathee fish [Koehn gt al. 2000), Carp can dominate floodplain fish communites where the shallow warm
waters provide ideal conditions for spawning and growth {Stuart & lones 2006).

Flaod events, natural or managed, are likely to promote the successful breeding and dispersal of carp, amongst other
pest fish species. However, the lloadplain system [including the semi-permanent wetlands) will dry out every year and
50 the risks from carp are temporary and short-lived. The initial ri=% rating for this threat was: Vary High,

Screening of adult pest fish (particularty carp) is proposed for forest inkets to prevent adults from entering the
foodplsing, via the rrigation system. Young pest fish will have bess impact on the aguatic vegatation and still-water
habitats (although it is acknowledged they will compate with rative fish during the inundation period),

The risk of aguatic habitat degradation in Guttrum and Benwell Forests by pest fish is substantialy lowered If
cperations can ocour with carp screens, Rotating screens (Le, seif-ceaning) will be considered for installation to
minimise cperational maintenance requiremeants [e.g. clearing of trapped weads),

From an operational perspective, the system will dry each year s occurs naturally, This will provide control ever the
redease of any pest fish from the wetland systems into the River Murray, and will prevent the establichment of adult
populations within the Torests. Although mitigation measures can be implemented It remadng very difficult to contral
and manage carp In natural flooding events where there is uncontrolled connection of the foodpiain and the River
buirray, Tharafara, the residual risk rating ks High,

6.2.2  Fish stranding

gmall and large bodied native fish may move into the forest wetlands and floodplain durlng watering events and
become stranded when wabter delivery ceases, ‘Without operational management, there may be no cues for fish to
leave the fioodplain and they may become trapped in isolated pools. The initial risk rating for this threat was: High.

A suite of contrals will be implemented to address this sk including:
»  Coarse scroens at the inlets from the TIA to prevent entry of large bodied fish into thi forests,

=  ‘Watering will be sequenced to maximise cues and exit routes e.g.:

—  The initid watering of the forests will Imohee an Inflow rate of up o 3S0ML/day to provide
corprehensive inundation of the floodplain

= Onee inundation is achisved 3 much slower (ow rate of up ta SOML/day will be retained to maintaln
the extent of inundation over the desired duration.

—  Exit flows will be phased with an initial high flow to send signals of the flood recession.

The effectiveness of these controls will be confirmed through routine monitoring. Recent evidence from Gunbower
Forest suggests the above style of fish exit strategy is very successTul with low changes cueing native fish to leave the
finodplaln. For example, In a single day approgimateby 14,000 fish passed through the fish lock at the Hipwed Road
Channal. This included S000 carp gudgeans, 8000 Australian srmelt, 16 carp, 1 bony herdng, 1 Un-spacked hardyhead
{Chatfield, A 2014, personal communication, 11 October). The residual risk rating for this thraat |s: Low,

B.2.3 Glant Rush codanisation

Gdant Rush unces ingens) is an invasive native species with the potential to affect the habitat strecture within
wietlands. While the species s a natural companent of floodglain wetland communities, it has the potential to form
extensive mong-spedfic stands as & result of Intermittent shallow flocding durdng summer and autumnn {Ecological



Associates 2010). River regulation, spacifically lack of or reduced winter flooding and high water levels In summer
manths, s beleved to favour Glant Rush [Chesterfield et al. 1986; Leitch 1989], This eccurred in the Barmah-Millawa
system when conditions provided constant summer flows with a lack of flow peaks in the River Murriy over a number
ol years. The high volumes of Nood water In 2010 removed the majority of Glant Rush that was covering the Barmah
Lake [Ward, & [Goulburn Broken CWA] 2014 personal communication, 16 Octaber],

The risk of Glant Rush Invasion in the Guttrum and Benwell Forests is relevant to all the semi-permanent wetlands,
which will hawve shallow flooding over lte spring and summer, particularly |s bird breeding ocours & nuember of years in
a rowd. Thie inltlal risk rating was: High.

Currently, Giant Rush Is present in small stands within the wetlands. Malntalining a strong seasonal profile to the
flooding regime, with peaks in spring and a recession ower late spring and surmnmer will reduce the risk of Giant Rush
becoming an lssue in the wetlands. However, regeneration of Giant Rush will need to be monitored regularly, in
particular following any late spring-sumimer flooding for bird breeding, to determine if other controls are required
[Ecological Associates 2010). Expansion of Giant Rush can be tracked and the fooding regime can be modified If
required [i.e, to avold summer inflows),

Cnce colonised In a wetland, opportunities for containing Giant Rush by habitat or environmental manipulations. ang
few, Redudng adult stands by Nooding regime manipulations (dryving or drowning] is a lomg-term project that impacts
thie entire wettand, and would require sustained affort ower several years to be successful. For new patches of Glant
Rush, seedling mortality by submerging Is probably the maost effective control, but the oppertunity window is brief
(Roberts & Marston 2011}, The residual risk raling is: Maoderate,

b.2.4 River Rod Gum encroachmdnt

Ideal conditions for River Red Gum germination and establishment are provided during a spring-early summer
drawdown on the floodplain Le, damp soil and warm temperatures. It s common for wetlands to include scatiered
mature River Red Gums or small thickets of saplings (D5E 2003) that germinated under such conditions |Roberts &
Marston 2000}, However, extenshve encroachment reduces the habitat diversity in wetlands. As trees knvade they
shade the undarstorey and lead to a decline in the cover and diversity of aguatic plant communities impacting on the
avallability of habitat for walerbirds, fish, frogs and other fauna,

Flooding regimes that indude prolonged inundation, high temperatures ower summer, and frost during winter,
provide the best conditions for preventing River Red Gum establishment {Ecological Associztes 2010). The shallow
nature of the Guttrum and Benwell Forests’ wetlands means that water depths of loss than 1.5 m are commaon.
Environmantal watering through the Project has the potential to provide ideal conditions for River Red Gum growth
and further exacarhate the axisting encroachmant issue (Ecologlcal Assoclates 2013). The nitial risk rating wis: High.

Water con be managed to prevent the invaslon of River Red Gum. Extending the drawdawn period to late
summenfearly dutumn n lime with patural drawdown periods will be beneficial for deterring River Red Gum
entroschment {Morth Central CMA 2014e). To kil the trees that have already encroached, hydrological management,
such as langer wetland inundation events in the order of two years, will eventually kill the trees. However, shallow
flooding ower summer may increase other risks, particularly the spread of aquatic weeds, the growth of carp and the
likelihood of blackwater events, Physically removing invading River Red Gum from wetlands i a more precise
mitigation alternative, but labour intensive. However, this complementary action could be Incorporated Into the
Forest Coupe Man managed by DEFL. Thie residual risk rating &: Low.

6.2.5  Water quality and safinity risks downstream

# semil-quantitative assessmant of the potential salinity impacts of environmental watering activities at the Guttrum
and Benwell Forests was undertaken, The estlmated salinity impact at Morgan under the operating scenarios was
found to be neghigible (<0.01 p5fcm EC) (facobs 2014).



Blackwater events have the potential to occur during watering of the Guttrum and Benwell Forests, though are [tkely
o be locabsed i within the forests), Blackwater can have low levels of dissolved oxygen and may therefore cause
stress bo fish and other aguatic animals. However, blackwater is also & natural part of the Toodplain and river system
ecobogy. It replenishes carbon and increases productivity in the food web, Blackwater (s most likely to eccur in areas
with high organic loads, fittle circulation and warm water, The risk of blackwater forming In Guttrum and Benweil
Forests is relatively high. Howawer, the risk of it causing ecological impacts is considered to be low,

During @ watering event maintenance fows, recommended as part of the operating regime [see Section 3, will
provide throvgh-flows and help mitigate any water guality risks. At an infiow of 50 ML day in Guitrum Forest,
outflows to the River Murray are 24-33 ML/ day during the August to November maintenance flow peried, At inflows
of 50 ML/day n Berwell Forest, outflows to the River Murray are 19-33 MLU/day {DHI 2013} during the August to
Movemnber period. These are vary small outflows to the River Murray which is lilely to have significant dilution Nows
end Is unlikely to affect water quality in the river, In the unlikely scenario that Rlver Murray fows are inadeguate 1o
safely dilute the blackwater, It can be retained on the foodpfain.

The nature of any downstream salinity and/or water quallty Impacts, and any potential cumulative impacts with other
measures, cannot be formally ascertained at this time. This is becawss such impacts will be influenced by other
maasures that may be operating upstream of this site, Including other supphy/effidency/constraints measures undar
the sustainable diversion llimit (SBL) adjustment mechanism, and the associated total vofume of water that is
recoverad for the emvironment.

It is expected that Fely or potential downstream/eumulative impacts will become better wunderstood as the full
package of adjustrent measures i modelisd by the Murray-Darling Basin Authority and a final package is agreed to

by Basin governments,
6.3  Other potential risks

6.3.1  Connectivity

The Project does not alter the connectivily between the forests and the River Murray under natural flood events e.g.
the inlet and outlet regulators have baen designed to retain the existing commence to flow thresholds and to pass

matural flocd outflows at the same rate as oeours curmently,

Dwlivery of water from the irrigation system has 2 reduced level of connectivity than would otherwise be provided if
Fiver bdurray inflows were being utilised. There will be less opportunity for native fish o access and use floodplain,
than if a natural waterway was being utilised, However, alternative options were not feasible and through-flows and
fish passage will ensure that connectivity with the Biver Murray Is maintained, if not enhanced,

Diring a fully managed ervironmental watering event operation of the supply measure has been designed to mimic
the natural through-flow nature of the forests, Infloves and sutflows to the Alver Murray will occur at opposite ends of
gach sité encouraging water movement across the majority of the foodplain,

Even with all outlets closed, any inflows recaived will continue o Mow throwgh the forests and returm Do the River
urray via the spillways (designed to enable large natural flood flows to pass through each forest},



7  Current hydrology and proposed changes

7.1 Hydrological context

Guttrum and Berwell Forests are situated in the central River Murray system (refer Figure 7-1), comprising tha Rives
Murray and Its anabranches from Yarrawonga to the confluence with the Darling River at Wentwoarth. Major
tributaries of the central Mumay include the Gowlburn, Campaspe and Loddon rivers tn Victorla, and the
kurrumbidgee and Wakoal rivers in New South Wales,

Flows downstream of Torrumbarry Welr = the major regulating structure upstream of the Guttrum and Banwell
Forests - are the cumulative result of flows from the River Murray from Barmah, Goulburn River entering upstream of
Echuca, and flowes from the Campaspe River entering at Echuca. At Barmah, river fiows are limited by
geomorphalogical features, with chanmel capacity restricted fo approximately 10,000 MLUfd through the Barmah
Choke, As levels rise, the Edward River and Gulpa system carry a larger propoction of Nows, bypassing Torrumbarry
Wir and the forest floodplain systems downstream (CSIRO 2008; Atkins et al. 1991).

At Torrumbarry the Gunbower-Eoondrook-Perricootas Roodplain systern is formed. While flood flows 1o Gunbawer
Forest in Victoria are returned to the River Murray at Koondrook via Gunbower Creek, ffood flows entering
Koondreok-Perricacta Forest on the right bank are diverted te the Wakool River in New South ‘Wales. The loss aof
floodwater to the Wakool system greatly reduces river flows downstream of Koondrook, which are generally limited
to 35,000 ML (MOBA 2014),
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Figure 7-1: Schamatic of the Mid-Murray reglon [Adapted from hitp:/ faww.mdba.gov.au/what-wie-dofwatar
planning/managing-constraints/ constralnts-ovarviow /murray|

Downstream of Koondrook the Guttrum and Benwell Forests form part of the Campbells [sland floodplain system,
with Guttrum and Beswwoll Forests on the left bank, and Campbells sland en the right. Campballs [sland is enclosed by
the Little Murray River anabranch to the north, which at low flows departs from the River Murray opposite Gutirum
Farest (& km downstream of Koondrook), and rejains the river 3t Murrabit, downstream of Benwell Forest. At high
river levels, water in the Litile River Murray i diverted narth te the Wakool Biver wia Little Merran Creak in New South
Wales [Ecological Associates 2013), The Utte Murray River is the last significant diversion from the River Murray
channel, until the anabranches are reunited at Wakool near Boundary Bend,



Inundation of the Guttrum and Benwell Forests |s determined by the helght of the River Murray below the Barbam
gauge (at Koondrook), downstream of Torrumbarny Weir regulation, and the diversion of the Little River Murray, The
characteristics of the forests” physical connection with the River Murray, via effluents and the river bank, influences
the inundation resulting from particular flows within the river. The hydraulics of the individual floodplains then
determines the final inundatien pattern in response to these flows. Guttrum and Benvwell Forests are generally basins,
characterised by wetlands in the low-lying parts, surraunded by River Red Gum forest at slightly higher elavations.
Each forest's connection 1o the River Murray and floodplain hydraulics are unigque, and are described separately in the
following sections,

7.2 Current Hydrology

7.2.1  Guttrum Forest

As the water fevel In the Rhwer Murray rises water enters
Guittrum Forest through small floodplaln ereeks and flood
Funnérs, Waber initially commencas to flow through the
north-western outlet  [G5) when flows  reach
approximately 16,000 ML dewnsiream of the Barham
Baug A this Aow rate, water ponds In low-hing areas in
the westarn end of the forest, between Smiths Drain, the
southern leves and the outlet {Guttrum Western). Smiths
Drain 5 & former irigation channel that divides the
Guttrum Swamp semi-permanant wietland {refer ). First
constructed in the 18805 to comvey water from the river
to irrigators south of the forest [GHD 2011 the drain
comprises two parallel |evees with the channel In
batween. The draln obstructs the movement of water at
lonw flowes (DHI 2013,

Below flows of 22,000 ML/d water ponds in the Guttrem Swamp complex (refer Figure 7-3) and thare is no continuous
fiaw through to the rest of the forest (OHI 2013), A briak in the drain allows scme movermsent of water ai fows below
24,000 ML/, At flows over 24,000 ML/d the bank s breached at several locations and then overtoppad [Ecological
Assoclates 2013,

Crnce river flows exceed 22,000 ML/d water will commence flowing through the G1, G2 and G3 inlets flowing into the
Reed Bed Swamp semi-permanent wetland complex, and connecting through low-lyving runniers into Guitrum Swamgp,
from the east. The forest starts to operate as a throughflow system, with a steady flow of water from the sast to west,
25 these major inlets engage (NRE 1997; SKM 2007; Ecological Associates 2013). ‘Water spreads across the floodplain
inundating large areas of the River Red Gum forest with food-dependent understoray, At 26,000 ML/ flooding of this
water regime class 1S mostly complete [DHE 2013; Ecological Assoclates 2013).

Once flows In the River Murray reach between 24,000 ML/d and 26,000 ML/d, water starts 1o spill aver the kbwer
banks just upstream of G5 (DHI 2013). The inflow volume from this overtopping is initially very small,with overbank
flows becoming much more widespread when river fiows are greater than 28,000 ML/d (DH! 2013).

Ab 28 000 ML water encroaches fram the central fleodploin Roor into the River Red Gum food-tolerant understory
areas, This WRC is primarily located on elevated floodplain ajong the natural levee formed on the river bank. Flooding
s largely complete at 34,000 ML/ d a5 cverbank flow becomes widespread (Ecological Assackates 2013).



AL lwar river levels the low-lying riverbank inket and outlet channels are the primary flow connections between the
river and forest. Violumes entering the forests at various River Murray levels are presented in Table 7-1.

Tatde 7-1: Guittrum Forest = relationship batwaen rivar flow and forest inflow [from DHI 2004a)

Rivor flow (MLId)* Farest inflow (ML/d) Depth Araa Valume

(metres) {Ha) (ML)
20,000 0 SR O.E0 20 I EE]
22000 ] sl 5i4 1458
24,000 T QL faE3 213
26,000 154 .50 875 4417
23,000 418 059 0594 _ 5R6E
30,000 1112 0ES 1060 6935
34,000 1963 0.7z 1111 BO3%

*Flpws downstrenm of the Barham gouge,

Mpte; These relotionships are bosed oo steody flow simudotions, it wilch the forest inflows are boloaced by cutflows, The tables
remart e tobod infiaw fmio the forest throwgh inkets and overbomk fows foreach river fiow,

At River Murray flows of 17,000 to 34,000 ML/d, depths generally increase fram an average of 0.25 m to 0.72 m (OHI
2013}, Cn the flood recession [Figure 7-2) water is retained primarily in low-lying weatland areas {DHI 3013; Ecofogical
Associztas 2013). Reed Bed Swamp retains water bo a depth of mare than 0.8 m over a large area, with Guttrum
Swamp ponding water at 0.7 m, By retaining water, these areas are more [ikely to remaln inundated between fiood
evants. Madelling indicates that these semi-parmanent watlands will dry after four months from inflows ceasing [DHI
2013), Other areas of the forest retain water at shisllower depths and will dry cut more quickly {Ecologienl Associates
Z013),
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7.2.2  Summary

The gereral distribition of water on the riding Rives Mutray hydrograph In Guitram Forest 15 summarised below.

Water inundation pattern for Guttrum Forest

18,000 mLfd: water first enters the forest, fills a wetland arez between pillfar Road and Smiths Drain Track then
spreads along a small creak to the south and starts to fill Guitrum Swamp.

20,000 MLfd; Guittrum Swamp kas largely fled and water spreads Into the surreunding River Red Gum forest, along &
rarron creek, crossing Sawplt Track and filling athird weatlznd basin o the south,

22,000 ML/ floading expands from these areas Into the surrounding forest, Efffuents in the upstream part of the
farest also become active and introduce water to the Little Reed Bed welland an the northern side of Keed Bed
Swamip,

24,000 ML/d: forest inundation increases dramatically. The upstream effluents start to dominate forest inflows and
thraugh-flaw commaences, Water spills into Reed Bed Swamp, A shallow leves surrounding Reed Bed Swamp remains
exposed,

ZE,000 ML/ flooding expands 1o the constructed levees enclosing the forest on the southern and western
boundaries. Most of the forest & nundated, axcept for the river levee.

20,000 ML/d: the river leves s mostly Inundated in the lower part of the forest, A small, but very deep (55 m) lagoon
ddjacent to the river |5 filled.

22,000 to 24,000 ML/ water spreéads further Into the river levee in the upper part of the forest.

7.3 Benwell Forest

'f The majority of Benwell Forest fies in a single basin

enciosed by the fver leves to the north and east, and by
constrected lewess bo the south and west. Benwell
Swamp and Southwest Benwell Swamp represent the
low ylng areas within this basin (refer Figure 7-4). These
semi-pefrmanent wetlands are separated by a natural
rise in the floodplain {Ecological Assaciates 2013),

Sirnikar to Guittrum Farest, as the water level rlses in the
Rlver Murray water enters Benwaell Forest through small
flondplain crecks and flood runners. Water Initially
commences ba fow through the weskern outbet [B13]

Figure -4, 3emi-permanent wetlands in Benwel Forest

when flows reach approsimately 15,000 pL/D. At this flow water ponds in low lying semi-permanent wetlands in the
narthwest of the forest {Benwell Centre Swamp).

The inlet B7 to the northeast starts to flow at approximately 165,000 ML/d. At these river levels inflows are low, and it
takes a long time for the fiow to connect east and west i.e. BY to B13 and inundate the lower lying areas, This means
filting times Tor loweer fow rates are comparatively long. For smaller floads with continwous low Inflows, the forest
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Figure ¥=6: Distribution of water through Barmyall Forast on the rising River Burray hydrograph
7.24.1  Summary

The peneral distribution of water an the rising River Murray hydrograph in Bervseell Forest is summarised below [DHI
2013; Ecodogical Assodiates 20013}

Water Inundation pattern for Benwell Forest
15,000 ML water Initially enters through the western cutlet B13 with water ponding in adjzcent low ling areas,

16,000 ML/ water commences to fow from thie upstream infet B and of the forest. Water spreads by diffuse
ower|and flow and accumulates in Bemwell Swamp at the dewnstrearm end.

12,000 ML d: water enters a second efffuent upstream, creating widespread but shallow flooding in the River Red
Gum torest. Bemwell Swamp expands and spills 10 the river at a downstream effluent.

20,000 ML d: a third upstream effluent becomes active consolldating the shallow flooding under the River Red Gum
forast and around Banwell Swamp, Water raaches the levee at tha southern boundary.

22,000 ML/ d: Nloodwater asEriops the natunel fise that isolates the wetland area in the south-western carmer of the
farest. Flooding expands be the levees on the southem and weastern boundarkes of the forest, The natural levee along
the river bank narrows in the downstream part of the forest but remains broad further upstream.

26,000 ML d: flooding In the forest is widespread and deep. Only a narrow strip of the river leves remalng at the
denwnstream half of the system. The wetland areas are connected by continuows fleoding of the understorey,

28,000 ML/d: water Is encroaching on the river bank from the River Murray at numerous locations.

30,000 ML Nloodwater hes spread into the meander loops, The river leves s very narrow and overbank low ocours |
at several iocatkons.

7.4 Flooding regimes of the forest

The sactions above outline the relationship between flow rates in the River Murray gnd the inundation pattern within

the Guttrum and Benwell Forest floodplains




To understand the flooding regime of the forests - the frequency, durstion and tming of inundation- the flow pattern
within the River Murray at Barham was modelled, The mean dally flow series from Barbam was evaluated from
/771855 and 30/56/2009 (114 years} for historical ‘natural’ conditions, ‘current’ cenditions {with TLM works), Basin
Plan 2,750 GL and Basin Plan 2100 GL. Spells analyses were undertaken for flow threshodds between 15,000 ML and
35,000 ML/d at 2,000 ML/d intervals [Gippel 2014; Ecological Associabes 2013).

This has provided the associated flooding regime for the forests pre and post rver regulation, and the potential
regime under Implementation of the Basin Plan 2750, Table 7-3 and Figure 7-7 summarise the outputs,

Table 7-3: Spells analyses for downstream of Basham over 113 year modelled pariod (1595-2009), Barham bs the nearest gauging
station upstream of the forests,

Flow Ratural conditions Current conditions * Basin Plan (2750 GL)
threshold
eEcaedad Mean fragquency féean Mean frequency Iigan Wiaan fraguency Mean
ML day] {Everts/100 yrs) duration [EvEnts, 100 yra) duration [ewents100 yrs) duration
|elarys] {days] idays)
315,000 1009 173 0.7 11 CFR 114
17,000 g3 162 3.7 74 812 g7
19,060 6.5 153 66.7 78 86.0 &1
21,000 a4.7 139 6L B 154 &6
=23, 40,4 115 465 91 T2.B T3
*25,000 83.3 99 8.7 74 55,6 a1
= O} 54 82 I6.E GE 6.5 1a
| >73,000 62.3 76 35.1 Iz 3.5 64
*31,000 50,0 T3 i a3 0.7 3
»33.000 26.1 36 7.0 az BB a2

Sgurce: Gippel 2034: * Data bs based oo modelizd monthly faws Trom MOBA — Konthly Smulation Model for flowes between 1595 gnd 1900,
1. Banchrmark conditiand (wath TLA). Bote tha DEP| BPOTL and BP 2100 sconarkos produced intonclushe results

2. Duration Is number of days por eweng that fow oooeedod the theeshold swalues shovwn in ML day i
A, Frequiency m the number ofyears, in the 100 pears modelled, in which flows eicesded ihe theeshald valoes shown in ML day colemn.
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Figure 7-7: Outputs of spells snalyses for River Murray at Barham |Glppel 2004]




741 Freguency

Flow [nto the forests commence when River Murray flows are greater than 16,000 ML/d for Suttrum Forest and
15,000 ML/d for Benweedl Forest (DHI 2013; Feological Associates 2013}

Under natural conditions there are near annual events at Barham for flows between 15,000 and 23,000 ML/ (Figure
7-B). &t the mid- to high part of this mnge flows into the forests are dgnificant. Thera s widespread Inundation
ocourring scross the River Red Gum FOU and semi-permanent wetlands in Benwell Forest, and water Is starting to
spread from low-yving areas and the Guttrum Swamp complex, Into surrounding River Red Gum forest in Gulbtrum
Forest,

Under current conditians the results indicate that as flow rates increase the frequency in which they coour tends to
decline significantly, from natural. Events of 15,000 ML/d at Barham occur in 80% of years as opposed to annually.
Flows in excess of 25,000 ML cocur in less than 50% of vears under current conditions, compared to 5% yoars
under natural conditions.  Eventz exceeding 31,000 ML/E accur in 20% of years, which is approximately half the
natural frequency [Gippel 2014].

Undar the Basin Plan 2750 GL scenario, there & an improvement in the frequency of events below 25,000 ML/,
However at 26,000 ML/ (to be mimicked by this Preject for Guitrem Forest) the gap between natural and the Basin
Plam 2750 &L scenario & three to four years noten,  Low to mid-rangs flows that provide water to the mare flood-
dipandent wepgetation are particutarly critical, At these thresholds, the frequency of events falls short by 30%, with
duration generally 1-2 months shart of natwral.

Fracusnay
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Figure 7-B: Frequency of River Murray flow events at Barham for natural and current conditlons.

7.4.2 Duration

Under natural conditions the median duration of events in the River Murray declines as flows increase (Figure 7-5),
frem six months st 15,008 ML/d to one month at 33,000 ML/ (Gippel 2014; Ecological Assoclates 20413), The malar
flover events that cause widespread inundation of the forests would naturally have ocourred for durations of between
three and five months. Under current conditbons there ks a significant dedine in the duration, particularly for lower
flows. Flaws of 15,000 ML d are reduced from si¥x months to two months. In addition, the variabliity in duration is
greater under current conditions.

Comparing natwral conditions to those under the proposed 2 750 GL Basin Pan, there is & marked imprevement in
duration at lower flow thresholds, but this effect reduces as flows increase, The deficit in duration of flow events at all
thresholds remains, AT kow to mid-range fows that are particutarly important for the semi-permanent wetlands, the
duration is generally one to bwo months short of natural {Glpeel 2014).
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Flgure 7-3: Duration of River Murray fow events at Barham for natural and current conditlons.

743 Timing

The date ot which How events bn the River Murray commence has low variability and is similar under all scenarios.
Events generally start In June and July, with higher flow thresholds achieved later in the year, closer to August and
September. Events start marginally later (about 4 weeks) under current and Basin Plan conditions, compared with
natural (Ecologlcal Associates 2013,

7.4.4 Event Interval

For flow events between 15,000 and 25,000 ML/, under natural conditions, there is less than a year between events,
highlighting the annual nature of these flows. The interval bebween events greater than 27,000 ML/ &s greater and
rrorE variabie, as thse evenls are rares,

Under current conditions the Interval batwesn events is similar, but more variable for svents less than 23,000 KL/d,
and longer and significantly maore variable at higher fow threshaolds,

The Basin Plan scenario reduces the varlability and magnitude of intervals between events up to flows of 29,000 ML,

745  Summary

The analyses show that current conditions have substantially departed from what would have occurred naturally
{Table 7-4);

The maost significant reduction for ecosystemn health is at the mid-flow threshodd, where the frequency of watering for
semi-permanent wetlands and River Red Gum FDU has reduced by more than one third {on average) from natural
conditions and where the median duration has been reduced to three guarters of the natural length.

Table 7-4. Summary of flood deficit

Flows that insinedate Cumant Duration of a Histaric Duration of o typical Type of flaw or
freguancy typical current natural naturad avant Interguartile range
% of years Buent freguancy [montha) (i)
{mnths] % of years
Wetlanids 75% of 50% of natural Natural Matural comditians - Ecve-Flow
matizral confditiona condithans upto b
cenditions
Wtlands and Aiver Aed T sm%of 75% of natural Natural Hatural conditians Pl -fhio e
Gum forests natural conditions conditians
condizins
Total forest G- of A% of ratural Mutuiral Matural conditions High-flow




natural conditsons conditions
conditions
semi-peimanent watlands ol 4 ] &6 21,00
River Red Gum FOU 37H of years i3 T5H of wears 25 27,00

7.5  Proposed Hydrology

7.51 DOverview

Regulation of the River Murray has significantly altesed the flooding regimes of the Guttrum and Benwell Farass,
reducing the frequency and duration of inflows. The gap between current and raturel flows for the ecologieally
important mid-range flows {at most relevant flow theesholds) is presented in Table 7-5.

The Guttrum and Senwell Forests Environmental Works Profect alms to mimic & natural 26,000 ML'day fleod event in
the River Murray for Guttrum Forest, and & 24,000 ML/day flood event for Bemwell Forest. It will do this by delivering
enviranmantal water to tha forests; from new connections with the irigation channel system {refer Saction 9).

Tabla 7-5; Fraquency and duration of suents for 25, 00001 day flow events In the Rlver Murray downstream of Barham

25, 0000L"d River Mursay flow Makural conditions Current conditions * Basin Plan (27500L)
Freguency (Mo, peaks par 200 yrs) A3 45 £0
Mean duration {days} 94 T4 a1

The inundation extent and area resulting from watering of the forests, through this supply measure, are presented in
Table ¥-&. Further Information on the erea to be Inendated, the types of habitat and vegetation watered, and the net
vilume of water used at each site, accounting for refurn flows to the River Murray s described further below for each
forest, & description of the hydraulle models developed to inform the Preject and the associated calibration/validation
results, and assumptions, Is provided in Appendix 5. Section 9 provides further detall an the range of scenaros In
which watering of the forests will bocur.

Tabla ¥-6: Guttrum and Bamveall Forast areas to be waterad

Girtkrum Forest Berw el Forest Totals

Water regime (lazs | Arga (hal Area % | Area Area | Totalerea | Total ares Total 4
i flaaded (ha) {ha] | floaded {ha] tha] | flooded [ha) |  wme

Permansmnl .z i} - - - z - -
Wethanmds
Semi-permanant 224 k.2 3 = 65 B4 a4 289 2H5 g8
Wiathands
River Red Gum FDU B7 AR Fi=] 356 336 Sl qoR E18& H2
River Red Gum FTU il 16 a4 2315 821 15 a1k 5 16
Total area Z[E_E 719 B0 &f1 1305 1199

The Progect will meet the watering requirestents of the majority of semi-parmanent wetiands (99%) and River Red
Gum FOU [R2H) in the Guttrum and Bermaell Forests, These water regime classes’ have the greatest deficit In their
fiooding regime, Sxteen percent of the River Red Gum FTU will be imundated; however the water requiremnents of this
water reghme class are kargely met by current conditions,

7.6 Guttrum Forest

The prapasal for Guitrum Forest |5 to mimic the inurdation extent of News in the River Murray of up to, and including,
26,000 BL/d, I addition, the proposed flooding regime will restore a more natural frequency, duration and timing of



flood events that meets the hydrological requirements of flora and fauna within the forests, Flow events of 26,000
mL/d would have occurred approsimately 80 in 100 years for 90 days prior to river regulation, and now occur about
41 in 100 years for 70 days |median duration) (Gippel 2014). Events of this magnitude would have resulted in the
inindation of all semi-permanent wetlands and most of the River Red Gum FDU in the forest (Ecologizal Assodiates
2013].

