


ACKNOWLEDGMENTS
The Technical Guidelines for Waterway Management have been developed for the Department of Sustainability 
and Environment (DSE) by a steering committee comprising representatives of the DSE, Waterway Managers 
Forum of Catchment Management Authorities (CMAs) and Alluvium Consulting Pty Ltd. 

Funding support for the production of these Guidelines has been provided by the Australian Government’s 
National Action Plan for Water Quality and Salinity. 

Steering Committee 
Kishor Melvani – DSE , Bill O’Connor - DSE, Wayne Tennant - Goulburn Broken CMA, Reiner Kammler – Glenelg 
Hopkins CMA, and Ross Hardie - Consultant. 

Principal Editor 
Ross Hardie 

Project Consultant 
Earth Tech Engineering Pty Ltd 

Review  
Overall specialist review by Dr John Tilleard and Dr Ian Rutherfurd. 

Additional technical review by Dr Nick Bond - Monash University, Ed Thexton - Riparian Australia, Assoc. Prof. 
Bob Keller - Monash University, Peter Vollebergh - DSE, Mark Turner - Corangamite CMA, Terry McCormack - 
North East CMA and Merryn Kelly - DSE.   

Editorial assistance by Sam Marwood - DSE and Carol Roberts - DSE. 

Front Cover Photographs 
Main image: Flow over rock chute – lower Bunyip River/drain. Small images left to right: Rock Chute in 
Barwidgee Creek (1992) - Ovens River Catchment; Pile field in Black Range Creek – Ovens River Catchment; 
Rock Chute in Barwidgee Creek (2002) - Ovens River Catchment. 
Note 
The Guidelines provide hyperlinks and references to external related information, current at the time of 
publication. Information includes relevant waterway management related topics/reports by other agencies or 
persons in the context of the use of these Guidelines.  It is the responsibility of users to check the currency and 
suitability of information for its intended purpose. 

 

Citation: This document should be cited as: Department of Sustainability and Environment 2007, Technical Guidelines for 
Waterway Management, Department of Sustainability and Environment, Victoria.  

Published by the Victorian Government Department of Sustainability and Environment, Melbourne, July 2007. 

© State of Victoria, Department of Sustainability and Environment 2007. 

This publication is copyright. No part may be reproduced by any process except in accordance with then provisions of the 
Copyright Act 1968. 

Authorised by the Victorian Government 8 Nicholson Street, East Melbourne. 

Printed by Typo Corporate Services, South Melbourne.             

Printed on 100% recycled paper. 

ISBN 978 1 74152 794 0 

For more information about Department of Sustainability and Environment contact the DSE Customer Service Centre 136 185 
or visit www.dse.vic.gov.au.

Disclaimer
This publication may be of assistance to you but the State of Victoria and its employees do not guarantee that the publication is without flaw of 
any kind or is wholly appropriate for your particular purposes and therefore disclaims all liability for any error, loss or other consequence which 
may arise from you relying on any information in the publication. 



ACKNOWLEDGMENTS 

I 

 
 

FOREWORD
Rivers are a vital part of Victoria’s landscape. Aside from providing safe drinking water, 
Victoria’s rivers underpin the State’s economy, sustaining agriculture and industry, while 
supporting recreation and attracting tourism.  It is clear that our rivers warrant protection 
to the highest standard and in the best possible manner. 

As caretakers of river health, Catchment Management Authorities are the key State 
Government service delivery agencies for regional waterway, floodplain, drainage and 
environmental water reserve management.  As such, CMAs develop and implement river 
protection and restoration programs in accordance with the priorities of Government-
endorsed Regional Catchment Strategies and River Health Strategies and in partnership 
with local communities. 

In 2006/2007, combined investment by the Australian and State Governments for the 
protection and restoration of the health of Victoria’s regional waterways amounted to 
$30M.  

To achieve the most effective river health outcomes for this level of investment, Victoria’s 
river health programs must utilise best management practice, recognising the underlying 
geomorphologic and ecological processes operating within our rivers. 

