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About this plan

About this plan

This environmental water management plan  
consists of:

i. A long‑term strategic plan, (per Clause 117 
of The Living Murray Business Plan), which 
outlines the icon site’s environmental water 
requirements and how to broadly achieve 
them with a combination of environmental 
water and works and measures.

ii. Schedules detailing operational information 
about the icon site such as Operating, 
Condition Monitoring, Risk Management and 
Communication Plans. These Schedules will be 
added to the environmental water management 
plan as they become available and updated to 
reflect learnings from the operation of works, 
the results of environmental waterings and the 
latest science.

The environmental water management plans provide 
context for an icon site’s water planning, delivery, 
monitoring and consultation processes. While the 
environmental water management plans include 
proposed operating strategies, annual water planning 
and implementation will be responsive to changing 
water resource conditions, opportunities and 
environmental priorities throughout the season and 
from year to year.

This environmental water management plan and 
associated schedules have been prepared by TLM 
partner governments in consultation with the relevant 
stakeholders. The MDBA would like to acknowledge 
the significant contribution of all those involved 
in the development of the environmental water 
management plans.
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Summary

The Living Murray (TLM) Initiative is one of 
Australia’s most significant river restoration 
programs. The program is delivered by six partner 
governments as outlined in the Murray–Darling 
Basin Intergovernmental Agreement (2004), which is 
facilitated through a formal governance framework 
coordinated by the Murray–Darling Basin Authority 
(MDBA) and ultimately overseen by the Murray–
Darling Basin Ministerial Council. This overarching 
framework is underpinned by state‑based governance 
arrangements. 

Almost 500 GL (long‑term Cap equivalent) has now 
been recovered through TLM. This water will be used 
at six icon sites to improve environmental outcomes: 
Barmah–Millewa Forest; Gunbower–Koondrook–
Perricoota Forest; Hattah Lakes; Chowilla Floodplain 
and Lindsay–Wallpolla Islands; Lower Lakes, Coorong 
and Murray Mouth; and the River Murray Channel.

environmental water  
management plan

This environmental water management plan 
establishes priorities for the use of TLM water 
within the Koondrook–Perricoota component of the 
Gunbower–Koondrook–Perricoota icon site, and 
identifies environmental objectives and targets (where 
appropriate), water delivery options and regimes that 
can utilise TLM water portfolio.

This revision builds on previous iterations of the 
Koondrook–Perricoota Environmental Management 
Plan (previously known as environmental management 
plans) and reflects the larger volume now held in The 
Living Murray water portfolio, uses The Living Murray 
works and measures (as construction is completed) 
and the monitoring information gathered at the icon 
site.

Koondrook–Perricoota Forest 

The Koondrook–Perricoota Forest is a large mosaic 
of river red gum (Eucalyptus camaldulensis), black 
box (E. largiflorens) and grey box (E. microcarpa) 
communities, interspersed by wetland ecosystems in 
southern New South Wales. The forest has a number 
of environmental, social, cultural and economic 
values. Its current condition reflects the long‑term 
inadequacy of the primary driver of floodplain forest 

health—the flood regime. 

management interventions

Ecological objectives have been defined for the site to 
focus management efforts. The First Step Decision 
ecological objectives, approved by Ministerial Council 
are to: 

Maintain and restore a mosaic of healthy floodplain 
communities as indicated by;

• 80% of permanent and semipermanent wetlands 
in healthy condition 

• 30% of river red gum forest in healthy condition

• successful breeding of thousands of colonial 
waterbirds in at least three years in 10

• healthy populations of resident native fish in 
wetlands.

The Flood Enhancement Works project under 
construction is designed to help achieve these 
ecological objectives. The works will enable a range 
of natural flood events to be mimicked achieving 
broadscale inundation of up to 50% of the forest, 
including watering river red gum communities  
and wetlands and promoting colonial waterbird 
breeding events. 

The Flood Enhancement Works project will provide 
significant additional opportunities to achieve the 
ecological objectives for the Koondrook–Perricoota 
site over and above the pumping options. The delivery 
of larger watering events will lead to additional 
cultural, social and economic benefits.

environmental water delivery

Water will be delivered to the Koondrook–Perricoota 
icon site via a number of mechanisms. The primary 
method will be using the Flood Enhancement 
Works project to deliver a range of flows at varying 
frequencies to meet the First Step Decision and 
refined objectives. In addition, water will continue to 
be delivered to Pollack Swamp through the private 
irrigation infrastructure, or by pumping outflows from 
the Barber Creek works. Approvals have also been 
secured to allow pumping from the River Murray 
directly into lagoons alongside the river that will not 
benefit from the works.
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Summary

consultation and engagement

Several committees have been established as 
part of the icon site governance arrangements 
for Koondrook–Perricoota. Together with the 
Joint Indigenous Group and working groups 
comprising project partners, these committees 
undertake community engagement activities and 
provide a mechanism to consult with stakeholder 
representatives from community and Indigenous 
groups, organisations and agencies. This consultation 
will continue as the site progresses to operating the 
works. 

monitoring 

Monitoring is being undertaken, primarily through the 
icon site condition monitoring program, to determine 
progress towards achieving ecological objectives for 
the Koondrook–Perricoota icon site. Event‑based 
monitoring comprising ecological response, risk and 
operations monitoring will also be undertaken to 
inform operation of the works.

Monitoring outcomes are reported to key 
stakeholders and will be used as part of the  
adaptive management process for the site. The 
Koondrook–Perricoota Forest Environmental Water 
Management Plan will be reviewed periodically to 
capture the key lessons and changes in icon site 
management practices.
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1. The Living Murray

The Living Murray TLM) Initiative is one of Australia’s 
most significant river restoration programs. 
Established in 2002, TLM is a partnership of the 
Australian Government and the governments of 
New South Wales, Victoria, South Australia and the 
Australian Capital Territory; it is coordinated by 
the Murray–Darling Basin Authority (MDBA). The 
long‑term goal of this program is to achieve a healthy 
working River Murray system for the benefit of all 
Australians.

The Living Murray aims to improve the environmental 
health of six icon sites chosen for their significant 
ecological, cultural, recreational, heritage and 
economic values:

• Barmah–Millewa Forest

• Gunbower–Koondrook–Perricoota Forest

• Hattah Lakes

• Chowilla Floodplain and Lindsay–Wallpolla Islands 
(including Mulcra Island)

• River Murray Channel

• Lower Lakes, Coorong and Murray Mouth.

Through its First Step water recovery initiative, 
TLM has acquired a water portfolio consisting of 
environmental water entitlements. As of May 2011, 
there was 478.97 gigalitres long‑term Cap equivalent 
(LTCE), with another 7.1 GL to be recovered in 
2011–2012. The actual volume of water available 
against these entitlements depends on the allocations. 
This portfolio will be used to achieve environmental 
objectives at the icon sites. Regulating structures, 
water delivery channels and fishways, known as 
works and measures, will deliver and manage the 
environmental water at the icon sites. On‑ground 
works for each icon site will be progressively 
constructed from 2010 to 2012. The success of the 
environmental watering against the objectives will be 
monitored using fish, birds and vegetation as an overall 
indicator of the icon site’s health. 

The Living Murray will seek to align itself to the 
requirements of the Basin Plan Environmental 
Watering Plan, once finalised.

Further information on TLM is available on the MDBA 
website at <www.mdba.gov.au/programs/tlm>.

Figure 1.1: location of the living murray icon sites
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The Living Murray

the living murray icon site 
environmental water  
management plans 

The Koondrook–Perricoota Environmental Water 
Management Plan establishes priorities for the 
use of TLM water within the icon site, and identifies 
environmental objectives and targets (where 
appropriate), and water delivery options and regimes 
for this site that can use TLM water portfolio.

Development of the environmental management 
plans has been coordinated by the MDBA in 
consultation with the Environmental Watering Group 
to ensure a consistent approach to planning and 
management across the icon sites.

This revision builds on previous iterations of the 
Koondrook–Perricoota Environmental Management 
Plan (previously known as environmental 
management plans) and incorporates consultation, 
research into icon site key species, learning from 
water behaviour modelling and outcomes from 
previous environmental watering. The Koondrook–
Perricoota Environmental Water Management 
Plan reflects the larger volume now held in The 
Living Murray water portfolio, and uses TLM works 
and measures (as construction is completed) and 
monitoring information gathered at the icon site.

Planning context and legislation 
framework agreements 

Ramsar Convention on Wetlands of 
International Importance 

The Ramsar Convention on Wetlands of International 
Importance (the Ramsar Convention) is an 
international treaty with the broad aim of halting the 
worldwide loss of wetlands and to conserve, through 
wise use and management, those that remain. For 
wetlands to be listed as Ramsar wetlands, they need 
to be representative, rare or unique in terms of their 
ecological, botanical, zoological, limnological or 
hydrological importance. Ramsar‑listed wetlands 
can be natural, artificial, permanent or temporary 
swamps, marshes, billabongs, lakes, salt marshes or 
mudflats classified as wetlands. 

Signatories to the Ramsar Convention, including 
Australia, are required to formulate and implement 
their planning so as to promote the conservation of 
wetlands included in the Ramsar list, and as far as 
possible the wise use of all wetlands in their territory. 
Ramsar wetlands in Australia are protected under the 
Environment Protection and Biodiversity Conservation Act 
1999 as a matter of national environmental significance. 
(Department of Sustainability, Environment, Water, 
Population and Communities 2011b). 

Bilateral migratory bird agreements

Over the past 30 years Australia has signed three 
bilateral migratory bird agreements in an effort 
to conserve migratory birds in the east Asian and 
Australian region: China–Australia Migratory Bird 
Agreement (signed in 1986); Japan–Australia 
Migratory Bird Agreement (signed in 1974); and 
the Republic of Korea–Australia Migratory Bird 
Agreement (came into effect in 2007). 

These agreements protect terrestrial, water and 
shorebird species that migrate from Australia to 
Japan or China. The Japan–Australia Migratory Bird 
Agreement also provides for cooperation on the 
conservation of threatened birds, while the Republic 
of Korea–Australia Migratory Bird Agreement ensures 
conservation of migratory birds and collaboration 
on the protection of migratory shorebirds and their 
habitat (Department of Sustainability, Environment, 
Water, Population and Communities 2011a).

Murray–Darling Basin agreements

The Murray–Darling Basin Ministerial Council 
established TLM in 2002. In 2004, the Australian 
Government and the governments of New South 
Wales, Victoria, South Australia and the Australian 
Capital Territory signed the Intergovernmental 
Agreement on Addressing Water Over‑allocation 
and Achieving Environmental Objectives in the 
Murray–Darling Basin, which gave effect to a funding 
commitment (made in 2003) of $500 million over five 
years for TLM. The Living Murray program’s First 
Step aimed to recover 500 GL of water for the River 
Murray and focused on improving the environment at 
the six icon sites. A supplementary Intergovernmental 
Agreement was signed in 2006 which provided 
increased funding of $200 million to The Living 
Murray.

The role of the Intergovernmental Agreement on 
Murray–Darling Basin Reform, signed by the Council 
of Australian Governments, is to: 

• promote and co‑ordinate effective planning and 
management for the equitable, efficient and 
sustainable use of the water and other natural 
resources of the Murray–Darling Basin (Council of 
Australian Governments 2008b).

This Agreement was the foundation for the Water 
Act 2007, which established the MDBA whose role is 
to manage the Basin’s water resources through the 
development of a Basin plan.
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commonwealth legislation

Water Act 2007 

The Intergovernmental Agreement on Murray–
Darling Basin Reform was the foundation for the 
federal Water Act 2007, which established the MDBA, 
whose role is to manage the water resources of the 
Murray–Darling Basin in an integrated, consistent 
and sustainable manner. The Water Act requires the 
MDBA to prepare and oversee a Basin Plan, which will 
be a legally enforceable document that provides for 
the integrated and sustainable management of water 
resources in the Basin. 

The Basin Plan’s Environmental Watering Plan 
will provide a strategic framework for coordinated 
environmental water planning and environmental 
watering throughout the Murray–Darling Basin. In 
the future, TLM will align with the Environmental 
Watering Plan in the development of Basin states’ 
long‑term and annual environmental watering 
plans and through the annual environmental water 
prioritisation processes. 

Environment Protection and Biodiversity 
Conservation Act 1999 

The Environment Protection and Biodiversity 
Conservation Act 1999 (the EPBC Act) provides a legal 
framework to protect and manage nationally and 
internationally important flora, fauna, ecological 
communities and heritage places (including natural, 
historic or Indigenous Australian places) —defined in 
the EPBC Act as matters of national environmental 
significance. There are eight matters of national 
environmental significance to which the EPBC  
Act applies.