Inflows will be delivered via the No. 4 irrigation supply channel into the southeast and southwest corners of the forast
lsee secrion 11.3), Flows will be deltvered at up to 250 ML/d and continued for approzimately 11 days to achieve an
inundation extent eguivalent to that of 3 26,000 MLUd River Murray flow [Figume 7-10) Once the masimum desired
extent is achieved, the G5 outhet will be openad and maintenance flows provided to maintzin the area for the
required duration, Cutfiows would oocur through the G5 outlet and water would drain from the forest floodplain to
the River Murray as oocurs maturally.

[ETETH - — — eigi—

Figure ¥-10: Guttrum Forest madelled inundation extent = 25001 Inflow at southeast corner

Undar this operation 99% of the area of semi-permanent wetlands will be inundated and 75% of the River Ked Gum
FDU (Table 7-6). A small percentage of River Red Gum FTU will be inundated, but the requirements of this water
rigime class are met through natural Dows under curvent conditlons.

7.7 Benwell Forest

The propesal for Bemwell Forest is to mimic the inundation extent, frequency, duration and timing resulting from flows
in the River Murray of up 1o, and Including, 24,000 ML/ (Figure 7-11), Flew events of 24,000 ML/d would haye
occurred approximately 87 In 100 years for 109 days (median duration) prier to river regulation,-and row eccur about
45 times per 100 years for 83 days [median duration) (Ecological Associates 2013). Flows of this magnitude result in
the Inundation of all the semi-permanent wetlands and the majority of the River Red Gum FOU In Guttrum Forest.

Flows will be delivered at up to 250ML/d and continued for approsimately 14 days to achieve an inundation extent
equivalent to that of a 24,000MLd River Murray flow

Flows of up to 25001/ d will be defivered for up to 14 days vie a new irrigation supply channed In the southwest comer
af the forest, The southsrest inbet will deliver water directly Into Southwest Benwrell Swamg where it will fiow north
Inte Berveell Swamp North,
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Flgure 7-11! Bamwell Forest modelled inundation extert — 25001 /d inflow at southwest carner

Lndar this operation 98% of the areas of the semi-permanent wetlands will e inundated and 94% of the River Red
Gum FDL [Tabde 7-G). A small percentage of River Red Gum FTU will be inundated, but the reguirements of this water
regime class are met through natwral fews under current conditions,

7.8 Water use

Return fiows to the River Murray will occur under the forest flaodplain watering scenarios [Section 9) in each forest.
Return flows will not occur under fully managed emwironmentsl water defivery events to the semi-permanent
witlands, as emaronmental water will be retalned within the wetland systems before gradually infiltrating and
evaporating,

Howatering event will accur in three phases:

#  Filllng phase — water i introduced into the forest uptil the imtended Inundation extent s achleved, with
o outikowes;

*  Maintenance phase — inflows continge at lower rates to maintain the inundation duration and through-
flonw, with some ouwtilows;

*  Drawdown phase —water s released back to the River Murray from the floodplain

Qutflows during the maintenance and drawdown periods will range from 19-33 ML for boeth sites during thess
manths (DHI 2013).

Taking inte account the inflows under each operating scenario and the retwrn flows to the River Kurray, the sstimated net
watar use in terma of the volume of environmental water retained on the floodplain has been determined |

Table 7-7]



Tabla 7-7: Estlmated water use under the propoied opsrating scenarios

Sconarlo inflaw voluma (ML) | Return flowta | Mot valume used
River (ML} {naL)
Gutirm Forest
Forest fioodplain wataring 8,250 3079 5,171
Semi-permanent wathand mlg - aagtarn watlands 1,385 0 1,395
| Semipermanent wetland walering — western wetlards 430 ] 3,820
Benwell Forest
Fonest floodpain watei'm; 9,350 1590 | B2
semi-permanent wetiand watering 1,800 1]

Mete: these volumes do not account for ramp up to peak fows, ramp down et the end of & watering event or
cantingency water uted 1o maintain waker levals in the event of waterbird breeding.



8  Environmental Water Requirements

8.1 Water requirements

The environmental water requirements for Guitrum and Benwell Forests have been determined according to
medellod natural conditions and referenced with the hydrological requiremonts of the ecological values present.

The core ecological objectives for the Guttrum and Benwell Farasts [Section 4.3] are for
= Sami-permanent wetlands: Restore the health of semi-permanent watliands
*  River Red Gum: Restore the health of Rlver Red Gum farests with llead dependent understoray

*  Waterbirds: Restore a healthy wethind bird community across Guttrum and Bernwell Forests through
improved acoess to fTood and habitat that promotes bresding and recrultment

= Native fish: Enhance River Murray native fish populations by increasing acoess to productive floodplain
ritiirn flows,

The Indicative hydrological reguirerments for each ecological component described through the objectives are thown
in Table &1,

The Justification for this Hooding regime is based on a substantial {scientific based) terature review as well as input by
expert ecologists, Details of the sclentific evidence sugporting the environmental water requirements outfined below
con be found in Foologice! Objectives and Hpdrofogical Requirements fustification Popers Tor Guttrum Forest and
Benwell Forest (Morth Central CMa 2014a; 2014b).

8.2 Hydrological gaps to be addressed

Modelling suggests the ydrological requirements outfined in Table B-1 will not be met under the Basin Plan 2,750 GL
conditians (BP2750 April 2013 daily flow time series] (Gippel 2014), Table E-2 shows where these gaps are expected to
ocgur, This information has guided the operating regime for the supply measure [discussed In the nest section], so
that the ypdrological deficits are addressed and the ecolegical objectives can be realised.



Table 8-1: Indicative ydrological reguirements to achievs tha Guttrum and Bamwall Forasts ecological ohjectives (North Central CWA 20142 and 2014k

ilogical objective Hydralagical Objectives Relevant water
Recommended number Tolarable interval Duration of ponding | Preferred timing of Bepth (m) regime class
of euents in 10 years between events onoe {mnths) inflows (equivalent River
watland is dry Murrray flow
[montha) threshold]
iin Opt Max BN it I Pelitny Oipk Iolan
itore the haalth of seml-parmanant ] g 10 1 3 3k ] 3 8 | winter/ spring Dien <05 . AL Full Supphy Lessal Semi-permanent
tlands Guttrum Swamp is =007 mand Read watfands
B Swamp ks (L85 m. The general 22,000 ML oy
depth of Bamwell Swamp ks 0.5 m and Guitrem
0.7 i i Southwest Berwe Swamp 21,000 ML day
Beanwell
tore healthy Egrats 3 4 5 1z 18 4 10 12 12 Late winter/ Hat critical bt malntakn depth during River Bed Gum farests
tland bird spring/ early breading and provide gradual changes | {including semi-
nmunity, through T T permanant wetlands]
woved sooess to 265,000 ML day
 mnd habitat Gubtriem
¢ prametes 22,000 Mt /day
eding and Hamwel|
ruitmignt General 3 3 1 12 18 g a B 11 | Lake winten Maximise area up o 0.3 m deep. Need | Sami-permansnt
waterfowd (not Springl earky to fluctuate dapth over fime to watlands
cotanial nesting SUmITEr promote wetiand prodactivity. 23,000 MLty
EpRCias| Guttram
21,000 ML /day
Benwelf
itore the health of Aner Red Gum [ T B - 35 4 4 y ) Winters sprimg Mot critical for adult Aiver Red Gums Aiver Red Gom forests
pi-dependent Undarstorey Varies for understonsy, Same 26,000 ML gy
wniderstarey sp. prefer shallow depths. | Guitrum
<.1 m during sctive growth but can 23,008 ML/ day
tolarate deapar immession far short Benwaell
perinids.
ance Biver Murmay native fish b i - - - E ] 4 4 7 Spiingl sustimer Sharp drop i wates level required 1o River fed Gum forests
Julations by incraasing access to cutdlows to river pronvide a fish exit cue in late 2,000 ML/ doy
dwctivve floodplain owtihows, after temp. and | springsummer for any fish that bave Guttrumm
Paw cued | eritered the floadplain, Hypethesis: 03 | 23,000 ML/day
SpAWnIng actursin m oves 48 hics. This will also promote Bavnwal
channal. coganic matter transpart.




Guttrum and Benwell Forests: Supply Maasure Business Cata

Table 8-2: Hydralogical gaps in achieving the project’s ecological objactives under the Batin Plan

Equivalent River hurray flow threshold Floading regime pasameter Oyptienadm for Currany BasinPlan {2¥50GL) Diaficit vo be addrassed by
Poadpain habetat COFdiTIoNg prodect (v Basin Plan)

21,000 MLfday Fraquency [meaan) 9in 10 years & in B years 2.50n W yaars 1.50n 1 years
Duration {medEan) 186 days 649 days BS days 100 days
Timing |manth ol median event s1art dete] Winter/saring Iuty ALgUst

23,000 ML day Fraguency (maan) 9 in L0 years 4.5 In 10 years Tin 10 yaars 2in 10 years
Dupration {madian) 186 days 81 73 days 113 days
Timing [month of median event start datel ‘Wintes/spring Juiby July "

26,000 ML day Freguency |mean) &lin 10 yaars Alin 10 years Sinl0years Jin 10 pears
Duration [meadian) 124 days 71 days &0 days 443 days
Tirniag (marth of median avent start date) Winter/spring luly laly -

Souica: Gippal [2012) = basad on EPZISH Apdl 2083 daily Mow tme series.

Mzt 1 186 Guitirum Ferest and Bemwell Foress analysls use the same maan daly flow series data from Barham as this is the only nearby gauging stakjon.

Mite 2 the duration delict in Tabie 3 dess sat mateh that prapesed for the apersting regirme, as the nperatieg ragime aka corsiders the duration af ponding n varkous lncatkans on thie fiood plain.

4




9 Operating Regime
9.1 Overview

The Froject proposss o relnstate a more natural flooding regime for Guttrum and Benwell Forests to support and
enhance the sites’ significant environmental values, This will be achieved by constructing Infrastructure to enabbe the
delivery of water, under a range of scenarios, from the Torrumbarry Irfigation Area Into the forests. The water will be
used ta meet the current deficit in the fiooding regime of the forests, and component water regime classes, In
summary the Project will;

* [ncrease the frequency of inundation by watering in years when theoe are no natural events, filling the
floodplains from a dry stake

# Incresse the extant and duration of inundation by complementing floading from natural events

®  Meet the spedific watering requirements of the priority ecological communities/water regime classes.

This section outiines the proposed operating scenarios, designed to meet the hydrofogical requirements af the
ecological objectives, and the role of operating infrastructure in implamentation of the different scenarios,

9.2  Operating scenarios

Three aperating scenarios have been idantified for water delivery to the Guttrum and Benwell Forests:
»  River Red Gum watering — broader floodplain (River Red Gum FOU and seml-permanent wetlands),
¥ Seml-permanent wetland watering — targeted water delivery to wetiands anly.
# Hybrid events — topping up natural flow events for River Red Gum and semb-parmanant wetiand
watering.

Hybrld events aim to ‘piggy back” on natural inflows from the River Murray, by capturing these inflows and increasing
the extent and duration of flooding. The use and extent of & hybrid scenario will vary depending on the natural infiow
event and the opportunity available to maximise envifonmental autcomes.

Table 9-1: Overview of scenarios and their ability to meet the flooding regime reguirements of the water regime classes,

SCEMARIMD River Red Gum watesing Seml-permangnt wetland watering Hybrid watering

w“::f'm' Frequency | Dwration | Timing | Frequency | Duration | Timing | Freguency | Duration | Timing

River Aed G o .,. v = . r x ¢ *
FQIL

SEmi-Permanant - 7 o & # o - i -
Waaklands

9.3 River Red Gum watering

The River Red Gum watering scenarlo will water the forest flondplain from dry to increase the frequency of flooding
events for the River Red Gum FDU and semi-permanant wetlainds. The flooding will replicate a 26,000 ML/day natural
evint In Guttrum Farest and a 24,000 pL/day event b Bemwell Forest, which would have occurred on average B years
in 10 for between three to five months {DHI 2013), Operation of this scenario will address the hydrological deficit in



frequency for the River Red Gum FOU {under current conditions approximately 4 in 10, under Basin Plan 2750 GL
dpproximately 3 In 10},

The presence of clmatic cues, avallability of environmental water and the interval between the last floodplain
watering will bo impartant considerations prior to initiating a waterng event.

8.3.1 Guttrum Forest

Water will be dellvered to the forest via the No. 4 irrgation supply channel using the southeast corner inlet (DHI
2012]. Delivery will continue until the level at the forest outlet G5 reaches 75.6 mAHD, to achleve the maximum
Inundation extent (727 ha, Figure 9-2) (Refer to Section 113 for further detall on the Infrastructure and Its role in
operation). AL this level, there are no return flows to the River Murray via the other Infet polnts along the River
Murray {DHI 2013}, Once the maximuem, desired inundation extent has been achieved, the G5 outlet will be opened to
# degree and maintenance flows provided to retain an area of inundation for the required duration. Outfiows wil
occur {after the filling phase) from the forest floodplain to the River Murray as oceurs naturally,

In summary, the Indicative inflow pattern will be [Figure 3-2)

& gradual ramp up with filling at peak fAows 250 MLfday for 11 davs to achiove the desired inundation extent
(758 maHD at G5 outiet)

*  opening the G5 outlel (partially for fish exit) and reducing inflow from 250 ML/day to 50 ML day

s providing malntenance inflows at 50 ML day for about 110 days to meet the duration requirements of the
River Red Gum forests (with apprak. 20-33 ML/day return flows to the River Murray during this period)

o pradual ramp down of inflows.

(L7, e
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Figure 9-1; Maximuem Inendathon extent of WRCs in Gultrurm Forest
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Figurn 9-3: Coneeptual diagram of tha Riear Red Gum watering scenaria = Guttrum Forest
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Table 32 summarises some of the key water delivery information relating to this soonarko,

Table 9-2: Guitrurn Forest River Red Gurn watoering scanario

Eompanent of water delivery Proposed aperation for Aiver fRed Gum walering so=nario

Frequency of delhery Fyears in L0 [irundation in other years prosddad thoough natural flocding and
Baszin Plan Howes to achieve the 8 in 10 flosding frequensy)

Tinkng Winterfspring

{Lerte wirber (nflows and spring drowdswn 5o feodaieln water 5 avelable
River Murray ot thie of (n-chinnel spoumning. |

Peak filling inflow rate 250 ML /day [DHI 2013)
Dedivery time {days to fiil from dry) 11 days (DHI 2013)
Masimum inundeted area Fitha |DHI 2014a)
Maintonance inflaw rate 50 ML/day {DHI 2014a)
Duiratinn of defivery ance foodplain full 110 days {l.e. 3.5 manths]*
{maintanance phase] Lo, o achheve &

manth optdmam duration

Dirying time [days to dry far RRG forests 14 days (DHI 20148)

gnoe owtfiows to the River Morray cosse|

Inflaw valume [excduding ramg ug, ramp B.250 WL

down and contingencles)
Rsturn Davr b RIUST 3,079 ML {37% of inflow volume|
Met walurme used 3171

*lioes not take into account fill time (11 days), so that fored areas nearer o the cutlet alio recebve their duration
rapuiraments, je, takes 11 days for watas to reach this location

0.3.2 Bemwerell Forest

Water will be delivered 1o the forest wia the Moo 4 Irrigation supply channel using the southwest corner inlet, with
the regulators at low points along the River Murray closed to achieve tha required inundation extent [DHI 2013].
The profile of the western bank of the river will be ralsed in places to prevent outflows durfng delivery [DHI 2013).
Oinca the maximum, desired inusdation extent has been achieved (481 ha, Figure 9-3), one or both outlets will be
cpenad to a degree and maintenance flows provided to meet duration requiremeants. Cutflows will oocur [aftar the
fillisg phase} from the forest floodpdain to the River Murray a5 cocurs naturally,

Insummary, the indicative inflow pattern will be {refer 1o Figure 9-4 &5 a gulde):

# gradual ramp wp with flling at peak flows 250 ML/day for 15 days to achieve the desired inundation
extent [75.0 mAHD 8t B13 outlet].

* Opening the B13 and/or B7 autlet (partfally for fish owit) and reducing inflow from 250 nLfday to 50
rAL day.




»  Providing maintenance inflows at 50 ML/ day lor #bout 110 days to meet the duration requirements of the
River Red Guim forests (with approx, 19-33 ML day return flows 1o the Rlver Murray during this period).

& praduat ramp down of inflows.

Table 9-3 summarises some of the key water dellvery information relating to this scenario.
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Figure 9-4. Masimam inundation extant ouer WECS in Benwell Forest

Table 3-3. Benwall Forest River Hed Gum watering scenarks

Component of water dalivery Proposed operation For Hiver Red Gum watering soanario
Fraguency of delivary 3 wears in 101 achisve the 8 in 10 fleading frequency

[late winder inflows and spring drrwdown so Jeodmaie water (5
aviifabile in fhver farray ot time af in-chaenne! spawming. |

Prak filling infiow rate

250 ML day {DHI 2013}

Dieftvary tirme (days te Hll From doy)

15 days [DHI 2013)

bazsmum inundated area

481 ha [DHI 207492

Maintenanca inflow rate

50 ML/day (D1 20144)

Duration of deliveny onee floadplain full
{rmaintenance phase| Lo, to achieve & manth

agptimum duratian

110 days {le, 3.5 months)*®

Dirying tirme (days bo dry fer RRG foreals ance
outtiows Lo the River Murray cease)

14 dayys (OHI 20149a)

irflow volume {excheding ramp up, ramp down and 8,250 ML
COMINPENCies]
Returm fiow to River 2,350 ML {32% of nflow volume)




st yahime used G260 WL

"Does not ke inte aceount All tme (15 days), w0 ther fosest areas nearer to the outlet also recelve thelr duration
reguirements. Le, tales 15 days for water to reach this location.

9.4  Semi-permanent wetland watering

The semi-permanent wetland [5PW) watering scenario will: extend the duration of Inundation from managed and
meatural events to meet the duration requirements of this water regime class and; when required, provide water to
wetands from dry to meet frequency requirements. Broadly, semi-permanent wetlands receive water in Guttrurn
Forest with River Murray flows of 23,000 ML day and Benwell Forest with flows of 21,000 ML/ day.

As outlined in prévious sections, thers 5 a current gap in tho freguency and duration requirements of twa to threa
yeass in ten and four months respectively, Under Basin Plan (2,750 GL) conditions {BP2750 April 2013 daily flow
time serfes], the shortfall s reduced to two vears In ten with a three to four manth duration deficit (Gippel 2014),

i the River Red Gum watering operating scenario is implemented the 5PW will receive additional inundation
events of two to thres years In ten, thus meating the frequency requirements of this water regime class [see
below)., Of note, this s rellant on natural events occurring as modetlied,

& Target frequency: 9years in 10

» Frequency under Basin Plan 2750: 7 years in 10 {at 23,000 ML/day, rounded for simplicity) (Gipped
2014}

¢« Additional frequency from River Red Gum watering scenario: 3 years in 10 [if all events deliverad to a
dry flocdplalng

= Maximum total freguency [current plus managed): 10 years in 10

Under these conditions, SPW wakering 15 not required to achicve the reguired frequency of flooding for the
wetlands, The typical operating regime for wetlands would therefore be the topping up of natural flood events to
pchieve the duration requirements. During managed events these will be met by the River Aed Gum watering
scenarin (with four months of inflows and up to four months for the wetlands to dry out). Meeting the duration
requirements of wetlands i eritical o ensura that ecologleal objectlves are met, and to reduce the lkelfihood of
adverse ecological impacts, such as River Red Gum encroachment.

From an operational perspectiva it is highly likely that watering of wethands from dry will be required in years
when modelled flows are not realised in the River Murray, or when there is insufficient water or natural cues to
implement the River Red Gum watering scenaric.  The Project does therefare enable targeted delivery of water to
the wetlands from dry across both forests eg. during extended drought periods such as experienced In the
Mllennium Deought.

5.4.1 Guttrum Forest

Water will be delivered to the semi-permanent wetlands via the Moo 4 irigation supply channel osing the
southeast and southwest corner inlets, as outhined in Table 9-4. To inundate the eastern wetlands, water will flow
across the portion of Headplain connecting the Irrigation inlet to Reed Bed Swamp and Little Reed Bed wetland,

At peak top-up infliows (15 MLfday] approximately 135 ha will be imundated outside the wetlands (DHI 2014a). The
operating regime will be adaptively managed to provide a balance between the dalivery of top-up flows to extend
natural Nood duration In the wetlands and the need to prevent overwatering of the River Red Gum forest to the
gouth and west of the wetlands.




To inundate the western wetlands, water will be delivered [nto the southern cornet of the wetfand system from
thea supply channal,

Mo autflows 1o the River Murray are Bkely to occirr from watland watering, as the G5 outlet is locited at the far
north-western end of the forest and beging to outfiow at forest water levels above 75.5 mAHD (DHI 2013),
Wetlard water bevels near this outlet will be in the vicinity of 75.5 mAHD, therefare watar will typically ramain In
this wetland until 1t is lost through seepape and evaporation (DHI 2013}, However, if required, the cutlet could be
closed during wetland watering to prevent aulfiows,

In summary, the indicative inflow patteér for wetland top-up will be:
Eastern

s providing top-up Inflows of about 12 ML/day for the deficit peried (B3 days median modelled deficit} to
mest duration requirements. Mote: 12 ML/day has been astimated as the inflow rate needed to cover
evaporation/seepage losses in early-mid spring, Smaller inflows will be required during winter and slightly
higher inflows {about 15 ML/day) will be required during late spring/summer (DHI 2013),

Weistern wetlands

»  providing top-up Inflows of 20 ML/day (DH| 2013) for the deficit perlod {83 days median modedled deficit)
to meet tha duration reguiraments of the watlands.

Nate: Wetlands tend te pond water for a month or more before substantlal areas of each wetland dry out (DHI
2013). The delivery rate and duration of delivery will therefore need to be adapted in response to conditions,
Including chanmges in evaporation ower L.

Tahble 3-4 summarises some of the key water dalivery infarmatian relating to this scenario.

Tabbe 9-4: Guttrum Forest semi-parmanent wetland waterlng scenario

Component of water dellvery PFroponsed operation for lopping up semd-permanent wetlards
Frequancy of delvery 7 yuars in 10 {apgroximate natural floading frequenty of wetiands)
Tirming Winter,sprirg (timirg of naturad Nooding of wetlands)

hasimum inundavad area

267 ha {DHI 2013

irchudes B ha bn eaitérn wetlands (approw. 50 ha in Reed Bed Swarng and 10 ha
In Littke Read Bed) and 207 ha ln western watlands —appros, 20 hia in south-
wiestern wetland, 122 ha kn Guttrum Swamp and 65 ha in north western wetland|

Poak inflow rats

15wl dlay {DHI 2034a) for eastern watlands
20 ML day [DH 20343 for weestenmn wetlands

Diying thine {days to dry for wetlands ance
putflows to the River Mumray cease|

Genermlly 131 days minimum [DHI 20143}, Refer to operating plan for further
detalls,

Dissbred duration of Inundation for
wirt lands (froumn Fydrological requirements)

186 days (i.e. & menkha)

Tap-up duration - median days of dalvery
after ratural infloves cease

B3 days lie. 2.6 months)

8.4.2 Benwell Forest

Water will be delivered from the No. & krigation system using the new southwest corner inlet. This will defiver
water directly into Southwest Benwell Swamp where it will flow north into Banwel| Swamp (0HI 2004z).




Chitlows ara not edpactad through the B3 outiet (locatel a1 voe western ool nf Derws | Swanp] doe W0 the
vartlaed warter Ieeepls af 1his loratian (BEDZ000a) Woazer vall grad e dlly evapagzato and inbilzrate

11 surnrad ey, 1Eroeadic aswea enfiowe practen For wetlamd top-ug i Benmsel! Farest wlll b

»  providing top oo cnllews ol aboct 7 5 R ey 1DH1 2013 for Zhe dedol pancs {44 days madian muodedlal
deficets > maaz the durawren reguisemends o by weblands soee about 20 pLfday may we2d (o e
delivercs so 1-a1 the required 75 KLy enbes She forest (e peeoend Sor lasses alang 1ne sURply
channa’.

Takle 9-% sammaries some ol hie ksy water dalivary nfermation rclating sc th:s 10peing up $sema ng.

Talde %5 Water dolneory furmary for toppang v semi-pamanet wetlands — Bensrell Farest

Compuanentof watar dedivany Propesed ceperatian Four lappng wp seami-pEririane wiatlands

Srprjlaiy o det ey

Tir g wiptardspr g (iming nf nataml boding ol woetards]

0 b (D1 2004 —agnoe. 30 113 n1 4erwe || Swaimp ard 30 Fa o sk west

. Farmui] haearap

“ar T nundatod area

Aepk inllkzw ok
" indlnw cale pt bk Forestor st poons.

InRg bere sy trodie Tar ez anes e =21 duys e arn g IE 2013

cutflzes (o she 2ver Wy ragse|

Aesier:d duritiar aF aandaman Fa -EE Jayu |12 € menchsl

werkands Jram hydrg kcgecal -rquire Tentsi

. - el
Tz updurazan - misdian days 21 de'wery A5 dads gz, A 0PI

AFer materal - Alkwes coane

Top up floess will 295_ra Lhat c_ral on requiraments of t-c semi-permangns weetlands are noef, The egger Tor s
soprane v g nafaral event In the River wurray that proeides imongatian of chic water reaiene clivy date seuuld
thien Tz peoy ged iemediak2 v fallowing the cescation of natutal inflowe Medelbing sugEests thot Depweal] Seamp
and L weglandys suerod -z Gutkrg e Swara reduce inoarca By 19 peroent anc S0 perzent jraspaciivs ¥l atter 14
Calyh MELR A LEJLIN[ I:I:IHI 2a11al.

Celunerl g FENNEE Greaming

Thrr P Oergd Swiannp semn-pertnarent wezland in Uuttrom Farest anad the Southweest Benwel! Seamp in G-l
Soresl conLin napenlael oclond watersrd breedinpg wtes {2calogical Assacates 2013; G Smith, pers. comnr,
Jictcber 2014] Therefors it is probalile Ut tapeop flowes e zhe senoegenmanenl wetlarcs ol Gulk-ur Farcst g
seewel Soresl marp esull o a hivd luessTng awenl HivsOwrr, an cennt 1 cnsponie 1o this operat’ np scocnarn
Cboppr gz up i sl st foned is ikely 1n Be apniheaerle sinaller than an evern triggarsd by large Noods that
inuncate the broades Hocdplins, and is alon likely oo acenet a rectoceed range of spooirs |8 g lasy ikely to atzraet
cEres dug 7o a bmited 1s0d suaplyy [Mee™ Zentral Chid 331G, The noad for ongeing drireer es B0 support
watcrbitd BEreeding in cither forest well B dosestod on o owesl by meend Base.



9.5 Hybrid watering scenario

The hybrid watering scenaric will provide top-up Mows to extend the deration of natural Nood events within the
Guttrern and Banweell Forests.

There are two options for extending the duration of natural flopds that imundate the broader forest:

*  Flood capture — to retaln flosdwater on the floodplain for the required duration by closing the outlet
regulators and low-lying indet regulators from the River Murray after the river flow peak has passed,

* Channel deliveries = to top up the natural inflows with additional wolume from the channel system at
up to 250 ML day delivered info the forests via new channel extensions,

Thease options are likety to be used together; howesver, this may depend on the situation, For example, the tming
of any natural flooding will be important when determining if flood capture is appropriate — capturing Nood water
and ponding it over the warmer summer manths may increase the rsk of kw-okygen levels in the water.

There are two important ecological drivers regarding the timing of dellveries under this scenario. Fiestly, to
maximise outcomes for In-channel native fish recruftment (a Project objective] It will be important to provide
floodplaln outflows that contain food for Fish larvae to the River Murray after spawning has occurred by flow-ceed
spawners [(eg. Gokden Perch and Silver Perch|] andfor temperature-cued |(springfsummer) spawners (all other
native fish species) (Malien-Cooper ot al. 2014).

Secondly, It will be important b aveid drawdown of wates In the wetlands during spring to early summer
(Ecological Assoclabes 2013), which will promate germinalion of River Red Gums and potentially further
encraachment. Instead drawdown in late summerautumn i preferable (North Central Chn 2014c). Following the
Inflows ceasing at the end of Bovember, the wetlands will pand water for four months, meaning the drawdown
pericd will reflect that which occurred under natural conditions.

9.6 Role of operating structures

The role of each engineering structure required for the operatlng scenarlos is outlined bakow,

Tohle 3-6: Role of strectures in operations

Dparating Haole in pperations Dperating scenario(s) the
SFUCiUre structure is applicable to*
Gutkrim Forest
G1inket repulator | Enables waler galivery bo the SPW in the westarn ha¥f of tha forest |.e, SPW watering
[southwest carner | Guittrum Swamp comples Rlver Red Gum watering
of foreat) Provides aperational Resibility for River Red Gum FOL water|rg by Hybeid watnring
anabling watar dalbwary to the western half of the farest In combination
with the G2 nlet mgulator,
G2 inlet reguiator Emabiles water defivery io tha entira flocdplain [Reer Bed Gum forests and | River Rad Gum witering
[soustheast comer semi-permanent watlancs), S wabering
of forest) Enables water delivery i the semi-permanent wetlands in the eastern Hybrid watering
hall of the forest |.e. Reed Bed Swamp and Little Reed Bed wetland.
' (e} oatlet Controls cutfiows from the floodplain Le.; River Red Gum watering
regulator s Preventing return Gows during the filling phase of & Rieer Red Gum
watering event soothat the desired supply level and asoaciated
mundation area Is achimved
e Comtributing to the previson of sdequats throvgh-flaw durlng the
mnintenance flow phase of o Rer Aed Gum walering event ta
reduce stagnation, which can contribute to low Dissolved Oxypen




leveks
& Enabliing fish passage from the fioodplain 10 the River Murray,

Benweall Forest

BI inlet regulator Enables water defivery 10 the entire lloosdplain [River Red Gum lonests and | River Red Gurm watering

[Eouthwest cormer | semi-permanant wotknds), Sami-parmanent wetkand
af farest) Erabies targeted water delteary fo the semi=permanent wetlands Le watenng

Berwell Swamp and Southwest Benwell Swamp, Hybrid watering
BY Inlet regulator Controls autflows from the foodplan §e.: Aliser Rad Gum watering

a  Proventing veturn fiows during the filling phase of 2 River Red Guem Hybrid watering
watering event sa that the desired supply kevef and assoclated
Irundation area |5 achievad

= Contributing to the provision of adequate through-flow during the
miabntenance fiow phase of a River fed Gum watering svent to
raduca stagnation, which can contribute to lew Bissebved Oxygan

lyels
= Epabling fish passags from the flecdplain to the River Burray,
313 autlet Contraks outflows from the foodplain e Rhver Hed Gum watering
ragulator e Preveniing retumn Hows during the flSng phase af 8 River fed Gum Serni-permanant wetland
watering event so that the desired supphy level @=nd assoclated watering
mupdation area ks achipvad Hifbrid watering

s Conbributing ta the prevision of sdequate hrough-low during the
malntenance flow phase af 2 Hiver Red Gum or sami-parmanant
wittiand watering snent to recuce stagnation, which can contribiute
o low Dissahved Ceypen levals

= Enabling fih passage fram the Poadplain to the Rker Muorray.