Technical Guidelines for Waterway Management (Guidelines) represents that current 
best management practice and incorporates advances in environmental and technical 
practice for river health restoration and protection since the publication in 1991 of the 
Guidelines for Stabilising Waterways. 

The Guidelines have been developed and reviewed by highly experienced waterway 
management specialists to assist regional waterway managers in delivering Victoria’s 
river heath program to the highest standard. 

The Guidelines emphasise that successful programs and projects will rely on the 
establishment and communication of clear objectives, the development of an 
understanding of the underlying stream processes at work and the selection and 
implementation of management options based on ’greatest and most sustainable 
progress at least cost’.  However, the design and construction of specific works is also 
dependent on the judgement and experience of the waterway management professional. 

I gratefully acknowledge the funding support from the Australian Government’s National 
Action Plan for Water Quality and Salinity, the contribution of the project steering 
committee and the various reviewers of these Guidelines.  

I would encourage all waterway management professionals to use Technical Guidelines 
for Waterway Management, which will also be available on the web, for the planning, 
design and implementation of river health programs. 

 

Peter Harris 
Secretary 
Department of Sustainability and Environment 
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 V

DEFINITIONS
A set of definitions for a selection of common terms is provided below. The definitions 
were developed to define the project scope and assist with the application of these 
Technical Guidelines.   

 

River health Refers to the combined hydrologic, physical, vegetation, water 
quality, and ecological condition of a river or waterway. Also 
referred to in these Technical Guidelines as waterway health. 

Programs Activities and works undertaken over a medium to long term  
(5 to 10 years) within a sub catchment, catchment or region, 
consisting of a combination of education engagement, 
regulation onground works and monitoring activities. 

Projects A limited selection of activities and/or works undertaken over a 
short period (1 or 2 seasons) at a site or within a reach or sub 
catchment. 

Catchment management The development and implementation of programs and 
projects of education, engagement, regulation, onground 
works and monitoring on land, riparian and instream zones 
aimed at achieving a balanced outcome for the catchment.  

River health management The development and implementation of programs and 
projects of education, engagement, regulation, onground 
works and monitoring on land, and within riparian and 
instream zones seeking to achieve river health outcomes for 
the waterways of a catchment.  

River basin management The development and implementation of programs and 
projects of education, engagement, regulation, onground 
works and monitoring on land, and within riparian and 
instream zones seeking to achieve a set of outcomes for the 
waterways of a catchment, balancing environmental protection 
and consumptive demands. 

Waterway management The development and implementation of programs and 
projects of onground works and monitoring focussed within the 
riparian and instream zones seeking to achieve agreed river 
health and other outcomes for the waterways of a catchment. 
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1.1 BACKGROUND 
These Technical Guidelines for Waterway Management (Technical Guidelines) have 
been developed by the Department of Sustainability and Environment (DSE) in 
association with Victoria’s Catchment Management Authorities (CMAs), for professional 
waterway managers working in Victoria’s waterway and catchment management industry. 
The Technical Guidelines provide guidance to the selection, design and implementation 
of a range of onground options that are available to assist in the management and 
protection of waterway health in Victoria. 

The Technical Guidelines have been developed to update the document Guidelines for 
Stabilising Waterways (Standing Committee on Rivers and Catchments 1991) and the 
Environmental Guidelines for River Management Works (Standing Committee on Rivers 
and Catchments 1990), capturing developments in the waterway management industry 
over the past 15 years.

1.2 SCOPE 
These Technical Guidelines provide guidance to assist the selection, design and 
implementation of options for intervening in the ongound physical and/or biological 
condition of waterways. The guidelines include sections on: 

• waterway management planning – by reference to existing planning frameworks 
developed by others; 

• discussion of the threats that trigger management intervention and the 
management intervention options that are available to address these threats; 

• description of the materials used in waterway management and guidelines for 
their use;  

• guidelines for design of a selection of intervention options; and 
• an ad-hoc collection of useful design aids. 

In addition, the Technical Guidelines include a worked example and a comprehensive set 
of references, related reading and web sites. Where appropriate the Technical Guidelines 
provide references and links to other sources rather than repeating detailed information 
that is available elsewhere. 