The EPBC Act aims to balance the protection of these 
crucial environmental and cultural values with our 
society’s economic and social needs by creating a 
legal framework and decision‑making process  
based on the guiding principles of ecologically 
sustainable development (Department of 
Sustainability, Environment, Water, Population  
and Communities 2011a). 

new South Wales legislation

Operation of the Flood Enhancement Works project 
has been approved under Part 3 of the Environmental 
Planning and Assessment Act 1979, which effectively 
overrides or fulfils the conditions of other state 
planning legislation. 

This means that operation of the works must be 
carried out in accordance with the environmental 
assessment, preferred project report, response 
to submissions and statement of commitments 
prepared by the proponent and conditions of consent 
issued as part of the approval. These documents 
regulate the operating regime, operation during 
unregulated events, and monitoring and consultation.

The conditions of consent also require development 
of an operational environmental management plan, 
including a number of sub‑plans, and a biodiversity 
operational plan, fish management plan, dual fishway 
and turtle ramp operational plan, and an emergency 
plan. A compliance tracking program must also 
be developed. These documents are currently 
in preparation; they will replace the Preliminary 
Operating Plan for the works and be appended to 
the Koondrook–Perricoota Environmental Water 
Management Plan as a schedule.

Water management not connected with the scheme  
of works (e.g. pumping into lagoons and diversions 
into Pollack Swamp) remains subject to legislation 
listed below.

The following New South Wales legislation is relevant 
to water management at the Koondrook–Perricoota 
icon site:

• Environmental Planning and Assessment Act 1979 
(including state, regional and local environmental 
planning instruments)

• Fisheries Management Act 1994

• Protection of the Environment Operations Act 1997

• Threatened Species Conservation Act 1995

• National Parks and Wildlife Act 1974

• Water Management Act 2000

• Heritage Act 1977

• Forestry Act 1916

• Crown Land Act 1989

• Native Vegetation Act 2003

• Noxious Weeds Act 1993

These Acts are described in Appendix A of this report.



7KoondrooK–Perricoota environmental Water management Plan

The Living Murray

governance and planning 
arrangements 

The Living Murray is a joint initiative and is managed 
collaboratively by partner governments. The Murray–
Darling Basin Intergovernmental Agreement on 
Addressing Water Overallocation and Achieving 
Environmental Objectives in the Murray–Darling 
Basin (Council of Australian Governments 2004) 
outlines governance arrangements for implementing 
TLM. The 2004 intergovernmental agreement is 
complemented by The Living Murray Business Plan, 
which provides operational policies to guide TLM 
implementation.

The groups with a direct role in TLM governance are 
the Murray–Darling Basin Ministerial Council, MDBA, 
Basin Officials Committee, TLM Committee and the 
Environmental Watering Group (see Figure 1.2 for 
TLM governance structure) 

While MDBA plays a key coordination role at a 
TLM‑wide level, management and delivery of TLM 
activities at the icon sites are primarily undertaken 
by relevant agencies in the jurisdictions where the 
icon sites are located. The ultimate responsibility to 
ensure the icon sites at Koondrook–Perricoota Forest 
are successfully governed lies with Forests NSW, as 
the manager of these icon sites. 

Figure 1.2 the living murray governance structure (mdBa)

The governance arrangements for the Koondrook–Perricoota Forest icon site are responsive to the construction 
and operational planning phase of the works project; they are summarised in Figure 1.3 (below). The roles 
and responsibilities of the various groups and organisations specific to the Koondrook–Perricoota Forest are 
discussed in this section.

Icon site management arrangements following construction of the works will continue to occur in a collaborative 
manner, with a number of key organisations and groups. It is intended that governance arrangements will be 
established for the ongoing management phase of the program enabling communication between relevant 
organisations already involved during the planning and construction phase, and others where appropriate.

murray–darling Basin ministerial council

Commonwealth Water Minister (Chair) and one TLM partner 
government Minister responsible for land, water and 
environmental resources.

role 
Develop and agree to IGAs, approve TLM Business Plan and 
make key decisions. For example, approve Natural Resource 
Management programs budget in the Corporate Plan. 
links to other committee(s) 
Reports to the Basin Officials Committee.

authority chief executive

role and links to other committee(s) 
The Chief Executive’s Report outlines matters requiring 
approval at Ministerial Council, BOC from TLMC. The Chief 
Executive approves TLM watering actions (delegated to 
MDBA Executive Director NRM). 

the living murray committee (tlmc)

MDBA Executive Director, NRM (Chair) and senior officials from 
TLM partner governments

role 
Responsible for the implementation of the TLM Business Plan 
links to other committee(s) 
TLMC make recommendations through the Authority Chief 
Executive on how to implement TLM program based on 
information from EWG and also provide advice to EWG. 

environmental Watering group (eWg)

MDBA Executive Director, NRM (Chair), icon site management 
staff from TLM partner governments, DEWHA. Observers: Cth 
Environmental Water Holder, MDBA  
Director River Murray Operations, MDBA Director 
Environmental Delivery

role 
Develop and implement the annual TLM Environmental 
Watering Plan. The EWG recommends annual TLM watering 
priorities and proposals to ensure consistency between icon 
sites. 
links to other committee(s) 
EWG reports and seeks advice from TLMC through the 
MDBA Executive Director NRM. 

Basin officials committee (Boc)

Officials from all Basin Governments: 
Commonwealth (Chair), NSW, VIC, SA, QLD, ACT 
Non‑voting member: Authority Chair/Chief Executive

role 
Facilitate coordination in the management of Basin water 
resources between the Commonwealth, the Authority and 
the Basin States.  
links to other committee(s) 
Authority Chief Executive provides information to BOC for 
information, comment or approval when the outcome could 
impact the management of water sharing resources, river 
operations or state funding. BOC reports their approval or 
decision to Ministerial Council. 

delegations reporting

advice

delegations

information 
and comment

information 
and comment
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Figure 1.3: cross‑border governance arrangements: Koondrook–Perricoota Forest 

Koondrook–Perricoota 
Flood Enhancement 

Project Board
NSW icon site manager

Victorian icon  
site manager

Design and Construction 
Committee

Operations  
Planning Team

Gunbower–Koondrook–
Perricoota Integrated 

Coordinating Committee

Advisory groups: Joint Indigenous Group,  
Community Operation and Planning Advisory 

Committee, ad hoc specialist technical groups.

Advisory groups: Community Reference 
Group, ad hoc specialist technical groups.

organisations

The majority of organisations involved in Koondrook–
Perricoota Forest management are involved in one 
or more of the committees or groups described 
below. The broad roles and responsibilities of these 
organisations are detailed in chapter 6.

Project Board

The Project Board is responsible for the successful, 
cost‑effective and timely delivery of the Koondrook–
Perricoota Forest Flood Enhancement Project in 
accordance with the stated TLM objectives and 
broader water management and environmental 
outcomes. The board ensures that high‑level 
communication is maintained and promoted to 
ensure project understanding and cooperation across 
member organisations. Project Board members are 
the Murray–Darling Basin Authority (Chair); Forests 
NSW; the New South Wales Office of Environment and 
Heritage; NSW State Water Corporation; and the NSW 
Office of Water.

Operations Planning Team

The Operations Planning Team provides coordinated 
stakeholder advice to the icon site manager 
regarding operation of the Koondrook–Perricoota 
Flood Enhancement Works project and provides a 
multidisciplinary technical forum for the development 
of the operational plan and sub‑plans. The Operations 
Planning Team membership includes representatives 
from a range of Australian Government and New 
South Wales and Victorian agencies, as well as from 
the Community Operations and Planning Advisory 
Committee and the Joint Indigenous Group.

Community Operation and Planning  
Advisory Committee 

The Community Operation and Planning Advisory 
Committee comprises 11 community members 
who provide local experience and advice in respect 
of the planning and operating of events delivered 
and managed by the Flood Enhancement Works. 
A delegate from the Community Operations and 
Planning Advisory Committee also sits on the 
Operations Planning Team to ensure that community 
issues are correctly conveyed to that group and to 
provide an avenue for direct feedback. 
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The Living Murray

Design and Construction Committee 

The Design and Construction Committee oversees 
development of detailed designs and construction 
of the Flood Enhancement Works project. The 
group shares expertise to ensure that the works are 
designed, constructed and commissioned efficiently 
and effectively to provide the agreed environmental 
outcomes. The committee comprises experts from 
State Water Corporation, the NSW Office of Water, 
Department of Primary Industries, Forests NSW  
and the MDBA.

Joint Indigenous Group

The Joint Indigenous Group ensures that the 
Indigenous community is given the opportunity to 
provide input into water management and a chance to 
raise and identify their cultural and spiritual links to 
the forest. This group is made up of representatives 
from the Yorta Yorta and Barapa Barapa nations (the 
Traditional Owners of Koondrook–Perricoota) and 
from the Moama and Deniliquin Local Aboriginal 
land councils. These representatives, mainly chief 
executive officers and elders, ensure cultural heritage 
and values are considered and incorporated by the 
icon site manager, and that information is provided to 
local Indigenous communities. Refer to chapter 7 for 
further details.

Operations Committee

The Operations Committee provides coordinated 
technical advice to the MDBA River Operations staff 
(River Management Division) before and during 
watering events. Advice includes the recommended 
inflow to the forest for optimum ecological response 
within legal and other constraints. The committee 
includes representatives from Goulburn–Murray 
Water, NSW State Water, Forests NSW and other 
members as required. The committee meets 
regularly during watering events to provide feedback 
on how the operation is going and to plan ahead for 
future environmental watering (GHD 2010).

cross‑border management 
arrangements

Integrated Coordinating Committee

Management of the Koondrook–Perricoota Forest 
is currently coordinated with the Gunbower Forest 
(managed by Victoria) through the Integrated 
Coordinating Committee. The Integrated Coordinating 
Committee comprises representatives from Forests 
NSW and Victorian North Central Catchment 
Management Authority (the icon site managers), 
New South Wales Murray Catchment Management 
Authority, Victorian Department of Sustainability and 
Environment, federal Department of Sustainability, 
Environment, Water, Population and Communities, 
and the MDBA.

The Integrated Coordinated Committee identifies 
areas for integration (e.g. water sharing, opening 
and/or shutting structures, and implementation of 
monitoring), and ensures that this integration occurs. 
The committee identifies efficiencies and ensures that 
cross‑communication and information‑sharing occur 
consistently; it also assists in identifying priorities 
across the entire forest system.

The Koondrook–Perricoota Environmental Water 
Management Plan, although a separate plan, has 
been developed to complement the Gunbower Forest 
Environmental Water Management Plan.

Icon Site Community Reference Group 

The Gunbower–Koondrook–Perricoota Community 
Reference Group provides a mechanism to 
seek advice and a community perspective on 
the communication and engagement activities 
proposed for the icon site. The community reference 
group will be engaged as an advisory body for the 
implementation of communication tools and actions. 
Membership of the group includes six representatives 
from the local community and the chair rotates yearly 
between the chairs of the Victorian North Central 
Catchment Management Authority and New South 
Wales Murray Catchment Management Authority 
boards (MDBC 2006). Chapter 6 also contains 
information about community consultation and 
communication.
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2. Icon site description 

Koondrook–Perricoota Forest is located in the 
Riverina region of New South Wales, downstream of 
Torrumbarry Weir. It extends from the area opposite 
the Victorian township of Torrumbarry in the south 
to a few kilometres from Barham in the north. 
Koondrook Forest is located at the Barham end of 
the forest, while Perricoota Forest lies toward the 
Echuca–Moama end. The forest is located within 
two local government areas, Murray Shire Council 
and Wakool Shire Council, and is an important 
local feature for the Moama, Barham, Mathoura, 
Moulamein, Womboota, Wakool and Bunnaloo 
communities. The forest is within the Murray 
Catchment Management Authority region. 

Koondrook–Perricoota Forest is a state forest (Crown 
land) managed by Forests NSW and is listed on the 
Register of the National Estate. Forests NSW is 
responsible for sustainably managing the forest for 
the benefit of present and future generations. The 
river red gum (Eucalyptus camaldulensis) forests of 
south‑western New South Wales, which include the 
Koondrook–Perricoota Forest, have been managed as 
multiple‑use forests for over 150 years.

To the north‑east, the land surrounding the forest is 
predominantly flat, consisting of private agricultural 
land that supports mainly irrigated and dryland cereal‑
cropping and stock‑grazing enterprises. Other uses of 
lands adjacent to the forest include horticulture, private 
native forestry and rural residential development. 
Isolated pockets of forested areas occur across the 
landscape (GHD 2010; MDBC 2006).