Al st iuires gre applicoble 1o kybeid events

Mobe: & spllway dlso anistsneas the peimery aullet negulator n pack Terest |65 new and B13), These five bosn dedgned ta mnable outflows
frem Birge satural flapds to pass safely from each fornst Back inte Ehe River Murray, Dapending on hew the outlet regulatnes are operated {Le,
b what degree they are open), return ficws bo tha Rivar Mamay during fully managed ewents ey cocur eliber ontinely, partially ar oot atallvia
thisi s By

9.7 Operational considerations

The Guitram ond Benwel Farests Enviranmental Waorks Profect proposes to cannect the forests to an altermative
water supply - the Torrumbarry Irrigation Area - o meet the flosding regime requirements of the forests. The
successful implementation of operating scenarios therefore depends on the physical capacity of the system 1o
dediver the required flows, time of year and demand from other customers,

If Wictaria, emdronmental water can be soppled from the irfigation netwaork via the fallowing;

Delivery Share: Enfitles the holder to a 1 ML day share of the channel system capacity during the irrlgation season
{15 August to 15 May), Priority access is given to delivery share holders

Casual Wser: & puarantesd supply once arder is placed. First to lase access if water restrictions or demand fram
dedivery shareholders.

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

Note: this is the current framewaork for delivery within Victoria and ks subject to change. Under owrrent operational
conditions, it i proposed that the majority of water delivered to the Guttrum and Beowell Forests would be
prowided as interruptible supply, The following section discusses this in mare detall.

9.7.1  Torrumbarry livigation Area

The Tarrumbarry Irrigation Area cowers 157,000 ha I northern Victorla and extends along the River Murray from
Gunbower in the east to Myah in the west and includes the towns of Koondrosk, Cohuna;, Kerang and Swan Hill




(GhW 2008} It s managed by G-MW and consists of o complex distribution netwark of natural waterways and
1400 km of manmade Irrigation channels,

The district eriginates from Torrumbarry Weir where water from the River Murray is diverted through the National
Channel Offtake into the Mational Channel, The National Channel (approximetely 4,000 ML/day capacity] s a
straightened and enlarged section of what was originally Gunbower Creek. Water can elther be diveried into
Gunbower Creek at Gunbower Weir, ar continue down Taylor's Creek to supply the Mumber 1 and 2 channel
systems, or enter into stornge at Kow Swamp, Gunbower Creek bas a number of weirs and repulators that feed
irrigation channels and supply wetlands in the Gunbower Forest [e.g. Reedy Lagoon and Black Swamp) [North
Central Ch& 20000, The Keondrook Weir s upstream of the Koondrook Spillway wherns water re-enfers the River
Murray. Koondrook Welr supplies the No. & channel with a reported capacity of approxmately 860 ML/ day. The

Mo, 4 channel supplies irrigators west of Koondrook and is the proposed channef to supply the Guttrum and
Berwall Forasts.

9.7.1  Capacity

Praliminary investigations wera undertaken to determine the viablity of the proposed operational scenarios within
thir cgnstraints of the irfigation system. The vestigations sugpest 250 MU day of free capacily exists within the
applicable parts of the Irrigation system virtually all vear round [see

Figure 9-5 below from G-MW showing minor constraints in early September and AprilyMay potentially). This
maeans that operation can ocour within the irrgation season (August to May) with a low risk of not baing able to
deliver inflows. Any capacity constraint issues will be monitored and managed in conjunction with G-MW. It is
Important to note that the modelling was undertaken on one particular year that was selected because It was dry,

and there wis a high level of customer deliveries, Further medelling work will be reguired 1o explare any potential
constraints in other years.
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Figure 9-5: Capacity within the Torrumbarry ierigation Ares system [Source: GRW 2014)

9.7.3  Delivery patbern options

In years where both Guttrum and Benwell Forests regulre waterdng under the River Red Gum watering scenarlo
detiveries to the forests are proposad to ocour as outlined bekow, This pattern of defivery will maximise the
peological benefits and minimise impacts on tha GMW channel maintenance/capital works program, which Is
narrmally scheduled for the rrigation off-season.

Irrigation off-season- July {500 ML/day free capadity} — deliver peak flows (250 ML day] into both Guttrum Fosest
and Benwell Forests for the required filling period, Utilise full copacity of the Na. 4 channel.
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10 Socio-economic impacts from operation

The methodology for assessing the risks has been briefly outlined in Section & and furtber information is provided
im the Risk AManogement Strotegy, Potential sdverse ecological bmpacts fom operation are discussed in Sectlon B
and the Froject developrment and construction risks are discussed in Section 17,

This section describes the potential adverse impacts that may result from aperation of the supply measure on
socio-econamic and cultural heritage values,

10.1 Overview

Guttrum and Benwell Forests are molti-use sites and have a range of socal andd economic values and benefits for
focal and regional communities. Commercizl uses of the forests Include timber harvesting and domestic tmber
eolbection, & part of the mid-Murray Forest Management Plan Ares, domestic stock grazing, apiculture (bee
keeping}, and sand mining. The number of licences for the other commercial activities is shown In Table 10-1.

Table 10-1: Commercisl activity Neances in Guatrum and Berwel| Farssts

Licence Typo Farast [ Mumber of Licences
Grazlng - Guttrum | 4
Aepavell 1
Apicultars UL 5
Benwell 1
Sand extraction GuTtrum 1
el 1
LJETTEE‘?‘.‘?‘.’.‘. Acrogs both forests A3 —

Social and recreational uses nclude dispersed camplng, horse riding, four-whesal driving, bird-watching and
siphtaeeing purssits,

The results of the risk assessment for social and sconomic wilues of the forests is shown in Tabke 10-2

Table 18-2: High priority socle-economic risks

NS RCUN T

Loas of access for
rocreatlan Likely fetaderatn Passible bdannar ioderite
Loss of access far . =
fomitc hliers Likaly Moderate Eﬁlhle Minor Moderaie
Third party floading | Likely headerate Linlifzly Minar haren Low
Lo of gultural :
hertage Pazsible fajor harmm LinlHoely Major karm Modgrato

10.2 Loss of access

Enwvironmental watering of the forests will temporariy reduce accoss bn years when watering s taking place, as
wioilld be the case when natural fliooding ocours. Thiis will restrict the social and economic uses of the farests which
are dependent on access o their resouroes. The social benefits from flooding, such as increased opportunities Tor
recreational uses and improved aesthetles of the forest, will offset some of the potential iImpacts, Also, Indirect
cuteames such as the increased productivity and growth of River Red Gums will benelit some users for a4




aplarists and timber lloence holders. However, other messures will be needed — primarity around appropriate
sommiunication and engagement activithes - to mitgate residual impacts,

The miligation controls involve @ number of elements described in further detall below.

Rights of access to the forests to hasvest timber, extract sand and manage beehives are subject to licences.
information such as this contaimed within Beences ensures that licensees understand the potential implications
thot watering of the forests may have on thelr activitdies. Subsequently there s the opportunity to plan and adapt
their usage around the sites” aceessibility.

standard licence conditions for aplarists Indude that the licensee may be reguired 1o rermove beehives from or not
place beehives within the licence srea to allow the pubBc land manager to conduct managemeant operations (DER,
2014b]. Early warning o bee-keeping licence holders before watering commences will allow time to adjust
operations. For examgple, bee hivas may be placed on the owuter adge of the flooding extent, and the bees can still
use the forest, which is likely to exhibit more flowering as a result of the flooding.

The Siokeholder Management Strateqy (discussad in Section 13) will be updated following approval to procesed
with the Project. Key engagement and communication activities will Be informed by the particular phase of the
Project and the individual needs of the key stakeholders. Clear and timely communicatien of planned watering
aetivitkes will be a key component.of this, Engagement with tourist information centres to ensure that visitors have
appropriate and up-to-date information will be one (ool used to reduce the Impacts of flooding of the lorests an
tarast access,

The Mot Central CMA prepares annual seasonal watering proposals for all sites that are to receive environmental
wiater, under Victoria's environmental water allocation framework. Developing the proposids invabves consultation
and engzgemant with envirenmental water advisory groups, comprized of interested commumnity members and
stakeholders, This process endures that all parties” nterests are considered in planning and implementing any
watering event.

The Projoct overall will help te réstore and maintain socio-econamic recreational and tourist valwes - albeit at the
risk of flimiting access for perfods of time, The cost benefit assessment in Section 13,8 confirms the major potential
benefits from enhanced watering for recreation and the regional ecomorm.

With these controls In place the residual risks for these potential impacts s deemed to be ‘possible” with & 'minor
impact’ generating an overall risk rating of "Moderate’,

10,3 Cultural heritage

Fooding of the Guttrum and Benwell Forests has the potential to impact on cufturel harltage sites by inundating
armas of cultural sersativity. The cultural heritage management plan, in development for the Project, will ensure
that thess impacts are consldered in the implementation and operation phases. I addition, the Narth Central
ChA is wndertaking praject work with Guitrum and Benwell Forest’s Traditional Owners o progress the
developrment af meaninghol cuttural flow chjectives to anhanee and complement the ecological objectives for the
Guttrum and Benwell Forests.

10.4 Third party flooding

Guttrum and Benwell Forests are bordered by agricuftural farnd fo the south. Historically, this agriculiural {and
wittld have formed past of the roader River Murray floodplain. The cleared agricultural lznd howswer Is now
pratected by a system of levess, constructad by REandhaldoes to pravide protaction from natural flood events. The
currant laves banks in the Guttrurn and Benwell Forests provide 5 leve! of flosd protection greater than the
equivalent 26,000 ML/ inundation extent proposed by this Project. However, there Is a risk of third party Impacts
associated with private lsnd MNooding showld the levess fail,



In order 1o demanstrate that this rsk can be adeguately mitigated for this preposed supply measure, an Informed
risk assessment was undertaken [Water Technology 2014}, sccampanked by the development of a comprehensive
suite of potential risk mitigation options, This sssessment was underpinned by scenario-based hidraulic modelling
(DHI Z014h; Water Technology 2014) and levee condition assessments (DHI 2014b; Water Technology 2014), The
hydraulic modelkng reports and the rsk assessment were rviewed by the Expert Review Panel for Victorian
supply measure business cases, who determined the process and work undertaken to be it for purpose.

Thee risk nseessment (Water Technology 2014) indicated that the risk of levee failure varied considerably depending
on location, Potential mitigation options are aimed at both reducing the likelihood of leves fallure/overtopping
and minimising consequences of avalding lithgation IF a levee fallure/overtopping did secur. Teble 10-3 provides a
summary of the mitigation options that will be further mvestigated for thels implementation viability during the
detailed design phase [i.e. post-business case submission). It & anticipated that potential mitigation options will be
assigned toeach risk category je.g: low/moderate/highfextreme) at this time,

Table 10-3; Potentially Viable Mitigation Measures for Further Consideration.

Dptiom Aim Mitigation Options

To reduee the likelhood of fallure/overtopping & Loves upgrades

®  Leveer malntenance®

= Mendaring leves condition

= Banage rafes of rise fdravdown during watering

Minéinise Consequences Tf%llum!m%ﬂupphﬁnmﬂ & Emergency Taspanss proceduns
Comenunications plan

=  Upgrade existing management o prowvida mitigation
= Hajse accesd roods and wacks

Aot Imigation if failirefovarinpping oocurs ® Landhokier agrasmants
®  Floodway eesements

*pote that leves malntenance can be enabled in 2 varety of weys however all reguine panmits urder relovant legislation,

In presenting the risk 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.  This
includes any final decision-making on which mitigation options will be selected for Implementation, including who
ownis and maintains the levess,

DEP| will be in a posidon to provide more formal advice on the state's preferred long-term risk mitigation
arrangements for this supply measure once the full suite of Victarian proposats under the SDL adjustrment
mechanism has been more definitely scoped, This will ocour as early as possible in 2015,




11 Technical Feasibility and Fitness for Purpose

11,1  Overview

This section of the Business Case provides an overview of the technical feasibility of the Project’s Infrastructure
pickage, It outlines the options anabysis, design erfterla and the location and features of the infrastructure. The
information presented s a summary from the Corcept Design Seport Tor Guitrem and Benwell Forests, which
includes the concept design repat, design deawings, and consiruction cost estimates {URS 2014]).

11.2 Options analysis

A numbar of background Investigations and studies were undertaken to inform and support the sekection of an
infrastructure packege for the Project. Alternative options woere assessed on thelr benefit, feasibility, cost and risk
and Included significant input from partner agencies and the Expert Review Fanel. A summary of the design
principles and optbons assessment bs prondded bebow,

11.2.1 Design principles
The following principbes were apphlicd in selecting the design for the works and aperating regime;
& PMabural patterns: Bulld on and mimic natural flows and flow paths
»  Targeted: focus on the specific watering requirements of water-dependent flora and fauna
e Minimum impact;
= Low Intrusian footpeint: bulld assets bn previcusly disturbed areas or outside the forest boundary
— Minimkse adverse impacts on the forest, including the risk of overeatering 4f more terrestrial vegetation
— Mtinimise impacts and risks to third pacties, &g, an inundation pattern to méniméise pressure on levee banks
e Effective: robust simple assets that will be effective and resifent over time

»  Fexible: capable of adaptive management to respond to the owtcomes of the monitoring program o
meet the various water requirements of the Tlors and fauna communities and ta respond (o climate
change

»  |Low cost: to construct and operate,

11.2.2 Options assessment

Fhasa 2 of the Profect assessed five options for dellvering emdronrmental water, listed in

Table 11-1, Further detall i provided In the Guttram and Benwel! Forest Infrastructure Qptions Assessment which
i% & supporting document to this business cese, Options wore assessed on thesr ability to defiver added bensfit to
the project, feasibility, cost and risk, using all available information from the Project’s varlous Investigations.



Table 11-1; Guttrum and Benwell Forests - Options enalysis

(] Option Description
i | Channel I:Iaepen.lru Lowering inlet channel so River Murray water can enter at lower fiow rates
2 Effluent mm;l.l-aznr: Holdl water on 'I!I"n Hmdpm astand m:it'runnllmnd;ﬂnn L)
3 Influmnt regulatars Fravent flows entenng the forfast
4 Irripation supaly Water dellvered to the forest fram the Goulbuen Murray brrigathon District
& Pumping Water purmped into tha Forest from the Reer BMurray
Seonce LIRS {2014)

Teve folowing provides further infarmation on the options analysed,
Channel deepening

This option involves deepening natural forest effiuents on the River Murray. It is a relatively low cost option that
was discarded due to the requirement for major works within the river bank. It was ako found to be only
marginally effective In Increasing the frequency of Inendation, requiring a minimum river flow of 16,000 ML day to
begin with brosd foodplain ingndation not cccurring befow 26 000 MLU/day. The reliance an River Murray lows
wes considered to be in adequate in mesting the watering requirrents of the sites.

Effluent regulators

Structures on the efflvents could be operated to present food fiows returning to the River Murray when the river
level drops, They were found to be offoctive in extending the duration of the inungation, and were simple and
rizbust to construct and operate.

Influent regulators

These structures provide the ab@ity to eiclude high River Murray flows in scenarios where water entering tha
forest k= undesirable, such as at the peak aof an envirenmental waterng event. These structures would minimise
perimeter loves breach risks. This option was assessed as unfeasible as the regulators would b difficult to access
and operate in the event of a major flood, and would only be effective and required In limited situations. They
were also a high additlonal cost to the Project

Irrigation supply

This optioh Invalves the construction of short channeds to connect to the imigation system and enable
anwvironmental water to be dalwered to the forests, Hydraulic modelling identifiod the effecfivanass of this option
Iry achieving broadscale flooding across the farests, There is limited impact fram the works as they are generally
located outside of the Project sites and they are low cost being rellant on a grawvity feed,

Pumping

Fumping of water into the forest directly from the River Murrey was desmed unfeasible for major inundation
events as it requires the construction of major works for pump statbons. Mew substatlons and overhead power
extensions would be required to bring permanent electric power to the forest boundary and underground power
would be reguired from the forast boundary o the pump station [URS 2014}, Costs for this option were higher
than the channel supply. However, B temporary pumping errangement in Guttrum Forest 1o maintain Wetland
inundation levels for short periods at Uttle Reed Bed and Reed Bed swamps was selected as 1t enables the delivery
af semall flows directly to the wetlands,




11.2.3 Whaole of life-cycle cost assessmant

A whole of fife-cycle cost analysis was undertaken to compare the irigation supply channel and pumplng (diesal
and electric] options for the two forests [see Table 11-2).

Irrigation: supply channel to each forest from the Torrumbarry irrigation system. The following parameters were

assmed:
= 250 ML day flow rate
& Guttrurm: 11 days flow

®  Banwell; 15 days flow

Pumping: Diesel or electric pumps for;

s 100 ML day

o Guttrum: 29 days flow

= Benwell: 44 days flow

A discounted cosh flow analysis was completed for each option, as the total cost stream over 70 years returned to
a present value (PY] with a 5% discount rate. The caglial costs included inktial construction costs and cyclical
repdacement costs. The operating costs were assurmed fo be Incurred in-line with the use of the relevant assets. In
the analysis the watering frequency was set at sl years out of ten. If was therefore assumed that the operating

costs were incurred In those years but that no costs were incurred in other years,

Table 11-2: Whale of life-cyda cost options analysls (PY over 70 years (@ 5%)

Irrigation chamnel Cost element Present value
Capes Initial construction 51,307,937
Lind: (2 ha @ S10.000/ha} & fancing 525,000
Opey Operation (11 days @& 5,500] LEE,110
G Tarifl 13,373
Takal 51,813,415
Pumped aptions Cesst alement Prasent value
Eleckric Capey Initial construction 52,535,192
Replacernent joveny 15 vears) 54,179
Lt DEM ; 55,000 pa - 5710 vears 461,918
Pawer cost 610 yoars 5837,2949
Taital 53 468 ARE
[Wesef Capex inftial construction 51,701,264
HEbuild [evesy 10 years) 515378
Opex Oz 53 500 per manth 522,904
Diezel cosgs 6710 yaars E7.25,084
Total 52,254,631

Sourcet RMOG [2014], Guttnsm and Beawell Forests - watering praposms; wivale of Dfe-cpcle cost mambesis, fos Narth Central

The analysis was similar for the two

CrAA,

foresis and identified That:

o The imitial capital cost was mast expensive for the electric pumping option bul was similar between
the diesal pumps and the irfdgation channel




% The operating costs were loweast for the irfgation supply option, In contrast, the power oosts for the
pumping options were substantial,

The costs of delivering emironmental water o the sites cannot be quantified at this ime, They are subject to a
pending reviaw of GMW's tariff structure. The modelling was therefore basad an advice fram DEM and assumed:

®  The VEWH/CMAs holds 100 Delivery Shares - which can be utilised anywhere within the Goulburn

purray irnigation District,

#®  These shares ghve the VEWH/ChAs rights to delivery of a maximum flow of 100 & 250ML = 25,000

L/ yr.

#  The holding triggers an Infrastructure Access Fee of 53,000 DS, i.e. a total cast of 5300,000/yr.

®  The cost would be allocated between projects pro-rata to the tatal vobaree of the watesing activity.

Sensitivity analysis showed that the GMW tariff would have te doubie for the cost of the irrgation option to equal

the diesel pumped optian.

11.2.4 Preferred options

The preferrad optlens were detarmined ta be:

a  Channel w aflow envieonmental water to be dellvered onto the fMoodplain frem the Irrigation

system.

s Regulators on effluent channels to hold water on the floodpiain after inflows have reduced,

Further detail Is provided in Table 11-3,

Table 11-3; Summary of proposed works at Guttrum and Benwell Forests

Works

Justification

‘Gutirum Forest

Reguabaitars b contaim water
GE [mew] regulster Including laves to restrlct
Mo to G5 fold)

Enables the desired inundation extent and floed duration th be achieved and
provides operational flexdbility,

Perimeter levee works
AR leazt 230 m in 5 sectans

danage risk of fiooding private land.

ferIpertiaiy sppiy

50 ML/day inflow ot southesst corner of
farest, S0 MLSday Inflow at southwest corner
of forest and assocaied works

Asliable, hroadscake fooding amd targetted watering to forests, Independent
of River Murray flows. 250 ML/ day fow rate through the southaast inlek
ghves a praatar chance of achimving ecaloglcal outearmed.

Heed Bed Swamp comaechion and lemporeny
puraping

Greater connectivity and flow eontrol between
Reed Bed and Litth Read Bod

5 ML day pumped inflow from River aurray

Enhances cannactivity and tha ahdiy to control foes beteseon Resd Bad and
Litthe Beed Bed  swamps, Aows semb-permanent wetland watering from
either the G2 irrigation supply ar temporary River Murray pumped supply.

Supports the konger durstlon watering required for tha sami-permanent
wtlands and &lso critically important durkng 8 cofonial waterbird breeding
weant, The pumplng opisan is highly flexibie,

Benwell Forest

Regulatars o condain waker
B7 and 813 repulater and associated works

Enables the desmed inundation extent and fNosd duration Do e achieved,
provides operational flexbilicy,

Perimaber lepee wisrkd

Manage risk of Hooding privets land.




Works Nustificathon

At least 350m in 13 sactions

rigetion Sipply Lirast enenstee way (ower bang term) to achsve broadscale flooding. 750
250 nfday inflow at southwest cormer of | pLfday flow rete provides the optimum inflew to schisve nundation area,
forast and assoclated works depth and duration.

11.3 Proposed package of works

The location of works to deliver the required inundation extent, depth and duration in Guttrum and Benenell
Forests is shown in Figure 11-1 and Figure 11-2, & short description of the package of works Is provided below,
Refer o



Guttrum and Benwell Forests: Supply Measure Business Case

Appendlx & for the Concept Deslgn Repart which includes thie brief and design drawings [URS 2014},
11.2.1 Guittrum Forest

G1 and GZ irrigation Channel Supphy: two new and separate irrigation channels {G1 and G2} will connect the forest
inter thee Tormumbarry Irfigation Area, irrigation channel supply works will consist of an offtake regulating structure and
road and farm drainage culvert/inverted syphon crossings.

G5 New Regulator: 3 now regulater and raised access track/levee at the forest outlet (G5 New) will reptace an odd
existing struckure to contain water on the Noodplain and control water levels; and provide a fish et

Little Reed Bed — Reed Bed Swamp Connection: the connection babween Little Reed Bed and Read Bed swamps will
be improved by enhandng an edsting natural efffuent, and the mcluskon of small regutating structuras, This will
facilitate the movement of woter betwesn the two weilands when flooding the forest from the irrigation system. A
lemporary pumping site with permanent access and civil works will also be required to enable the top-up of water
levels by purmping from the River Murray,

Guttrum Perimater Laved: construction may consist of repairs to the existing perimeter levee and fiw feves sactions
for all high ‘consequence of fallure' paints on the north westerm forest Boundary,

Access tracks: new levee access tracks along private property and within the forest for monitoring @nd maintenance
wheere water touches/pools against the exsting levee. Access tracks on top of proposed new levees sre not included in
this scope of work, though have been included In the construction cost estimates of the levees themselves.

G5 Oid Erosion Probection Works: protecting the existing bridge, channel and outfall at G5 Ok during a natural fleed
avent ar high river the Mows with eroclon protection.

11.3.2 Bemanoll Forest

B1 Irrigation Channel Supphi a new irrigation channel connection (B1) will connect the forest into the Torrumbsarry
irrigation system. Irrigation channel supply works include a channel offtake and forest outfall regulating structure and
raad and ferm drainage celvertirverted syphon crossings.

B13 Repulator: a new regulator (B13 regulator), primary spillway welr, vehicle crossing and raised forest #<cess
track/ievee (B13 levee] an the natural forest effluent at B13 to contaln water on the floodplain.

B7 Culvert Crossing: a smafl culvert river track crossing of the natural forest effluent channel at BY, with-an automated
dusl-leaf gate [B7 outlet and culverl) to contain water on the floedplain and provide accurate water release control 1o
alkaw through-fioes.

Benwell Levee: construction may consist of repairs to the existing perimeter kevee, of rew levee sections for all “high
consequence of failure’ points on the north western forest boundary.

Access tracks: required for exsting perimeter levee monitoring and maintenance aleng private property and within
the forest, Access tracks on top of proposed new lmiges arg not Induded in this scope of work, though have been
includesd in the construction cost estirnates of the levees themselves.



Guttrum and Berwell Forests: Supply Measure Business Case

Figure 11-1: Packsge of works - Guttrum Forest (LIRS 2014



Gutirum and Benwell Forests: Supply Measure Businass Case

Figure 11-2: Package of works - Berwwell Forest (LIRS 2014)



11.4

Project design criteria

The development of concept designs for the enginesring works, reguired to deliver endronmental water to Suttrum
and Benwell Forosts, is based on the following overall project design criteria:

Facllitation of forest or targeted wetland flooding via the Rlver Murray and the Torrumbarty Irrigation
Area (TIA|] inflows.

Frovision of the following design inflows:

— 1G5 New Regulator {up to 500 ML) via River Murray (during natural events)

= B13 Regulator {up to B50 ML ) wa River Murray {during natursd avents)

— BT Regulator {up to 50 ML) via River Murray (during natural events)

— G1 Irrigation Supply (up b 50 ML) via No.d Sain Channal (TIA)

= 32 Irrigathon Supply (up to 250 MU wia Nod Main Channel [TIA)

= Bl Irrigation Supply (up to 280 ML) via Mo.4 Main Channel (TIA)

11.5

iContainment of water within the forest to @ level of 75.E mAHD [Guitrem) and 75.0 mAHD [Benwell].

Manual operation of flow contral structures within each forest G5 New, B13, Bl (Forest Qwtfall), and
automated operation of irrigation offtake structures (&1, 52, B1) and &7 regulator

Access to each structure at all Umes during watering events and in farest Roods, by use of the existing
puiblic roads, forest tracks andfor new acoess tracks.

PFrovision of improved connection between Litile Reed Bed and Reed Bed Swamp within Guitrum Forest
fa assist with lempordry pumping from the River Murray to top-up Little Reed Bed and Reed Bad Swamp
Lo achieve objectives for duration of inundation.

Provision of safe dowmstream fish passage for small bodied fish through all new regulating structures,
including safe fish passage from the floodplain and Into the River Murray during forest draining events
and low River Murray Flow water levels,

Prondsion of improved flood protection of private land from managed and natural inundation events
alang all existing high consequance of fallure levee sections of each farest.

Prowvision of cargflarge bodied fish screens on the irrigation supply channels 1o prevent lasge fish being
trapped on the foodgiain,

Prowision of erasion protection works,
Consideration of environmental and cultural heritape impacts.
Incorporation of Safety in design principles,

Minirization of operation and malntenancy cosks.

Key design features

11,51 New irrigation supply channels

Thrae new channel connections into the irigation system are proposed - two at Guttrum Forast [G1 and G2) and one
at Bemwell Forest (B1). The key parameters of these new channels are shown in Table 11-4,



Tabla 11-8: New irdigation channeds — parameters

Paramater Gl G2 a1
Mlaairmuem How (LS day} S0 250 250
Length {m] 930 BAS 1,500
Depth (m} a1 1 11
Width - battom (] 2 4 4

The channels are designed according to the following design criteria and functionallty:
*  Toachieve the nominted flow rates.
s  To provide suitable Now regulation and measuring prior to cutfall,
*  Tomaimtain the current level of farm access pravision including road crossings.
# Toprovide sultable conditicns far smell fish passage only through the regulator.
# Toprovide screens 1o prevent large bodled fish from entering or being stranded an the flcodplain,
& To have no adverse effects on privati propesty,

#  To maintain current el of flood protection.

The construction of the channels Invalves a number of components:
s Offtake regulators to contred flows into tha new channels from the irrgation system.
= Length of channels [varying from 845 m (o 1,500 min length),
= Quifall regulators to control the discharge into the forests,
=  Road and drain crossings.

& Power supply.

B
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Figure 11-3: Gl irrigation supaly channel work area locality plan (LURS 2014)

Estimated costs for these structures are provided In Section Errorl Reference source not found. with further detall int
he Concept Design Repart. Additional costs will be Incurred in the purchase of private and for the length of channels
before they enter the forests, which are also detalbed in Section 13Error] Reference source nolt found..



11.5.2 Channel off-take and outfall regulators

The design Includes the construction of remaolaely operated offtake regulating structures from the current irrigation
system to the new spur channels, The BL chanmel will alse have a manually controlled cutfall regulating structure at
the point of discharge into Benwell Forest.

The offtake regulators will consist of concrete [precast) box culverts containing flume gates, and include a walkway for
maintenance access over the regulator, Two gates are proposed so that, in the case of the failure of one of the gates,
the structure can continue to regulete flow. This design abko provides for future operational fexibility, i It 15
determined that & greater regulated fow is required.

Upstream and downstream key walls heve been included alang with rip rep and & carp screen le achieve plunge pool
canditions, thus 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 against plping
failura, it is anticipated that a sheet ple cut-off wall will be required directly below the regulator and extend to a
depth of at least & m. A secondary row of sheet piles Is required to a similar depth aleng the downstream aspect of the
regulator base slab.

The BL outfall regulator will be a concrefe (precast) box culvert containing two dual leaf gates. Power supply to the
site will allow For automation of the gates lifting whike the process is manually controlled,

Estimated costs for the structires are provided In Section 13 with further detall In the Concept Design Report.

11.5.3 Road and drain crossings

The supply channels cross a number of roadways, farm tracks and existing drains. A vadiety of different scales of
systems are employed toreflect the locatlons and flow reguirements. Estimated costs far the structures are proodded
in Section 13 with further detail in the Concept Design Report.