The Technical Guidelines address technical aspects of onground intervention options of 
river health management. As a consequence the Technical Guidelines deal only with a 
subset of the suite of options available to influence waterway condition. For example, 
these guidelines consider how the waterway manager can directly influence river health 
by manipulating the: 

• inflows of water and sediment 
• extent and condition of riparian vegetation 
• physical form of the channel and floodplain. 

On the other hand, the Technical Guidelines do not address in detail other important 
techniques for achieving river health outcomes such as: 

• Community engagement. Successful stream management programs rely on 
successful long term partnerships with adjoining landholders and the local 
community. A technically correct action, without reference to the social context 
invites failure.  

• Statutory planning and advocacy. Achieving waterway health objectives will 
often depend on influencing the opinions or actions of other groups, agencies or 
individuals.  
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• Monitoring. Predicting the ecological response to intervention is often uncertain 
in the natural environment. Detailed monitoring of response is a vital part of 
developing and validating ecological response models. 

1.2.1 SPATIAL SCALE 
These Technical Guidelines have been developed to assist the development of programs 
and projects at the management unit scale based on strategies already identified at a 
broader scale in regional scale planning documents such as regional river health 
strategies. The management unit scale includes a site, a reach of stream or a sub 
catchment. These Technical Guidelines have not been developed for regional and 
catchment scale, planning and prioritisation.  

1.2.2 TEMPORAL SCALE 
These Technical Guidelines have been produced to assist the development of long term 
programs and shorter term projects. Long term programs could include a reach scale 
waterway rehabilitation program or a sub catchment scale willow management program. 
Shorter term projects may include a fencing and revegetation project at a particular 
property.

1.3 HOW TO USE THESE 
GUIDELINES 

1.3.1 STRUCTURE 
These Technical Guidelines have been structured in eight parts as follows: 

Part 1 Introduction: This section provides an introduction to the project, the background 
and structure to the document and a philosophy for waterway management that is 
reflected through the Technical Guidelines. 

Part 2 Planning: This section provides a discussion on recommended river health and 
waterway management planning frameworks and provides discussion on a number of 
aspects of river health planning with specific reference to waterway management 
programs in Victoria. 

Part 3 Threats and Options: This section provides details of and a discussion on a 
range of processes that generate threats to river health. In addition this section provides 
details on a range of onground intervention options to address threats and move systems 
toward agreed river health targets. 

Part 4 Materials: This section provides details on a range of materials commonly used in 
waterway management programs and projects.  

Part 5 Design Guidelines: This section provides design guidelines for a selection of 
waterway management options.  

Part 6 Design Aids: This section provides ad hoc information and recipes that may 
assist with the design of waterway management options. 

Part 7 Worked Example and Checklists: This section provides a worked example on 
the use of these Technical Guidelines. In addition this section includes reference to and 
examples of useful planning and implementation checklists.  

Part 8 References and Resources: This section provides references, further reading 
and access to resources such as useful links for the assessment and design of waterway 
management programs and projects.  



1.3 HOW TO USE THESE GUIDELINES 

 5

1.3.2 USING THE TECHNICAL GUIDELINES 
These Technical Guidelines have also been prepared and are intended to be used in 
both hardcopy and electronic format. The hard copy version has been provided to assist 
navigation and ease of reading, while the electronic version provides access to an 
extensive range of existing references available in this field. The electronic version is 
available at www.dse.vic.gov.au/riverhealth/waterwayguidelines.  

The Technical Guidelines have been developed in a format that enables users to enter at 
any point. In this respect users may seek options for addressing a particular issue or 
problem, or may seek more specific information on a particular design approach. Users 
may also choose to read the document from cover to cover.  

Figure 1.1 provides a document structure to assist navigation.

1.4 PHILOSOPHY FOR WATERWAY 
MANAGEMENT 

The following management philosophy is reflected throughout these guidelines. 

Management intervention in waterways is purpose driven by a clear set of desired 
waterway health outcomes that reflect community aspirations and strike a balance 
between competing demands. This requires effective stakeholder consultation and 
engagement.  