Figure 2.1: Koondrook–Perricoota Forest location and tenure
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description of key ecological assets 
of the icon site

Koondrook–Perricoota Forest (Figures 2.2a and 2.2b) 
is a mosaic of river red gum, black box (E. largiflorens) 
and grey box (E. microcarpa) communities interspersed 
by wetland ecosystems at lower elevations. 
Covering 32,000 ha, the floodplain forms part of the 
Gunbower–Koondrook–Perricoota icon site along with 
approximately 19,450 ha of floodplain on the Victorian 
side of the River Murray (i.e. Gunbower Forest). 

Koondrook–Perricoota Forest is a New South Wales 
Central Murray State Forest Ramsar site, recognised 
for its genetic and ecological diversity, and for 
supporting large numbers of waterbirds during  
flood times. 

The Koondrook–Perricoota icon site is included with 
other New South Wales Central Murray State Forest 
Ramsar‑listed locations because it:

• forms part of the largest complex of 
tree‑dominated floodplain wetlands in southern 
Australia

• contains rare wetlands types—floodplain lakes, 
meadows and reed swamps

• provides comparatively high water availability and 
habitat productivity in a semi‑arid rainfall zone

• supports globally and nationally threatened 
species

• provides a habitat refuge and is part of the habitat 
network for migratory species

• supports over 20,000 waterbirds

• provides cues for native fish migration, spawning 
and recruitment during flood times (Leslie 2002).

Figure 2.2a Key ecological assets: Koondrook–Perricoota Forest upstream section
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Figure 2.2b Key ecological assets: Koondrook–Perricoota Forest downstream section
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values of the icon site

Ecological values

Flora

River red gum is the predominant over‑storey 
species, which occupies over 80% of Koondrook–
Perricoota Forest. It usually forms a pure stand 
and only occurs with other eucalypt species on less 
frequently flooded sites. The health of the river red 
gum forests depends on the frequency of flooding. 

Black box communities occur in areas prone to 
lower frequency, shorter duration flooding. Grey 
box, yellow box (E. melliodora) and white cypress 
(Callitris gaucophylla, also known as Murray pine) 
occur higher on the floodplain on lighter textured 
soils and sandhills that are rarely inundated.

Two endangered ecological communities occur in 
the forest—inland grey box woodland and sandhill 
pine woodland. There is also potentially suitable 
habitat and representative species of a third 
threatened endangered ecological community, buloke 
(Allocasuarina luehmannii) woodland, which may occur 
in the forest.

Recent surveys of the forest found 147 plant species, 
of which 86 were native. The forest contains a large 
number of annual or ephemeral plant species, 
resulting in diversity fluctuating in response to 
seasons and local conditions. This includes wetland 
and aquatic plants species thriving during wet periods 
(GHD 2010).
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Habitat 

Various habitats occur throughout Koondrook–
Perricoota Forest. Despite their poor vegetative 
health, the forests and woodlands of Koondrook–
Perricoota are generally in good condition regarding 
their habitat value for native fauna.

Forests and woodlands provide a valuable habitat 
resource in an otherwise cleared landscape. Shelter 
and roost sites, foraging habitat and food resources 
are provided through the presence of nectar‑ and 
seed‑bearing mature eucalyptus trees and a dense 
understorey of native shrubs, tussock grasses 
and herbs. Habitat trees are those with hollows, 
stags, nests and roost sites. Tree hollows are highly 
important for native fauna, with an estimated 15% of 
all terrestrial vertebrate fauna in Australia dependent 
on hollows. The greatest density of habitat trees in 
Koondrook–Perricoota occurs along creeks.

Woody debris is common in the forest. It provides 
shelter and foraging resources for native 
invertebrates, reptiles, ground‑dwelling native birds 
and small terrestrial mammals.

Wetland habitat in the forest consists of river red gum 
forests and floodplain marshes. These are naturally 
intermittent wetland areas that would support 
wetland plants and aquatic animals (e.g. waterfowl, 
wading birds and frogs) during flood periods. Areas of 
more semipermanent wetlands also exist, and these 
provide a significant refuge for wetland fauna during 
extended dry periods, enabling their dispersal across 
the forest during flood events (GHD 2010).

Fauna

Koondrook–Perricoota Forest is home to several 
internationally threatened fauna species listed by the 
World Conservation Union. A number of these species 
are protected under federal and state legislation, 
with 13 species listed in migratory bird agreements 
between Australia and Japan (Japan–Australia 
Migratory Bird Agreement) and China (China–
Australia Migratory Bird Agreement). 

A total of 12 fauna species are listed as threatened 
in New South Wales and a further three 
preliminary‑listed species are known, or are highly 
likely to occur, at the site (e.g. birds, bats and gliders). 
Two threatened aquatic fauna species are likely 
to occur in the forest during flood times. These 
are Murray cod (Maccullochella peelii), listed as 

vulnerable under the federal Environment Protection 
and Biodiversity Conservation Act 1999, and silver perch 
(Bidyanus bidyanus), listed as vulnerable under the 
New South Wales Fisheries Management Act 1994.

Recent surveys (GHD 2010) recorded at least 144 
vertebrate fauna species including:

• a high diversity (108 species) of native birds, 
including four threatened species—Gilberts 
whistler (Pachycephala inornata), hooded 
robin (Melanodryas cucullata), diamond firetail 
(Stagonopleura guttata) and Australasian bittern 
(Botaurus poiciloptilus)—and a further three 
species that may be listed as threatened in the 
future—varied sittella (Daphoenositta chrysoptera), 
scarlet robin (Petroica boodang) and white‑browed 
wood swallow (Artamus superciliosus)

• a high diversity (15 species) of microbats, including 
possible recordings of the threatened large‑footed 
myotis (Myotis macropus) and the little pied bat 
(Chalinolobus picatus)

• a moderate diversity (10 species, three native) of 
terrestrial mammals

• a moderate diversity (at least three species) of 
arboreal mammals

• a low diversity (six species) and abundance of 
reptiles, which was likely caused by cooler weather 
during these surveys resulting in less reptile 
activity

• a limited diversity (three species) and low 
abundance of frogs were recorded, which could 
have been caused by the cool and dry conditions 
experienced during the conduct of the surveys, 
which made frog detection difficult.

cultural values

A strong cultural link exists between Indigenous 
and non‑Indigenous people with the Koondrook–
Perricoota Forest. 

Indigenous values

The Barapa Barapa and Yorta Yorta nations are 
the Traditional Owners of Koondrook–Perricoota 
Forest. A number of other groups may also have 
connections and interests in the site, including native 
title claimants, knowledge‑holders such as elders’ 
groups, and Aboriginal corporations.
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Local Indigenous communities have long had, 
and continue to have, a strong connection to the 
Koondrook–Perricoota region. Many historical 
accounts exist of Indigenous Australians occupying 
the lands and using the resources of the River 
Murray, and the Indigenous community identifies a 
number of values associated with the forest including:

• Cultural heritage values –mounds and  
scarred trees.

• Ecological values—associated with wetlands, river 
red gum forest, open box ridges (black and grey 
box), open plains, sandhills and white cypress. 
Wetlands are seen as nurseries and river red 
gums are seen as the ‘guardians’ of the river, 
stabilising the river banks while providing habitat 
both in and out of the water systems.

• Commodities and/or economic values—associated 
with medicinal plants, food plants, fish species 
and edible fauna such as kangaroo (Macropodidae), 
emu (Dromaius novaehollandiae) and ducks 
(Anatidae).

Over 300 Indigenous sites have been recorded in the 
area, including scarred trees from which canoes or 
shields were cut; stone artefact and shell scatters; 
sacred or significant sites; and middens, ovens, 
hearths and burial sites. However, a comprehensive 
survey has not been undertaken and it is likely that 
more archaeological sites are present. The locations 
of many places may not yet be listed on the Aboriginal 
Heritage Information Management System, but are 
known to members of local Indigenous communities. 

All Indigenous sites, places and objects are protected 
under federal and state legislation  
(GHD 2010).

Heritage values

The general Australian community has a strong 
connection to the River Murray and the surrounding 
rural landscape because of the region’s history of early 
settlement and explorers opening up inland Australia. 
The river itself played an important role in the 
development of towns through its role as a trade route. 

Early activities undertaken in the Koondrook–
Perricoota Forest included cattle and sheep grazing, 
logging and sawmilling. Evidence of European heritage 
can be seen in the forest; it includes six trees exhibiting 
surveyor marks, a depot and other remains possibly 
associated with sandmining or forestry operations, an 
old sawmill site and an old sawmill house.

It is likely that other archaeological sites not available 
in contemporary records or local oral history are 
present in the forest. 

All registered archaeological sites in New South Wales 
have legislative protection under the New South Wales 

Heritage Act 1977. Heritage sites are also protected 
under local environmental plans (GHD 2010).

Social values

Koondrook–Perricoota Forest attracts a high level 
of recreational use, including four‑wheel driving, 
motorcycling, horse riding, picnicking, camping, 
swimming, boating, skiing, fishing, orienteering, 
canoeing, hunting and nature study. It is a popular 
place to visit during summer but visitor numbers drop 
significantly during winter. Most areas are readily 
accessible using an extensive network of dry weather 
roads. A large number of simple, widely dispersed 
recreation facilities have been developed, primarily in 
riverside locations.

The scenic values of the forest are considered to be 
very high and are an important aspect of the area’s 
overall recreational value (GHD 2010).

Economic values

Koondrook–Perricoota Forest provides a variety 
of direct and indirect economic values to the local 
community. The direct economic values include 
timber production, domestic stock grazing, apiculture 
(bee‑keeping), recreation and tourism. 

Commercial timber production is the main land 
use within the forest. It is undertaken in accordance 
with the Riverina Ecological Sustainable Forest 
Management Plan, which ensures that flora, fauna 
and archaeological values are protected. The local 
community also receives benefits from the forest 
through the collection of firewood. This occurs in 
accordance with permits issued by Forests NSW. 

Cattle grazing for economic gain, fuel load reduction, 
weed management and to promote native understorey 
species (Lodge & Whalley 1985; Kemp et al. 1996) 
occurs in the forest. It is managed by Forests NSW 
through a permit system in line with the Riverine 
Grazing Strategy. 

Apiculture occurs in Koondrook–Perricoota because 
river red gums are considered to be fairly reliable 
for the production of heavy blossom, which produces 
high flows of nectar and large quantities of pollen. 
Apiculture permits are issued by Forests NSW.

The high number of tourists visiting the forest has 
resulted in some nearby businesses supplying a 
range of services and supplies to campers, and 
becoming dependent on this seasonal income 
(Sinclair Knight Merz 2009). During peak times, local 
shop revenue increases by 30% because of tourist 
activity (Sinclair Knight Merz 2009).
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3. Ecological objectives and  
water requirements

the living murray First Step icon site 
objectives

Based on an understanding of the icon site’s 
characteristics and ecological requirements First 
Step Decision interim ecological objectives were 
developed and approved by Murray‑Darling Basin 
Ministerial Council in 2003. 

The First Step ecological objectives developed for the 
Gunbower–Koondrook–Perricoota icon site were to 
maintain and restore a mosaic of healthy floodplain 
communities as indicted by;

• 80% of permanent and semipermanent wetlands 
in healthy condition

• 30% of river red gum forest in healthy condition

• successful breeding of thousands of colonial 
waterbirds at least three years in 10

• healthy populations of resident native fish in 
wetlands.

Since these objectives were approved by Ministerial 
Council in 2003, jurisdictional agencies have continued 
to review and refine the First Step Decision interim 
objectives to develop refined ecological objectives 
for icon sites. These refined ecological objectives 
reflect eight years of learning’s from the delivery 
of environmental water, monitoring, modelling 
and consultation activities and scientific research, 
and enable a clearer, more effective, evaluation of 
environmental responses to environmental water 
delivery.

The vision for the Gunbower–Koondrook–Perricoota 
icon site is to achieve ‘an extensive mosaic of healthy 
floodplain communities connected to the River 
Murray, supporting a diverse range of wetlands and 
flora and fauna’.

A draft set of refined ecological objectives for the 
Gunbower–Koondrook–Perricoota icon site was 
developed by the Technical Advisory Committee and 
was released for public comment in May 2007 (MDBC 
2007). These objectives include:

• protect and enhance a diverse range of healthy 
wetlands

• protect and enhance diverse, healthy vegetation 
communities

• provide for successful waterbird breeding and 
recruitment events

• protect and enhance viable native fish 
communities.