Crossings al B channel

The supgly channel crosses Koondrook-Murrabit Rd and the proposed Benwell Communmity Crain immediately
downstream of the offtake regulstor, & 17.5 m offset from the supply channel has been assumed for the proposed
drain In focating this crossing, Further deswn the channel, two other farm track crossings are reguired, Twa 1500 mm
RCP culverts will pass under both the Esondrook-burrabit Rd and the drain at a fength of 45 m and twa 1500 mm RCP
culvert will pass under each of the two farm tracks, at lengths of 15 m each,

Crossings at G1 channel

The crossing of Shepards Rd and an existing Farm track are required for the channel to enter the forest. Both crossings
comprise bwo B25 mm diameter concrete pipes mmning underneath the tracks for 15 m. Two sets of precast concrete
headwalk gulde the channel hanks to the plpe barrels,

Crossings at G2 channel

The crosing of Doolan Road, two exsting farm trocks and an existing drain, that is bo be realigned as part of the
works, are required for the channel to eater the forest. All crossings comprise of thres 1350 mm diameter concrels
pipes. Two sats of precast concreta headwalls guide the channel banks to the pipe barrels.



All crossings take the form of Inverted syphons (o ensure the required controlled flows can pass through the channel,

Upstream and dewnstream rock beaching has been designed at aach of the crossings to minimise erosion amd scour
around the structures.

11.5.4 Forest outlet regulators

Regulators are required at the cutflow points of the forests to achieve the desired extent and duration of floeding.
The design criteria for the main outlet regulators (G5 Mew and B13) are to:

= Contain managed watering fiood inwndation up to agreed level within forests.
s [Pass agreed flows,

«  Provide appropriate access to structure

*  Provide sdequate eroshon protection works,

' Proposed works to have no adverse effects on private property.

s G5 Nows containment levee to be overtopped, inftially via a dedicated spillway, during large llood evenis
and debris ta be managed.

s B13; provide designated spiflway to dllow controlled overtopping of roadfeves for naturad reinfall events
producing inundation levels greater than 75.0 mAHD.

s Provide safe downstream passage for (sh exiting the forest.

The regulating structures at G5 Mew and B13 will be manually operated dual leaf gate structures. Power supply will
not be provided to these sites. Gate fifting will be undertaken manually with portable actuatars, The structures will
consist of concrete (precast) box cubverts contalnlng dual leaf gates. The regulator wdll ensure the controfled fFlow cn
be supplied and that the existing flood protection levels are maintained, Upstream and downstream rack beaching has
been designed to minimise erosion and soour around the structure. The forest outfails will consist of stepped sheet
pile energy disstpater structures with rock fill. 813 will glso Include a spilhway desligned to overtop during large natural
rainfall events at a maximum rate of 250 ML, It comprises 300 mm rip rap with & geotextile lining and 100 mm of
fliter material to prevent scour or erosion, Rip rap immediately upstream and downstream Is also deslgned to assist
with ercsion protection, The spillway channed is 25 m long with a width of 6.7 mwide and 1.2 m deep and is rock lined
aleng its entim length,

Figure 11-49: B13 Forest Dutfall Regulatar (URS 2004)

For the G5 Mew repulator, @ permanent actess tack will provide access from the Guttrum Leves, To maintain
mangged flood inundations ints Guitrum Forest a small welr & designed at 0.3 m below the crest of the access track at
758 mAHD to allow flow to enter the forest. The welr has a width of 7 m and s designed o overlap Gurng large



flooding events. It comprises 300 mm rip rap with 2 geotextile lining and 100 mm of filter material to prevent scour of
erosion. Rip rap immediately upstream and downstream is also desipned to assist with erosion protection,

The BT cutfiow regulator 15 a smaller structune crossing an existing channel that will consist of one concrete [precast]
box culvert 1.4m wide and 1.4m high contalning a dual leaf gate. The regulatos will ensure SOMLd controlled flow can
be supplied and epsuring the existing flood protection levels are maintalned. Durlng a greater flood event the
structure can ba toppod. Poarmanont access to regulator |s provided by an existing Berwwell Forest track which will
cross the existing channel. Downstream rock beaching from the structure to the Murray River has been designed to
minimize erosion and scour around the structiure and channel, The forest outfall will consist of a stepped sheet pile
enaigy dissipating strecture with rock fill.

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

11.5.5 Forest levee options

Both forests have extenshve perimeter leves systems built to protect adjacent private land from inundation during
large natural fiood events (greater than the 26,000 ML day River Murray Nows mimicked by this praject), These levees
were constructed by local landholders and {anecdotally) have never Tafled. However, 1o minimize the potential risk of
private land inundation resulting from managed flooding, a series of options based on the level of risk were kdentified
and costed (\Water Technaology 2014).

The choices avallable for structural levee works are:

# Replacement of all active sectians of levees

# Replacement of all levess with a High Conseguence regardless of Likelihood and all High Risk Points of
Wiaakness

& Replacement of sections of levees considered to be of High Risk

s LpgrodeRepalr levees considerad to be of Moderate Risk

The works identified are informed by the North Central CMA Levee Breoch Risk Assessment ond Strotegy Report
[Water Tedhnology 2014), To best manage the risk of third party fiooding, the preferred warks option is to replace all
levees with a 'High Consegquence’ regardless of likelihood, and all "High Risk Points of Weaknass',

With the replacement of all high consequence
lengths of laves along with high risk focations, the
majority of medlum  risk locstions are  alse
addressed. Minimal additional repair work would be
required on the remaining medium risk bocations,
providing # cost-effective method of achieving the
desined outcome of reducing the overall risks to low
[Wwiater Technology 2014)

in addition te struclural fevee repair, &t project
construction, the levees to be retalned will be
inspectied by an experienced engineer and arborist.
All vegetation will be removed from the levee and
its immediate surrounds, elther side of the tos of
the leves, where In the professional opinion the risk
to the lewea will be reduced by Its remowal, This

Benwell Forest south leves [Fhoto: DHI)



process would potentially result in further minor points of weakness being kdentified and rectified where necessary,

Ongoing inspections and maintenance will be conducted to prevent inappropriate vegetation growth and the ongoeing
condition of the levee monitored and repaired where necessary, With ongoing inspections and maintenance, this low
risk profile is conskderad managaable.

Three levee options were designed with high and low estimates to account for the highly variable nature associated
with levee construction costs and design standards {outiined below). In addition to the forest perimeter levee options,
@ levee will be required In Benwell Forest to contain water on the floodplain (313 lavee].
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Figura 11-5: Proposed Benwell Forest perimeter levees for construction and malntenance

Table 11-5: Guttrum and Benwell Forests — Leves oy parameters

Length {mj} 1,418 3,300 1035
Hesght [mAHD] 76,50 ¥ae0 75.40
Width at crest fm} B 4 4
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Figure 11-6: Proposed Guttrem Forest perimeter levess for construction and matntenance

Option 1 = High Risk and High Consequence sections

This option represents & low cost estimate of undertaking work on the existing perimeter levees only (no replacement
of existing fevees). Works would target repair Lo locatbons of high and extreme risk. The associated upgrade costs and
design eriteria wern adopted from the Levee Breach Risk Assessmant and Strotegy Report (Water Technology 2014),

There are no locations along the leves with medium risk addressed. This option is not considered suitable for
management of risk associated with envirenmental watering ackivities,

DOption 2 — Leves constructed utllising existing tracl

Twea separate designs were developed for Option 2, a Lower Cost estimation and a Higher Cost Estimation, Typical
ernss-sections of these two designs are shown In Figure 11-7, The Option 2 High Estimate cost was recommended for
adoption in calculating the capital costs (Cumming 2014} by the Expert Review Panel [refer to Section 13 for cost
estimatesh.



Option 2 - High Estimate
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Figare 11-7; Guitrum amnd Bapwell Farests - Option 2 High and Low Cest Estimate Designs (LIRS 2014

Option 3 — Leves construcied with excavation of track material

Twro separate designs were developed for Option 3, a Lower Cost estimation and a Higher Cost Estimatian. Typlcal
cross-sections of these two designs are shewn in Figere 11-8. The Expert Review Pangl recormrmended that the Option
3 lewees wers unduly conservative.

Option 3 - High Estimate
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Flgure 11-R: Guttrum and Banwell Forests — Optlon 3 High and Lovw Cost Extimate Designs (LIRS 2014)
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erosion of the levee and will transition from the levee crest st shallow 1:20 (H:V) in arder to limit the
disruption to vehldes using the track.

11.5.6 Reed Bed Swamp connection

Works are required to enable pumping of waler from the River Murray into the Reed Bed Swarmp complex and to
fadilitate connectivity Between Reed Bed and LlEle Beed Bed swamps

There are three key elements to these waorks:
#= A pump stand to allow water to be pumped to these locations from the River Murray,
& [Expansion of the channel Into Resd Bad Swamp to enhance flows.

»  ‘Works to enhance connectivity across the forest floor between the wetlands.

The design features are ta:

»  Provide 5 ML/day from the River Murray to Reed Bed Swamp and Little Reed Bed Swamp,
= Provide temporary diesel pump bo transfer water from River Murray Lo exdsting flood runser channed,

*  Provide pump hardstand santable for temporary pump,

= Provide two new stop board eontrod struetures, ane at the sutlet to Heed Bed Swamp and the other at
the outlet to Little Reed Bed Swamp.

= Provide 150 m long access tracks from existing acoess track to each stop beard control structure,
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Flgura 11-5: Copmectivity botwean Reed Bed Swamp and Little Read Bed Swamp (URS 214}

Estimiated costs Tor these works arg provided in Section 13 with further detail in the Concept Design Repor!.



11.5.7 Ancillary worls

A number of cormplementary ancillary works have been identified 1o enhance the effectivenass of environmental
watering events, In additlon, ancillary works have been identilied to asslst with malntenance of existing perimeber
levees, I sheuld be noted that cost allowance estimates only have been developed. Mo design and only limired on site
verification of these works has been undertaken.

The ancillary warks include both specific site works and standard anchlary components comman to a nurmber of sites:

s New levee sotess Uracks along private property and within the forest for esisting perimeter levee
monitoring and makntenance where water touches/pocts agalnst the existing leves.

* G5 Old erosion protection works 1o protect the existing bridge, channel and owtfall at G5 Obd during a
natural fleod event or high river the flows with eroslon protection.

* Top up low points in existing levee systam In order to provide the reguired level of service as well as
maintain a minimum of 200 mm freeboard. This option adopted the recommendations from the Leves
Eregch Risk Assessment andg Strategy Report (Water Technalogy 2004}, which determined low points and
points of weakness along the leves alignment. Total lengths of levee needing ralsed were adopted from
the report.

= Water level monitoring devices.

Estimated costs far these works are provided in Section 13 with further detall In the Concept Design Repart.

11.5.8 Private land acquisitions

Project implementation will require acquisition of private land on three properties for the construction of irrigation
channels into the forests. The intent is to condect 2 voluntary land acguisition process as far TLM Guabawer Farest —

Floading for Life project,
A structured engagement process with the three landholders and risk mitigation strategy was developed:

= Acquisition plans were developed by GMW. These identified the preferred channel location and the
raguired alignment and area extent.

= nitial discussions with the affected landholders were conducted by Morth Central CiviA in collaboration
with GMW. Secondary options were preparad for alternate channel alignments.

= In-principle agreement 1o cenduct further negotiations was received from all land owners,

s  Follow upvaluations were undertaken to provide cost estimates.
Imdicative costs are provided In Section Error]l Reference sournce not found..
11.6 Reliance on other measures or actions

Interdependencles and complementary actions are detalled in Section 13, Howsgver, this project is not reliant on other
supply ar constraint measures for implementation or cperation.



11.7 Geotechnical investigations

Geotechnlcal Investigations have been conducted to inform the detzlled design phase. PreBminary results were
provided 19 December 2024 with completion in January 2015, Results of these investigations will be wiilised to refine
the designs,

In the absence of grobechnical results, the concept designg for the G1, G2 and B1 offtake reguiators and the G5 naw
and B13 outlet gates Incorporate extensive sheet-piling which adds approximately -tun the construction cost
estimate, Depending upon the outcome of the geotechnical Investigatians, cost estimates for the regulators may be
rieduced.

The key objectives of the geotechnical invéstigations are to provide:

»  Gectechsical information at the locations of important infrastructure to assist i prograssing the concept
diesigne, The Tollowing will be undertaken:

= Assessment of the presence or otherwise of poor guality matevials (g8 silts and softened sodls) snd
requirements for preparation of suitable foundations far regulating structures, culverts, levees.

— Reguirements for cut-offs of filtering if needed.
— Deslgn of stable earthfill struckures and slopes for new embankments, levees and channels,
= Assessment of suitability of the excavated materials for re-use In the constructed works.
= Impact an groundwater on the proposed works and requirements (if needed] for managing groundwater,
*  Baseling geotechnical information to assist understanding of the subsurface conditions and importantly to
reduce the potential for latent condition claims related to the ground conditions and groundwater,

All proposed infrastructure sites will have borehole drilling andfor test pitting undertaken. Soil samples will be
pnalysed at o laboratory aceredited to the Nathonzl Association of Testing Authorities.

11.2 Ongoing operation, maintenance and management of infrastructure

Refer to Section 14 which outlines the process being undertaken in Victorla to determine asset ownership,
managemeant, operation, and malntenance. Gnce determined, it will be possible to deyelop an asset operations pnd
management plan, risk management framework, water accounting arrangements, and ongolng operatlonal
menitoring and record keeping arrangements.



12 Complementary Actions and Interdependencies

The proposed Guttrum ond Benwell Forests Environmental Works Praject supply measure will affect the Victorian
Murray {5352} surface water SDL water resource unit. This SBL resource unit is anticlpated to be affected by this supply
mieasure through an adjustment to the S0L, pending MDBA confirmation of a final off-set amount.

12.1 Interdependencies

Any potential interdependencies for this supply measure and Its assoclated S0OL resource unit, in terms of other
measures, cannot be formally ascertained at this time. This s because such interdependencies will be influenced by
ather factors that may be operating in connection with this site, including other supply/efficioncy/constraints
measures under the 500 adjustment mechanism, and the (otal voalume of water that is recovered for the emvironment.

It is expected that all likely finkages and Inter-dependencies for this measure and its: associated SDL resource unit,
particularly with any constraints messures, will become better understood as the full adjustment package 5 modelled
by the p4DBEA and a final package |5 agreed to by Basin governments,

Similarly, & fully comprehansive assessment of the likely reeks for this supply measure and its S0OL resource unit cannot
be completed until the MDBA models the full adjustment packapge and Basin governments agree 1o a final package,

12.2 Complementary actions

To maximise an the environmental outcomes from mplementation of the supply measure, 3 number of
complementary actions have been identified,

12,21  Invasive plants and animals

Imvashie plants and anbmals threaten blodiversity by competing for netural resources and contributing to habltat and
native species loss and displacement. Invasive plants often displace native spedes and can provide harbour for
invasive animals. Invisive animals such as foxes directly prey on native fauna, and have been identitied as a significant
threat to freshwater turtle populations. Tha Marth Central OMA Invasive Plants and Animals Strategy |IPA Strategy)
identified Guttrum and Benwell Forests as supporting key priority asset animals, such as the Carpet Python and Grey
Crovnipd Babblar, Tha Barth Central ChA has developed the Guitrum ond Benwel] Forests Key Asset Projec! under the
1PA Strategy; however iImplementation is subject to funding. The project identifles @ number of other anlmals for
protection including the EPBC-isted Growling Grass Frog and Australasian Bittern. Activities that would enhance the
achievernent of the majority of the ecological objectives include:

s |nvasihee Animal Management: monitor pest anfmal activity [e.g. European Fox, Rabbit and Faral Pig) and
empdoy appropriate management technigues [e.g. beiting, fumigation)

& Inwasivie Plant Control: target high threat weeds (o.g Weeds of National Significance: - Bricial Creoper,
Paterson’s Curse, African Boxthorn, Blackberry, Bathurst Burr, Prickly Pear} particularty weed infested
areas.

12.2.2 Revegetation

A numdber of understorey species that would normally be edpected in these Torests are absent (Blosis 20145}, The
Guttrim and Senwell Foresis Kep Asset Broject identifies strategic revegetation of some species to assist in improving



the forests' floristic diversity, This would enhance ecological objectives 52 and 53- the semi-permanent wetland
objectives relating ko vegetation condition and plant functional groups (refer Section 4.

12.2.3 Wanagement of grazing

Grazing lleencas currently exist in the Guttrum and Benwell Forests. Unrestricted grazing can risk the achisvement of
the eoologlcal objectives 52 and 53, particularly if grazing occurs during germination, growth, fliowering or seed setting
times. However grazing can akso prowide some benefits, for cxample, short-durathon, Intense, livestodk grazing can
hedp te open up @ dense indigenous grass ground leyer, which can allow the establishmant of many indigenous harbs
and forbs (GEPI, 2013). An assessment of the risk of grazing to achieving the ccological objectives using DEPI's
‘Wlahaging graging on fparian land: Decision support toal and guldelines' [the Guldellnes) could inform:

= MNegotiations to place special conditions on grazing licences with licensees to manage the timing of
grazing [e.g, after natlve vegatation has set seed], reduce stocking Intensity or exclusion of high risk areas

= Strategic fencing: the Guitrum and Benwell Forests Key Asset Profect identifies fencing areds prong Lo
high disturbance from recrestional vehlcles and cattie grazing as a primary activity. The Guidelines would
inform assessment of specific sites,

12.2.4 River Red Gum encroachment

The imvestigation of potential options for ecological thinning In areas already affected by River Red Gum
encroachment is an activity in the Guttrum and Benwell Forests Key Asset Project and would enhance the achievement
of ecological objective S4- absence of River Red Gum encroachment, DEF 15 also considering & program of active
Intervention to remove invasive River Red Gum that has encroached on wetland areas. This could be incorporated into
a Forest Coupe Blan for timber harvesting in the Guttrum and Bermwell Fosasts,

12.2.5 Cultural heritage protection

Aboriginal cultural heritage sites are known throughout the forests. Complementary actions could include works to

isolate and protect areas of cultural heritage value and minimise incidenial damage from forest users andfor
disturbance.

12.2.6 Aboriginal engagement
Morth Central CMA is undertaking project work with the Guttrum and Benwell Forest's Traditional Owners to progress
the development of meaningful eultura Alow objectives ncluding:

#  Project management of 4 Barapa Cultural Flows project

s Co-srdination of a Project Steering Commities

" Co-ordination of a Barapa Culture Team to undertake fiegld inwestigations

= Developrment of a frarnework to develop cultural flow objactives

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

*  Communication to stakeholders of project learnings

*  Improving annual watering priorities to incorporate social, cultural and spiritual values

The North Central CMA employs an Indigenous Facilitator to share knowiedge with Barapa Barapa Traditional Owners
and Aborlginal growps almed to:



& Increase opportunities for Indigenous partnerships in Lving Murray Icon site planning, activites and
manitoring

= Provide communicathon and updates on Living Murray and Marth Cantral CMA activities

& Promote the Involvement and sustainable use of Aberiginal grovps In natural resources.

This process has induded ongoing investigation of opportunities for economic and cubtural benefit from the provisian
of eultural services, such a5 toursm, Guittrurn Forest has been [dentifled as a potential prlority natural asset to utilise
in this endeavauwr for its rich cultural landscape and proximity to the existing tourist market.

12.2.7 Tourism

Environmental watering has the potential to expand the tourksm industry and create jobs, boost the local economy
and raise the profile of the Guitrum and Benwell Forests. This s a priority for the Gannawarra Shire Council
(Gannawarra Shire Cownd! Flan, 2013].

The Gannewarra Shire Councll 5 committed to the dellvery of a sustainable future for its communities, with tarpeted
maintanance, enhancement, management and promation of environmental assets, such a5 the Guttrum and Banwell
Forests, to assist in the delivery of emvironmental, economic and social owtcomes. The Councll has been proactive in
establishing a framework for activity and Investrment In the envirenment through the adoption of its Economlic
Develnpment Sirategqy 2011-15 and Epviranmentnl Sustoingbiity Strateqy 2013-18 that adwvocate and promote the
eoo-toursm market, Bird watching, bush walking and canoe tradls wiould be towrism opportunities arising from. the
environmental watering of the Guttrum and Benwel| Farests,



13 Costs, Benefits and Funding Arrangements
13.1 Overview

This section of the Business Case details the estimated financial costs of the Project, separated into the following key
Project areas and components:

= Detailed design: design and appraval

Capltal costs

Comstruction: on-ground water defivery infrastructure works and capital asset items

Risk management: costs incurred to minimise potential risks from the operation of the project

— Contingency: the uncertainty around construction casts

Crperation and maintenance

Co-contributions

Praject benefits; benefils and costs that support a compelling case for investment,

This business case presents the cost to fully defiver the Project (e until all infrastruciure Is constructed,
commissioned and operatienal), Including contingencies. Cost estimates for all components in this proposal ore based
an current costs, with no coiculation of cost escalotions efther occownting for the time taken from estimating the cost
ta the time for construction to commence or for escalation olrig execution af the Projsct,

To ensure sufficient funding will be available to deliver the Project n the event that it Is approved by the MDE
miinisterlal Councll for inclusion in its approved SDL Adjustment Package o be submitted to the MDBA by 30 June
2016, cost escalations will be determined i an agreed manner between the proponent and the investor as part of
negotizting an investment agreement for this project,

13.2 Total capital costs

Although significant work has been undertaken to devolop cost estimates, Including peer and expert panel review,
information gaps, uncertainties and options remaln. Further investigation in the next phase of the Project will provide
greater certalnty for refinement of the costs. Cost estimates are presented as a range Lo reflect uncertainties for the

current stage of development, During the detalled design phase as the designs are refined and contingency reduced
oot may decrease.

The total capltal cost estimate to design, construct and commission the works at Gottrum and Berwell Forests
{excluding G5T) is 528,049,309 (at the upper cost estimate of leves Option 2) (see Table 13-1).



Table 13-1: Guttrum and Benwell Forests — Estimated capital costs

Across the upper and lower cosl estimates, costs for ilems relating to quantities, task duration and rates are
unchangesd, except 5 noled balow

Table 13-2: Gutbrum and Benwel| Farests — Hay Allawances relating to Estimated Costs

13.2.1 Assumptions

The following assumptions were made during the preparation of the construction cost estimates;
L Rates for items mentioned in the ool astimates are Based on lecally available material
- It is at=mied that earthworks are carried out in the dry season

- Geotechnical investigation and analysis have not been estimated n the cost estimates provided {as they are
lo be undertaken du rir:g the eurresl -_.l:.1|.=||1:|

s Tred cutting at each site is based on desk top analysis and engineering judgement from avallable aerial
ghotographs

L Top sl cannot be wwed a5 backlll material
L Backfilling of soll Includes a 10% bulking factor
«  Given that many of the structures have no existing road access, mohbilisation &nd demobifisation, costs have

been included with egch mdividual strecture

Costs assoctated with further geotechnical Investigations have been included in the detailed design costs



13.2.7 Exclusions

Canstruction contract costs do not include the following:

G5T

Aliowanoes for detalled design, Immstigations, superintendance, project management and construction
suppart

Ohtaining (planning) approvals and permits

Mative vegetatian offsats

Cultural heritage and environmental studies

Praparation of maintenance programs and operations manuals
Landowner consultation and land acquisition (cxoept as specified)
Disposal of contaminabed material 1o an approved site

Testing and commissioning of regulators and fishways.

The costs fisted are included in the detailed design and construction ancillary costs.

13.3

Detailed design and approvals

The cost estimabe (excluding G5T) for completion of the detailed design and approvals phase for the Project is
£3,227,474. This includes the completion of technical investigations, detailed design of all structures, and statutory
approvals, below 15 a summary of the cost estimates,

mManagement of the detailed designs will take 18 months and be supported by the North Central CRA, DEPM and Parks
Victoria for the following key activitios:

Investigations

Further geotechnical Investipations, hydraulic modelling and field inspections, land feature and level
sufireys, Lo refine designs

Water dellvery cost arrangements
Irrigation system capacity review
Flood risk assessment — survey restrictions (e.g. culverts) and hydraulic modelling {overland flow path)

Statutory approvals — includes prepacition of pirmit applecations, referrals and assessment [refer to
Sectlon 15 for the st of regulatory approvels anticipated for the Project)

Ongoing stakehalder engagemont and communications
Resodution of delivery costs

Development of the construction proposal,



Tahle 13-3: Guttrem and Barwell Forests =Costs associated with the detalled design phase

13.4 Construction costs

A detailed construction cost estimate is provided in the Coacept Detign Report, Tale 13-4 bhelow k5 a summary. Only

forwand looking costs hawe been included,
The total capltal construction cost estimate s 58,125,449 for the higher sl estimats

The concept deslgns for the Gl, G2 and 81 offtake regulators and the G5 new, BY and B13 outlel gates incorporales
axtenslve sheet-plling as they have been developed in the absenoe of geotechnical information and to ensure grasian

an the banks of the River BMurray Is prevented.. This sheat-piling adds approsimatedy -tr.s the constriction cost

astimate. Geotechnical iInvestigations are currently underway to Inform the detailed design phase. Depending upan

the outcome of these investigations, due for completion In early 2015, cost estimates for the regulators may decrease.

Tabde 13-4: Guittrum and Benwell Forasts = Estirnated construction costs for works




13.4.1 Ancillary Costs

Thie estimated anclllary costs for construction and commissioning ara provided in the following takde, Project delivery
will be & partmership between the Morth Central CMA, the constructing authority [TBC), DER and Parks Victoria: The

codl estimate 1s for the higher cost estimation {Including Levee Cption 2.

Tabda 13-5: Guttrum and Hanwall Forests — Estimated ancillary costs for construction and commissioning

13.4.2 Rish Management

The risks to the Project developrrent and delivery are explained in Section 17Error] Reference source not found,, risk r
pgister In Appendix 4 and in the Project’s Risk Monagement Strotegy, Costs have been estimated for flooding delays,

wel weather delays, approvads delay and contingency.
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Wet weather delay

A 3% allowance for wel weather delay is included in the contingency costs, This contingenoy will be transferred to the
construction contractor, with as stated rellef on the bass of tirme extensions a1l no extra oost, Due to the remote

access and the difficulty in getting materials to site, most wark will Be dene in the dry period and potentially
programmed over a number of seasons, This will reduce the risk of wet weather delay. 3% s allocated for wet
weather delay,

Approvals delay

Thee Regunlatory Aggrowels Strategqy (DEM 2014) has identified the approvals, permits or Heenees likely to be required
prior 1o the eommencemaent of construckion (Appendix 7), The Strategy Includes an indicative program For effecting
regulatory approvals that predicts a minimum 31 week period to obtaln all required approvals. However, delays can
come from o number of sources including:

Delays In preparing applications including supporting documentation

Delay in assessment of submissions by agencles

Request by agencies for further studiesinvestigationsfapecific manegement plans creating a time delay;
Lack of direction with regards to policy oF change in palicy

The project triggers an EES or assessed as 4 confrolled action under the EPEC Act | 19949)

Mo consirsction wark will be tendered until all approvals have bean granted, or will b2 stagpered sl different sites
dipending on expected timeframes and ease of obtaining for approvals. Based en experience frorm TLM progrim, amd
advice from GMW and LURS, a 20% contingency has been Included on top of the sxsting apprawals cost estimate ol

_ii estimated for approvals dalay.

Project contingency

Contingency as applled Tn an englneertng cost estimate |5 defined a5 the cost assigned to wncertainties in the
definition of the project. The major sources of encertainty that have influenced the degree of contingency include
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Perimetar levess
As discussed In Section 11, three separate levee options were designed with Lovwer Cost estimations and Higher Cost
estimations o account for the highly varrable nature assodated with levee construction costs and design Standands:
¢ Option 1 - Addressing Locations in existing perimeter leves of High and Extreme Risk Only
* Option 2 — Construct new levee directly on top of exlsting tratk
e Option 3 — Construct new leves with excavation of track material
The construction costs estimated for the forest levees are provided in the Concept Design Report. Only levee Option 2

has been represented here in the main body of the business case, Further detall relating to levee Options 1 and 3 is
availakble in the concept design costings. The total cost estimates for levee Option 2 are shown In the table belaw,

Tabde 13-6: Guttrurn and Benwell Forests — Total estimated construction cost estimates for leves upgrades

The following assumptions and exclusions were rmade with regard to the levee upgrade works but costs are ncluded
elaewhere;

*  Noprovision has been made for leves malntenance access tracks; and
s Construction footprind to inclede the width of the levee [Including batters| plus 5 m on either sida tar the

gntire length of levee,

13.5 Ongoing operating and maintenance costs

Azaet renewal costs heve not been included in the caloulation of operation and maintenance cosis.

The following table conflrms the projected costs {in current dollars) for system operation and maintenance. These do
nit form part of the construction budget but are to be considered in future budget planning.



Table 13:7: Guttrum and Barell Forests = Ongolng astimated costs after practical completion

13.6 Co-contributions

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

The Department of Envirenment and Primary Industries (DEPY convened a workshop with the key dellvery partners
far Victodla's proposed Suppdy measures (o Infarrm 8 decision on proposed finanda! responsibility for ongoing asset
ownarship costs, Attendees at the workshop included representatives from the Mallee and Morth Central CMAs, DEPI,
Parks Victorla and Gaulburm Murray Water, The workshop sdentifed & set of oiteria reguired by an agency ta own,
operate and malntaln an assat ke those propoesed by this supply measure, These wera

= Apcecs bo capabdity 1o parlarm the required Tunctions, either diractly ar under contract;
& Ancess Lo suitable resources which can be deployed in & timely, efficient manner;

e« Sufficient powers conferred under legisiation to enable services to be provided;

= [Demaonsirable benefit or linkage to primary business mission ar activities;

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

= Risks are allocated to those best placed to manage them,




Although the criteria have been Identified, the delegation of asset ownership and eperation, including any assoclated
proposed financlal responsibility, cannat be formally ascertained at this time. Such decisions are generally wihole-of-
Wictorinn Government, and suffickent Information is not currently avallable to enable 3 formal position on this matter
to be clarifed,

In line with good financial practice, any long-term arrangements for asset ownership, operation and maintenance
should maximise cost-ellicencies whera they can be found, This includes options to ‘package up’ engoing ownership,
aperation and maintenance whers this = desmed the most cost-effective approach,

DEPI will b in @ position to provide more formal advice on the state’s prefarred long-term arrangements lor this
supply measure once the full suite of Victorian proposals under the SDL adjustment mechanism has besn more
difinttely scoped. This Is anticipated te occur during the course of 2015, pending receipt of advice from the MODBA on
limly ndjustment,

13.2 Cost benefit analysis

The primary purpose of the Guttrum and Benwell Enviranmentol Warks Project 18 o achieve environmeantal benefits
and water efficiencies (refer to Section 4), However, the delivery of this project will pravide other benefits that
depend on the condition of the farests, such as supporting social and cultural vakies,

& formal cost benefit analysis has not been undertaken as part of this business case, because the maln benefit of the
project (the SDL adjustment) cannot be raliably estimated at this stage in the planning cyde, This approach Is
eonslstent with the guidance glven on page 26 of the Phase I Asspssment Guidelines for Suppiy ond Constrainf
Measure Business Coses.