A clear understanding of the physical, ecological and social processes that dominate in 
the system allows threats to the desired waterway management outcomes to be 
identified. Options for management intervention will be those that directly or indirectly 
address the threats. This requires development of a model of ecological response based 
on detailed knowledge and understanding of the interaction between processes.  

The most appropriate strategies for management will be those that achieve an agreed 
set of waterway health outcomes for a least cost while retaining maximum flexibility for 
the future. These guidelines aim to assist in understanding and selection of intervention 
options. 

Effective outcomes rely on skill and experience in design and implementation of 
intervention options. These guidelines are designed to assist this outcome. 

www.dse.vic.gov.au/riverhealth/waterwayguidelines
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2.1 INTRODUCTION 
Waterway management programs and projects 
are best undertaken within a clearly articulated 
and communicated framework. Such a 
framework should include provision for 
establishment of a vision for the subject stream, 
identification of key assets (such as river 
health), assessment of stream condition and 
trajectory, development of priorities, and the 
design, implementation, monitoring and 
evaluation of works, projects and programs. 
Importantly, the framework should include 
provision for stakeholder consultation and 
engagement.  

A number of management frameworks have been developed to assist the implementation 
of river health and waterway management programs in Australia. These frameworks 
include but are not limited to:  

• a 12 step stream rehabilitation process contained in A Rehabilitation Manual for 
Australian Streams (Rutherfurd et al. 2000); and 

• a 6 step process described in River Restoration Framework (Koehn et al. 2001). 

These frameworks are illustrated below. 

 

Figure 2.1 A 12 step stream rehabilitation process (Adapted from Rutherfurd et al. 
2000) 

Oblique aerial photograph of meandering stream 
in north east Victoria 
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Figure 2.2  A six step river restoration process (Extract from Koehn et al. 2001)  

A planning checklist developed by Koehn et al. (2001), is provided in Section 7.2. 

All waterway management projects in Victoria should be implemented within an 
agreed and clearly communicated planning framework. The framework could be 
the 12 steps for stream rehabilitation developed by Rutherfurd et al. (2000), the 
framework for stream restoration developed by Koehn et al. (2001), or a hybrid 
framework comprising the elements contained within these existing planning 
frameworks. 

Reflecting the “Philosophy of 
Management” outlined in Part 1, the 
remainder of this Part 2 has been 
structured in four sections. These 
sections provide information and 
discussion on a number of the elements 
contained within the above frameworks, 
with particular relevance to Victoria and 
to these Technical Guidelines. The four 
sections comprise the stages of 
simplified planning framework:  

2.2. Project purpose 
2.3. Understanding the stream system 
2.4. Strategy development 
2.5. Design and implementation. 
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2.2 PROJECT PURPOSE 
The first stage in the development of a waterway management project requires 
assessment and documentation of the project background and context, recognition of 
related legislation, policy and strategy, identification of assets and establishing a vision for 
the project and the waterway.  

This section relates to steps 1 and 2 and part of step 4 of the process developed by 
Rutherfurd et al. (2000). This section also relates to the first three steps contained within 
the River Restoration Framework (Koehn et al. 2001).  

 

Figure 2.3 Elements of the Project Purpose 

2.2.1 PROJECT CONTEXT 
Key questions to be asked in this stage include: 

• Who is funding the project? What are they expecting? 
• Are there other project stakeholders and what do they expect? 
• What has led to this site, reach or sub catchment having been identified for 

management attention? 
• What existing legislation, policy, strategies and investigations have been 

undertaken that may inform the plan and impact on its implementation? 

The process of identifying and documenting the project background and context will 
include but not be limited to: 

• review of relevant legislation and policy 
• review of related strategies and investigations 
• consultation with project stakeholders. 
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A key to this process will be to provide a local link to State and regional planning and any 
attached funding. The process should also lead to an understanding of the legislative and 
policy framework within which the project can be implemented and the identification of 
constraints and opportunities that impact on the selection of options for management.  