These objectives integrate the concepts of ‘maintain’ 
(protect) and ‘restore’ (enhance) into the fish, bird and 
vegetation focus prescribed by the Murray–Darling 
Basin Ministerial Council. Together with the vision 
for the site, the refined objectives provide strong 
guidance for water management at the icon site.

Water requirements

Relationship between ecology and hydrology

vegetation

The health of vegetation in the Koondrook–Perricoota 
Forest is closely tied to the local hydrology. The major 
vegetation classes have been identified within the 
Koondrook–Perricoota Forest, each with a specific 
flow requirement, position in the landscape and 
species composition (MDBC 2007). These classes 
have been used to guide target setting under the 
icon site objectives and include; deep and shallow 
freshwater marshes, river red gum forests and 
woodlands, and black box and grey box woodlands. 
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The distribution of these vegetation classes, shown in Figure 3.1, highlights that:

• the wetland areas (marshes) occur in the low lying areas of the lower forest and along the River Murray 
(lagoons)

• the large majority of the forest is dominated by river red gum communities, with river red gum forest (the 
most extensive vegetation class) occurring in lower elevations and river red gum woodland occurring in 
higher elevations

• the higher elevation areas along the forest’s boundaries are dominated by box woodlands. 

Figure 3.1: vegetation associations, geomorphic setting and ideal flood regime: Koondrook–Perricoota 
Forest 

Source: Ecological Associates 2002 
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The varying needs of the different vegetation 
classes within the Koondrook–Perricoota Forest 
means they require different water management 
options. Wetlands (marshes) require the most 
frequent watering and benefit from more prolonged 
flooding and the persistence of water in pools 
and depressions. River red gum forest requires 
regular inundation to promote the flood‑dependent 
understorey (macrophytes). River red gum woodland 
requires less frequent watering to forest areas as the 
understorey is not flood‑dependent. Box woodlands 
require little flooding, especially grey box.

Watering that targets vegetation communities 
situated higher in the landscape will also water 
communities at the lower elevations. For example, 
a flood event designed to water river red gum 
communities will also water the lower lying wetlands.

Draft targets have been identified which provide a 
measure of progress towards achieving the ecological 
objectives. They are based on a balance between 
what is ideal and what is achievable given the current 
resources and realities (see table 3.1). Some targets 
cannot be quantified using existing data and have 
been described as broad strategies in the interim 
(MDBC 2007).

Waterbirds

Waterbird breeding events are highly‑dependent 
on environmental cues, the availability of foraging 
habitat (food resources) and nesting materials 
(habitat resources). Each of these is closely linked to 
the hydrological regime. 

Annual wetting and drying cycles increase the 
productivity of the floodplain and wetland environment 
so that a range of habitat and food types is provided. 
This promotes waterbird‑carrying capacity and 
breeding success (Ecological Associates 2010). 

Diverse conditions are needed for successful 
waterbird breeding. Flooding should occur from late 
winter/early spring and persist for a minimum of four 
months (for rapid breeders such as ducks) to seven 
months for the successful breeding of most waterbird 
species. Slow breeders such as eastern great egrets 
(Ardea modesta) require a minimum inundation period 
of 10 months (seven‑month time lag followed by 
three months for egg‑laying, hatching and fledging) 
(Ecological Associates 2010). 
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Many waterbird species will not breed in wetlands 
with highly controlled water regimes where, for 
example, water levels are held at constant levels for 
extended periods, or are alternatively subject to rapid 
and/or erratic changes in depth. Nearly all colonial 
nesting waterbirds are vulnerable to sudden drops 
in water level beneath nesting sites or in foraging 
areas—this can result in waterbirds abandoning 
their nests and young before they fledge (Ecological 
Associates 2010).

Timing of inundation and exposure of wetlands over 
seasonal and annual time frames is also important, 
as long‑term rapid and/or erratic changes in water 
levels within a wetland can result in low numbers of 
aquatic invertebrates, the food of many waterbirds 
(Ecological Associates 2010). 

native fish

The water regime within the Koondrook–Perricoota 
Forest has implications for native fish communities 
in the region. Many adult, sub‑adult and small native 
fish enter the floodplain during high flows, usually 
temporarily, for feeding, residence and breeding, and 

then return to the river. 

Historically, small native fish also resided in deep 
permanent pools in major flood runners. Regular 
flooding will reinstate these pools and provide 
year‑round habitat for fish.

Koondrook–Perricoota Forest floodwaters returning 
to the River Murray, Barbers Creek and Wakool 
River systems will provide important organic carbon 
and other nutrients and small invertebrates, which 
contribute to the increased survival and growth of 
juvenile fish (Ecological Associates 2009).

Water requirements to meet ecological 
objectives

The ecological objectives for the Koondrook–
Perricoota Forest correlate with the vegetation 
classes, waterbirds and native fish discussed above. 
The water requirements for each have been defined 
by considering the flow requirements for all key flora 
and fauna communities within them. These water 
requirements are summarised in table 3.1.

table 3.1: objectives and associated water requirements: Koondrook–Perricoota Forest 

Vegetation class or 
behaviour

Target or strategy Water regime required

Objective 1: protect and enhance a diverse range of healthy wetlands 
(equivalent First Step Decision objective: 80% of permanent and semipermanent wetlands in healthy condition)

Deep freshwater 
marshes

Reinstate 50% of the pre‑regulation area of 
natural deep freshwater marshes.

Reinstate habitat quality in deep freshwater 
marshes so that flora and fauna species typical 
of these marshes are present.

Frequency: 8–10 years in 10

Duration: 9–12 months

Timing: mainly winter/spring/summer, 
although potentially year round

Maximum time between events: 1 year

Area inundated: 1% approx.

Shallow freshwater 
marshes

Restore 50% of shallow freshwater marsh 
area that has been lost since pre‑regulation 
conditions.

Restore habitat quality in shallow freshwater 
marshes so that flora and fauna species typical 
of these marshes are present.

Increase species diversity in shallow freshwater 
marshes.

Maintain and/or increase the current extent of 
swamp wallaby (Wallabia bicolor) grass.

Frequency: 6–9 years in 10

Duration: 2–8 months

Timing: winter/spring/early summer 

Maximum time between events: 1 year

Area inundated: 3% approx.

Objective 2: protect and enhance diverse, healthy vegetation communities 
(equivalent First Step Decision objective: 30% of river red gum foresta in healthy condition)

River red gum forest

(river red gums with 
flood‑dependent 
understorey)

Restore 50% of the area of river red gum forest 
that has been lost since river regulation.

80% of the current river red gum forest area 
in a ‘healthy’ status (Tree Health Index 4 or 
above).b

Less than 20% of current river red gum forest 
considered ‘unhealthy’ (Tree Health Index 2 or 
below).b

Frequency: 3–9 years in 10

Duration: 4 months minimum

Timing: winter/spring

Maximum time between events: 5 years

Area inundated: 40% approx.
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Vegetation class or 
behaviour

Target or strategy Water regime required

River red gum woodland

(red gums with 
flood‑tolerant 
understorey)

Reduce current extent of river red gum 
woodland.C

30% of the current river red gum woodland 
area in a ‘healthy’ status (Tree Health Index 4 
or above).b

70% of current river red gum woodland area 
maintained at or improved to better than 
‘unhealthy’ (Tree Health Index 2 or below).b

Frequency: 1–4 years in 10

Duration: 1–4 months 

Timing: winter/spring/summer

Maximum time between events: 7 years

Area inundated: 50% approx.

Black box Maintain current extent of black box woodland.

50% of the current black box area in a ‘healthy’ 
state (Tree Health Index 4 or above).b

Frequency: 1–4 years in 10

Duration: 1–4 months 

Timing: spring/summer

Maximum time between events: 7 years

Area inundated: unknown.d

Objective 3: provide for successful waterbird breeding and recruitment events

(equivalent First Step Decision objective: successful breeding of thousands of colonial waterbirds in at least three years out 
of 10)

Breeding and 
recruitment

Successful recruitment of waterbirds at a 
frequency of at least four years in 10.

Records of intermediate egret (Ardea intermedia) 
breeding in at least three years in 10.

Frequency: 4–9 years in 10

Duration: 4–10 months 

Timing: spring/summer

Maximum time between events: 6 years

Area inundated: variable. Must maintain 
sufficient depth under nests.

Objective 4: protect and enhance viable native fish communities

(equivalent First Step Decision objective: healthy populations of resident native fish in wetlands)

Movement Reduce the barriers to fish passage throughout 
the floodplain creek system through provision 
of fishways.

Restore populations of cod and perch by 
providing opportunities for floodplain access.

Frequency: opportunistic, 6–9 years in 10

Duration: 4 months minimum to allow 
spawning

Timing: winter/spring

Maximum time between events: 4 years

Area inundated: unknown

Lagoons and major effluents filled as  
a minimum.

Breeding and 
recruitment

Provide for improved recruitment opportunities 
for small and large bodied native fish.

Frequency: opportunistic, unknown for large 
bodied fish

Duration: 4 months minimum to allow 
spawning

Timing: winter/spring

Maximum time between events: unknown.

Area inundated: unknown. Lagoons and major 
effluents filled as a minimum.

Restore self‑sustaining populations of pygmy 
perch (Nannoperca vittata), gudgeons and other 
small native fish.

Frequency: 6–9 years in 10

Duration: 2–4 months 

Timing: winter/spring/summer

Maximum time between events: 4 years

Area inundated: unknown. Lagoons and major 
effluents filled as a minimum.

Note:   since the previous environmental water management plan, the vegetation classes have been reclassified against the targets (data derived 
from various sources, including MDBC 2007).

a   River red gum forest in this context is interpreted to include both forest and woodland forms.
b   Tree Health Index ranges from 0 (dead) to 5 (healthy)
c   Current extent includes degraded river red gum forest.
d   Large floods are needed to attract bird breeding, followed by maintenance of water in freshwater marshes and shallow red gum forest areas to 

ensure successful recruitment.



19KoondrooK–Perricoota environmental Water management Plan

Ecological objectives and water requirements

current condition

The current condition of the icon site reflects 
long‑term hydrologic conditions. River regulation 
has modified the natural flood cycle, substantially 
reducing the frequency, magnitude and duration of 
winter‑spring floods (see Antecedent hydrological 
conditions). The current flood regime is insufficient to 
meet the water requirements of the forest ecosystem. 
This change, compounded by drought, has resulted 
in the following adverse impacts on the ecological 
health of the Koondrook–Perricoota Forest:

• a reduction in the frequency and size of waterbird 
breeding events

• a reduction in the temporarily flooded wetland and 
forest habitats, and a decline in the number and 
diversity of associated flora and fauna

• a decline in the condition of vegetation, particularly 
river red gum tree health and the understorey 
structure and composition 

• reduced connectivity between the river and 
floodplain forest limiting access to food and habitat 
for aquatic fauna

• reduced opportunities for recreational activities 
associated with aquatic areas (e.g. canoeing)

• reduced opportunities for cultural activities 
associated with flooding events (GHD 2010).

There is evidence of tree mortality across large 
areas of the forest including large trees and areas of 
dense regrowth (MDBA 2008). Only isolated areas are 
reported to be in a relatively healthy condition.

A survey conducted across the entire forest in 2007 
indicated that river red gum health had declined since 
the previous year, and that 19% were healthy, 59% 
were unhealthy and 22% were severely stressed or 
dead (Turner & Kathuria 2007).

According to the survey, the poorest condition areas 
were generally in the Koondrook Forest at higher 
elevations and at the downstream margins of the 
forest. The red river gums in Figure 3.2 are indicative 
of the poor tree health detected during the survey 
(GHD 2010). The black box and grey box forests were 
generally healthier than river red gum forests. 

Figure 3.2: river red gums adjacent to Barbers 
creek (©mdBa)

The extended lack of adequate flooding has affected 
floodplain productivity and access to food and habitat 
by native fauna, leading to a decline in the populations 
of fauna species (GHD 2010). For example, large 
colonial waterbird breeding no longer occurs with 
the frequency and to extent of the past, and this is 
threatening the viability of existing populations and 
the resilience of species to additional stressors. 
Ecological processes required to sustain native fish 
populations, such as connectivity to the floodplain for 
breeding and recruitment, have also been hindered 
(Ecological Associates 2010).