However, from o gualitative perspective, Victorla considers that, on balance, the benefits of this project will
significantly outwelgh 15 costs. The rationale for this assertion bs that a brosd range of enduring sodda, econormic and
erviranmantal benefits can be assumead to arise from this project.

These inclede:

» the soclal and economic benefits that will accrue for local and regional communities and busingsses
associated with the construction and operation of the praject;

s the increased social and environmental amenity at this site arising from improved environmantal kealth,
imcreasing s atiraction for tourism and recreational activities; and

= the broader regional economic benefit of taking less water out of productive use as 4 consequance of
undestaking this project and being credited with an SDL Offset.

These Immediate benefits c@n also be assumed to have a range of flow-on effects, For example, the investment
cammitted to construction of the Project will benefit local businesses and families through jobs, materials purchase
and normal everyday expenditure, & similar positive impact can be anticipated a3 a consequence of the increase in
tourlsm and recreation generated by the project and its environmental amenity dividend over (85 Efetime.

Epecific examples of the anticipated beneafits are described in more detail below.
13.81 Recreation and tourism

The Guttrum and Benwell Forests provide 3 valusble reglonal recreationsd armenity that supports a mix of activities
Incliding:



s Oyer 30 bush camping sites throughout both forests, where campers undertake: swimming, canceing,
harse riding and fishing in the waters of the River Murray

s Motorcycling, four wheel drving and pleasure driving

e«  MNature study (e.g. bird watching) will be enhanced through emvironmental waterdng, attracting miore
wisitors ko the area. An example of this is the recent sighting of the Long-billed Dowitcher [Limnadrams
seolopaceiis) at Lake Tutchewop which has attracted bird watchers from all over Australia

®  Hunking: the Game RManagement Authority was established on 1 July 2004 to regulate game hunting in
Wictoria, Hunting generates significant social and economic benafits for the regional community. A recent
shucly astimated the regicnal expenditure that can be attributed to hunting for game and pest animals {in
this area that Is mainly duck and feral pig) (RMCG 2014). The report cancluded that 5104 million was
spent an hunting in the Gannawarrs Local Government Area In 2003 and that 73 johs could be attributed
to this expenditure,

13.8.2 Cultural heritage

Traditionally, Indigenous people have a strong affinity with waterways and wetlands, a5 a vital source for food, water
and camping. Guttrum and Bemwell Forests are part of the lands of the Barapa Barapa people. The cultural heritage
sites are an important cormponent of the forest values. Improved flooding will result in the enhancement of the
ecological walues of the site, with the opportunity to maximize on cultural flows if relevant, in the future,

12.8.3 Licensed forest usa

There are a number of Hcences that ghve holdars the right to use the forests” resources for a range of activities. This
inclrdes grazing of cattle, timber harvesting and apiary production.

The bee hives In the Guttrum and Berwell Forests depend on seascnad flowering of River Red Gums, which will
Increase I regularity and reliahility dee to the Project. This shauld provide opportunitles to Increase the number of
active sites and hives at each site.

River Red Gum timber harvesting forms an important part of the sconomic value of the Guitrum and Benwell Farests.
The proposed watering will enhance the value of the available timber. An economic assessment of the lkely benefits
of additicnal watering for the fimber sector was undertaken & part of the VEAC River Red Gum Farests Investigation,
This identificd a 26% increase in value from the greater growth of timber as a result of environmental watering at a
whale of northern Victorian scale (Glllesple Economics 2008) There s no quantified figure available for the current
wvolume of timber extracted fram these forests bul Guitrurn and Bermwall Forests are increasingly valuable lor this
rescurce ghion that tmber harvesting is now prohibited in Gunbower Matianal Park.

13.8.4 Economic Benefit to local commiinities

Previcus analyss by Dyack ef of (2007} has calculated the economic value of additional visitation days to the Barmah
Forest based on the travel cost method, Given the proximity and simifarities between the Barmah Forest and Guttrum
and Benwell Forests, this is a usehl source study for transferring values to the current site.  Oyack et al found that
gach additional day of visitation had an economic value of 5135.50 per day. Adjusting for CPI from 2007 to 2014
produces @ ourmant value of 5161.80 per day,

Applying this economic value to the number of visitor days to the forests, as estimated by Farks Victoria, ghves a total
economic value of visitation as per Table 13-8.



Table 12-8: Anmial wisikor days to Guitrum and Benwell Forests

TVpE 'lu.l'l.lﬂtur.dns' Economic value per day** Value
Cwer night 5,000 $161.E0 805,000
Day visitors 2,500 $161.80 5404,500
Total 7,500 $161.80 §1,213,500

"5 Wetiner {|Parks Victoria), pers comm., October 2004
**Towrizm fesearch Australa, Regions Tourism Profile for Ceatral Murey 30125

13.8.5 Balancing benefits and dis-benefits

There witl be some dis-bencfits from the proposed Project, but these are expected to be mingr and transient.
Construction will involve some physical disturbance which has the potential to impact on native vegetation and
wildlife. These Impects will be minimised by careful planning and adherence to relevant state and Commoanwealth
lagislation, regutations and guidelines, Any unavokdable impacts will be minimised through the implementation af &n
environmental management framework during construction,

Access will also be restricted to some extent during the constructicn phase, but this will be temporary, Given the
relative remoteness of the site from populated argas, there is unlikely to be any significant loss of social amenity to
surrounding comminitias,

Access to the forests will also be restricted during managed Booding ewents. This will Impact on recreational activities
and ficence holders. Management of this dis-benefit is further discissed in Section 1002, 1% s noted however that this
restriction on access would aks oocur during natural foods.

Over the long term, the local and regional communities near the forests will significantly benefit from the
environmental amenity generated,

13.9 Project Seeking Commonwealth Funding

Victoria will be seeking 100 per cent of project funding for this supply measure propasal from the Commanwealth.
The funding reguested will ensure the praposed supply measure ks construction ready, built in accordance with al
regulatory approval requirgments and conditions, and fully commissloned once construction s counplietod.



14 Stakeholder management strategy

The Marbh Central CAMA SDL Offset Profects Stakeholder Monogernent Strategy (the Strategy) was prepared to guide
engagement and communication activities for the Gultrem ond Beénwedl Forests Environmental Works Project. The
Strategy clarifies project specific communication and engagement cbjectives, key messages and targel audiences to
ensure clear, transparent and thorough communication to all Identified stakeholdars.

An overview of the Strategy and the outcomies from the business case phase Is provided in the following sections.

The North Central WA uses the International Assoclation for Public Participation’s {IAP2] spectrum for effective
engagement in strategic pfanning. The spectrum puldes tha approach to identifying activitles at the project level that
will zee interaction with community members and stakeholders in wiys that inform, consuli, Fvohe, collaborate and
ultimately empower them (Morth Central OMA 2013).

14.1 Project phases

Four phases have been identified for the Project’s engagement with stakehobders. Thase are:
®  Phase 1; Business case development
* Phase 2; Approvals and detailed deslgn
=  Phase 3: Construction
* Phase 4 Operation
Thee various phases of the Project will ensure there is appropriate and relevant approaches to engagement with

stakeholdirs. There will be Inevitable overlap as the Project moves into different phases, but activities will generally
b adaptad to sull the particular phase of the Froject and the needs of key stakehalders,

14.2 Key stakeholders

The propesed supply measure has engaged a similar ‘community of interast’ 1o The Uiving Murray Gunbower Farest —
Flooaing for Life project. The Morth Central CMA& has been able to draw on the extensive consultation and engagement
activities undertaken for that project and experience gained. These existing charnels of communication, and the
benefits of prior significant work to assess ssues and develop effective solutions, have provided a solid basis for the
development and implementation of the Strategy for this project,

Stakeholders have been characterised inte four groups relating to their interest and influence on the praject
gutcomes [see



Tabla 14-1}. Relative to each other, Stakeholder Group 1 has a higher level of interest in, and influence an, the project
outcomes, with Stakeholder Group & having the lewest level, More detailed information on the Project stakeholders [s
provided in the Strategy,

Table 14-1: Stakeholders of the Guttrum and Benwell Forests Environmental Wosks Projact

Stahehkolder graoup Stakeholder
Graup 1: Project L DEM
pariers 1 GMW
{Collaborate) 1. Parks Victoria
4. Commenweaith Departmant of the Ervirenment
5 MDARA
6 Commonwealth Enviranmental Water Halder {CEWH)
T VEWH
Group 1 {Imolea) 1. levigators f Adjacent freabold landbiolders {Diversion, Gravity and Groendwatar)

= GMW customers
s Tormumbary Water Services Committes [a GhW Commiies)
1. Traditicnal Owrsers: Barapa Barapa
3 Nprth Central CMA Commuinity Committers: Fortfollo Group, Matural Resource managemeant

Commities (WABC)
droup ¥ 1. Lool Government; Ganrawarra Shine Councll
{Consult) %, Lozal community: tomnships of Koondrook and Murrabit

Envtranmantal f Technicad Expert organssations: Murmy Darling Freshwater Ressarch Cantoe,
PAurray Darling Assaelathan, Endronmant Wictorsa, Australian Conservation Faundation, Burray-
Darling Freshvwater Research Cantre, Victorian Mational Parks Asociation

= Communty grovps: Cohune and District Historical Society, Cohuna and District Progress
Asgariation

w Inchustey {bisinesses and services): tmber indudtey, touram businesses, licence holders {firewood,
Bpiary, grasing)

o Speckal Inturest Groups: Fleld and Gama Australia, Vietoran Farmers Federation, angling clubs, VR
Fish, Heritage Victoria

G 4 1. Recreational users: carmpers, fishing and boating users, $W0 matorst, feld and game hunting

[irferm) enthusiasts, day vaitors, sco-tourists, buash walkers, bird watchers, trad Bike rigars, borse rlders,
domestic firewood utars

2. Wider community: lecal retadlers, Morth Central EhaA reghen, Victorla, Mmray Darling Basin

3. Local schools

The aims and approaches for engaging with each of key stakeholders were |dentified to ensure that each
stakeholder's ewpectations and needs were met. These approaches (summarised below] have been applied
consistenthy for all engagement and communication activities during the business case phase, They will form the
basis for future phases of the Project but will be adapted to reflect the activities and needs of a particular phase.




Stakeholder Group 1: Collaborate- involves an extended level of consultation to farmulate selutions and requires s
targeted and taflored aporoach o meet the needs of each individual stakeholder,

Stakeholder Group 2; Involve- aims to ensure that issues and concerns are understood and are consbdered as part of
the process, It involves working directly with stakehotders and informing them in a tmely manner of any plannad
wiorks or major dedsions related to the project. E.g.

Stakeholder Group 3: Consull- aims to incease wnderstanding and awareness through sourcing feedback on
analysis, alternatives or declsions. It [s more generlc in nature in compariean 1o Stakehalder Group 1.

Stakeholder Group 4: inform- stakeholders are Informed about the project andfor deciskons that have already been
made through a variety of mediums that may Include infarmation dissemination and responding to enguiries.

14.3 Phase 1 stakeholder group engagement

A stakeholder reference group [project partners) was established and existing groups utllsed for commundty
consultatian,

North Central OVIA groups: Engagement with the fecal community has been achieved through established groups
such as the Morth Central CMA Board, Morth Central CMA Matural Resource Management Committes [NRMC), the
Barapa Barapa Steering Committes, and the Gannawarra Shire Councll. Field trips and prasentations have been used
to connect with these groups and disseminate information to the local community abaul the project,

stakeholder Refarence Group (SRG): this group was established to provide a forum for inter-agency collaboaration to
facilitate the successful development and implementation of Praject. The success of the Project depends on the
support and invohement of the various agencies — DEPL, Parks Vietoria, Goullburn Murrday Water [(GMW] and
Gannawarra Shire Coundil, These organisations have been involved, throughout the project, through representation
on the project’s SRG. Local staff have provided key information fo support the dovelopment of concept designs,
operating scenarios and fisk assessments. Staff have abso reviewed concept designs and their comprehensive
knowledge of the forest coology and flooding patterns has been invaluable In the development of the package of
wiorks.

Adjacent Landholders: Letters were sent to all 17 landholders adjacent to the project site in February 2014, Cver
June-August 2014, North Central CMA contacted 17 landholders and held face-to-face mestings with 13 who were
interested in further discussion, That has ensured dose, personal contact with key affected parties to explain the
proposed project and understand landholders’ concerns.

Traditional Owners: The traditional owners of Guttrum and Benweall Forests are the Barapa Barapa people. There [s no
Registered Aboriginal Party [RAP) covering the project area 5o, a5 0 conséquence, thres Barapa Barapa groups were
engaged; the Barapa Barapa Mations Aboriginal Corporation (BENAC) are previous RAP applicants for the Activity Area;
the Barapa Barapa Aborigingl Corporation (BBAC) represents native title applicants; and additional Barapa Barapa
pecple residing bn NSW were also consulted. Barapa Barapa Elders nominated Feld participants to undertake
Abariginal cultural haritage sureey work based an their knowladge, experience and interast in Barapa country.

Inaccordance with the Victorkan Abosrfgingl Heritege Act 2006, & Cultural Herltage Management #Man {CHMP] Is being
developed for the package of works, The Barapa Barapa people were éngaged from inception of the CHMP (Table 14-2
below). This has ensured that the Indigenows stakeholders are fully informed and Invabved in the project,

Table 14-2: North Cantral OMA engagemant with the Baropa Baraps people

rake Ewenk




Date Event
By 2014 Project biief to o Rarapa Barepa Steering Commiltes
fura 7014 Consisitation on drafting the RECL and Involvernent in the tnder 1ssassmants
Jurse 2014 Provide commmentffeedback on the Abariginal Cultural Herltage deskiop assessment
lupe 214 Corsulted abowt the Matice of Intent o prepane a ELI|I:.|.-|-I';| Herltage Mansgemant Plan
luly 2014 Inception meeting and fleld visit
July 2014 Barapa Baraps membars participate insurseying for culbural haritage matarial
September 2014 Post survey mesting with Baropa Barapa Stesring Commitiee and provide comment/feedback on the
standard survey rapar

The dewelopment of the CHMP will be used as the key vehicke for ongolng engagement with the Barapa Barapa
people. With assistance Irom the Morth Central CRA Indigenous Facllitator, written and face-to-face briefings, phang
conversations and site tours will continue to be used to maintain open communication channels with the Barapa
Barapa people.

Licence holders: North Central CMA conducted face-to-face meetings with licence holders in the Guttrum and Berwell
Forests. This Included holders of grazing licences and Gannawarra Shire Coundl, which hoids an extractive licence.
Letters were sent fo other commercial Forest users (i.e. honey preduction and commercial timber harvesting)
informing them about the Project,

Public information: FaGs, fact sheets, a media release, Introductory letiers to licence holders, an introductory emall
to other project stalkehokders, and project update emails have been prepared and released. A project page is available
on the North Central CMA& website. The fact sheets were attached to letters and emails introducing/explaining the
prajects and thelr progress, displayed at the Morth Central CMA office, attached to the project page on the North
Central ChA website, and provided at a stand at the Murrabil Markels on 4 October 2014,

Stakeholder engagement and communbcation activities undertaken to date are shown inTable 14-3.

Table 14-3; Stakeholder enpagement and communleation activities undartakon

Date Ewant Target Audience

February 2014 | Project Introductory letters Landhodders with property adicining project sites

April 2004 Prigect Lq'.lld-HLE presentation and field visit ShG

hay 2014 Project update presantation and field ik SRG

Jung-August Dne-on-One meetings Landholders with property adjoining projoct sibes

4

Il 14 Project upiate presmnﬁnn_a'_nﬁ-i’ieiﬂ Visit SR

luly I:.]'fld l;m}ect update presentation Chi

July 2014 Council mesting Gannawarra Shire councificrs

Bugiet Fi1d Projmt update emall Landholders with property adjoining project sit2s M

August 2014 Project update presantation snd flefd visit 580G
August2014 | Feld visi North Central CA NRMC

Augusk 2014 Project update presentation and Held viait CRG =
-ScmEmbEi -Fmim:t Intredisctory amail Stakeholder proups




| 2014
[ Septesmber Project updata presentation and field visit ShG
2014
Oetaber 2004 | Project update smail Larihiolders and Stakeholder groups
Dctaber 2614 Projact irmtroductory |latbers Licensaes [iﬂiﬂr'p'_.
timber harvesting,
kosrism operators]
Octabar 2014 A project information stall at the | Community
Elmare Fiedd Days members and
imgustry
October 2014 i, |'.'-"-CIiIL'I.'|! Imfarm&Etion stall at tha Eﬂd'm'l"ll.rl'l:ﬂ'r'
fAurrabis Maskats mimhers
October 2014 F'I‘I:I]E'El update preaiaptalisn Maath Central Chid
| MHRME
Detober 2014 Pretentation o Torfumbansy Irrigatars’
Water Sarvices Committes cormimilibes

et I cmMa.vic :E':"l"'l'-'-"-‘

i, " . — — -

o
s
-

o]

e

=

Publie information stall st Murrabit Markets (Photo: G, Smith]

14.4 Qutcomes

The main outcomas from stakeholder engagemont for Phase 1 are provided in Table 14-4. For all activithes
undertaken, the Morth Cantral CWMA has documented the: consultatlon parties; the type and degres of Impact; the
extent of support for the profject; and how consultation outcomes have been considered and responded to by the
Morth Central ChiA,

In surmmary 3 wide spectrum of groups and Individuals, with differing levels of Interest and impact, were engaged. The
main findings that demonstrate broad community support are:



1 There is recognition of the Importance of the health of the forast for environmental, social and economic
walugs

2 There s broad support to Increase (he frequency of flooding as this s considered the best way to restore gnd
enhance forest health

3 There is recognition that the Projoct will increase the health and vitality of the Guttrum and Benwell Forests
and so suppart soclal and economic uses as well as ecosystem health,

some coneerns and interests raised by the community, through engagermsnt activities, are outlingd balow, Thiese have
been addressed through the risk assessment process.

&  Unplanned Inundation: sk of looding to inundate private land, The risk management sections confiem the
comprehensive program in place to reduce risks to an overall rating of "Low”.

&  Blackwater: risks of blackwater enterng and affecting water quality In the fiver Murray., The operating
resgim is designed to minimize this risk, Increasing the watering frequency showld also reduce the bulld-up of
organic material that can feed such aventa.

»  Access: reduced access for recreation, timber harvesting, grazing and honey production, There will be
restricted but overall benefits are recognized.

& Flred risk of greater understorey growth increasing wildfire risk. There was also an acknowledgment that
greater inundatian will reduce the frequency and severity of such risks,



lareqce Lreup b

Taragem@nr panE, arCeak rhangpomcng

R a3 2nd recprnsih Imes clazrly dafired

Iriwpgbigasecn resy ts rowewcd 1depe ade athy and degre
[2: purpae'

ha-Th Cer<al TR1A sought 4 =203 adwee srd nneation o
b e Tanr g E0lunia s @R ool porat ig &b Ce and
teccrerera S aAs of 1w the 122 51anE 0 U Tidwnodh eal
reastab e

Wwork diract iy each sta kel 2ers th-zogh progect deveksm

Srtaerhz darissues ang maacerns undestozd and consing
as part af the progerr geveinpT et

Aken-nrg stakehinldees o a heeely manner 2 a9y plaane
‘w2 ks ar major coois.ans relate; bz 1he pra ect
Wiggl cTakenole2) eapestanacs ard respsnd (o thagr corg

Fabyst a3d ngrrogs iepshigabiee a ppraach b soasare e
A e uTertal ngteames sre =chreead

Srsults a1 weeshigat cns ava abla far rroew

wrdeperdert weck mcal rawew oF imeBsaTian TESuls whn
beirg dermed ‘it for purpzse’

viPws Af stakebe ddres smaghs Tnat have rontnbazed ta

|r1'||.|r'.1r|n,g CETISAL

I bar g sk wlade - n  temely rar i of and panie

warks - majar decisie ns relzted to the project
h'epl alakalicider cxpaclat.one grd fedpand 11 ihe f oo

anust and @ -sut eeitigabipe 32T Do ansLre hes
Eavranere el cubiaTad are achizye?

Fasu 73 af wucsr gabiors pudnla ol Tar reeiee

Irnzepernzenl Lechir izl iew ew ool roestiealio resalts w

Leeinig, deeimied he far poepose’

" =  Tamgrabans o inesivpmant by pespes narrers o prepert
o * WEtEr FARIUNTE Tanagar- Imgation CevElaImert
= T
nfrgitruZfoee L2age and cipaony
121 appninzed seff E Sl ¢ Fragect ownershg shares Behuea 1the aroes partnerssod
Te=delling I
-ag-iliag, i bes and Mortk Cantral Chid
+  Largs level of kst besweer pgcrk partreerg gne bhorz Central
Che, bi- Form alate apLs ang solubiona
ace brefng = Credly effected lardhiol e — = Fesoprubionel the mpzsarce ol the Fealsh of 1he B 2ers for
sowets bl oo o warks, aoiess Liaoks oo esiocrrer1al dod ecd s rng values.
RS RIS their praperaes, o arasibon o b «  WUpEStts arresse tha heath andvrtalib af tha fzrests
. ” fo- T F | wgncr e . :
lanc halde - proec: 2oarngat en channgls i waar the 2 Irrrease the tequrrey af lasdiag as this s ronsigermsd she aess
r ngs iface & Firopits .
ard et ngs iface to ! wily 19 restore and grharge oress acalth
B L TR - matertnal i L
- i il aners = cubeatualinpa v Furle sngdgecrer L and SWErERES (503 (8 equ 2 1o spel
wited by North Certral ar culb il sikms, pabeaba o agen o
] carrrnceily bie o reypttis, inzluding the ropacl 2f env g nnenlal
tu Taral valies WASET AN Arngatars’ pacclamenss
n Ma(2@reinn THAD INEred g 4a1annp W ihiren ke saeme rasnronon
1= access tnt-o forask
* Carrinsd Loree s D — unpoar ned Feodieng, blacksstare, beared
'''' Ay L [ounl s, e s
'f"'l.i WRESIATS Lizer<e b Jers - JdisTar]ance Tasmnck
argaing, commersal nmezer haruRe g
! ramz e Crasnza
el s Lwdl loeime OF 2P lure prachsas
s ngdaskrey S Spenal lnserost Granss
BLORAEEn 2apartenet e rad, Len
thizagn | mited access w2 {orelt dunrg
waterig cucats
wl el the Berth »  Liruted Aaccets v lares- durning wake 2ag o #ps Ty Feedbdck Ehirmiagh o crnewe b ard el eplies
2 By2ro3
~arcessed on tke " LirPeee gmass t0 BArEs gur nd w@tenng A

weknite cfactk sheess,
srndlian]

assrd fhrnugk the
weksir and socal
=ar, W ter, Fatabhox]

il

eyEnfE

— e+ el

Wi,

SAabkshclders are cnfasmed sool the peogect andicr de
hat Savwe already Bean made

DDJE-:!"JE' wior T eea proydad whc s 0'a izl -El|l|."|l.
ronsishent, imaby, appropiatehly tacgeked ard clezily anc

=35Il nadessrned Ay Fha sudiancs

e —




14.5

Proposed consultation approaches for the implementation phase

Further engagement activities and implementation of the Strategy will continue in the naxt phases of the Project ifit ks
approved. The cost of these engagement and communication activities is estimated a1 5129253 {refer to Section 14
for detaited costings).

The Strategy will be updated and revised for subsequent phases. An overdew of the proposed appreasch i provided in

Table 14-5.
Tahle 14-5; Consultatin strategy for implementation phase
Stakehalder | Consultation approach P2 lavel of | Mumber f Timing
Eraup engagarmant
Group 1 Intensher engagemant through: Collaborate Ongaing
Progact e Sieeding Committes (B weskly meetings)
partners. »  Coratruction progress mestings
Grouip 2 Irrigator / Adicent landhsider mestings (face-to- Invabsa Fundirg announcemant, commancemsant

face] of construction 2016

Special events —alle tours (6.8, Turding Contact and arganise mestings with all

announcerant, commencemant of construction) irerested irflgators Jf adjacent
landhaldess 1016
Slte tours 2017

Group 3 Taleconference heefing sessions with Morth Central | Condult Oree during 2016

g o

Preentstions conducted by Morth Central ChA Consult One during 2016

Special evonts = sfa towrs (ngg. funding Comnsilt Site tours 2017

announcement, commencement of construction)

Graup 4 irfosmation accessed throdgh the North Cantral Enform Arressibie |n 2016
AL wpksite
Al information package accessed on the North Central | Inform Socessible in 2016 [as soon a5 prasibls
stakaholdors Chid website (fact sheats, photos, cantact after funding Is cosifirmed)
infosmation]

Froject updates atcessed through the North Ceatral | Inform Repularty during 2016

CRAA website and sccial media {e.g. newskatier,

Twitter, Facebook) _

Project Lptiate il Irfarm Cine during detalled design, tae during
construction, one associaked with each
wiataring wvent, Coincide with media
refaases

Media commanication (2.2 media releases, Infgerm hedla releases = one during detalled

newspaper articles, radio intarviews, telavision
intaryiews)

diasign, two during construction, one
ssaclated with each watering avent.
Coincide with profect update amails




15 Legal and statutory requirements

15.1 Regulatory approvals

A Regulstory Governance Group (REG) Is supporting the delivery of business case requirements by providing a
mechanism, through high-level engagement with responsible agencies, to streamiling thi regulatory approvals process
(see Section 15). The RGG provides advice to the Project Control Board (PCR) regarding the regulatory approvals
needed for Vietorlan projects, the resolution of associated issues and the development of a program-level stratagy to
obtain approvals.

The term ‘approvals’ rafers 1o all andronmantal and planning corsants, endorsemants and agreements requined from
povernment agencles by kapisiative or other statutory obligations to conduct works (DEPEZ014c). The approvals regjuirad for the
Guttrum ord Bepwell Environmental Works Profect are llsted in

Table 15-1.

The Regulatory Approvals Strategy (DEFI 2014c) has identified the approvals, permits or licences lilkely to be reguired
prior to the commencement of construction, An assessment of the likely Impacts of the proposed works, based on
preliminary construction footprints confirms the nead to obtain 8 number of local government, State and

Commoanwedlth approvals,

The followlng supporting documents will be required and are likely to be requestad through referral decisions or
planning permit conditions [DEPI 2044c):

&  An offset strategy for native vegetation losses [see below)
& An environmental management framewsork
s Athreatened specles management plan, and

= Acultural heritage management plam,

Any vegetation losses will be offset in line with current state policy. A program-level approach to offsetting is currently
being developed, where the primary offsetting mechanism will be the gains in vegetation condition within the areas
watered by the various Victordan works-based supply measures, &n assessment of vegetation offset reguirerments
basad on preliminary construction 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 declsions
are outfined in the Reguiotory Approvals Strategy (DEPI 2014c). The Stratagy includes an indicative program for
effecting regulatory approvals that predicts a minimum 3i-week peried to obtain all required approvals,  This
tirmeframe assumes that an Environmental Effects Statement (s not required, all applications (including supporting
documentation) are already prepared and that there are no significant defays during the assessment process. The
Strategy also notes that there are a number of linkages and dependencies between approvals, where for example,
some approvals cannot be isseed until another is approved o.g. a planning permit cannot be granted until there s an
approved cultural heritage managerment plan.



Table 15-1: Regulatory approvals anticipated for Guitrum and Banwoll Forests [DEP 2014c]

Approvals reguired Description

Cammonwealth legislation

Envireamental Protection & Diodtversity | A rumber of potentially aflected “matters of national ervironmental significance™ [MNES) are

Comservation Act 1995 presant in the forests;

*  Referal *  Migratony waterbing species (LAMDA, CAMBA, ROKAMBA]
Matbonalby threatened specles or commundties e.g. River Swamg Wallaby Grass
(Asmpvibromus fluitons|

Victarian lngislation

Envirpnmental Effects Act 1978
+  Referral

Ritlevantt t one af the so referral critera for ndeddual potential elfects e,
= Potential exbansive or majer offects on the hratth or biodiversity of aguatie, estuaring or

marine ecosystams, ovar the long term

Plarmiag & Envirenment Act 1987
*  Fanning permig

*  Public Land Maragers Cornsent

Public lard manager permission required to apply for a planning permit for works on pubdic
lard

Planning permit applcation I8 submitted with supporting documentation: g, offset strategy,
threatsmad spevies management plan

Liveal Counedl refers applications and plans to approariate authorities for atvice

Aboriging Hertege Act 2006
*  Cultural Hertage Mamagement Plan

A CHMP |5 reguimed when a listed high impact activity will cause significant ground distierbarce
and is In an area of ciliured heritage semsitivity as delined by the Abaripimal Hertiege
reguwlations J00F [Fart 3, Division 5)

T bo prepared by an approsved Cultural Heritage Advise

Wimter Act 1089 Application for a licence to construct and operate works on 8 Witerway

= Works o0 waterways permit

Cronawn Lo Heserves Act Apprawal for a public authosty to carmy out ks functions on the Murray River Resonve:

*  Lomsent

Fleva & Foumne Gemrentes Act 1588 Application for approval to remowe protacted flors within pubSic Bad for nof-commerciel

*  Protected flara licanca ar poemit

RALErpoERs
= Tolnclude targeted surveys for threatened ! protected specles considened flely to be

present at the site and impacted by proposed warks

Mew Sauth Wales legislation

NEW Envirammental Plonming end Pesmission from public land manager reguined to apply for a planning parmit for warks on
Azgessment Act 1979 (EPRA Act) piablic land

= Plannirg peomit Planming permit application submitied with supporting documentation e, offset strategy,
*  Public Land Managers Consent threstened species managament plan

Local Council refers applications and plans to appropriate artharithes for advice

Wirter Mormagermemt Ack 200 Wi dct)
= Works on watarways permit

application for a loance to construct and cperate works on a waberway

Crosm Lanis Act 1959
= Comsent

Approval for & pubdic authority o carry out [ts functlons an the Crown land

15.2 Legislative and policy amendments and inter-jurisdictional agreements

At the state level, & legislative change may be needed to address the requirement to secure native vegetation olfsels
prior to clearing, As the primary offsetting mechanism is expected o be the gains in vegetation condition within the
areas watered by the varbous Victorlan works-based supply measures, ie. the outcomes of the measures once
operational, this requirement canmot be met. DEP will investigate a sulte of options to address this issue during the
detailed design for this measure, induding the potential for a planning scheme amendment.  Mote that the other
options to be Investigated do not reguire legislative changes.

Matters related to other regulatory approvals necessary for the implementation of this supply moasure are discussed

elzewhere in this business case.




Mo ather amendrments to state legislation ar policy are anticipated. This inclodes any formal amendments to state
weater sharing frameworks, or river operations rules or prachices.