2.2.2 RELATED RESOURCE MANAGEMENT PROGRAMS 
Identifying options for management and developing effective management programs 
relies on the waterway manager's awareness of related catchment and waterway 
management programs, projects and plans, legislation and policy. A selection of relevant 
Victorian legislation, policy, strategies and plans that may assist to inform and guide the 
development of waterway management programs are provided below. Legislation and 
policy is changing rapidly so readers should make their own assessment of the validity of 
this information. 

EXAMPLE LEGISLATION 
Victorian 

• Water Act 1989 
• Environment Effects Act 1978 
• Coastal Management Act 1995 
• Catchment and Land Protection Act 1994 
• Environment Protection Act 1970 
• Flora and Fauna Guarantee Act 1988 
• Crown Land (Reserves) Act 1987 
• Heritage Act 1995 
• Heritage Rivers Act 1992 

Commonwealth 
• Native Title Act 1993 
• Environment Protection and Biodiversity Conservation Act 1999 

EXAMPLE POLICY 
• State Environmental Planning Policies (including Waters of Victoria) 
• Securing our Water Future Together (Government of Victoria 2004) 

EXAMPLE STRATEGIES 
• Victorian River Health Strategy (DNRE 2002) 
• Regional Catchment Strategies as developed and updated from time to time 
• Regional River Health Strategies as developed and updated from time to time 

EXAMPLE PLANS 
Threatened species action statements and recovery plans have been prepared under 
the provisions of the Flora and Fauna Guarantee Act 1988 for the protection and 
enhancement of endangered species. These action statements and recovery plans 
can inform and guide the development of waterway management programs and 
projects, alerting waterway managers to potential assets and conflicts. Examples of 
action statements and recovery plans are provided below. This is not a complete 
listing of relevant action statements and recovery plans. Further information and 
additional statements and plans can be found at www.dse.vic.gov.au > Plants and 
Animals > Native Plants and Animals > Threatened Species & Communities > Flora & 
Fauna Guarantee Act. 

Example Action Statements 
• No. 65 Barred Galaxias, Galaxias olidus var. fuscus  
• No. 38 Trout Cod, Maccullochella macquariensis  

 

http://www.dse.vic.gov.au/dse/nrenpa.nsf/childdocs/-A59F5093F6D6511D4A2567D600824A61-730F433356FA4CE14A2567D600824A63-B4F254CBD292B50F4A256817002AFF40?open
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Example Recovery Plans 
• Recovery Plan for the Trout Cod (Maccullochella macquariensis) 
• The Recovery Plan for the Swift Parrot (Lathamus discolour) 2001 – 2005 
• Spotted Tree Frog Recovery Plan 1999 - 2003 

2.2.3 WATERWAY ASSETS 
INTRODUCTION 
The success of waterway management projects relies on identifying the assets that are 
the subject of the proposed program and project. Is the project aimed at protecting the 
local shire bridge from ongoing stream incision or is the project aimed at protecting the 
health of one of Victoria’s Heritage Rivers? The answer to such questions can lead to 
very different programs and projects. 

Rutherfurd et al. (2000) described stream and related assets as being either cultural, 
infrastructure, environmental or recreational. These are shown in Figure 2.4. 

Figure 2.4 Stream related assets (Source: A Rehabilitation Manual for Australian 
Streams (Rutherfurd et al. 2000)) 

Assets for which waterways are managed include but may not necessarily be limited to: 

• Environment assets: these can include individual species of plants and animals, 
whole ecological communities, morphological assets such as a geomorphic 
feature or process, ecosystem services (e.g. nutrient cycling) and associated 
habitat. 

• Cultural assets: this can include historic features, and landscape and cultural 
values.  

• Recreation assets: this could include fishing and canoeing sites and 
opportunities. 

• Economic values and physical structures: public and private assets that are at 
risk as a result of ongoing stream processes. These can include quality of water 
supply, bridges, roads, telecommunications infrastructure, fences and so on.  
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These can also include the assets of an authority or agency constructed to protect other 
assets. These may also include grade control structures, bank protection works and so 
on. The assets may relate to a single feature at a site such as the habitat for a particular 
endangered species, through to an entire river reach such as a Heritage River. 