No floodwaters were received in the forest 
between 1993 and 2010, although small volumes 
of environmental water were delivered directly to 
the Pollack Swamp refuge. The September 2010 
flood event has proven to be moderate in extent, and 
wetlands and deep pools are expected to retain water 
well into autumn, which is expected to provide an 
opportunity for both wetland and forest vegetation to 
recover. However, waterbird activity has been minimal 
because of widespread flooding in the southern 
Murray–Darling Basin (providing a wide range 
of available habitat), and high carbon loads have 
severely reduced the habitat value of the floodplain 
for fish and other aquatic fauna. Overall, conditions 
remain poor and continue to decline (GHD 2010).
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climate and rainfall in the murray–
darling Basin

Historically, the climate of the Murray–Darling Basin 
has been variable. Climate change science indicates 
a likely increase in this variability, resulting in more 
frequent and extreme floods and droughts (MDBA 
2010). Consequently, river storages and the use of 
environmental water will be managed according to 
these varying river flows.

Between 1996 and 2010, the Murray–Darling Basin 
was in a drought characterised by below‑average 
rainfall in autumn and winter and few wet periods. 
This drought was significantly drier than the 
Federation Drought (mid‑1890s to early 1900s) and 
the droughts of the World War II era (c. 1937–45). 

Beginning in spring 2010, and continuing through 
the summer of 2010–11, widespread, above average 
rainfall across the Murray–Darling Basin broke the 
long standing drought. This rainfall was associated 
with the development, beginning in 2010, of a 
moderate to strong La Nina event, making 2010 the 
wettest year on record for the Murray–Darling Basin.

antecedent hydrological conditions

The Koondrook–Perricoota Forest is located in the 
Riverina bioregion, which has a warm, semi‑arid 
climate. Summers are very hot and rainfall is 
consistently low throughout the year, and highly 
variable between years (Bureau of Meteorology 2009). 
The past decade has been characterised by a  
severe drought.

Mean daily evaporation exceeds mean monthly rainfall 
through the summer months. The average annual 
rainfall of 404 millimetres and the mean annual deficit 
between rainfall and evaporation of 1,075 mm mean 
that floodwater contributions are required to support 
the moisture requirements of forests and wetlands 
(Leslie 2001). Vegetation communities primarily 
depend on soil moisture derived from floodwaters, 
possibly with some contribution from access to 
groundwater from prior streams.

Climatic conditions in the catchment for the River 
Murray and its tributaries are of much greater 
importance to the Koondrook–Perricoota Forest than 

local rainfall because they determine the timing, 
extent and duration of flooding. The most important 
component is winter and spring rainfall in the upper 
catchment of the River Murray and in the Goulburn–
Broken catchment, which together supply flows for 
wetland inundation.

The major river systems of the Murray catchment 
are affected by regulation. A system of dams, weirs 
and storages has dramatically altered the hydrology 
of the rivers and associated floodplains to the point 
where managed releases of water have assumed 
an increasingly greater influence on the timing and 
magnitude of river flows than rainfall and runoff 
(GHD 2010).

altered water regimes

Regular floods of various sizes are required 
to maintain healthy and functioning ecological 
communities in the Koondrook–Perricoota Forest. 
Regulation of the River Murray has resulted in a 
reduction in the magnitude, frequency and duration of 
floods as shown in table 3.2 and Figure 3.3. 

Larger floods that exceed 35,000 ML/d downstream 
of Torrumbarry Weir result in overbank flooding and 
widespread inundation of the forest. The frequency 
and duration of these flows under current regulated 
conditions have fallen by approximately 60% 
compared with natural conditions. 

Smaller floods (exceeding 18,000 ML/d downstream 
of Torrumbarry Weir) result in the primary flow points 
at Swan Lagoon downstream of Torrumbarry Weir 
being activated. These floods have not declined as 
dramatically in terms of frequency (30% reduction), 
but the event duration has still been significantly 
reduced, by over 60% (GHD 2010). 

The current frequency and duration of floods are 
insufficient to meet the water requirements of the 
forest ecosystem leading to a decline in vegetation 
condition, the diversity and abundance of flora species, 
frequency and size of waterbird breeding events, and 
connectivity across the floodplain (GHD 2010). 
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table 3.2: Frequency and duration of flows: river murray at torrumbarry Weir*

River Murray 
flow threshold 
value (ML/day)

Average annual duration* (days) that River Murray 
flows exceed the threshold value

Frequency* (% of years) flow peaks above 
threshold daily flow rate 

Natural Current Median climate 
change

Natural Current Median climate 
change

18,000 70 27 24 95 66 61

20,000 63 28 19 90 51 45

25,000 47 21 14 87 44 34

30,000 38 17 10 76 35 28

35,000 29 11 7 65 28 18

40,000 23 8 6 55 23 12

50,000 14 5 3 45 16 9

57,000 4 1 0 23 5 3

Source: GHD 2010
*  Data is based on modelled monthly flows from MDBA—the monthly simulation model for flows between 1891 and 1990.

Figure 3.3: average monthly river murray flows downstream of torrumbarry Weir 

Source: NSW Department of Water and Energy 2008
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Drought

Drought conditions further exacerbate the impacts 
from river regulation. Extended dry periods are a threat 
to the flooding regime and therefore the health of flora 
and fauna within the Koondrook–Perricoota Forest. 

Natural inflows to the forest from River Murray 
floodwaters did not occur between 1993 and 2010. 
As a result, aquatic communities within the forest 
were entirely dependent on scarce rainfall, leading to 
a decline in vegetation condition and decrease in the 
diversity and abundance of flora and fauna.

Climate change

The pattern of reduced frequency and duration 
of natural flooding is predicted to worsen under 
climate change scenarios. Based on modelled data 
(MDBA 2010), under the 2030 median climate change 
scenario the frequency of 35,000 ML/d flood events 
with a duration of one week are expected to occur 
only 1.8 times every 10 years (MDBA 2010), compared 
to the natural frequency of six times every 10 years 
(see table 3.2). Climate change may therefore create 
further disruptions to the floodplain ecosystems 
within the Koondrook–Perricoota Forest.

Past management actions  
and activities

Past management actions have achieved little in 
terms of recovery and restoration of the ecological 
condition of the Koondrook–Perricoota Forest. As 
early as 1948, land managers recognised a decline 
in the health of the forest as a result of reduced 
flooding. Intervention is recorded as starting in 
the 1970s, and a range of minor works have been 
undertaken to try to mitigate the decline. Desilting of 
the Swan Lagoon offtakes has occurred from time to 
time, along with removal of woody debris from this 
and other major flow paths. Desilting also occurred at 
approximately 30 minor tertiary flood runners in 1989, 
but this had only a marginal effect on general forest 
flooding because of naturally high commence‑to‑flow 
rates. Further flood‑runner maintenance has 
similarly had only minimal benefits (Wyatt 1992).
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4. Water delivery

Prioritising water requirements

The Living Murray (TLM) Annual Environmental 
Watering Plan was developed by the Environmental 
Watering Group. The plan includes a flexible decision 
framework to guide prioritisation of environmental 
watering actions, as well as icon site environmental 
watering proposals, water availability forecasts and 
management objectives for water resource scenarios 
(see table 4.1). 

Throughout the year the Environmental Watering Group 
recommends environmental watering actions to the 
Murray–Darling Basin Authority (MDBA) for approval. 
These recommendations are based on the Annual 
Environmental Watering Plan and the volume of water 
available in TLM’s environmental water portfolio.

Priority areas for watering within the Koondrook–
Perricoota icon site are based on the degree of threat 
(deficit in water regime) and conservation value 
(importance to ecological objectives) associated with 
each area.

In conjunction with the available water for 
environmental delivery (and consideration of factors 
discussed in this chapter under ‘Operating regimes 
for environmental watering actions’), these ecological 
priorities are used to identify annual priorities 
for watering and the volumes of water required. 
An overview of priority areas for watering under 
different water availability scenarios is provided 
in table 4.1; however, this does not take into 
consideration matters such as efficiency of water 
delivery or building on previous watering investments.

table 4.1: vegetation class priorities: Koondrook–Perricoota Forest

Vegetation class Relevant First Step Decision objectives Ecological 
priority for 
watering

Maintain and 
restore a mosaic of 
healthy floodplain 
communities

River red 
gum forest

Floods of sufficient 
duration and frequency 
will contribute to this 
objective

Floods of 
sufficient 
duration and 
frequency will 
contribute to 
this objective

Wetlands (deep 
freshwater 
marshes, shallow 
freshwater 
marshes)

Frequent flooding 
of wetlands will 
contribute to this 
objective.

Frequent 
flooding of 
wetlands 
will 
contribute 
to this 
objective.

Healthy 
wetlands 
flooded for 
sufficient 
duration will 
contribute to 
this objective.

Deep 
freshwater 
marshes 
retaining 
floodwaters 
will support 
this objective.

Very high

River red gum 
woodland

Floods of sufficient 
duration and 
frequency will 
contribute to this 
objective.

Floods of sufficient 
duration and frequency 
will contribute to this 
objective.

Moderate

Black box 
woodland

Infrequent flooding 
of short duration 
may contribute to 
this objective.

Low

Grey box 
woodland

Infrequent flooding 
of short duration 
may contribute to 
this objective.

Low
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the living murray works and  
water modelling

Modelling completed in 2008 found that the 
environmental water requirements of the floodplain 
icon sites (with the exception of Barmah–Millewa and 
the Lower Lakes, Coorong and Murray Mouth and 
River Murray Channel icon sites) could largely be met 
by a combination of the proposed TLM works, the 500 
GL of recovered TLM water and 70 GL long‑term Cap 
equivalent (LTCE) of River Murray Increased Flows.

This modelling was based on a number of 
assumptions including the use of unregulated flow 
events for environmental watering actions. It was 
also agreed as a modelling principle that return flows 
could be used to water at multiple environmental 
sites. There are a number of constraints to the 
implementation of this principle which TLM are 
currently working to resolve.

Further modelling is also planned to allow greater 
optimisation of works and measures to achieve 
icon site ecological objectives as we gain a greater 
understanding of operating 

operating regimes for environmental 
watering actions

This section of the environmental water management 
plan provides a broad description of the proposed 
operating regimes to maximise ecological outcomes 
from the use of The Living Murray Water portfolio 
and works. To meet the proposed operating regimes 
a combination of unregulated and regulated 
environmental water may be used. While this Plan 
focuses on the use of environmental water from The 
Living Murray’s Water Portfolio, there may also be 
other sources of environmental water available to 
meet the proposed regimes.

Water delivery

Water will be delivered to the Koondrook–Perricoota 
icon site via a number of mechanisms. The primary 
method will use the Flood Enhancement Works 
project (see below) to deliver a range of flows at 
varying frequencies to meet The Living Murray First 
Step Decision and refined objectives. In addition, 
water will continue to be delivered to Pollack Swamp 
via private irrigation infrastructure, or by pumping 
from Barber Creek. Approvals have also been secured 
to allow pumping from the River Murray directly into 
lagoons alongside the river that will not benefit from 
the works.

Flood enhancement Works project

The Koondrook–Perricoota Flood Enhancement 
Works project was established in 2003 to achieve The 
Living Murray First Step Decision objectives. 

The works involve constructing a channel to allow 
flows of up to 6,000 ML/d to be diverted from the 
Torrumbarry Weir pool on the River Murray to the 
forest’s internal network of flood runners. Floodwater 
can then flow through the icon site, using the forest’s 
unique series of waterways to target inundation 
towards the natural distribution of vegetation 
communities.

Outflows can be managed by a levee bank at the 
downstream end and regulators on outflow points. 
Floodwater can also exit the forest directly to the 
River Murray through a return channel. The key 
infrastructure works associated with the project are 
shown below, along with their function (Figure 4.1) 
(GHD 2010).
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Figure 4.1: Schematic representation of the proposed structures: Koondrook–Perricoota Flood 
enhancement Works project

The works are capable of inundating up to 17,800 ha (approximately 50% of the forest), with approximately 
16,000 ha capable of being inundated for about 100 days. The most extensively flooded vegetation classes are 
river red gum forest and wetlands, as shown in table 4.2.

table 4.2: vegetation classes inundated through the Flood enhancement Works project

Vegetation class Inflow of 6,000 ML/day

Hectares Vegetation class 
(percentage)

Wetlands (deep freshwater marshes, 
shallow freshwater marshes)

1,217 75

River red gum forest 12,240 62

River red gum woodland 3,589 51

Black box woodland 1,549 50

Grey box woodland 189 20

Source: Adapted from GHD 2010. 
Note: the wetlands and river red gum forest areas intersect.

Schematic Diagram of the Proposed Koondrook-Perricoota Forest Flood Enhancement Works
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operating regime

The operating regime for the site will use all available 
methods of water delivery to maximise achievement 
of ecological objectives under the full range of water 
availability scenarios. 