Further ta this, no changes to Lhe Murray-Darling Basin Agreement 2008 are regulved to implemant this messure, nor
dio any new agreenents need 1o be created elther with other jurlsdictions or water holders In the Basin.

Victorian State policy on water tariffs, associated with use of the irrigation system, s currently being reviewed, This
rivay influenes the costs associated with delivery of environmental water, but not the feasibility or pattern of deliverny.

15.3 Cultural heritage assessment

Initial assessments hawve been conducted both
for Aberigingl and European cultural heditage,
Parts of the forests are areas of cultural heritage
sensitivity. The archaeological assembdage is
characterised by a dominance af moundsfearth
features with known burlal  sites, artifact
scatters and scar brees recorded in the
Aboriginal  Cultural  Heritage  Register
Inforration System (ACHRIS) database [GHD
2011). However, there are few, If any historic
gites of significance for European heritage under
the Herltage Act 1945 {LRGM - Services 2014),

The Morth Central CMA has enpaged ha
Traditional Cwners, kdentifled as the Barapa
Barapa people, in the develogpment of a Culbural
Heritage Management Plan (CHRMP), wnder the
Abarigingl  Herltoge Regulotions 2007 |Park 2,
Division 5.

Cultural heritage survey of farests [Photar M. Barker)



16 Governance and project management

Appropriate governance and project management arrangements are in place to minimise risks to investors and other
partles from the proposed supply measure. The sections below describe the gowvernance arrangements during
business case development and propesed arrangements during project implementation.

16.1 Governance arrangements during business case development

DEP| convened a Project Control Board [PCB) to overses the development of business cases fer the nine Victorian
works-based supply messures, The PCB is comprised of senior exeoutives from DEPY, the Morth Central and Mallee
CMAs, GMW and Parks Victoria. This has ensured high level engagement of responsible agencies and has assisted in
identifying and resolving program-level issuas during development of business cases. The PCH's robe has been fo
ensure that:

s All business cates mest the reguirements set aut i the Phase 2 Guldelines

s Al business cases are of a high and consistent standard, and delivered within specified timelines

* Thetechnical basks of each business case is robust, credible and it for purposo

% That appropriate consultation with stakeholder agencies, affecled persons and the communlty was

carried out during business casé developmient,

Tha PCE has been supported by an Expert Review Panel and Regulatory Goverpance Group, and project-specific
gowermnance arrangements sel up by the Morth Central and Mallea CMAS [Figure 16-1).

Project Contral Board
Project Owner DEPI
Deputy Secretary, Water & Marth Cartial Chal
tatchments Group {DEP) Malles CMA
Parks Victoria

Gaulbum suiray Wates

Regulatory Governance

Expert Review Panel Group

Steering Committee

Figure 16-1: Govamance arrangements during business case development

The Guttrem and Benwell Forests Enwronmental Works Profect business case has baen endorsed by the PCB as part of
the final package of Victorlan business cases to be submitted for assessment under Phase 2 of the 50L adjustment
mechanism.



16.1.1 Expert review panel

An Expert Review Panel {the Panel] was set up to examine the critical elements of sach business case at key slages
and assess quality, credibility and whether the alement s fit for purpose. The Panel was chalred by David Dole and
comprised of experts In engineerng (Including pectechnical, structural, hydraulic and water system operations),
hydrology and ecology. Its members include:

=  Fhillip Curnmins {engineering)
*  Shane MeGrath {engineering)
®  Dr Chris Gippel (hydrology)

= Andrew Telfer (sallmity)

&  Professor Terry Hillman {ecology).

The foflowing swaluations were carried oul during the development of this business case;

# Engimeering: Review of concept enginecring designs (hydraulics and !Hulﬁur-e.l]-.. the scoping of
geatechnleal Investigations Lo support water management structure design and construction costs

#  Hydrology: Reviews of hydrodynamic and mydrobogical models, data, modelbed scenarios and outputs
»  Salinity: review of assessments of potential salinity impacts of works and measures projicts

# Ecology: Review of the descriptions of ecological values, the ecological objoctives and targets, and
environmental water requirements, and the descriptions of anticipated ecological outcomes -and
ervironmental witer requirements

The expert review process has led to the conclusion that the underlying feasibility and outcome investigations have
effectively provided a soundly based proposal that is fit for purposa. See Appendix 8 for the Expert Review Panel
reparts for this project,

16.1.2 Bspulatory Govsrnance Growp

The Regulatory Governance Group (RGG] wes established to support the defivery of business case requinements
related to regulatory approvals, The RGG was comprised of relevant stall from Victorian approvals agencies, including
DEPI, Parks Victoria and Aboriginal Affairs Victoria. The RGG provided advice to the PCB regarding the regulatony
approvals needed for Victorian projects, the resolution of associated issues and to develop a program-bevel striategy Lo
obtain approvals.

Selting up thie REG has provided & mechanksm for Rlah-level engagement with respansibie agencies at an early stage
to streamling the regulatory approvals process for proposed supply measures, While the BGG ceased operation whan
all business cased wers finalised for submission (December 2014, the Group may be reconvensd by the PCE as
reguired,

16.1.2 Stakeholder Reference Group [Project Partners)

At the project level, devebopment of the business case for the Guttrum end Benwel! Forests Enwronmental Works
Profect was overseen by the Stakeholder Reference Group {Morth Central ChMA 2014e), The group®s role was 1o ensure
the business coses developed for these sites are of @ high quality, consistent standard, and that they meet the
regulrements of the Auwstralian Government.



The Stakeholder Reference Group was comprised of members representing North Central CMA, Parks Victoria,
Department of Environment and Primary Indusirles, Gowlbarm Burrgy Water, Murray-Darling Basin Authority,
Dapartment of Emdronment, Gannawarra Shire Councll and Campaspe Shire Councll (Karth Central Cha, 2014e),

Lpecifically the group was responsible for the following functions In the development and delivery af the relevant
project busingss caces [North Central Chia, 2014e):
*  Advising on the development and proposed delivery of the projects fram a technical perspective

* Ensurlng prajects developed and the supporting business casss. produced are technically rigorous and
sound

s  Guiding and advising on statutory and poficy issues, ncluding the identification of any constraints or
issues that may impede the success of the projects

s Advising on interpretation of policy and legislation ralevant to their agency
s Advising on processes to resolve [ssues relative bo thelr agency

s ldentifiing any lssues associated with the proposed works that may Impact upon project
implementation, including any policy changes

# Monltoring the development of business cases to ensure a consistent approach and that reguired
information is provided, in accordance with the Phase 2 Guidelinms,

Disseminating information within thelr respective apencies regarding project progress and lssues,
16.2 Governance arrangements during project implementation

To ensure that this proposed supply measure Is delivered on time, arrangements will be put in place that encure
appropriate senior ovarsight of project governance and dellvery. This will aflow for the successful completion and
operation of the meacure as part of the SOL adjustmant mechamdsm.

These arrangements will be predominantly based around those that were used o deliver the three Living Murray
projects within Victoria, complemented with existing state government frameworks, which together will underpin a
set of robust and thorough processes for procurement and project management.  Key aspects of the propesed
governance and project management for this supply measure are sxplained below,

1621 Project management structure and team

The project management structure and team will be overseen by the project owner, currently anticipated to be the
Dopartment of Emvironment and Primary industrees [DEPI), Victoria, In line with the govarnance arfangements that
have underpinned the Business Case preparation for this proposed supply measure, DEP| will be supported by a
Project Controd Board (PCR), comprised of senbor executlves from DEPI, the rtelevant Victoran Catchmenl
Wanzgement Authovities (CMAs), the relevant constructing authority (e.g. Goulburn Murray Water, 54 Water] &nd
Farks Victoria.

it s expected that the PCB will be comprised of apgropriate senlor manegement representation from each of the
parficipating agencles, who will have the reguired decision-making authority to oversee all elements of
implementation. In fine with the successhul governance arrangements that were utilised during TLMW EWMP and the
putcomes of the workshop on angoing assel management arrangements (see Section 4,10}, the relevant constructing
authority would be well pleced to undertake the construction of the supply measure, supported by the relevant OVIA.



16.2.2 Procurement strategy

As the primary delivery agency, the relevant consiructing suthority could manage procurement during the
construction of the supply measure, operating undsr the high-leval oversight of the PCB, Supporting this, Morth
Central ChA will play a critical role by assisting in the development of a procurament strategy, which the PCB would
#pprove. More specific detafls of the preferred approach for procurement will be detailed in the construction
proposal.

16.2.3 Project Steering Committees or related governance mechanisms

Im line with good govermance practios, and agaln drawing on the experience of The Living Murray, it 5 expected that
the PCE would meet regularly throughout the construction of this proposed supply measure to ensure that milestones
and tirnelines are met, and o resolve any potential arising issues,

The PCE members would have the reguired declksion-making autharity to address any emerging risks, including the
following:

*  |dentifing and resohdng Issuss, Including those that might impact timelines/budgsat.

#  Providing guidance to resolve projact-specific issues

s Ensuring appropriabe consultation with key stakeholder agencles and the community

®  Closely monitoring implementation to ensire timelines and budgets are maet

¢ Making recommendations to DEM on any issues that may arise during construction,
16.2.4 Monitaring and reporting during implementation

The PCE would be the key conduit for monitaring and reporting during the mplementation of this proposed supply
rreasure, This would includa;

s North Central CMA providing regular implementation updates ab each PCE mesting

»  Consideration of any milestone or payment reporting that & kely (o be required under all contractual
funding arrengemants assaciated with this supply measura.

16.2.5 Desipn and implementation plan with timelines

The PCE will meet regularly throughout the construction phase of this proposed supply measure to ensure milestones
and timefines are met, to review designs, and to resolve any arising sswes. Morth Central CMA will play a critical
supporting roke by assisting with statutory approvals and the development of the construction propesal, as well ds
managing discrete projects to support detailed designs and the implementation) construction of the supply measure,

Morth Central CMA has o proven track record in the desian and oversight of project delivery for major emvironmental
works measures, such as TLM invesiment In the lower Gunbower Forest.

& detalled wark plan will document the key tasks and the agency responsible, assoclated resources and timelines for
the implementation of the supply measure. & Bmeframe for the completion of construction is shown In



Table 16-1.

Toble 16-1: Milestones and timelines for construction

Stages Yrl Yr2 Yrd Yrd

Planrﬂngnm.ajled cles]pn

Apprioals

Proourament
‘Works ]

Comrmissloning

16.2.6 Reference Group

A Referance Group will be established to assist and advize on the commissioning and operation of this proposed
supply measure, This group will provide a forum to involve project partners in the decision-making process, o
consider broader system operations [eg of the Rlver Murray and other environmental wetening events) duting
planning and coerations, and to inform stakeholders of operations and progress.

Faor the Guitrum and Benwell Forests site, the Reference Group membership will consist of partners and stakeholders,
including the Murray Darling Basin suthority, the Victorian Department of Environment and Primary Industries,
Goulbuen Murray Water, NSW Office of Water, Lower Murray Water, Parks Wictoria, the Commaonweslth
Enviranmental Water Hodder and the Victorlan Envirenmental Water Holder. Other agencies and arganisations may be
imvited to participate as guests of cheervers.

The Reference Group's key responsibilities will be to ensure the mecessary planning, monitoring, communication and
regarting arrangenents ane established prior to and during events and te kentify and monitor any eveni risks or
issues. This allows for safe and effective operation of the works, real time response end adaptive management when
ngCessary.

16.3 Governance expertise of partner agencies

Implemantation of the project at Guttrum and Benwall Forests will be a partnership batwsen four agencias: Morth
Central CWIA, DEPI, Parks Vietoria and GRW,

16.3.1  North Central CMIA

The North Central CWA's primary responsibifity |s to ensure that natural resources in the region are managed in an
imtegrated and ecologically sustainable way, Morth Central CWA's work = basad on rigorows science and deliveraed
through meaningful partnerships with government agencles, industry, environmental organisations, private Fand
managers, Indigenous stakeholders and the broader cormmunity. All delivery arrangements are formalised through a
range of mechanisms including eperating agreernents, service level agreements and landholder incentive / tender
management agreements, the application of comprehensive MERI frameworks; and the application and interpretation

of complex spatial data.



The Morth Central CMA hag & proven track record in successfully delivering a vast range of environmental projects
which have varied In complexity, monetary value {up to multi-million dedlar projects) and in spatial extent (from
cancentrated focal points to landscape-scale programs),

Operating within poficies and controbs approved and averseen by the North Central CAA Board ensures transparent
and accountable governance systems that embody performance and confinuous improvement. These governance
arrangements mclude a quality management approach 1o project management, with policles and procedures fof
project management, contractual arrangements, precurement and risk management. The Morth Central CMA'S rigk
management approach covers strategle, operational, financial and compliance risks.

The Morth Central ChiA was recognised In 2014 by the Australian Organisational Excellence Foundation with a Bronze
Award far Tt achievements ulilising business excellence principles, thereby demonsirating a commilment 1o
mstainable performance, steksholder wvalue, guality and service, philanthropic ideals, othical behaviour and
emvironmental sustainabifity,

16.3.2 DEPRI

DEPI*s primary responsibility in regard to this project is to act as its sponsar through the project assessment process
established by the Intergovernmental Agreement on Murray-Daring Basin ‘Water Reform 2014 (IGA), As part of this
process, DEP will represent the Stake of Victoria in negotiations with Commanwealth Government agencies to secure
funding for the project, consistent with the commitments and arrangemeants outlined in the above mentioned 1GA.

Once a funding agreement s reached for this project, DEPI will then assume an oversight role for the rollout of the
project consistent with the terms of the funding agreement. As indicated previously, this oversight will be applied
through the establishment of a PCA for the purposes of this project and any others that secure Commonwealth
Government funding, It 1s emdsaged that CEFL will chair and operate this PCB, &5 primary focus will be 1o ensure that
milestones and timelines are met and where necessary, Lo resolwe any emerging Bsues that present a material risk to
the conduct andfor completion of this project,

QOver the past decade, DEPI has had considerable experience in undertaking such oversight rales to a high standard for
majar Commanwealth funded water Infrastructure projects in Victoria, Notable examplas in this regard inchude TLM
Environmental Works ond Measures projects st Gunbower, Hattah Lakes, Mulcra and Lindsay kslands, the GMW
Connactions Program and the Lake Maokoan project.

16.3.3 Parks Victaria

Parks Wictoria is a statutory authority, created by the Porks Vielore Act 1998 and reporting to the Minister for
Environment and Climate Change.

Parks Victoria 18 eesponsible for managing an expanding and diverse estate covering more than 4 million hectares, or
abaut 1T per cent, of Victoria.

Parks Victorla s committed to delivering warks an the ground across Wictora®s parks network to protect and enhancs
park values. Parks Wictoria's primary responsibiity is to ensure parks are healthy and resilient for current and future
generations and to manage parks in the context of their surrounding landscape and In partnership with Traditional
Owners,



Parks Viclora works In partnership with other government and non-government organisations and community groups
such as the Department of Environment and Primary Industries, catchment management autharities, private land
owniers, friends groups, wolunteers, licensed tour operators, lessans, msearch institutes and the broasder commanity,

Heglthy Porks Healthy Penpde b at the core of everything Parks Victoria does. Parks and nature are an impartant part
of improwing and maintaining health, both for Indiwviduals and the community. Farks Victoria has a dear role to play in
connécting people and communitios with parks.

16.3.4 GMW

GRW provides rural water and dralnage services in northern Victaria. GMW Is the Victorlan State Constructing
Authority (SCA) for the MDBA, and the Victorian fMurray Resource Manager, with respossibilities far water accounting
and liason with the M DBA on planned and actual diversion operations. GMW manages 54 billlon of its own assets and
a further 52 billion of MDBA assets to fulfil its functions. As SCA, GMW was the delivery authority for the Gunbower
and Hattah TLM projects in Victoriz, GMW has the asset management and design and construction paficles and
eontrals in place to defiver against 3 large capitsl works program. These policles and controls will direct GWW's
actvitles for the delivary of each of the S0DL Offset projects.



17 Risk assessment of project development and
construction

The Project's approach to assessing risks has been outlined briefly in Section 7 and is fusthes detalled in the Risk
Assessment Methodology at Appendix 3 and the Risk Register at Appendix 4.

section & deals with potential adverss ecological Impacts and Section 10 with potential adverse sodal and sconomic
impacts, from operation of the measure, This section reviews the potential risks redated to the successful complation
of the Project, including its construction and delivery, There is same inavitable overlap with the earier risk assessment
sections.

17.1 Construction risks

Construction of the infrastructure reguired to deliver the watering activities has the potential to have impacts, These
include adverse environmental impacts, fire, damage to cultural heritage and/or European historical assets, Injury or
loss of life, and sodo-economic impacts including disruption to logal amenities or economic activities. Table 17-1
providas 3 listing af the risks which scored an overall risk rating of either "Very High' or "High',

17.2 Process

Risk mitigation and management of construction acthvities inwolve 8 standard set of well-established legislated
controls outlined below:

= The project propenent applies Tor a planning permit to undertake the works
#  The application triggers referrals to multiple agencies
& The agencies impose conditions an the planning permil
®  That permit requires the development and Implementation of standard controls inchuding:
= Public Land Manager or Lasd Qwner consent
= Emvitonmenial Management Framework
= QOffsat Strategy
— Threatened Species Managemant Plan
= Cultural Meritage Management Plan (se2 below]
— Installatien and site plans
= Traffic Management Plan
= Fire Management Plan
— QOH&S Plan
= Rehabilitation Plan
— Canstruction Manapement Man

¢ The relevant construction contractor |s responslble for developing and Implementing these plans, subject to over-
sight by the relevant managing authority.



Appeowals under other legislation (refer Section 14.5) will be required as part of the development and delivery of the

Project, The Implementation of these legistated mitigation controls will reduce the risks in Table 17-1 to 4 'Moderate’
rating.

Tahle 17-1. Construction rlsks
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Further detail on the risks and associated mitigation cantrols is provided balow,

17.2.1  Enwironment

To identify potential risks of construction bo significant, threatened or listed species or communitias af environmaertal
significance, a flora and fauna assessment of proposed work sites was undertaken (Biosis 2014), The study identified
the following matters listed under relevant legislation:

= commonweaith Envronment Pretection and Biodiversily Cansenvation Act 1339 (EPBC Act] — potential habitat for
EPBCisted spacles [River Swarnp Wallaby-grass and Winged Peppercress). It was considered that the proposed
construction works would not have a significant impact on these species. The need for permitfapproval 15 subject
to further survey.

»  \Victorian Floro ond Foune Guarantee Act 1988 {FFG Act] — study recorded presence of Wavy Marshworl, Grey-
crivwned Babbler and habitat for a number of llsted species, Numerous protected flora species were racarded.

The results of this assessment were incorporated Into the Praject destgn and options investigated to retain as much of
the mapped vegetation/habitats as possible. Pricrity was given to the highest value areas and retaining & many Lirnge
troes as possible

in terms of the preferred optlon for the location of infrastructure, the daelivery of anvironmental water from [rrigatian
supply, 35 opposed to delivery from the River Murray, was preferable. This Is because tho irrigation supply options are
located in an existing disturbed |sncdscape and there is & lower likelihood of impacts o slgnificant species and their
habitat (Blosls 2004), The consequences of Indirect or accidental impacts during construction would be fess significant
in the agricultural landscape a8 opposed to tho native forests on the River Murray (e, doddontal chamical spill,
sedimenlation svent] [Biosis 2014),

Az & result of the above investigation, the design and construction of the required Infrastructure will minimise remaval
of native vogetation and terrestrial and aquatic habitat, Lo the construction focused adverse ecological impacts are
negligible.

In addition, the following will e undertaken by Morth Central CBA prior to amy works;

# Pregare a referral to the Commonwealth Emaronment Minkster to determine if the project needs to ba
formally assessed under the EPBC Act 1999 for potential impacts Lo Matters of National Envirenmental
Significance (MNES).

#  Prepare a referral under the Environment Effects Act 1978 to determine If the project needs to be
formally assessed,

*  Prepare an offset strategy to meet the required offsets for the permitted clearance of native vegetation
and threatenad spedes habitat,

= Dbtain permits required by poliey and legisiation.

*  Prepars relevant management plans such as a Construction Environment Management Plan (CEMF) and
a Threatensd Species Management Plan [TS8P) that will identify sctivities required during constructbon
ta avoid or minimise Impacts on significant, threatened or listed speces or communities of
environmental significance,



17.2.2 Fire

Fire has a residual risk raling of high due to the consequences of a lire e.g. property damage, loss of life, The likelihood
of the event Is considered to be "Unllkely', but the consequence of any such event would still be ‘Major Hasm® and 5o
riggers a Category B High' risk rating.

17.2.3 Physical Injury

The residual risk for phwsical Injury, from construction wvehicies and construction activities, is considered (o be
moderate. A Construction Management Plan will be developed that will prescribe responsibilities under the
Oecupationn! Health ond Sofety Act 19949 to ensure safe practices for all acthitles on site and refated to the
construction work,

17.2.4 Community unsupportive

Community support is an Important part of Implementing and operating environmental watering projects. The North
Central CMA has developed the Stokeholder Monagement Strateqgy (Nodth Centeal CMA 2013] to gulde engagement
activities fior the Project and mitigate the potential risks assoclated with a lack of community support, This s reported
on in more detail in Section 14. Targeted engagement of adjacent landhokders has beon a key activity for the business

case development phase of the Project, Also, land acquisition discussions for retevant landholders have commenced
with Initial feedback belng very positive (see below),

Landholder acquisition discussions:

& Acguisition plans were developed by GMW. These ldentified the preferred location and the reguired
alignment and extant

» Megotiztion with the affected landholders was then conducted by GRMW with assistance from Morth
Central CMA Alternative options were prepared.

* |n-principle agreament to negotiate land acguisition was recojved,

The residual risk for this risk Is considered 1o be moderate. Onaoing engagement and communication activities will be
critical to ensure this ri=k s mitigated.

17.2.5 Fooding of work/Wet weather delays

if floading of work areas or abnormal weather conditions prevent access (o the site this could result In delays and
costs far de-mobiliation and fe-mobilisation of workfarce. Ensuring appropriate contractor contract and managemest
arrangements will be critical to ensure that cost escalation, Insurance considerations and Hability are agreed to up
front, With this mitigation control on place the residual risk was assessed as ‘possible’ snd “minor” generating an
averall risk rating of ‘Mingr’. Costs for this rlsk have been accounted for the In the construction costs (refer Section
13.2.1). Tharesidual risk Is considered to be moderate.

17.2.6 Poor workmanship

If poer quality controls are in place, the functionality and durability of the infrastructure will be compromised,
impacting on the desired operational outcomes, future maintenance and opefational costs and safety, The detalled
deslgn process will engage suitably qualified and experienced personnel, with a peer review process to ensura that
appropriate gquality assurance and gquality contrals are in place. The residual risk Is considered to be moderate with a
probabllity af ‘unklkealy’.



17.2.7 Cultural heritage

Construction of the worls and operation of the proposad watering regime have the potential to Impact on sites of
cultural heritage significance. The proposed construction werks In Guttrum and Benwell Forasts will reguire the
preparation of a Cultural Heritage Management Plan (CHMF) for Indipenous cultural heritage as they are high impact
actiitles within an ares of Cultural Heritage Sensitivity as defined under the Aborging! Herltoge Act (2006)
{Kaskadanis et al, 2014),

The CHMP will be the primary mitigation control to protect cultural heritage values from harm during construction.
The CHMP will set-out the acticns required to minimise potential impacts and manage any residual risks.  The major
mitigation strategy will be to relocate works and activities away fram locations with an existing record of significance.
Thie will reduce both the likelivood and severity of any risk. However, it i recognised that the register of aborigina
sites and artifacts Is anly a partial racord of all potential sites, Therafore, any wark activities will also need to include
systems to identify assets and respond to them as construction Is undertaken.

The Marth Cantral CMA has an existing relationship with the Traditional Owners, the Barapa Barapa people, through
its indigenous facilitator and project staff. The prefiminary cultural heritage assessment was undertaken with Barapa
Barzpa Traditionz! Owners [Kaskadanis et al. 2014), If significant assets are identified during construction, the Chid
willl wark closaly with Barapa Barapa Traditional Owners b reach an agreed response, as well a5 adhering 1o the legal
requirements. It is alsp worth noting that the Traditional Owners place considerable value on the health of the
wetlands and forests,

A prolimimany Eurapean cultural heritage study (Kaufman & Ballinger 2014) identifiod a number of cultural hertage
sites of local slgnificance. The preliminary study concheded that proposed works In Benwell Forest have potentlal to
Impact on the Bapwell Floodgates. This is an archaeological site with legislative protection under Part B of the
Hetitage Act 1985 and has been assessed & of sufficlent cultural heritage significance (o recommend (o the Heritage
Ovarlay of the Gannawarra Planning Scheme. Action will be required [o ensure that this site |5 sdequately protected
from incidental damage during works,

Given these sstablished controds and protocols it is judged that the residual sk is "undikely” 1o occur Bul could cause
‘moderate harm® - resulting in an overall risk rating of "Moderate'.

17.2.8 Lack of levee material

Prior to detalled deslgn the Morth Central OMA will engage local landhobders to determine availability of close sources
of soif required far construction, Conatruction costs in this Business Case inchede upper limit costs for transporting soil
from a distance. With this mitigation control in place the residual risk is considered to be ‘Moderate’,

17.3 Project management

There are fisks arsing from the project management aspect of the implementation phase cutlined below, These risks
could be from a numbar of sgurces, which will trigger a range of diffarent risk mitigation strategles and controls.

The North Cantral Ch& has a proven track record In successfully delivering & wast range of envirenmental progects
which have wvaried I complesity, monelary value and in spatial estent. i has a robust projéct management
framework, with defivery arrangements formalised via & range of mechanisms Including operating agreements, service
level agreements and landholder incentive/tender management agreements and the application of comprehensive
MERI frameweorks. Project management processas for this Project will include clear and detalled project plans, clearty
dacummented project progress against milastones,



17.3.1 Approval delays

The Regulotory Apprevals Strotegy [DEPI 2014c) provides a detailed review of the approvals required for
implementation of the Project. The Project plan will outiing proposed timelines with appropriate contingencies o
account for potential delays. DEPI will also provide statewide oversight on the approvals process on bahalf of ictar(a,

17.3.2 Loss of staff capacity

Effective and efficient project management requires skilled and experienced stafl, particularly for Projects that are
multidisciplinary involving ecological, hydrological and engineering relationships. The time lag between submission of
bisiness cases for asseisment to the Australian Gowvernment and notification of approval poses a risk that key staff
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 development.
The residual risk is considered to be ‘moderate’ a5 there |s Bmited control over the avalability of funding to retain
staff during this key period,
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Appendix 1: Species lists

Tabie 1, Flora species found in Guitrdm and Bepwell Forests [SKM 2007; Bannatts 2014; Bipsis 2014a, 20140; D5E 2010)

Species Name CommonName | EPAC | VIC | PG
Ao gombata subsg, deelbate Silver Watkl=
Alterapmthers denticilato 55, Lasser koywnard
Alternonthera modifiorg Common loywaed
Amyema miguell Eax Mistleiose
Bathoschoenus medioous Marsh Clulb-sedpes
Srachyscome basaitios war, grocilis Waoodland Swamp-daisy P
Cafiitriche sander! Matted Water-starwort
calots scapigera Tufted Burr-dassy o
Cardiae ol Rivaring Aittar-cress: E
Carex inwersa knob Sedge
Carex teretivan Panng'ort
Cemtela cordifola Cartella
Centipeca cunminghamt | Cammon Sneazewaed P |
Cenbipeds apiie subsp. mivlng 5.5 Spraading Soeenmwend i
Chenopodiim clmassicrtam “Cattony Saltbush
Ceibifs FirsErmie Cormrmon Cotus P
Crosily colarshy Dense Cragouia
| Cyperus enaltatus Tall Antacdge
Clysmhmnin purilic Cammy Goosefoot
Echpto platpplossg Yellow Twin-heads P
Einadia awtons Modding Saltbush
Elrtine grotivioldes Wiatergor
Eleocharis ooute Comenan Spike-sedge
Enchplenens tormantasn . tomants | Ruby seRmash |
e e T T e e T S e e e
Eptloblim bilfraferionum subsp, dnerenm Grey Willow-hark
Eucolpptus commididensls River Red-gum
Evctriton invaluorotus il Commnman Cudweed P
 Euchiton involuerotus 5.6, star Cudweed
Guchiton sphaericus Annusal Cudwesd p
Euphartia drummandl Flat Spurga
Exacorpos strichis Pale-frait Ballart




Spocies Mame Comman Mame EPBC | WIC | FFG
Geranium 5. 5 Maked Crane's-bill
Gl fatoldes Hairy Carpat.wead
Glimus appositifolivs Sendar Carpat-waed
Helichrysuwm hnteoaltum lersey Cudweed P
Ancws mmabils Hollow Aush
Juieus aridieola Tutack Rush
Tt Rerviches Gold Rush
Juncus ingens Glant Rush
Jincuy subasecundus Finger Rush
duncus usitatus diliabong Rush
Lochragrostls fiiformis 55 Common Blown-grass
Lobeli concmiar Paisan Pratia
£ odrella privbaides Palson Lobells
Liadtadipia peploides subsp. manbevidensis Cleveg-strip
Lyeopus oustralis Mustrallan Gpspwort | | |
Lythrum hyssopifolia Small Loosestrife
Mursitea costulfere Harrow-eaf Hardoo i
Morsie drammonoil Carmmaon Mardoo P
Mdorsiieg hirsate Short-frult Mardoo P
Menthe ausermly Phver Mint
Mypoiurus custrolis hoursatail
 Myriaphylium crispatuem Upright Wates-milfall
Mymphaides creralo Wawy Marshwart ¥ | LF
Cwalts perennens Grassland Wood-soemal
Pagpalidlam fublflorum Warnago SUmmaer-grass
Persicarky prostrata Creapirg Knotweed
Phragimies oustrals Common Reed

Camman Tusseck-grass

Palygonum plebaium small Knatweed

Ravunculs immdats River Buthercup
Ravncels inppaceds Aastralizn Buttercup
Rarnculs sessifiorus vor. sessilfarus Annual Buttercup
Afurpodis splraseesns Hedpe Saktbush
Aovippn Mrciniate lagged Bittar-crass
Alumes bidens T | Mud Dock




Sgeciag Narme Comen Name EPBC | WIC | FFG
Aumex brow) Slander Dock

D T — Bristly Wallaby Grass -

Senecio comprdocmpus Floodplain Frawoed T F
Seneeio cumninghomil vay. cunminghami Branching Graundsal r | P
Senecio gurdnidentaius Cotton Firewead P
Senecio runcingolius Tedl Firewesd P
Stefarin ongestifofin Swaimp Starwort

Steffarin camspitasn Matted Starwort

Triglashin procery §.5 Common Watar-ribbang

Vittadinio cuneate war, cureThg Fuzey Mow Holland Daisy P
Warhlenbergio communis 5.5. Tufted Blusbell