RIVER HEALTH AS A WATERWAY ASSET 
There has been a substantial shift in State and Federal funding allocations to river 
projects over the past 15 years. This shift reflects a greater scientific and community 
awareness of the importance of river health. Funding has moved from the protection of 
infrastructure assets (roads, bridges, water supply systems) to the protection and 
improvement of river health as an asset. The description and communication of the 
assets, to which the project funding is directed, will be essential for project success and 
avoiding disappointment associated with misunderstandings and false expectations.  

These Technical Guidelines reflect this shift in funding emphasis and community 
expectation and are focussed on river health as an asset, the processes that threaten 
river health and target conditions, and the activities that can be undertaken to achieve 
river health targets.  

For the purpose of these Technical Guidelines and as set out in the Victorian River Health 
Strategy (DNRE 2002), stream health is the combination of a number of elements, 
including: 

• hydrology 
• physical form 
• instream ecology 
• riparian and instream vegetation 
• water quality 
• floodplain linkages. 

Further discussion on these elements can be found in the Victorian River Health Strategy 
(DNRE 2002) and numerous other references. 

WHAT IS A HEALTHY RIVER? 
According to the Victorian River Health Strategy a healthy river can be defined as:  

“A river which retains the major ecological features and functioning of that river prior to 
European settlement and which would be able to sustain these characteristics into the 
future. 

A healthy river need not be pristine. There may be exotic species present. In some areas 
along the river, the riparian zone may be significantly reduced. Some areas of the 
floodplain may be disconnected from the river. It is a river where some aspects of river 
condition may have been traded off to provide for human use. However, overall, the major 
natural features, biodiversity and/or functions of the river are still present and will continue 
into the future.” 

The components of a healthy stream are not independent and a decline in one 
component may see a decline in other components. A range of threatening activities and 
processes such as alteration to the flow regime, excess sediment inflows, vegetation 
removal and stock access can all lead to declines in one or all the elements of stream 
health. 

While some processes that threaten stream health are quite obvious, others are more 
subversive and it is therefore important to regularly complete assessments of the 
condition of streams. The Index of Stream Condition (ISC) (DNRE 1997a & b) is the most 
commonly applied stream condition assessment tool in Victoria. However other 
standardised assessments are available. The Index of Stream Condition and other 
standardised stream condition assessment methods are discussed in Section 2.3 
Understanding the Stream System. 
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2.2.4 ESTABLISHING A VISION AND TARGETS FOR THE 
REACH AND THE ASSETS 
VISION
Establishing a vision or a clearly defined goal is paramount to the success of any 
waterway management project. The vision establishes a focal point for the project, 
something for all stakeholders to agree upon and aim for and something that we can 
measure our success against. In many instances this vision will be something that can 
unite a community and achieve strong support for the project. Engaging all stakeholders 
in the development and subsequent commitment to the vision will increase the level of 
support for the project and improve its chances of success. 

The vision for any particular reach of stream should be developed from a number of 
sources and planning levels. The vision should be drawn from State, regional and local 
levels such as the state and regional river heatlh strategies, weed strategies and 
endangered species strategies and the aspirations of the local community.  

The vision for Victoria’s waterways as set out in the Victorian River Health Strategy 
(DNRE 2002) is provided below. This vision has been further developed and incorporated 
into regional river health strategies. Together these can be used to assist the 
development of visions for reach and sub catchment scale programs and projects. 

Source: Victorian River Health Strategy (DNRE 2002) 

Further information on establishing a vision for a stream can be found in A Rehabilitation 
Manual for Australian Streams (Rutherfurd et al. 2000). An example vision for a reach of 
stream with timescales and target outcomes might read:  

AN EXAMPLE VISION FOR A REACH OF STREAM 
To return White Creek to a condition where our kids can swim and catch fish, where it 
supports an abundance of instream indigenous flora and fauna and provides a habitiat 
corridor between the estuary and the forested upper catchment.