Pumping into discrete wetlands will continue to occur 
to maintain valuable refuges during periods of low 
water availability. However, the Flood Enhancement 
Works will be the primary means to achieve the 
ecological objectives for the site, especially during 
medium‑to‑wet water availability periods. Different 
event designs will target different environmental 
outcomes. For example, short duration events will 
aim to maintain vegetation, while longer duration 
events will be used to encourage successful 
bird‑breeding.

Modelling suggests that the majority of flood events 
will be hybrid events—combinations of unregulated 
flows that may occur in the River Murray system, 
supplemented with regulated managed inflows. 
As a result, the operating plan (in prep.—to be 
appended) will not prescribe particular flood events, 
but will provide a basis for responsive operational 
decision‑making. The preliminary operating plan is 
attached as schedule 1.

Operation of the works can generally occur in three 
possible ways, but in many cases, a combination of 
these elements over a continuous period of time will 
constitute the watering event.

• Flow events <18,000 ML/d downstream of 
Torrumbarry Weir; water can be delivered to the 
forest via the constructed inlet channel.

• Flow events >18,000 ML/d downstream 
of Torrumbarry Weir; water can enter the 
forest through natural effluents, potentially 
supplemented with water delivered through the 
inlet channel.

• For larger flow events when substantial flows 
enter the forest via overbank flow, the project’s 
infrastructure will be set to minimise interference 
with unregulated flow paths.

The project has a high degree of operational flexibility 
to deal with the uncertainty around future river flows 
and the volume of available environmental water. 
The decision to initiate and continue environmental 
watering will be based on consideration of water 
availability, water requirements, watering principles, 
risk management strategies, and the landscape and 
local context (Forests NSW 2009).

The high degree of operational flexibility in the works 
means it is not possible to describe all possible 
operating scenarios. An example of an operating 
scenario for an entirely managed flood event, 
involving the maximum possible inflows of 6,000 ML/d 
via the inlet channel and maintaining the flood extent 
at its maximum for a given period, is described below. 
Such an event would occur approximately every 3 to 
4 years, depending on the water requirements and 
unregulated inflows. 

The phases of this fully managed operating scenario 
include (Forests NSW 2009):

• Phase 1—commence diversion (days 1–5): open 
the inlet regulator over a period of five days until 
it is fully open to achieve 6,000 ML/d diversion. 
Swan Lagoon regulators and the five outflow point 
regulators are closed. 

• Phase 2—rising flood (days 6–45): inlet regulator 
diverts 6,000 ML/d for 45 days until the maximum 
inundation (17,800 ha) is reached (i.e. design level 
for levees is reached).

• Phase 3—steady flood (days 46–100): gates on 
the inlet regulator are raised to reduce the flow to 
3,400 ML/d (to maintain the maximum inundation) 
for 55 days. The regulator on the return channel is 
open to allow an outflow of 1,800 ML/d or higher. 
Barber Creek regulator is opened so that 250 ML/d 
can exit the forest at the downstream end.

• Phase 4—commence recession (days 101–10): close 
the inlet regulator for a period (e.g. approximately 
two weeks) and during this time open and close 
it (as required) to allow flows to ramp up and 
down and provide a cue for fish to exit the forest. 
Gradually open Barber Creek regulator further to 
maintain 250 ML/d flow exiting the forest.

• Phase 5—flood recession (days 111–220): continue 
opening the outflow point regulators to empty 
the flood pool, which could take up to 130 days. 
Opening the regulators will initially be slow but will 
increase as the flood level drops.

The modelled extent and depth of inundation arising 
from the example is shown in Figure 4.2.
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Figure 4.2: inundation extent and water depth for a fully managed operating scenario 

The past operation of the works from 1990 to 2005 has been graphed to demonstrate the various ways in which 
the scheme might operate over a 15‑year‑period. Operation was determined using the watering principles 
outlined in the preliminary operating plan (attached as schedule 1), and consideration of the water available 
from The Living Murray account and modelled natural inflows. See Figure 4.3 below.

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

01/90 01/91 01/92 01/93 01/94 01/95 01/96 01/97 01/98 01/99 01/00 01/01 01/02 01/03 01/04 01/05 01/06

Fl
ow

s 
in

to
 K

PF
 (M

L/
D

ay
)

-200

-100

0

100

200

300

400

500

600

700

800

TL
M

 A
CC

O
U

N
T 

A
LL

O
CA

TI
O

N
 (G

L)

Modelled Inflows Med Climate Change 2030 Modelled Natural Inflows Forecast Managed Inflow TLM Alloca�on



28

Murray–Darling  Basin  Authority

KoondrooK–Perricoota environmental Water management Plan

Figure 4.3 Predicted operation of the works, 1990 to 2005

Figure 4.3 demonstrates the variety of events that can be generated by the works, the likely interaction between 
unregulated and regulated inflows and the influence of The Living Murray account on decision‑making. The 
contribution of varying operating regimes to the achievement of the ecological objectives is detailed further in 
table 4.3. 

table 4.3: operating regime’s contribution to the ecological objectives

First Step Decision 
objective 

Vegetation community  
Area inundated * 
(ha) 

Works or other 
mechanisms to assist 
meeting objectives 

Frequency  
(Number of 
years in 10)

Duration 
(Days)

Water 
availability 
scenario

Estimated 
volume of water 
required* 
(GL)

Estimated 
volume of 
water used* 
(GL)

Preferred operating scenario: Maintain and restore a mosaic of healthy floodplain communities

80% of 
permanent and 
semipermanent 
wetlands in healthy 
condition

Wetlands, lagoon 
and flood runners = 
1,400 ha 

Unregulated flows, 
supplemented with 
pumping (lagoons and 
Pollack Swamp) and/
or Flood Enhancement 
Works project

6–9 years in 10 2–8 months. 
Inflows period 
will vary. 

Dry, 
medium or 
wet

For example, 
regulated flows 
to wetlands via 
works 2,000 ML/d 
for 60 days: 
120 GL

Minimal 
returns: 
120 GL

30% of river red 
gum forest in 
healthy condition

River red gum forest 
= <13,000 ha (with 
regulated flow)

Unregulated flows, 
supplemented by Flood 
Enhancement Works 
project

3–9 years in 10 3 months+.
Inflow periods 
will vary.

Medium to 
wet

For example, fully 
regulated event, 
max. inflows for 
100 days: 465 GL

Approx. 
265 GL

Successful 
breeding of 
thousands of 
colonial waterbirds 
in at least three 
years in 10

River red gum 
forest and wetlands 
= ~4,000 ha (with 
regulated flow)

Unregulated flows, 
supplemented by Flood 
Enhancement Works 
project

4–9 years in 10 5–8 months. 
Inflow periods 
will vary.

Medium to 
wet

For example, 
extend 
unregulated 
inflows 
2,000ML/d for 90 
days: 180 GL

Minimal 
returns

Healthy 
populations of 
resident native fish 
in wetlands

River red gum forest 
and wetlands = 
<10,000 ha (with 
regulated flow)

Unregulated flows, 
supplemented by Flood 
Enhancement Works 
roject

6–9 years in 10 4 months + 
(spawning). 
Permanent 
pools 
12 months. 
Inflow periods 
will vary.

Medium to 
wet

For example, 
extend 
unregulated 
inflows 
2,000ML/d for 90 
days: 180 GL

Minimal 
returns

Minimum operating scenario: Maintain and restore a mosaic of healthy floodplain communities

80% of 
permanent and 
semipermanent 
wetlands in healthy 
condition

Lagoons and Pollack 
Swamp = 10–150 ha

Pumping, with or 
without private 
irrigation infrastructure

7–8 years in 10 2–5 months. 
Inflow period 
= 1 month

Dry, 
extreme 
dry

For example, 
pumping into 
Pollack Swamp: 
900 ML

Nil returns: 
900 ML

Wetlands and flood 
runners = ~1,000 ha

Flood Enhancement 
Works project

7–8 years in 10 2–5 months. 
Inflow period 
= 1–2 months

Dry For example, 
regulated flow 
to wetlands 
1,000 ML/d for 60 
days: 60 GL

Minimal 
returns: 
60 GL

30% of river red 
gum forest in 
healthy condition

River red gum forest = 
2,000–10,000  ha

Flood Enhancement 
Works project

2–4 years in 10 2–3 months. 
Inflow period 
= 1–3 months

Dry For example, 
regulated pulse 
4,000 ML/d for 
1 month: 120 GL

Minimal 
returns: 
120 GL

Successful 
breeding of 
thousands of 
colonial waterbirds 
in at least three 
years in 10

Wetlands (maintain 
habitat only) = ~1,000 ha

Flood Enhancement 
Works project

7–8 years in 10 2–5 months. 
Inflow period 
= 1–2 months.

Dry For example, 
regulated flow 
to wetlands 
1,000 ML/d for 60 
days: 60 GL

Minimal 
returns: 
60 GL

Healthy 
populations of 
resident native fish 
in wetlands

Permanent pools 
(+flood runners to 
deliver water) = 
~1,000 ha

Flood Enhancement 
Works project

7–8 years in 10 12 months. 
Inflow period 
=1–2 months.

Dry For example, 
regulated flow 
to wetlands 
1,000 ML/d for 
60 days: 60 GL

Minimal 
returns: 
60 GL

*    Areas and volumes are estimates based on modelled outcomes. For the purposes of the table, each objective has been considered in isolation. 
The entire area stated may not be inundated for the full duration estimate.
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Water accounting and measurement

Water accounting methodology will be developed  
and agreed in advance by The Living Murray 
Committee and Basin Officials Committee. 
Consistency of water accounting methodology 
will be sought wherever possible. Where relevant, 
water accounting will be consistent with the Water 
Accounting Conceptual Framework and the Australian 
Water Accounting Standards. 

The best available, most appropriate and 
cost‑effective measurement technique will be 
used to determine environmental water use. The 
appropriateness of the measurement technique is 
likely to differ from icon site and event. For example, 
under dry conditions, environmental water pumped 
into Hattah Lakes is likely to be measured using 
a meter while return flows will be measured via a 
gauging station. Under wet conditions, environmental 
water returning from Barmah–Millewa Forest will 
need to be modelled. 

Specific water measurement arrangements for 
Koondrook–Perricoota will be developed as part 
of the monitoring plan and will be attached as 
a schedule. Water accounting will be as per the 
methodology agreed between New South Wales and 
the Murray–Darling Basin Authority.

evaluation and management of 
potential risks

To maximise project outcomes, it is essential to 
identify any risks so that mitigation actions can 
be adopted. Under New South Wales planning 
legislation, all major developments undergo a 
comprehensive environmental risk assessment 
and must prove that these can be mitigated to 
the satisfaction of regulatory agencies before 
development consent is granted. An environmental 
assessment has been prepared and approved for both 
construction and operation of the Flood Enhancement 
Works project, subject to implementation of the 
proposed mitigation actions. 

Generating and releasing hypoxic blackwater during 
events is one of the greatest risks arising from water 
management at the site. Mitigation and management 
of blackwater is therefore a focus of operational 
planning. Mitigation measures will be detailed in the 
operating plan. The key risks associated with the 
operation of the works are summarised in table 4.4.

The environmental assessment and the operating 
plan have additional information and will be attached 
as a schedule to this report once complete. Risks 
associated with construction of the works have also 
been assessed in the environmental assessment 
under the Environmental Planning and Assessment Act 
1979 (NSW).
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table 4.4: Summary of key risks identified in the environmental risk analysis

Aspects Summary of potential 
adverse impacts

Overall 
likelihood 

Overall 
consequence

Risk 
rating

Proposed mitigation Residual 
risk rating

Water quality Blackwater event leads to 
fish kills in the Forest or 
downstream waterways

Medium High High Able to be mitigated by 
targeting watering events 
to cooler months, and 
discharging blackwater to 
the River Murray where it 
would be diluted.

Medium

Hydrology The project would result 
in significant adverse 
impacts on the hydrology 
of the River Murray, the 
Koondrook –Perricoota 
Forest, or Barbers Creek, 
leading to impacts on 
adjacent land use.

Low High Medium Project to be operated in 
accordance with adaptive 
management principles 
to minimise adverse 
hydrological effects.

Medium

Terrestrial 
ecology

Removal of areas of 
inland grey box woodland 
(an endangered ecological 
community) that would 
not benefit from an 
enhanced flood regime

High High High Impacts on this community 
offset by the offset strategy.

Low

Aquatic ecology The project creates 
barriers to fish passage

Medium Medium Medium Structures designed to 
enable fish passage. 
Barbers Creek regulator 
able to be retrofitted with a 
fishway if required. 