Wahienbergio fluminmis Rivar Blusbell

Wahlsnhenno grociente < | Annual Blushell

Wahlenhergio grocils Eprawling Bluchell

Xerachnyswn brocteatum Goldon Everlasting P




Table 2. Fauna species found in Guttrum and Benwell Forests {SKR 2007; Bennetts 2014; Kosis 2da, 2014b; DSE 2010}

Species Name Common Mame EPRC | \IC FFG
Acanthee nama Yelloaw Thornbill
Acantiize requiaices Buff-rimmiped Thambill
Acracephalus stentorens Clamorous Reed Warhbar
Alcegle opired Arure Kinglishar nk
Anas gracilis Groy Taal
Anas superciliosg Pacilic Blsck Duck
Anhinga sovachollondioe | Darter
Antechinus fevipes Yellow-footed Antechins
Apis patificis Fark-taied Switt
Aquilr andas Wedge-talled Eagle
Ardeg mibo Great Egrat W L
Arden intermedin Intmrmediate Egret T B bk
Ardeg modesio Eastern Great Egret wu L
Aredea pocifica White-necked Heran
Artarmus cpenopterus Ousky Woodswallow =l
Brraurus pokodophile Aaistralasian Bitterq B an L
- Bubuicus s | Cattie Egrar '
Cacmtua grenito Sulphur-crested Cockaton
Cocttun smaguines Litthe Corella
Cocomentis fobediformiz | Fan-tailed Cuchoo
CaNoceghalon fmbriatus | Gang-gang Cockatoo
Cheinding Iongicallis Commean Long-necked Tortoise
Cheroaetta fuboto Australian Waood Duck
Cinchovamphus rrathews! | Rufous Songlark
Circus apgroxmnons Swamp Harrler
Clirraetends o Brown Treecrseper (south-eastern ssp.) nk
Wetorae
Colwrichche areomicg Grey Shrike-thrugh
Corocina noveehatiandiae | Black-faced Cuckoo-shrike
Corconms White-wingod Chough
| melenorhmmphos —
Carmaburbes feacophang ‘White-throated Troccrorper
Carvud carcnolias Auistrallpn Raven
| Cracticus tiicon Australlan Magpe ==
Crinta pornsignifero Flains Froglet
| Critr signifers | Common Frogles
Cucwlus polidus Fallid Cuckan
Dacels novaeguneae Laughing Keckatuarra
Cophoenasitto Varied satells
chirpsapdern




Specles Mamn Comman Naima EPBC | WIC
et PirLardiracenim mlstletoehird
Egermla strimlata Tree Skink
Egretto gurietta Little Egrat en
Egretto noweehaliandioe White-Faced Heson
ERarm cpmaars Hlue-Faced horeyeaters
 Edophus reseicopifiss Galah
Eopsaitria oustrolls Eastarn Yellow Anbin
" Faien perEprnis macroges | Peregrine Faloon
Falcumoils fronteius Crested Shiike-tit
Graliimmge farawicki Latham's Snipa nt
Gropek striata Peaceful Dove
Gerpgane firsca Wastarn Gerygone
_ér‘;ﬁ?m blagpie-lar
Grantieds pieka Fainted Honeyeater
Hafiagelus euwogaster Whee-bellled Soa Eagle Wi
Haftastir sphemrs Whistling Kite
Hirunda peoxeng Wolcome Sevallow
Larmgraphols gwichenol! Garden Skink
thi'ra'mﬂamwpa.rﬁrﬁhuh-w iWhite-phisfed Honeyeater W
Limnodynastes dumenfii | Poablebonk Frog
ehurvmerii
Limpodymasics Spotted Marsh Frog NCR
trrsrmandensis NCA |
Litowia ranifarms Growling Grass Frog Wi En
T‘fﬂ'ﬂﬂ.ﬂlﬂl I EUE Eastern Gray Eangaroa
Maluris cyoneus Superh Fairy-wren
Whamariog mekmeceplale | Moisy Miner
Melithreptus brevivostns | Brown-headed Honayestar
Aedthreptus qulan's | Black-chinned Honeyeater nt
Melithreptus funatus White-naped Hopeyeater
Meraps o Rainbow Bee-eater
Microcarbe melonoleucos | Uttle Plad Cormorant
Microect fescimand Jacky Winter
Myfagrd inqidets Aestlens Flycatcher
Neacfamil amporais Rad-hrowed Flinch
Nimor m;wq-rhﬂ:ﬁﬂ- Sowithern Boobook
Natechis scutots Tiger Snake
Mychicanmy crleanicu Hankean Night Haron e
Oriplus sogittatus OCiive-backed Oriole

Pactycephala pectorally

Golden ‘Whistlar




i s P o S

Speches Name Camman Mama EPBEC | WIC | FFE
Fachyoophelo rufiventrs Fufous Whistker
Fardplvdas strictis Strtated Pardalote
Puasser domesticus House Sparmow &n L
Pelecanus comspciiotus | Australian Pelican Bt i
Pelguris hreveeps Sugar Glider
Fetrochelidon nigricans Trae Martin
Fhripcarocarsy carbo Great Carrmarant B
Phripcaracargy varfus Fied Conmorant n
Phiteron citrengularis Little Friarbird -
Flatelen regio Foyal Spoonbill nm
Platycercus elegans Crimson Rosella
Platyceris elegons Yellow Rosella
favealus
Platycerous axmis Eastarn Rassila
Plagadis foicinelli “Glossy 1bis nt
......
Podiceps cristatus Great Crested Groba
Fomotostomus temporalls | Grey-crowned Babbder &l L
Praphotas Aramebanstis m-ruﬁp;ﬂi‘m
Fhigidea obiscope Gray Fantall
fhipidura lewcophys Willie Waptal
| Sarieomis frontels “White-browed Scrubwren
| Smicromis brevirostrs weabil
Stagonoplenn guhata Diamomnd FIrEEHT o L
Strepevo procoding Pied Cumrawong
Tadarne tadernoldes Australion Sheldeck
Threskioenis molueca Ausstralian White lais
wil:‘w'-'m'mpfm sanotuy sacrad Kingficher
Trichoswrus vipeculy Comman Brushtail Possem
Wiatlerbin Beolor Black Wallaby
Josterops laterals Sllyereya N
Tabla 3: Thragtened species [lely to oocur in the project area
Species Name Commarn Mama EPBC | WIC FFG
| Burfairies grafferies Hush-stong Curlow ke
Cheluding cxpansa road-shefled Turtle an L
Cpgicrs oirgius _Black Swan
| leeboigey Bk Fakon b
Hirurdapus coudoctus White-throated Neadietal v
Mefonodnsas cucufiobe _| Hooded Rabin it L
Plirox conmvens Harking Cwl L
| Pogong borbate Bearded Cragon WU
Viaronus vorils Lace Gaanna on




Appendix 2: Water Regime Class descriptions

The following descriptions of Water Regime Classes are excarptad from Ecabogical Associates [207]13).

Permanent Wetland

A small blllabong s located in Guttrur Forest to the east of Reed Bed Swamp and is the only permanent watland in
the lorests (Error| Reference source not found, ). The wetland has a relatively high inflow threshold, but |s mone than
& m deep and would rarely, if cver, dry oul under natural conditlans.

Inflowws to the billabong commence at flows exceeding 30,000 ML/ which, under natural conditions, was excesded in
approximately 50% of years for a duration of 1 to 3 months (interguartile range), Between inflow events water would
be gradually lost to evaporation and seapage and the water level would fall.

The steep sides and large, Infrequent fluctuations n water level represent unsuitable habitat for emergent
macrophytes, and the edges of the wetland are bare. A relatively small surface area is exposed and refloodad during
the flaoding cycle and there is little scope to the minerallsation the organkc matter which accumulates on the wetland
bed, The food web mainly depends on external organic matter inputs from leaf fall and flood water, Mutrient and
carbon generation within the wetland are provided by algae, semi-émergent aquatic macropbyies fsuch as
Klyriophyliem sp. | and biofilms on the abundant large woody debris at the fringes of tha wetland,

The deep billabong In Guttrem Forest represens the only permanent wetland habitat in the forasts

The billabang would support a relatlvely specles-poor clirmax community of aquatic Invertebrates comprising large
zooplankton [particulasly Cladecera and Qstracoda), shrimp {Poratopn spe and Mecrobrachiurm sp) and large Insect
larvae such as maily and dragonfly. These Fauna, together with vegetation and biofilms would support small fish
species such as gudpgeons, common galaxias and crimson-spotted rainbow fish. Large pradatory native fish, such as
Murray eod and golden parch, and tortolses may be trapped in the billabong after fioods, but the wetland s small and
would net suppart sighificant populaticns of those spegies,

The steep sides of the billsbong provide little habitat for wading birds, however waterfow! would feed and rest in and
near the billabong.



The billabang is small in extent and makes a small contribution to the hahitat diversity of the forest compared to other
wetlands, However, permanent wetlands set within forest sreas are important to 2 number of floodplain fauna
species that feed or rogst near waterbodies and watercourses, such as myolis bat,

Thie kery attributed of the permanent wetlond to promote are:

= reliable floodingto 2to5m

beds of submerged aguatic macrophybes

resident populatbons of small native fish

feeding and resting habitat for dabbiing ducks and diving waterbinds

recaloalsation and dispersal of aguatic fauna during flood events
These attributes will be promoted by a flooding reglme of;

# filllng ewents i 50% of years

=« overtopping the wetland for 2 weieks (o 2 months in each ewenl

o aber level i never less than 2 m deep

Semi-permangnt Wetlands

Semi-permanent wetland habitat is provided In Aeed Bed, Little Reed Bed, Guttrum Swamp, Benwell Swamp and
Southwest Benwell Swamp, Water is normally present in these wetlands, but they are shallow and would dry out from
time to time,

The wetlands share a similar hwdrology. Inflows commence between 17,000 to 23,000 ML, and under natural
conditions eccur approximately 3 out of 10 years with events |asting 3 to & months (interquartile range at 21,000
ML/d). The wetlands retain water on the flood recession to & depth of 0.5 to 0.7 m and would usually remain flooded
during summer. The wetlands would often dry out in autumn but in wet years may remain flooded until the following
winter. Reed Bad Swamp ratains water to a greater depth of 0.85 m and Is more [lkely to remain flooded throughout
the year.

Thi wetlands provide habitat for marshland, open water and read bed plant communities. Red gum are excluded by
prolonged flooding.

Reed bed vegetation grows In areas flooded to approximatoly L m in spring with water typically receding to less than
0.5 m over summer. Spring flooding promotes Bolboschoenus medionus, Pseudoraphis spineseens, Schoenoplectus
validus and Trigiochin procerum, and these species would be dominant in the shallower wetlands dry out early.
Flooding would persist konger into summer and autumn in the deeper wetlands, particularly Reed Swamp, and these
areas would be dominated by the summer-growing macrophytes Typha domingensis, Phragmites gustralls, Juncus
ingens and Elencharks sphacefata |Error] Reference source not found. . The wetland fringes would supgport a hesbland
of low-growing emergent species, such as Elepcharis acuta and amphiblous plants such as Alternanthero denticuiota,
Ludwigia peploides and Myriophyiium spp.

The wetlands represent a highly productive and diverse enviranment important to a range of fauna species. Seasonal
inundation and exposure mineralises organic matter and supports microbial and plankionic productivity soon afoer
flooding cormmences. During spring larger aguatic Invertebrates, frogs and small fish species proliferate, providing
food sources for large wading birds and piscivores, Receding flood water in summer provides habitat for migratory
wading birds that plck over invertebrates in drying mad.

Thit watlands are an impartant companent of bresding habitat for waterbirds. As well a5 providing a food source; the
vegetation provides shefter, nesting habitat and nesting materials,



Lence macrophyte bads arg an Inpeetanl hahitat cosponent Tor ayebe wateebiads Histoacally, Reed Swomg
wepperted Austbabasar bllem, putple swamiz hen gnd blagk-faler] datews hen Cense roce beds orodide rostng
hzbitas For v p baeeer, Persister s flooded reed Beds are also rmpiriang o grostling prass frog

Marty areas willl sea-errCrport vepetalion @iv o mpottase ogreses 3od cakklng duck: Greal orested arebe and
arrtialasian grele haee heoh presnnt m Guilrem and Beeee | Furesls and have often Bred at Beed Bed Swanp.

Hoodimg ©° the wetlarcs, toacther with this fringg red gam foresl provices halinal Tor ealdnal nesbing wid Lk
colowes. Roond Keed swamp g g regor ally sgnillcats cofonla nesting weazobing bresdng sle |Disher, 2293) The
willang grovlides “ceagng areas, habitat te bwld glatform nzsze and a source of nzsting, <atenals 1Pe fidge thin
sprrayags Th wellgng Mgy o0 impartant to its valus e hrecdi-g waterbids Tha ridge prowdes shabily odaer goooad
For river rod gum to prow i dnae prosoney B0 dasper waker, vhic s e many watehrds build nass

Tl kerg aelnlaanes of e pormanent weslod 1o gromaote ara
& bedsof sumrisr-grow ng ercerpenl mag cphyes, parbcolacly Twohe demiegaetsis sid Jyneas nazns

bods of sprng griwing emergent macraphytes, such as Aslboiednenes modiaous and Scheefapierto vng

marsh anils of saml-emergent mac-ephyies nieeing  Preadorophs spincssees,  ddpousiion ip o ard
L

flopded racoy Sobited Tar growlng prass frog, crase, hittore, swamgsrn, moorthen, swamp hasniz- ancd olhe-
spedies dasendant on teedls

& requent broodiag seonts sy erypbc and platform building waterknrds

= producaes foraging hah tat fer wazeby oy ncluding drbbling specics, wading birds ang piacitioore
*  gxglusion of rsd Fum

& resiter e populatices of srnabl fizh

These abiributes wall e procmicted by a ioad ng regime ol

a  [lncemg o ful the wedatds in 72% ¢l years lasling 5 to & morths
4 Macd:ng v2 il ey weslaads inoa furthar 200 of vears, lastrg 1 nendh
a nnly 5% of #vents saparated by meae than 18 rmonils

o flocding commercing, i June, suly or fugust

Fiedd Gumn btk FLood-dependent Wnderstarey

Ferl gum wib Aood-cependent wncesstoney oroars 0 Suttram and Bonwell oo greps which Fave a .ow dooding
threst ulgl g de nat ictam deap wwator vk o 1 pod wald retr2 e,

ol Borawel Sores! fores Nonding commences al flows exceed ng 18,000 RS ara a1 Gottrom 8t Hows csgerding
0,000 8. Foshng of sk Ber Gum TR 5 Ia-gely coreplete al Hoves of 20,000 MLAC, Under natural conditions the
Fure® en Nocecd o0 apgrommatch 8 years bt af 10 for 2 82 5 months ntarquartle rosge at 73,000 ML/} wiz)
flocding Tvp colly aCcuemeg ootweon 1one ang Decees e

“tr Torest ondertorey suppots a prassy uaderstorey of psronqial sperics thatb require soasona fipodng. ~he
glomi=ant SpoCIEs are Paspalioham biianm, Cares tereiaabs ama] Jeacis wsifalus, comibined wath Frragmiles
gastraha, Typha damengenss and syncus ngeps v local drpresaons. & seasanal cormunizy of subamier gl aguatic
macreobyles deeelnps nowiater and sprong Bob dies ol ¥ in someee as 1he “forest d-ies out (Errort Reference source
nat found.). Impertard spoges mydude Lisachars oooato and AtAermonthiond g iiiars.

The rezessnn of flaod watar prosides o Fyghly peoclor Tive ofsaroment far torresbeen “auri gyer sararmee 20 autumie
The snderslerey pintcde: seads, 1ot a-d fordge loe graneeares such as finchas, cockaboos, galth, [»rekcct 2nd



budperigar. the fugivorous emd and herbivorous swamp wallaby, The trees directly support nectivarous and
omnivorous birds such as honeyeaters and wattlebird. Both overstorey and understorey support Insect production on
wihich a wide range of birds and regtiles dap

Red Gurm with fload-dependent understoray In autumn 2013, with drylng aquatic plants in the undarstorey

When flocded, the forest provides kabltat for invertebrates, fish and other aguatic fauna. Flooding triggess the rapid
decay and releass of minerals and carbon frem organic debris on the forest leor, sugpartieg an squatic food web of
milcrabes, imvertebrates and small fish, Large fish species in the river channel migrate to the flesoded farest ta make
use of these resources and the fleoded forest provides important nursery habitat for jusenils fish,

Farest flooding, particularly near the wetlands, is impartant ta waterbind bresding, The Reed Bed |5 a regionally
cignificant colonial nesting waberhird breeding, of similar importance bo the itk Gunbowar wetiand complax in
Gunbower Forest. Generally fiooding must last long encugh for 3 productive food web to develop and for birds to
respond physiclogically, Birds that feed on insects and other food sources that appear early during floods, such as lbls,
tend to bread early in the season, Birds that feed on fish (such as darter, little black cormorant and intermediate
egret], that become Increasingly abundant towards summer, breed tater. in general, flooding must persist from 3
maonths, for small breeding svents, to 10 months, for lirge breeding events that inchede a wider variety of bird species
Water draining from the farest is rich in dissolved organic carbon and conveys woody debris, which are Important for
the riverine food web.

The key attributes of red gum with Alood-dependent undersbarey (o promate are

# |lgh levels of tree and understorey producthdty
= an understoray dominated by sedges, reshes and ather Mlood-depdendent species
s frequent waterbird breeding events, Including colonlal nesting specles near wetlands

= seasonal habitat for small flopdplain and riparian fish speches and for large fverineg Tish species and thelr
juveniles

s apor of Ofganic carbon 16 Lhe River Wlurray
These attributes will be promoted by a flooding regime of:
o  (looding the entlee prea in 50% of years, for 2 Bo 5 months

* flooding the entire graa in a further 20% of years, for 1 month



= only 5% ol events separated by more than 3 years

* flooding commencing in June; July or August

fed Gum Forest with Flood-tolerant Understorey

Red Gum with fiood-talerant wnderstorey oocurs on the etevabed Noadplain floor abong the natural laves formed on
the river bank In Guttrum and Benwell Forests,

Inundation commences at 28,000 MLd as water encroachas from the central flpodplain floor. Flooding is largehy
complete at 34,000 ML'd & overbank Aow becomes widespread, Howsver argas of the flioodplain levee remain
unflooded at these high flows. Under natural conditions flooding occurs in approximately 5 years out of 10 for Lto 3
moenths (interquartile range at 31,000 kL),

The forest understorey comprises a grassy understorey of Efeochads pusiflo, Amphibvomues nervosws, and
Golbnschaenus medionys, Orier areas suppert a more terrestrial understorey of Enchyiaena tamentass, Enodia nutans
and Atripies semibacesto, Exocarpus sinctus ks found throughout this water regirne dass [Error] Reference source not
found.).

Despite a gimilar flooding regime to dryer areas at the landward edges of the forast, the river leves supports a high
proportion of watland plants, particularly Bolboschoenus medicnus, and vegetation may access additional soll water in
the capillary rone abiove the water 1able along the river bank.

Pale fruit ballart [Exocorpus strictus] is an important plant for many bird specles inleuding painted button-guail, white-
browed scrubwren, brown thornbill, Gilbert's whistler and white-browed babbler

Red gum with flood-tolerant understorey showing grasses and cherry baltart

Ky attributes of the red gum with flocd-telerant understorey to promobe are

e high levels of tree and understoray productivity

» an undarstorey dominated by grasses and drovgh-tolerant sedges and rushes
These attributes will be promoted by a looding regime oft

s flooding the entire area in 40% of years, for 1 to 3 months

o flooding the entire area in & further 10% of years, for 2 weeks



* flending commencing in June, July or August




Appendix 3: Risk assessment methodology

Intreduction

A eomprehensive emvironmental, social and economic Fisk assessment in Boe with ASNZS 150 310002009 has been
completed by the Morth Central CMA Tor the Guttrum and Beswell Environmental Warks Praject. The process for
completing the risk assessment imvolied the following:

& 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:

- The likelihood of those events occurring

- The severity of the cutcome if the event occurrad

- A consacuentlal risk rating

- Theavailable mitigation strategies and controls to offset these risiks
The residusl risk once those controls were imposed.

The risk reglster was subject to critlgue, challenge and valldation by a panel of stakeholders with a wide range
of expertise (NCCMA, GV, DEPI, Parks Victorla, MDBA, Campaspe Shine and the Gannawarra Shire) wha:

Identified the key risks that merted prigrity attention, These were defined as any risks with a score of 8
ar abeve, with & focus on the categories "High' or “Vary High'

Confirmed appropriate mitigation controls

Agreed Lo the residual risk after mitigation options were identified.

Risk assessment methodology and approach

The risk assessrment assesses the potential risks apainst the variables of Likelihood' and "Consequence’. That then
allocates each risk an overall rating from & - Din line with the methodolegy in 150 31000:2009, Risk management,
Table 1 presents the risk management matrix uted and Table 2 and 3 present the lkelihood and consequence

descriptions respectively.

Table 0-1: 50 Risk managemant matr

Likedibood

Almnst certain o c
o c
Pass|ble o C
Uinitkazly o o
o L]

The five different ratings for the likelibood of anevent oocurring are presented in Table 2.



Talde 0-2: Rizk Likelihaod Deseription
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Guttrum and Banwell Forasts: Supply Meaasure Business Case

bile 0-3: Consequence Description
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Mo miberisl effect on

Birinasx Costs

Cost impact ol up 1o L.5%

Satety and

Pl

Senvice Duliviry

thie anvrermant, . - s Insignificang im h
ealighile contaimed lacally within :LE}IE:::MTTHI:E Dk Niest aid ST Mlinimal adwerse local :L"_m':m"“ WLl Tegithrtian, identined inteimally tl:::ﬁm-mt's npap:‘h-.::l';; I?Lﬂru-.'iiln:g
SRTTYT AR S e bty CN ot treatmentcedy | disgruetiemsst | attentien [1day oniyl S VI RN eV B T e M A4rViCKE - e I Elimueniiance to
Enwirgniment affected ¥ e il custormers; stakeholders
i s of 1 51 5
| Kon-complisnce weth legislatian or bresch of duty af
LUmhed affect on the S N i S0 Minar cang, idastifed ] i |
enaironmeEnl, restriched 10% of 3ecited Injuriesdillness Campdaints, Adur:..cluallnd i ﬂ:::ie:rgfmﬁpnm::qi jﬁiﬁ:gﬁlﬂ-ﬁ?mlu“ 1 e b b e
nor Hasm | tn B Single township of e Fequiring passvely upset, o oA knge in prosecution or duil action Inunh'BTé:ll:lw ol - | S DEERTIETS cpmbiley I
ecainy, Enviranimess gl:;wlni.ﬂmhll :‘I-I":EH?.: medical anid LCospeTative '5”5”_! SNL N S nessauncing requined o defend, avposure 1o e linsed | puikiicing i't_ue.r-.-n:e:- cu:t-um::f:."
PP T e . LT iFPgtt &l up bh R parind. [upta ] waak)| rernadin or damages, and kow level risk of negative wlakuhalders slightly roorvenienced
- precedent
:‘Hmnmfﬁﬂ: CosT imeacr »50% of significant Low morale, Aghverse lacalised Kon-zompliamos with bagiskation or braach of duty of Significaant impact bo- T
aewe. | o it or aliscated aperaticral injury ilasss dergagerent, negatrvu public attention | care rasulting in procesution of. or chil actice, with Pl oo SR
i emnitigi Incalities. gt (ncluding capitai rOQIEFing [ e ] om B single moes over g one-of high kvl of rssarcing nacgued 1o dalend; B Sniinn i ml-:r:hnh;!
Esivier et Sipchod et O 8 cost impact patient abcertaisrm ara suntmingd period [up to 2 | exposare o high leved remedies or damages or ligh bt mmm”'m‘ i
farmonths of e 1 10 haoapitalization workpleo tondlich | meonth byl risk af nepative precedent. PRI RrED

158



Likelihaod

Consequance

Likelihood | Consequence | Rating

Detailed designs and site surveys to minimise impacts.
4, causing @ loss | Works supervision. Vegetation management plans. Follow
dance of the relevant legistation. Estaklish monitoring program | Contractor Phat
201:
Upp
Agse
Gutl
Enhi
Phat
. 201;
inderstorey Almost Minar Harm $ Cetailed designs and site surveys to minimlse impacts. Linlikely Minor Harm Upp
may be cartain Werks supervision. Vegetation management plans. Follow AssE
2l compaction,
proper hygiene | Possible Moderate Site Emironment Management Flan (hygiene protoccls and | Possible Minar Harm Upp
nay anter the Harm enforcement, contractor managamant) L=t
e ar
condition of the
iuna.
idopted during | Possible Minor Harm Site Ervironment Management Plan . Works superyision Linfilehy Minar Harm Project Manager and | Upp
Causing ] | (site rehabiltation) Construction Agse
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[ |
ted with Possifle | Moderate i. ‘_' Construction Management Plan developed Unfikely | Minor Harm | D Project Mansger end | Upp
native fauna, Harm 1 Canstruction ALLE
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can be Unlikaky Minar Harm Construction Management Plan developed Uinfikety Minor Harm 8] Project Manager and Upp
ired cauging the Construction Agss
s reduced, Contractor
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Appendix 5: Hydraulic model development

Model development

The hydrodynamic models for this study were developed using MIKE FLOOD modelling software. MIKE FLODD has
besn applled to a range of environmental management Moodplain studies in Australia, Including major studies for
the Gunbower and Koondrook-Perricoota forests located Immediately upstream an the Rivar Muresy.

Madel topography

The topography in the models is formed from a combination of existing UDAR collected by the Murray Darling
Basin Commission [MDBC) in 2001, River Murray cross-sections collected In the kate 1970, and a rango of new
survey data collected specifically for this study. This new survey includes six niew river crods-sections, forest infet
and outlet channel cross-sections and long-sectlons, survey of the kevees bebween the forests and the surrounding
Meadplain, and quality assurance survey Tor valldation of the LIDAR data within the forest floodplain.

The modeling schematization ks shown In Appendiy X. This shows two separale two dimensional (20 moeds! grids
represanting the two forests, These are linked to & ong dimensional (10] river network extending between the
Bocharn and Pental lsland Pumps gauging stations, Incuding the River Murray channgl and the Little Murray
anabranch channel,

The forest topography for Guttrum Forest and Berwell Farest is chown in Appendix X. These figuras highlight the
locatian of the permanent and seml-permanent wetland features within the forests and the major flowpaths. The
alignment of the levess between the forest and the adjacent farmland is also marked on these figures.

viodel schematication

Layouts of 10 model elements and associated river chainages are shown in for Guittrum Forest and Banwed Forest
in Appendix X. The 20 forest grids and the 10 rver network are linked by 10 channel elements representing the
loi-hring inlot and outlet channels fram the forests, In addition, for higher river flows the 1D river netwark and 20
forest grids are directly [inked to allow weter to spill across the river banks, as well as through the iniet/outiet
channels,

The project actually uses two separate models for the Guttrum and Benwell Forests, The Guitrum riverforest
model Includes the 20 Guttrum Forest model but excludes the 20 Benwell model, and vice versa. This apgroach
wias taken as water management measures in the farests are Independent, with changes in gither forest being wery
urlikely (o affect modelled water levels in the other. This assumption was tested and confirmed during modal
development by comparing River Murray levels and Bows for a full model Including bath forests against a part
madel induding only Benwell Forest,

Boundary conditions

The model hydrologicel boundaries are the gauging stations River Murray at Barham [409005) at the upstream
end, and the River Murray at Pental island Pumps (409214} at the downstream end, Rliver fows at Barham are
used as an Inflow boundary, while the Pental island rating cunve s used a2 a flow-level boundary.

in addition to topographical and hydrobogical data, the model also uses a range of meteorologlcal, soll infiltration
and storage, and fleodplain vegetation data. The application of this data is outlined in the methodology and
calibration reports.

odel calibration and validation



Model calibration was carried out in two stages. The first stage focussed on cahbrating the 1D river channel model,
to ensure that modelled water levels at the internal boundaries between the river and forest inlet channels and
banks are accurate This was followed by calibration of the 2D model forest inundation patterns.

1D model calibration and validation

The 1D model component representing the River Murray was calibrated using measured peak water levels from
flood events 1n 1975 and 1991 with peak daily flows of 34,095ML/d and 27,460ML/d respectively. The 1991 flood
was a moderately sized event largely contained within the river channel, and this event was used as the basis of
the in-bank channel calibration. From this calibration a uniform “Manning’s n” value of 0.050 was adopted for the
entire length of river channel between Barham and Pental Island. The larger 1975 event produced much more
widespread inundation along the floodplain This was used as the basis of out-of-bank floodplain calibration and a
“Manning’s n” value of 0.10 was adopted for the wider floodplain above river bank level. Both calibrations were
able to closely match observed levels, particularly for the smaller 1991 event.

The 1D model was validated against other flood events for which peak levels along the river were avallable This
included events in 1956, 1983 and 2012 which had peak flows of 34,145ML/d, 31,921ML/d and 25,920ML/d
respectively. The validation confirmed the cahbration, with validation model errors for the 1956 and 1983 events
within £ 0,15 metres of observed peak flood levels. The 2012 event validation was poorer as it was affected by a
significant change in the rating curve at the Barham gauging station {409005) in 2010. This change In the rating
curve is discussed in detail in the Cahibration Report, and in the limitations and assumptions section of this chapter.

2D model calibration

Following calibration of the 1D model, the forest floodplain calibration was carried out using satellite imagery
avallable for a long flood event in 2000. The calibrated 1D was combined with the 2D models and run for the
length of the 2000 event, and the outputs compared against five Landsat images available at different stages of the
flood. In general, the models showed very good agreement with the satellite imagery The five images were taken
during different periods of rising, peak and falling river flows, and the model reproduces the movement of the

inundation front with changes in river level well,

The Guttrum Forest 2D model grid was found to be sensitive to topographic data error along a tile boundary in the
MDBC 2001 LIDAR dataset (see the calibration section below). This boundary runs from southeast to northwest
through the middle of Guttrum Forest and along the very south-western corner of Benwell Forest. A comparison
against quality assurance survey data collected for this project indicated that the edge of the southern tile s biased
towards underestimating ground levels by between 0.1 and 0.3 metres.