This vision provides both a desired outcome for the waterway and a timescale for 
attainment of that outcome i.e.the vision provides resource condition targets in terms of 
instream and riparian assets and attainment of the desired condition within the childhood 
years of the author’s offspring. 
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The establishment of a vision should be accompanied by the development of 
performance criteria and targets and timescales that can be used to measure the success 
of the project. Preliminary performance criteria suitable for the establishment of targets for 
the above vision may include: 

• Physical form: the presence, size and persistence of scour holes in the bed of the 
stream. 

• Ecology: the presence, size, species composition and abundance of fish and 
macro invertebrates in the stream. 

• Hydrology: the presence of suitable flows for fish passage and habitat.  
• Vegetation: the presence of suitable shading vegetation, and longitudinal and 

lateral connectivity. 
• Water quality: the presence of suitable water quality for consumptive supplies, 

recreation and instream ecological processes. Note that water quality objectives 
may already be set for the stream under the State Environment Protection Policy 
(Waters of Victoria) (EPA 2003). 

The establishment of quantifiable targets for the vision and these critera is discussed 
below. 

QUANTIFIABLE REACH OUTCOME TARGETS 
Quantifiable outcome (or resource condition) targets have been established for Victoria’s 
waterways, within the State and regional river health strategies, using a number of 
metrics including indices from the Index of Stream Condition. Quantifiable condition 
targets should be established for the reach of stream based on the criteria that reflect the 
vision, the method to be adopted for assessing the stream condition and the method to 
be adopted for ongoing monitoring and evaluation.  

The adoption of quantifiable outcome targets based on the metrics used in the adopted 
stream condition assessment method provides a transparent link between current 
condition, desired future condition and an ongoing monitoring program. In addition to the 
benefit to reach based planning, the adoption of targets, at the reach scale, using the ISC 
or an adaptation of it, provides a transparent link between outcomes at the site and reach 
scale and the outcomes sought at the regional and State scale. The concept of identifying 
a future or target resource condition is shown in the following figure. 

 

Figure 2.5 Target resource condition 
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The stream condition scoring adopted as the means of setting a target for the reach of 
stream should reflect the vision for the stream and any regional targets that may have 
been established. Vegetation scores can be used to define and reflect the extent of 
longitudinal and lateral vegetation connectivity to be achieved in order to meet wildlife 
corridor objectives. Stream physical form scores can be used to define outcomes in terms 
of stream bed diversity and to provide suitable habitat for fish species.  
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2.3 UNDERSTANDING THE STREAM 
SYSTEM 

The development of an understanding of the stream system falls within steps 3 and 4 of 
the 12 steps for stream rehabilitation (Rutherfurd et al. 2000), and the “System 
Assessment” and “Problem Definition” steps of the River Restoration Framework (Koehn 
et al. 2001). 

 

Figure 2.6 Understanding the stream system 

 

An understanding of the stream system can be used to refine the project purpose and is 
essential for the development of an effective waterway management strategy for the site, 
reach or sub catchment.  

The understanding of the stream system will be aided by the development of conceptual 
models of ongoing stream processes and the development of a trajectory for the stream 
into the future. The investigations and outcomes will prove to be invaluable resources 
serving as benchmarks against which future stream condition and stream processes can 
be assessed.  
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The development of an understanding of the stream system will typically involve: 

• assessments of stream condition;  
• assessments of stream process;  
• development of conceptual models of physical and ecological processes; and 
• identification of threatening activities and processes and the trajectory for stream 

assets and condition. 

These assessments and their outcomes will also provide a first chance to review the 
appropriateness or otherwise of the proposed vision and targets for the waterway.  

2.3.1 ASSESSMENT OF STREAM CONDITION 
OVERVIEW 
An understanding of current stream 
condition is essential for any stream 
management project. Stream 
condition information can assist with 
the setting of long term 
management targets, the 
development of priorities and can 
provide a reference point against 
which progress can be measured. 

A number of approaches to 
measuring stream condition have 
been developed for Australian 
streams. For the purpose of 
programs and projects the condition 
assessment should be repeatable, 
quantifiable, and scaleable. 