Low

Groundwater Transfer of solutes and 
highly saline soils as a 
result of acid sulfate soils 
or potentially acid sulfate 
soil run‑off.

Medium Medium Medium Groundwater to be 
monitored during watering 
events and the results 
used to adaptively manage 
subsequent events.

Low

Spoil and waste 
management

Vegetation would be 
removed and disposed of 
to enable construction. 

High Low Medium Where practicable, timber 
would be recovered and 
sold commercially to make 
best use of this construction 
by‑product.

Low

Soil Significant adverse 
impacts due to 
erosion in the vicinity 
of the structures and 
downstream areas  
due to the project

Low High Medium Installation of measures 
to limit the potential for 
significant erosion. 

Medium
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5. Environmental monitoring 

Different monitoring methods are used to assess 
progress toward the icon site ecological objectives. 
These include River Murray system‑scale, icon site 
condition and intervention monitoring. The Living 
Murray Outcomes Evaluation Framework (MDBC 
2007) outlines the rationale for these monitoring 
methods, which are summarised below.

river murray system‑scale 
monitoring

Conducted annually, River Murray system‑scale 
monitoring and evaluation focuses on the system’s 
ecological health, measuring improvements relating 
to fish, waterbirds and vegetation. 

icon site condition monitoring

Condition monitoring assesses each icon site’s 
condition in relation to its ecological objectives. 
Condition monitoring is typically conducted on 
a medium‑frequency basis (months to years), 
depending on the rate of change. Condition 
monitoring includes standard methodologies for 
monitoring fish, birds and vegetation, as well as icon 
site‑specific methods for monitoring other ecological 
objectives. These monitoring activities have been 
classified into three categories—A, B and O:

• ‘A’ category monitoring activities are undertaken 
at all icon sites using agreed standardised 
methodologies:

 − fish condition monitoring using the MDBA 
Sustainable Rivers Audit methodology

 − waterbird condition monitoring using a 
standard on‑ground method to link with the 
annual aerial waterbird survey

 − tree condition monitoring for river red gum and 
black box using on‑ground assessments linked 
to remote‑sensing data.

• ‘B’ category contains icon site‑specific monitoring 
using locally appropriate methods. This monitoring 
responds to unique icon site characteristics and is 
less easily standardised.

• ‘O’ category uses icon site monitoring related 
to objectives and is less easily linked to TLM 
ecological objectives. 

A whole‑of‑icon site condition monitoring program 
has been established for the Gunbower–Koondrook–
Perricoota Forest (see Schedule 2). table 5.1 
summarises the program.

table 5.1: monitoring program: gunbower–
Koondrook–Perricoota icon site

Part A—The Living Murray methodologies

Birds Event‑based ground waterbird surveys

Quarterly waterbird assessment

Annual waterbird aerial assessment

Annual waterbird ground‑truthing 
assessment of aerial results

Fish Annual fish surveys in Gunbower Creek 
and the River Murray

Vegetation Stand condition monitoring

Tree condition assessment

Part B—icon site methodologies

Birds Quarterly bush bird assessments 
undertaken every 2–3 years.

Vegetation Sentinel wetland and understorey surveys.

Part o—other methodologies

Groundwater Groundwater monitoring 

The fully implemented icon site monitoring program 
will provide sufficient information about the long‑term 
response of birds, fish and wetland/floodplain 
vegetation to water management, and document 
progress towards achievement of the ecological 
objectives at the Koondrook–Perricoota Forest. 

intervention monitoring

The complexity of ecological system processes make 
the results of any management intervention difficult 
to predict. Therefore, intervention monitoring is a 
key component of The Living Murray environmental 
monitoring program. The aim of intervention 
monitoring is to improve understanding about the 
causal links between TLM environmental watering 
and other management actions, and ecological 
responses at icon sites. This knowledge enables 
TLM to continually adapt and improve management 
of icon sites and watering into the future to optimise 
ecological outcomes.
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As TLM works are completed, measuring the volume 
of water used at icon sites (including timing, volume 
and quality of any return flows) is essential to account 
for, and report on, how TLM environmental water 
is used and managed. This area of monitoring was 
previously included in the compliance monitoring 
category in the Outcomes and Evaluation Framework, 
but is now encompassed within intervention 
monitoring. This change is to ensure clear linkages 
between the various information requirements for 
managing successful watering events and informing 
the operation of works at icon sites. This includes 
systems for water measurement and accounting and 
monitoring risks (previously defined in compliance 
monitoring) and assessing ecological outcomes 
resulting from specific watering events or other 
management actions.

Monitoring for operations informs decision‑making 
on a day‑to‑day basis and into the longer term, to 
ensure that the created event meets the event design. 
Operational monitoring will focus on hydrological 
parameters such as outflows, flood extent and water 
depth at specific locations.

monitoring for risk management

Monitoring of identified risks informs adaptive 
risk management and assists in avoiding negative 
outcomes. Risk management monitoring is also 
fundamental for compliance with legislative and 
works approval requirements. 

It is envisaged that greater scientific rigor and 
real‑time monitoring of a range of parameters to 
identify and manage risks will be necessary during 
the first few watering events delivered through the 
Flood Enhancement Works project. Examples include 
monitoring of water quality (blackwater) and grey 
box health during extended periods of inundation. 
Monitoring data will also assist in managing other 
key risks such as dispersal of non‑native fish into 
the Koondrook–Perricoota Forest and abandoning of 
waterbird nests. 

The information gathered through monitoring is 
considered within the adaptive management process 
(discussed in chapter 8).
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6. Community consultation  
and communication

Providing opportunities for the community to receive 
information and contribute to water management 
is a key part of icon site management. The need for 
consistent information and the development of key 
messages is outlined in the New South Wales, The 
Living Murray (TLM) Communication and Community 
Consultation Plan 2010–11 (for Millewa and 
Koondrook–Perricoota Forests), attached as schedule 
4. This is reinforced, and the relevant responsibilities 
identified, within the Flood Enhancement Works 
Construction Consultation Plan (June 2010), which 
identifies specific tools to be used to facilitate 
the engagement process as well as drawing on 
the existing Gunbower–Koondrook–Perricoota 
Community Reference Group committee which 
represents the overall icon site. 

The provision of opportunities for feedback and 
input by the community is critical to gain community 
support. Displays at public events, community 
information sessions, the establishment of a project 
information centre and the establishment of specific 
interest groups such as the Joint Indigenous Group 
and Community Operational and Planning Advisory 
Committee help provide this opportunity.

The Community Operational and Planning Advisory 
Committee has been established as a reference 
advisory group to provide local experience and advice 
into the planning and operation of events generated 
by the works. The group includes representatives 
from key community groups such as the Wakool 
Landholders Association. Following completion of 
the inaugural operation of the works, the group’s role 
will be revised, with a view to establishing suitable 
consultation arrangements for ongoing water 
management at the icon site.

The Joint Indigenous Group represents local 
Indigenous communities; it was established to 
provide the works project team with advice and 
recommendations to ensure that the aspirations, 
interests and contributions of local Indigenous people 
are recognised and considered in the development 
of the Koondrook–Perricoota Flood Enhancement 
project. The Joint Indigenous Group consists of 
two representatives from each of the Traditional 
Owner‑groups in the area (the people of the 
Barapa Barapa and Yorta Yorta nations), along with 
representatives from the Moama and Deniliquin Local 
Aboriginal land councils (see chapter 7 for more 
detail).

The Gunbower–Koondrook–Perricoota Community 
Reference Group was established in 2006 as a 
requirement of The Living Murray Business Plan. The 
Community Reference Group provides a mechanism 
to seek advice and a community perspective on the 
communication and engagement activities proposed 
at the icon site. The Community Reference Group 
will continue to be engaged as an advisory body 
for the implementation of communication tools 
and actions. Membership of the group alternates 
between the North Central and the Murray Catchment 
Management Authority boards on an annual basis. The 
Community Reference Group includes a chair and six 
representatives from the local community (MDBC 2006).

An icon site communication plan will identify 
stakeholders common across the Gunbower–
Koondrook—Perricoota icon site as well as those 
specific to individual projects underway in Gunbower 
and Koondrook–Perricoota. The plan will identify and 
promote TLM messages and targets identified as 
Gunbower–Koondrook—Perricoota icon site‑specific. 
Local project‑specific plans such as the Flood 
Enhancement Works Construction Consultation 
Plan (June 2010), the Community and Stakeholder 
Involvement Plan and the constructing contractor’s 
own community engagement plan will address local 
community engagement and awareness during the 
construction phase.

Engagement and/or consultation tools used for the 
icon site include:

• development of the Community Operational and 
Planning Advisory Committee to contribute local 
experience and advice

• development of the Joint Indigenous Group to 
ensure Indigenous Australians’ awareness and 
involvement

• landowner workshops to discuss issues and 
interests in water management

• community and shire newsletters, newspaper 
articles and fact sheets

• presentations to community groups and local  
shire councils 

• community information sessions

• a project information centre, a prominent shop‑front 
that operates two days a week in Barham

• works project‑specific website and DVD
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• displays at local events and agricultural shows

• a hotline telephone number, email facility and 
contact database to manage stakeholder issues 
and communications

• appropriate signage at forest entrances.

Stakeholders and the community will continue to be 
engaged in a timely manner as water management 
progresses from construction of works through 
to water delivery. This will be documented in the 
Community and Stakeholder Involvement Plan.

agency consultation

A number of agency stakeholders share responsibility 
for the successful delivery of the Flood Enhancement 
Works project, including responsibilities in ongoing 
water management. Each project partner has a 
distinct role to play during the planning, design, 
construction and/or operational phase of the project:

• Forests NSW is the Koondrook–Perricoota icon site 
TLM manager; it is responsible for the effective 
operation of the works to achieve the First Step 
Decision ecological objectives.

• State Water Corporation is a rural bulk‑water 
delivery corporation responsible for the 
detailed design and construction of the project. 
Following commissioning of the scheme, the 
State Water Corporation will also be responsible 
for the delivery of water and the operation and 
maintenance of the water delivery structures.

• The Murray–Darling Basin Authority is responsible 
for planning the integrated management of the 
water resources of the Murray–Darling Basin; the 
MDBA coordinates funding and project direction 
for this initiative.

• The NSW Office of Water within the Office of 
Environment and Heritage is responsible for the 
delivery of the works program; it also ensures that 
water being used by the works is consistent with 
New South Wales legislation and policy.

• Department of Primary Industries (Fisheries)—
NSW Fisheries provides technical advice and 
expertise for the design of works and the planning 
and management of TLM watering events. 

• The Murray Catchment Management Authority 
provides technical and financial support to land 
managers and communities across the Murray 
catchment to balance natural resource protection 
with food and fibre production.

• The NSW Office of Environment and Heritage 
manages natural resources and regulates 
activities to protect the environment. The 
department also researches improvements 
to decision‑making and is responsible for 
environmental water management.

The governance arrangements (detailed in chapter 
1) provide an effective mechanism for consultation 
and communication with these agencies, through 
committee meetings and workshops.
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7. Indigenous engagement

Indigenous people have many social, cultural, 
customary and economic interests in the water 
resources of the River Murray. 

The Living Murray aims to maximise ecological 
outcomes through the delivery of environmental water 
and therefore cannot provide for the commercial 
economic interests of any of its stakeholders. 
However, TLM is committed to taking into account 
Indigenous values and objectives in its environmental 
water planning and management. As Indigenous 
communities identify objectives and strategies for 
achieving these Indigenous objectives they will be 
incorporated into Environmental Water Management 
Plans in the future. Indigenous consultation will be 
reported on in the Annual TLM Environmental Watering 
Report and Annual TLM Implementation Report.

Indigenous engagement is an important component 
of the Flood Enhancement Works Project and is 
required under legislation and policy arrangements—
for example, the Guidelines for Aboriginal Cultural 
Impact Assessment and Community Consultation (NSW 
Department of Environment and Climate Change 
2009). 

Indigenous groups with an interest in the 
Koondrook—Perricoota Forest include the Murray 
Lower Darling Rivers Indigenous Nations; the Barapa 
Barapa, Yorta Yorta and Wamba Wamba nations; 
the Deniliquin and Moama Aboriginal lands council; 
Murray Aboriginal Advisory Group; and the Yarkuwa 
Indigenous Knowledge Centre Aboriginal Corporation 
(GHD 2010). 

The icon site manager has appointed a facilitator 
to assist in communicating with the Indigenous 
community and encouraging its input to water 
management. 