Initral calibration model runs for the 2000 event demenstrated that this error does affect the thresholds for flows
into Reed Bed Swamp The bias towards lower levels allows too much water into the swamp, overestimating the
inundation extent for a given river flow event This was addressed during 2D floodplain calibratton by adjusting the
grid along the southern side of the grid discontinuity. The adjustment consisted of an increase in DEM levels of

0.25 metres along the length of the discontinuity, decreasing to an increase of 0.0 metres on a parallel hne to the
discontinuity, running 600 metres to the south. This change significantly improved the 2000 event floodplain

calibration,

Limitations and assumptions

The modelling 1s hased on limitations and assumptions that need to be kept in mind when applying the model
results and in future of the models. The following 1ssues are highlighted

s  Model grid spacing' The 2D meodels use a 10 metre grid of the forests Finer grid resolution increases
model run times, and 10 metres was selected during model development as the finest spacing for



which model run times would be acceptable. This resolution places a imitation of the size of feature
that can be represented in the 20 model domain. Key forest Inlets are represented in 10 Lo ensure
thelr flow capacity |5 accurately represented, Howsever smaber river bank and forest features may
only be coarsely reprosented or omitted from the 20 grid.

infiltration modelling: A soll infiltration survey [Wrigley Dillon, 3013) was carried out for the project;
and the outcomes from the survey were Indluded in the model developmant, The sureey report states
that: the wetfand and mid-floodplain oreas in the forests will initiely have very hgh infiltrotion rotes;
these decicase ropidly 1o the sofurated hpdraulie conductivity rabe after the first few doys; and
generolly the top ~600 mm of the soil profite will become soturated within the first manth af
inundotion. Representation of this wetting process is difficult with a drodynamic model, However
this has been induded in the 20 models as lumped soil molsture storage with a capacity (porasity) of
0.17 metres of water per metre depth, serface infiltration rate of 5.3 mm/d, and a saturated leakage
rate to lower soil layers of 3 mm/d.

Evapaoration modelling: Historkcal time serles evaporathon rates have been applied to the 20 modets,
‘Water management option simulations have used evaparation rates suitable to the lkely seasonal
timing of Forest filling events.

Vegetation effects on flow: The 20 modal grids use hydraulic roughness parameters that are fied in
time, This means the vegetation resistance to flow doesn’t change in response to welting and drying
of the Aoodplain, or the growth of vegetation and the resulting increased friction.

River kurray at Barham (409005) gauging statlon rating curve: The rating curve 8t Barham shows a
significant. shift in the river flow — kevel relationship between 2007 and 2010. This reflects
correspanding changes in the gaugings taken at the site over this period, which far a ghaen water lavel
show a reduction in gauged flow compared to earlier gaugings. The gaugings and the rating for the
site had previously been stable with Btile change since 1990, The reason for the shift has ot been
conclusively identified, however, the change cofncides with a change from current meier (o acoustic
Doppler (ADCP} gauging measurament technology by the NSW Office of \Water. Similar changes heve
alzo been seen at obther sltes In NSW owver this period.

The change |s large enough b3 make pre-2010 calflbratlon inconsistant with post-2000 calibration. Az a result,
the 1D river model overestimates Barhaim gauging station water levals when post-2010 flows are used as an
inflow boundary, For this study the hydredyramic models use pre-2010 instead of post-2010 flow calibration,
This was chosen ta make the models consistent with the exsting River Murray water resource MSM-BIGMOD
madelling which utilisas historical series and which has been callbrated to the pre-2010 Barham flow record,
As the MSM-BIGMOD flow seres are used In conjunction with the hydrodynamic models to determine how
often forest nundation occurs, the hydrodynamic model calibration has to be consistent with the hiydrological
model calibration.

LIDAR correction: As discussed im regard to the model calibration, there i5 an error in the UDAR grid
which affects grownd |evels through the middle of Reed Bed and Guitrem swamps in Guttnim Farest,
and river bank threshold levels at the eastern end of Guttrum Forest, After reviewing topographic
survey |t was decided to apply a correction to the UDAR to reduce the impact of this error on
threshobd level for the key flowpeth between the two swamps. The correction is based on the quatity
assurance survey data avallable at two lecations within Gutitrum Forest. The accuracy of this
cormection in other parts of the floodplain is unknown, and this i a source of uncertainty in the
modalling.

G3 regulator: The anly existing regulator in the forest s a vertical gate structure located on the G3
Infet channed, Currently this structure s unabbe o be operated, bul & fixed with the gate partlally
ralsed,
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Appendix 7: Mitigation options for third-party flood
impacts

Approach for Assessing Flood Risk Mitligation Options for Guttrum-Benwell

The Phose Two Assessment Guidelines for Supply and Constraint Metsore Bosiness Coses require that an
assessment of the risks and mpacts of proposed measures be undertaken in order to demonstrate that risks will
be adequately mitigated, One of the key risks identified for this supply measure is that of potential third-party
fooding Impacts in situations where levess do not provide adeguate protection.

inarder to demansirate that this risk can be adeguately mitigated for this proposed supply measure, an Informad
risk assessment was undertaken [Water Technology 2014a), accompanied by the development of a comprehensive
sulte of potential risk mitigation options (see Table 2). This assassment was underpinned by scenarlo-based
hydraulic modelling {DHI 301da, Water Technology X014h} and leves condition assessments [DHI 2014b, Water
Technalogy 2014c) The hydeaullc modelling reports and the risk assesment were reviewed by the Expert Review
Panel for Victorlan supply measure business cases and determinad the process and work undertaken to be fit for

PUrpose,

The rizk assessrment (Water Technology 2014) indicated that the nisk of leves fallure varled considerably depending
on location. Potential mitigation eptions are almad at both reduding the likelihood of levee failure/owertopping
and minimising consaquences or avoiding litigation if a levee failurefovertopping did oocour. Tabde 1 provides a
summary of the mitigation options that will be further investigated for thefr implamentation viability during the
detailed design phase {i.e. post-business case submission). 1t s anticipated that potential mitigation options will ba
asslgned to each risk category (e.g. low/moderatehigh/estrame] at this tima.

Tabile 1: Potentially Viable pMitigation Measuras for Furthor Consideration.

[ Optian Aim Mitigation Optians
Ta reduca the lIkelihoad of fature/overtopping Levea upgradas
Leves maintenance®

Maonitoring leves condition

Manage rates of rse /drawdnwn during waterng,
Ermergency resgonse protadune

Comamenications plan

pgrade edsting managamant to pravide mitigation

Raisa access raads and tracks

Landholder agreements

¢ Flocdway sasemants

Epote thal leyes malntenance can be anabled (na varioty F ways haweves all require permits undes relevant legisiation,

In presenting the risk assessment in this busingss casa, it is noted that key palicy matters that will inform the final
risk management strategy for this propased supply measure cannat be formally determined at this Hme. This
inchudes any final declsion-making on which mitigation eptions will be salected for implemeantation,

firdmiss corsequences if failurefovertopping ocours

fwald Iitgation i fadlerefovertonping eocurs

BEP will be in a posithen to provide more formal advice on the state's preferred long-lerm risk mitigation
arrangements for this supply measurg once the full sulte of Victorlan proposals under the 50U adjustment
mechanism has been more definitely scoped, This will occur as early a5 possible in 2015,
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Tahda 2: Mitigation options (full list}

impact  an
fditigation Options Advantages and Dessdvanisges . | Viabiliy
L. Options thet reduce the likelihood of levee tailure/overtopping
2. Leves upgradas fdvartagns Mo Viahlg.
Upgrade lavess a5 required o ensure 8 minimum freeboard of 300 mm for | = Would reduce high and estreme risk areas to madium/low risk. Essential to Fmplement
managed flpods provided acrossall levees. This option would marget areas of high Disadventagess az & migimum a8
and extreme risk. Prefiminary cost estimates for Guttrem-Barwell have a condition  assessmont

combinad cost estimate of 52.5m (plus additonal 50% contingancy costs].

These ‘bafipark’ posts are Just for basic earthworks, the total cost would inchade
significant additional casts for permits, cultural heritage, nathe vegetation

& Site access and approvals meed further nvestigation and could be
probiematic,

= Ongelrg maintenance grogram would alss be regquired.

has Hentifiad a niember
of areac whare levees

would be overbosped

affsets, engineering costs of regulating structures, which is why an additional 50% | = Would require clear asset cwner. I!IJI"H'II_ mini.l:Eﬂ
sontingency costs has baen added. Tha works thamsalves are straightforward Bt | o wowd not prevent legal action i Faliure did occur. :r::m:sbe;:ﬂéu:.—:f
may ba problematic with regard to access, approvals and landholder agreements, ;
Some additionsl warks (e.p. regulators) at waterways and Imgation channels ars . s wataring
more complicated and will require detalled anginesring dasign, event).
b, Leves maintenance Advantages [ Viahle,
Angular malntenance carried out to Improwe leves condition over time. This |«  Would maintain risk at medium/iow levals Considered essential a3
aption would target areas of low to "'"""'_""" rik. The mairtenance grogram | Anticipate that overall leves condition would be impraved aver time condition  assessment
would be based on Inspections and manitoring (fnked to option 1c below]. The . heas identified
sstimptad annual cost ks Around ST00K. « Would establish & working relationship with landholders and provida s rammerous high paints
There nesds 1o be cansiderstion @f the mechanisT T enalle tuch mantenancs Targii= Danei of weakness 8t high risk
far levess located on Crown land and who would fund and carry out Dsadvantages of fafure,
maintenance. &s such, this option links to option 3 balow. - Site aocmes and .IF||:|I"|!I'|'|I|I. need further investigation and could be
proglematic.

=  Would requires a dependable annusl funding saurce

= Could increase iabilivy depending on who CAFIBS GUL MBnieEnance

»  Could create a percaption that the levess are ownad by governmant.
t. Monitoring lewae condition Adhantages Mo Viakle

Begular monitoring of lewee condition would be carted aut to idantify arising
ssues, Information would be wed to miget leves upgrades and maintenance.
nspections would be wisual and carried out largely on foot. (deally, partmerships

= May id2ntiby new wesk spots before they becomie major Issues, minimising
rmaintenance codls. Can track peogression of known weak spots 3o that
malrtenance/replacement can be targeted 1o gvoid breaches aocwrring.

an essentiel  dos
diigance actiity and
required complement
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would he developed with laindholders o gain sooess &0 needed and shane the |« Involying landhalders in monitoring program will buld selationshig aad io levee
responsibility for managing the risk of hvee failure. An augditable record of trust. uperades/maintenance.
nspections/monitoring data would need to be maintalned, which will bave | . ooqnine to incorporate  landhalder manitoring Inta routing fance
aszaciatad costs not capturad balaw. manitoring to awoid placing additiona! burdan,
The menitgring would indude annual conditien inspections, monitering during Al " Ry e | Bets: silan 3 3
amtening events and ad hoc inspections by landhodders. Event-based monioring ! ﬂ;ﬂ:.:u ey A 2ol B it el A IR IR T, S
would require installation of gauge boards (estimatad cost S50k|. Annual cost :
extimates for menitaring are set out balow: Disadvantages
v annual nspections (basad on 2 rofling program of 20 kmdyear] - 55 » Veusl manitoring Wil not necesearlly [dentify all weak spots a5 piping
et / Failures can poour withawt warning,
v Event-baged Manitoring | Pest-flood Inspections - $16k 1
= Evert based monitoring will not necessarily provide sufficient watsring
»  Landholder Monitaring - 5% e to take preventative sotan.
s Access will be difficult in places and good OHES procedures will ba
reguirad. Mote that thers would be ssscciat=d lisbifity isues 1 consider i
landhpéders farmatly carmy aut inspedeans.
= A comprehenshve menioring program will require sooess to private tand.,
e«  Would require 8 dependalie snnual funding seuree,
&= Monstoring/Iirspections will be tme conswming,
d. Manage rates of rise and drowdown during watering events Advantapes flinimad Wiabie.
gates of rise and drawdown would be managed to reduce heves depradation | = Could reduce the rate of leves degradation,
durkng and after watering events. This may reduce the risk of bank slumping post Disadvantages
Imundation,
PEERI = My hawe impBcations for managamant of fish movemant cues; furthes
cornsulkation with flsh scolagists s neadad,
1. Options to minimise consequences if levee failurefovertopping does ocour
3. Emerpency response procedurs Advantages = Viahle.
A& chear procedure oF decision free would be developed to guide emergency | »  Planning should rediece response time and likely corseguences in the Considered eisantial,
response In the evant of 8 levae feilund, ncluding a communication protacol to @uent of 3 breach. i i
znable acjoining landholders. ta take 3ppropriate steps . prvent/redIce |, claa: roles and responsibilities should reduce tension with landholders in | watert
damage. The procedurs would include determining whethar to cease water 3 tlielzientufi:hrgs: i s ikl HEM"’& &
delivery and whether emergency works orothar actions ane needed, : : : intarrupted
. PR = Ry provide timely waming to adjoining landhalders to enable them to J
The respanse would aim to méanimise impacts on adjoining fendhefders and set Sakt appetsrishe dckion w tis et of # bisich impact
aut clear roles and responsibiities n tha avent of an emargency situation. | ' winldld be o
Further consideration of the nature of any emergency warks and the potentizl | DEadvantages g ghe ayenk
impacts on surrgunding landholders is readed, Any work that redistributes fiood | *= I may not be feasiblz to implement emargenty works in practice, | onfy rather
watars could placa the parties invabead at high sk of legsl action. Emergancy fepending on the aooass requirad, than averad
works would also need to be linked with a monftoring program. OUTLL M,

Comsutation i3 needed with landholders and emergency response agencies 15
meedad 1o develop this oplion Tumher If!n'itr{l!m:'r tanagement Victoria, ¥ic

®  The time between detection of a breach and notification may not be
sulficent for Bndholders to take appropriates action.
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Police, VicSES, Council MERD, G-8W ). This apticn may need &0 be bullt inte the
minvant Muritipal Emergancy Flan, Consideration of the links with or
mplications af the Victorian Emergenty Moragement Act 2013 is also needed.

Potertial canllict with existing smerpensy manageiment pracedures for
naturel disactars.

b. Raise aocess roads and tracks Aovantages Mo Viabls,
This option would imeohse raising potentially flooded raads and tracks to maintain | @ Landbaider secsss maintained in the svent of a layes breach Considared 3 secondary
access to houses and other infrastructure in the event of a fevee breach, Disadvantages option as should not be
Further analysis of this option is neaded 1o determine the impacts on flood fows needed If levees can be
il ekl Et AT = Pptentlal bmpacts on flocd flows leading 1o unfersean impacts elsewhere, upgraded/mairitained
o prevent fiooding.

3. Dptions to enable leves maintenance

& Resardng refavant land AdvAntages: 0 Mot viable.

Thiz option invobmes changing the status of part of tha Crown land, so that it may
be reserved under the Crown lond (Resenves] Ao 1978 |CLRA), allowing for tha
subsaguant appaintment of & commities of meragement [CoMl comprising
reighbouring landowners.

fhe Col maust manage the reserved land n accordance with the CLAA,
Speciically, secton 15{1)4a) of the CLRA provides that a Com shall marape,
imprevs, malmiaén and contrel the reserend l@nd for the purposas fer which it
was reserved, whilst s15(1]ich enables the Codl to carry out works and
improverments on the land. By maintaining [ewees on Crown knd this option
would reduce the likzlihgad of flooding accwrring.

Wiauld reguire reéclassiication of relatively small areas af laad; unlikshy to
sighifocantly imgact on existing uses (e forestry, grazing fcsnces, bes-
keeping).

If the neighbauring Radowness agres 1o form a Cohd they may mangge the
reserved Crown land for the purpase for which It was reserved, on behalf
of tha Stete, ard would have the powar to maintain levess on that land
{prowtded it falls withén the resenation purpase),

Dsadvantages:

This option does not grevent someane Trom suing the State if flooding &id
prour, however we cowld make a case for contributony nagligence

It would nesd to be very ciear which pd = 10 be reserved, As eech of the
Gunbower Mational Park and the Gustrum-Benwssll State forest already has
a distingt status, the land o be reserved would need to be surveyed, and
then excised from the Gunbower National Park® andfor the Gutirem-
Barmvell Sxate forest ac the cate may be. This can entail a lot of work and
oost,

The nelghbouring lantownears canmot be comgelled o form 8 Cod and
work togethar cooperatheely. Cols perfprm thed wark as volunteers and
are nat pald 8 salary, DEF| may need to fund a Cof w undertake s End
MERAEEMENT wark

Tha 5tate throwgh DEPFI mdemmifies Cobds and their mambers from
liabity, Thus, DEF will not be abla to completely avoid costs and Habiling
by following this optizn,

Thiz sption wauld allow the construction of fevess on Crown tard, but
doss not addrads the ssues of the State’s lisbility for inundation of the

& roundabout option
that would have the
sEME OULooms a5 sing
the fIEw lpvep
maintenance  permit

gystemy,

" Thig may réguine g gislatve snendment

1ES
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Private Land, nor how lesndowners can be required o construct and
maintain levees an tha Private land,

b ‘Water Mansgemant Scheme Adwantapes: L[] Mot vizhle,
Undar 5312 of the Water Act 1589 5400 of the Woter B 2014) the Ministér may | = Maintemance would be funded by those within the arsa affected (e Thare are & number of
arrange for schemes to improve the manegemeant of waterways, drainage and beneficlacies} ¥ fees/tarifs weoe imposed, rather than requiring an unkrocwns 2nd - issues
flandpizing to b preparad and implesmented. Watsr management schemes na extarnal funding source. requdring  clarficasion.
typically implemented by ChAs of water corporations, and eccasionally |,  yhe chaa could be directad to contribute funding, this could provide 3 way it B
municipal mm_;il:_ tlate _u-ut a mumcipal covncl must firsd egres to be for th project 1o contribute 1o leves maintenance costs. gutcome as using the
respansible for implementing @ schame howsver & ChA o water cofpadation ; nanw bgvea maintanancs
must mplEment the scheme il nominated. The Water Act (s216) provides for the Disadvantages: FErmit system.
watar corpesation or CMA 18 impose fiees or tarifis or fees onthe ares benefited | = I & not clear whether Waler Manzsgement Schesmes extend 10 levee
or affected by the scheme, or to require cantribuBans from other councils ar mairtanance.
autharities to furd the scheme, ®  There are o machanisms set out in the Water Act for enforcemsent.
Thig I:I-ptitlﬂ woul involve the develooment af a EWPIHEU'J'E Frangemant o - DER| woild EI'!|'||:|I' pasticigata in 2 Schesme in the sepse that It advises the
maintain levees to reduce the likelihood of flooding accurring, Minister far Water. It is nat clear how how or whether DEPI cowkd make

any fnancial cantribution be invalved with regard to funding maintenance,
& Leves maintenands penmit Advantages: Mo Viable.
Under sB4848 af the Water Amendment (Flood Midgation) Act 2034 landholders | = Landowners may opl to maintain levees themselves without additiona! Would cnby 2pply to
or agancies may obtaln & fiveyear permit to carry out maintenance on & levea funding to mitigate thair axisting natural flaad risk, e afie on pubiic
Ehat 4 baceted an Crown fand [effactive from 1March 2015). DEF Is In tha An ny-mEnaEEE TR M could e attadhe o land.
process of applying for associated exemptions from native vegetation offssts and d Iun;l:!:;m pﬂl‘ﬂﬂ.l|h"|‘g'rn|:‘|:'|.l:l'll:|irﬁ can :ffmm;_
EFis At permils for removal of ren-threataned species, _ :
This aption provides for Endowners 1o maintain lewees on Crown fend and
mianage thalr own fioad risk, or for a centrally managed maintenance program e | * TS 8.3 parmi based opkion, each time the permit expires or 2 land title
B Implementad by an 3gancy e.g. CMA). I::;Er:u hands thare ls no certalnty as to wha (iF armpona) Is maintaining tha
funding could ke contributed o the maintenance program |:|"l the project via a 1
funding agreement botween a representativs of the State and the recipient, The | ® mlaintenance will oply accur W lendholders see a nesd (I8 wants to repair
agreamaent could provide for the recipient fo indernnaify the state for any a levee)
as/damags Incurred as a result of the recipsent’s use of funds. =  ‘Would reguire an inspection program to ensure the warks are carried out
This pption may be feasibée when minor malrtenance on the levee would reduce 1o 3 suitabla standard,
tha likelihood of third party mpacts. =« Potential Nability for the State remalns as the Wter Amendment (Flpad

Migigetions Act) 2014 is silent an liability.
d, Conssrvation, Fovests ord Lands Act 1987 Advantages: Ho Yiable.

section 69 allows for an sgreament to be made betwseen tha Secretary and a
landownar regarding the management, use, dewelopment, preservation or
canservation of the lend or otherwise for the purposes of giving effect to 3
redevant law, for mample the Fova and Foune Gueroates At 1985,

This aption would imolve the tevelzpment of an agreemant to reduce the risk
any third party Impacts by:

= Suchan agresment can restrick accessactiityland wse {s70),
#  Thaagresment ks binding on tha landownar's successars in title,

= Pravides for a funding agresrment which could negate the passible land
devaluation.

L] Would indemnify DEPT's Secretary.

Would enly apply to
Ievees on private End.

-1




Guttrum and Benwell Forests: Supply Measure Business Caze

*  Ensuring that private land at risk of flooding was not used during &
rmanaged flopd esant; andfar

*  Levepson private land arg maintsined and not remawad,

= Reguires the lasd owner ta obtaen insurence 1o Indernify the
Secretiry against specified activities n relation to the Private Lamd, to
insure against fabilities and sctions in tort in relation o the Private
Land and to cbiam other forms of insurance or assurance that are
specified in the sgresment®;

s Reguires the Secretary o provide the and owner with advice, fmancial
ar other asistance including compensation for oss of income erising
out of tha parformance of the agresmant.*

tdditionally, this option could be usad to allow fooding to occur without thind

parky impacts if the agreement specifies that & certain area of the land will not be
aséd by the landewner.

»  Con be B fasr and simple process and can be tailored to the specific |

requirements of the praject(sh,
Dieadvanages:

®  The circurmstances may ral match the purposes of 8 969 sgreement. It s
wnlikely that 2 $69 agreement can be wed solely to avoid liability for the
mundation of the Private Land

o it ig unchear If third parties (Le. other than the DEPI Secretary] can ba
indesminified.

s The ares covered by the agresmant may be extensive and may nclude
houses, roads and other infrastructure. In such cases, this optian would
nesd to be imad bncombination with ather mitigetion opons.

=  Liely to require on-gaing funding to be made avallable to continue to pay
andowner in consideration of any on-going repair and mainterants wark
required under the agresment ar any restrictions on the owners of the

Private Land,
# Planaing and Enwironment Act 1957 Advankage: Mo Wahla:
fha ‘rasponsible authority' (in this case the ralevant municipal council) can erter |« In the pureent circumstances, & could be argued that 3 5 173 Agreemant Ciould ba usad for levee
imo an agreement with a private landowner {5 173 Agresment] under 5 173 of could be entered into that sets out the conditions arsdnd the Lse and malmtanance or other
the Manafag & Envirpnment A 1687 e devalopmant of tha Private Land, for sxamgple requiring the construction flood profection warks
+  prohibe, restrict or regulate the use or development of the Private and maintenance of levees an that land, on private land.
Land; =  Dther parties [eg the Secretary or the ChMA) may abso be a party fo such a
®  saf out the conditions subject to which the Private Land may be used or 5 173 Agreament.
deweloped for spacified purposes; Disadvantages:
=  any mattar ntended to achieve or advances " Bt is the Stete thet requires cantrel ever the Privata Land In arder to flood
o the objectives of planning in Victaris; ar # without liability. However, i€ is the municipal council as the responsibée
- A _ authority that is ampowened to enter into the 5 173 Agreement. Although
o theabjecthes of the planning scheme; or the State through DERI or the Secretary could also be & party, ultimately
= any matter mcidental to any one or more of the above mattars., this would degend on the municipal counci’s willingress to participate.
This optien can ba usad to both reduce the fkelihood of & fleed accwrring and o
gnable fipoding to sotur without the threat of third party Impacis:
f. Funding agresments with third parties Bdvantages: Mo Wiahia.

Mhis option would enable the State through DEP) to prowvids funding to an awner
of the Frivate Land, o undertake specified works on that Privete Land, or ona
specified parcal of Croreen fand.  The agresment would lnk fundng paymants to
tha achigwement of speciflad milesionas, such as obmining advica on tha iocation
of levees, obtaining any necessary planning approvals, maintaining a levee, and

& Afiows Bandowners to dacida how Bast manage their own flood ritk and
provides some funding w enabe them to do =0,

s This is quick and straightforward process,
Dsadvaniages:

Could ba used for lewae
maintenance or ather
flood protection works

on private nd.

Ya MOLLHE CREL Ack
ta DOAHKHCFE L Act

P The purpeses of 2 5 173 Agresment ang set out in 5 174 of the Plonnieg & Envronmert At 1987,
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undertaking regular inspections.

This optan woubd allaw landkodders ta protect themselves fram the potential
impacts of flooding by building ring levees around infrastructure or raising 2n
ACCesy frack.

Funding agresments wauld reed to specify the necassany works. An inspection
program o ensure the works are carried out to 8 sultable standard to support
payment against milestonas,

Landowners cannot be compelled to accept such funding or 1o enter inte
the agreermsant,

Whilst & funding pgresment may provide that the funding recipient will
indesminilly the State fos loss af damage arizing from the perfarrmance of the
agreamant, this will aot cover all foreseeable fosses (eg. # nundation of
Priwate Lend ooours despibe the levee works having been undertakan),

A funding agresmant will @andure for so long &5 thare s funding. It cannot
bind future gwners of the Private Land.

This option is kel to provide only 8 partial solutien and needs to bs
impiemented in tandem with ather cpiions.

IF it is gstablished that the leves spstermn cannat be maintained to an
adequate level to present third party fiooding impacts funding agreements
will not ba tha hest ue of funding.

a. Compensation fund Advantages: Mg Mot viskla,
Mis aption would establish 2 fund from wihich Enpacted third parties can be | = Would minimize litigation againet the state government; imgacted third ‘Wiould require orgoing
compensated for damage to land andfor praperty from a managed fiood event parties coutd apply for compersation according to the funding scherms adménistration and
This sptian would manage residual risk. rlas funding.
Thiere & o legislation that specifically deals with this kind of scheme. Tha fund | «  Minor darmage would be quickly and simply dealt with, Affected

would need be supported by robust policy to specily the Grcumstances in which landowners who may otherwide bs disgruntled by the damage caused by

DEP| will pay afl or & s&t proportion of the costs of replacement or remataternent the watering could be sats=fied with swift reinstaterment and repairs,

u the cade miny be. DEF may also pay for same cosis of lost hay and fodder sftsr havirg a pasitive reputationad impact.

Naoding Disadhvant

The policy has imited epplicatan and requines claimants ta il out & ferm, which bod flood

will trigger an inspection and evaluation of the claim, DEP] would either pay for ¢ E:rus s Emlh:r:aﬁir b g4} Smcpe Iy V. dioes: et

the landowner 1o arrange for replacemantfreinaatament works or DEP] woudd

undertake this work. »  Funding needs to be avaliatle to suppart this palicy.

if DEP| pays the lendowner, the landownes & raquired to enter inte & simple | *  Himan resgurces will nesd va be allocated 10 administering such & scheme.

fupding sgreement before payrent will be made, This egreement incudes a

releasa and Indamnity provissan, by which the landowner agraes not to purswa

DEPI furthar for costs In relation to that damage.

DEP's Land, Fire and Emvironment Group have established a similar fund 1o pay

far the rebulding of fences after a fire

5. Options to enable fooding

8. Floodway sasement Advantages: Hao Viabla,

This cption invobees acquiring flood easemsnts by agreesment ower patentially
nundated land from adjoining landholders, thereby prevanting the likelibcod of

Effectivaly mitigates the risk of litigation, provided that no flosding cecurs
outside easermant baundaries.
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third party impacts.

an gasement generally decreases the value of the knd it B on Devarmining the
area nepded to be covesed by the easement will reguire reliable modraualic
modelling. Easement purchade invalves & sEngle payrment gnd easemeants are
regutered an the land tile and do ot nesd to b2 rensgotiated I the land
zhangas hands.

amy purchase would need o bs made by an entity with 5 ststitary right ta
ncguine interests in kEnd. The DEP| Secratary has the power upder the CREL Act 10
purchase an irter=st in land for the purpases of the Act. Easements eould alaa ba
acquired by GouBurn-Murray Water. The MDRA does not have the power 1o
acguing imterasts in land in Victera,

¥ Registered on titka,

=  Enables registerad owners to be compensated for boss of use of private
land,

» Landhalders still have sccess to thair land and can take edditional steps to
manage thelr flood risk.

&  More cost-affactive than purchaee 55 sasermant oot 5 3 percentage of the
total valuation

Disadvantages:

W Timeframes and requirerments of Lond Acguaition ond Compenirtion AT
1586 must ba adherad ta.

& Mead to pay for easement acqulsition.

= Wiable when only & reletively small part of & property is &t sk of fooding
if a large proportion was 2t risk, the propany devaluation would be
cordiderabls and landholders unliely 1o sgres,

= pctively pursuing easemant acguisition can be viewed o5 aggresshee;
reputatinal impact.

#  Cannot protest the CMA fram RabEry.

B, Land purchase

Requires an acquisition by agreement of privaie property (or subdivision and
purchase of part property). This option would erable floeding to ocour without
the eisk of third party impacts=. Any purchase would nead to bo made by an antity
with a statutory right to scqulre Snterests in land.

The Minister i5 able to purchase land under the lomd' Act 1958, Lond Acquisition
and Compensation Act 1986 [LACA] and the CFEL Act

iinder 518 of the LACA an acquiring authority can, having infiated the land
acquisition process wnder a spaclal Act, gntar imto an agreement with the
landownar, rather than completing the compuisony acquiskion process).

Mo amendmant to the planning scheme and no notice of migntan o &quire are
needed. instead, the acquiring authority would, once the terms af the acquizsition
hava baen agreed with the registered owmers of the Private Land, Sarve & niice
of fts fntention mof to scguirg tha land. Such a3 noties stays In force for
12 months,

This option would involve making offers to adioining landhalders to purchase
spme fareas potentially flooded) or @l of thalr properties, or cpportunistic
purchasa of ary propertias thet ware put wp for sale In the future,

Unless whole parcels were purchased, subdivislon of private land would be
reguirad (keally to maximum irundation extenth and the area purchased wouk
only ba af tha arga that could be foodad,

Advantages:
e Effectivaly removes the rigk of third party impacts,

= Could be undertsken opportunistically i tandem with other mitigatan
opticns,

®  Enables registered owners to be compensatad for loss of e of Private
Lard,

= Compensation can be given to swnérs of privately held land,

Disadvantages:

= Acguisition could be qute costiv.

e Wowld need 10 put ongoing management ammangements In place and
prawice funding,

¢  The tmeframes and requirements sat out in the LACA must be adhered 1o,
whith cam add to the tme and pomplexity of negotiations.

= This option i dependent on the willingress of the registerad owners to
negotiate with the acquiring authority,
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Guttrum and Bonwell Forests: Supply Measure Business Case
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