To ensure that members of the local Indigenous 
community have the opportunity to input into water 
management and a chance to raise and identify 
their cultural and spiritual links to the forest, a Joint 
Indigenous Group has been established (see chapter 
1 for further information). 

By having regular meetings, the Joint Indigenous 
Group is assisting to develop processes and protocols 
for Indigenous engagement and involvement in 
the construction phase of the works project. The 
Joint Indigenous Group works directly with agency 
stakeholders to achieve the best possible outcomes 
for both the local Indigenous community and the 
project. 

Achievements of the Joint Indigenous Group include 
the development of the Cultural Heritage Management 
Plan, the selection and training of the cultural heritage 
monitoring team and the provision of cultural heritage 
awareness training for the project team. 

Local Indigenous groups attend presentations and 
other engagement events to learn about water 
management in the forest and to share their own 
cultural understanding of the forest. Representatives 
from the Barapa Barapa and Yorta Yorta nations 
participated in fieldwork as part of the environmental 
assessment and construction phase (GHD 2010). 

The Joint Indigenous Group’s terms of reference are 
currently being extended to include the operational 
planning phase of the works project. Following 
review of this arrangement, a suitable consultation 
mechanism will be developed for the ongoing 
operational phase and broader icon site management.
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8. Adaptive management and reporting

An adaptive approach is critical in managing 
water‑dependent ecosystems because it enables land 
managers and policy‑makers to update strategies 
based on the outcomes of research and watering 
actions. This is known as ‘learning by doing’, and 
involves designing, implementing, monitoring, reporting 
and evaluating the work that has been undertaken. 

Environmental water management plans are 
constantly refined by adaptive management, which 
incorporates outcomes from environmental delivery, 
ecological monitoring, works, modelling and 
community consultation.

The Living Murray (TLM) Annual Environmental 
Watering Plan is developed at the beginning of each 
watering season and complements the environmental 
water management plan. As the season progresses, 
the annual water planning process responds to water 
availability, opportunities and environmental priorities. 
A flexible decision‑making framework is included 
in the annual plan so the Environmental Watering 
Group can assess water priorities throughout the year 
according to water resource condition.

To highlight and analyse previous activities and 
outcomes, the Murray–Darling Basin Authority 
(MDBA) works with icon site managers to produce 
an annual TLM implementation report (as required 

under clause 199 of The Living Murray Business 
Plan), which is used by the Independent Audit 
Group. An annual external audit is conducted to 
ensure TLM is implemented at an appropriate level 
of transparency and accountability, and to promote 
public confidence in the program’s efforts and 
outcomes. The implementation report and external 
audit are presented to the Murray–Darling Basin 
Ministerial Council. 

To capture key learning and changing icon site 
management practices, schedules appended to 
the environmental watering management plan are 
updated as required. 

The process for adaptive management of water at 
the icon site will be detailed in the operating plan. 
The primary mechanism will be the event‑based 
monitoring program (in prep.—to be attached as 
schedule 3), which will target monitoring so that event 
design can be informed by real‑time outcomes during 
events and the hypotheses underpinning event design 
can be improved on an event‑to‑event basis.

All environmental water delivery in the Koondrook–
Perricoota Forest will be managed adaptively in line 
with the following process (see Figure 8.1).

Figure 8.1: adaptive management cycle

Evaluate

Monitor

Implement

Adjust

Assess

Design
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Assess

The ecological issues, objectives, water requirement, 
priority areas and actions, and associated risks for 
restoring the floodplain are assessed. This stage 
requires stakeholder and expert input.

Design

Knowledge on floodplain condition and ecology 
are used to develop hypotheses in terms of 
expected responses and set objectives and targets. 
Interventions are designed, including the proposed 
package of works and operating rules.

Implementation

The recommended interventions are implemented.

Monitoring

The monitoring program will be coordinated by 
Forests NSW and delivered as for the event‑based 
monitoring plan (in prep.—to be attached as schedule 
3). 

Evaluation

The monitoring results will be evaluated in light of 
the expected ecological and hydrological outcomes. 
Triggers will be identified to inform whether and how 
management needs to adjust (e.g. the size of flood 
event will be adapted depending on water availability). 
Both short‑ and long‑term triggers will be used; 
short‑term triggers include water movement into or 
out of structures, and whether specific biota (flora 
and fauna) begin to appear; and longer‑term triggers 
include more detailed targets for ecological response.

Adjust

The icon site manager and agency stakeholders (the 
operating committee) will consider the monitoring 
outcomes and any relevant new knowledge to 
determine whether changes are required to the 
operating strategy and to redefine the expected 
outcomes from the operation.

Assess

Proposed changes will be assessed by the 
stakeholders to consider if such changes meet their 
expectations. Additional information provided through 
this step will be reviewed and considered.

Design

The program then moves back to the design stage 
where agreed changes are incorporated into the event 
design (both the current event and future events).
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Appendix A: New South Wales  
legislation applicable to the  
Koondrook–Perricoota Forest

Environmental Planning and Assessment  
Act 1979 

The Environmental Planning and Assessment Act 1979 
(NSW) forms the statutory framework for planning 
approval and environmental assessment in that 
state. The Minister for Planning is responsible for the 
overall implementation of the Act, which imposes the 
following requirements for planning approval: 

• control of ‘major projects’—approval from the 
Minister for Planning

• control of ‘local development’—development 
consent from the relevant local council

• control of ‘activities’—those that do not require 
approval or development consent through the 
above.

The need for consent is outlined in environmental 
planning instruments (State environmental planning 
policies and local environmental plans) and 
regulations (e.g. development control plans) under 
the Environmental Planning and Assessment Act.

Environmental planning instruments relevant to the 
management of the icon site include:

• State Environmental Planning Policy 
(Infrastructure) 2007

• Murray Regional Environmental Plan Number 2. 

• Local Environmental Plans—Murray Local 
Environmental Plan 1989 and Wakool Local 
Environmental Plan 1992 (GHD 2010). 

Fisheries Management Act 1994

The Fisheries Management Act 1994 aims to conserve, 
develop and share the fishery resources of New 
South Wales for the benefit of present and future 
generations. It is administered primarily by the 
Minister for Primary Industries. The Act is relevant to 
the construction of a regulator, consideration of fish 
passage requirements and the notification of dredging 
and reclamation in a ‘waterland’ (GHD 2010). 

Protection of the Environment Operations  
Act 1997 

The Protection of the Environment Operations Act 1997 
regulates noise, air, land and water pollution across 
New South Wales. Construction activities associated 
with the project are managed in line with the Act’s 
requirements (GHD 2010).

Threatened Species Conservation Act 1995 

The Threatened Species Conservation Act 1995 provides 
legal status for biota of conservation significance in 
New South Wales. The Act aims to conserve biological 
diversity and promote ecologically sustainable 
development. The effects of development works 
on threatened species, populations or ecological 
communities and their habitats listed in the 
Threatened Species Conservation Act have to be 
assessed through the Environmental Planning and 
Assessment Act process (GHD 2010).

National Parks and Wildlife Act 1974

The National Parks and Wildlife Act 1974 protects and 
manages Indigenous sites and objects in New South 
Wales. Because the works project is approved under 
the Environmental Planning and Assessment Act and 
the environmental assessment includes investigation 
into the effects on Indigenous archaeological sites, no 
permits are required under the National Parks and 
Wildlife Act (GHD 2010).

Water Management Act 2000

The Water Management Act 2000 protects water 
resources across New South Wales from adverse 
impacts. Approvals associated with water use and 
works on waterways were not required for the 
works because the environmental assessment and 
Environmental Planning and Assessment Act process 
addresses water‑related impacts (GHD 2010).

Heritage Act 1977
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The Heritage Act 1977 identifies and protects heritage 
items; it is administered by the NSW Heritage Council 
and NSW Heritage Office. Any development that 
would affect an item listed on the State Heritage 
Register requires approval. No sites listed on this 
register were identified in near the proposed works 
(GHD 2010).

Forestry Act 1916

The Forestry Act 1916 outlines the powers and duties 
of Forests NSW (part of Department of Primary 
Industries). The project is consistent with the Act’s 
goal of maintaining forest health (GHD 2010).

Crown Land Act 1989

The Crown Land Act 1989 relates to activities being 
undertaken on Crown land. The project will involve 
works on creek beds (Crown land) and hence required 
approval through the New South Wales Department of 
Lands (GHD 2010).

Native Vegetation Act 2003

The Native Vegetation Act 2003 regulates the clearing 
of native vegetation on all land in New South Wales 
except for land within national parks and other 
conservation areas, state forests and reserves and 
urban areas. The Native Vegetation Act does not apply 
to the construction project (GHD 2010).

Noxious Weeds Act 1993

The Noxious Weeds Act 1993 provides for the 
declaration of noxious weeds by the New South 
Wales Minister for Primary Industries. All private 
landowners, occupiers, public authorities and 
councils are required to control noxious weeds on 
their lands in accordance with the Act (GHD 2010).
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Schedules

the following schedules can be viewed at <www.mdba.gov.au/programs/tlm/icon_sites/
emp.>

Schedule 1: Preliminary operating plan

Schedule 2: Condition monitoring plan

Schedule 3: Event‑based monitoring plan

Schedule 4: New South Wales communications plan
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Abbreviations and acronyms

EWG environmental watering group

GL gigalitres

MDBA Murray–Darling Basin Authority

ML/d megalitres per day

SEWPaC Department of Sustainability, Environment, Water, Population and Communities

TLM The Living Murray
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Glossary

Glossary

Basin Officials Committee A jurisdictional committee to coordinate the management of Basin 
water resources between the Australian Government, the Murray–
Darling Basin Authority and the Basin states.

Ecological objective An objective is a statement of the desired condition; it is not 
necessary to quantify an objective.

Ecological targets A target is generated from the ecological objective and will ideally 
be quantitative.

Environmental water Water available for the environment.

Environmental Watering Group A jurisdictional committee that develops and implements the 
annual TLM Environmental Watering Plan. The Environmental 
Watering Group recommends annual TLM watering priorities and 
proposals to ensure consistency between icon sites.

Ephemeral Short‑lived, lasting for only a short period of time and leaving no 
permanent trace.

Flood Enhancement Works project Works funded through The Living Murray program to allow flows of 
up to 6,000 ML/d to be diverted and controlled from Torrumbarry 
Weir pool on the River Murray into the Koondrook–Perricoota 
Forest to inundate vegetation communities.

Icon Site Environmental Water 
Management Plan 

A plan that details the aims, objectives and management actions 
at an icon site under The Living Murray program; it complements 
state‑based plans and processes.

Murray–Darling Basin Authority Murray–Darling Basin Authority absorbed the functions of the 
former Murray–Darling Basin Commission in 2009.

Murray–Darling Basin Commission Now the Murray–Darling Basin Authority.

Murray‑Darling Basin Ministerial 
Council 

Ministerial council that develops and agrees to the 
intergovernmental agreements, approves TLM business plan and 
makes key decisions (e.g. approves Natural Resource Management 
programs budget in the Corporate Plan).

Objective See ‘Ecological objective’.

Parameter A measurable or quantifiable characteristic or feature 

Ramsar Convention on Wetlands of 
International Importance (Ramsar 
Convention)

An international treaty adopted in the Iranian city of Ramsar in 
1971 that focuses on the conservation of internationally important 
wetlands.

River Management Division A business unit of the Murray‑Darling Basin Authority responsible 
for operating the River Murray system in accordance with the 
Murray–Darling Basin Intergovernmental Agreement. River Murray 
Division manages the River Murray system to ensure that the 
available water is continuously accounted for and distributed to 
New South Wales, Victoria and South Australia in accordance with 
the Murray‑Darling Basin Agreement.

River Murray Increased Flows The component of the water recovered under the Snowy Water 
Inquiry Outcomes Implementation Deed that is returned to the 
River Murray System as an environmental flow.

Target See ‘Ecological target’

The Living Murray Account The Living Murray water that is available in the account to be used 
on an annual basis
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The Living Murray Business Plan Plan prepared by the Murray–Darling Basin Ministerial Council 
describing how the actions and milestones agreed in the 
Intergovernmental Agreement 2004 are to be achieved. Last 
updated May 2007.

The Living Murray Committee A jurisdictional committee that is responsible for implementation 
of The Living Murray Business Plan.

Water requirements Includes the flow, volume, timing, duration, velocity, depth, quality 
or any other attribute that is required to meet the ecological target.

Unregulated flows The volume of water that exceeds regulated requirements and 
determined by the volume of flow in the River Murray exceeding (or 
predicted to exceed) the inlet channel capacity in Lake Victoria and 
the entitlement flow for South Australia.
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