The approach should be repeatable so that it can be undertaken in the future to assess 
movement towards a target. The method should be quantifiable so that it can be used for 
target setting and performance monitoring. Finally the method should be scaleable so that 
it can be used as part of a reach and regional based target setting and performance 
monitoring.  

The approach to stream condition assessments will be reflected in the: 

• metrics adopted for resource condition targets 
• establishment of the current condition 
• monitoring of future stream condition. 

In this respect the approach to stream condition assessments should be established and 
agreed from the project inception and continued as far as practicable through the life of 
the project.  

The concept of identifying current stream or resource condition and comparing this 
against the target condition is illustrated in the following figure. 

 

 

Stream condition assessments, north east Victoria
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Figure 2.7 Current and target resource conditions 

INDEX OF STREAM CONDITION 
The Index of Stream Condition (ISC) and/or an adaptation of it has the potential to fulfil 
most of these criteria. The ISC is a semi quantitative, and repeatable approach for 
identifying and documenting river condition. The ISC was developed in Victoria in the late 
1990s (DNRE 1997) and applied across Victoria in 1999. The approach has since been 
modified and adapted to reflect an improved understanding of stream systems and the 
knowledge base on Victoria’s streams. The ISC comprises both field and desk based 
assessments of the elements of stream health: 

• hydrology 
• physical form 
• riparian vegetation and floodplain linkages 
• aquatic life 
• water quality. 

The ISC approach has been adopted at the State and regional levels in Victoria for the 
reporting on stream and riparian catchment condition. Further, ISC condition ratings have 
been adopted as resource condition targets at the State and regional levels. These ISC 
ratings serve as performance indicators for Catchment Management Authorities 
throughout the State. Adoption of the ISC or a modification of it, for reach and site scale 
condition assessments and target setting, could establish a defined and transparent link 
between onground actions at the site and reach scale to the broader scale regional and 
State river health strategies and program funding. However the ISC was not developed 
for this purpose and some refinement and development of the method may be required. 

Stream condition assessments used for waterway management planning should be 
undertaken to a level of detail and distribution commensurate with the scale of the 
waterway management project. There are a number of references that may assist with 
the identification of the type, frequency, distribution of condition assessments such as 
Rutherfurd et al. (2000) and North Central CMA (2003). The density of condition sampling 
undertaken for the Statewide assessment of stream condition is insufficient for reach 
scale project planning and an increased sampling density will be required. 
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Desktop investigations can be undertaken for water quality, hydrology and aquatic life. 
These desktop assessments should be based on existing sampling sites. The 
assessment of hydrology should be based on the recently developed index of flow stress. 
Additional instream ecological sampling may be appropriate.  

Further information on the Index of Stream Condition can be obtained at 
www.dse.vic.gov.au/riverhealth/isc. 

OTHER APPROACHES TO STREAM CONDITION ASSESSMENTS 
Other approaches are available to assess river condition. These include but are not 
limited to AUSRIVAS (www.ausrivas.canberra.edu.au) developed by the Cooperative 
Research Centre (CRC) for Freshwater Ecology, the Pressure Biota Habitat (PBH) 
Method developed by the Government of New South Wales (NSW) and the Anderson 
Method developed for the government of Queensland. One of many internationally 
developed approaches is the United States of America Environmental Protection Agency 
(US EPA) Habscore method.  

There is generally a trade-off between the level of detail of the rapid assessment 
technique and the cost and training required to complete assessments. As the 
assessment technique becomes more involved and delivers improved data quality, the 
number of sites that can be assessed within a fixed budget decreases. Hence a balance 
must be struck to provide sufficient information on the stream condition for an available 
budget without compromising the purpose of the assessment.  

The Murray Darling Basin Commission is currently embarking on a project, The 
Sustainable Rivers Audit, to assess the condition of all streams in the Murray Darling 
Basin. This Audit requires agreement on a consistent approach for stream condition 
assessments throughout the basin. Finalisation of this approach had not been achieved 
at the time of publication of these Technical Guidelines.  

2.3.2 ASSESSMENT OF STREAM PROCESSES 
Critical to the successful planning and implementation of stream management programs 
will be an assessment and understanding of the stream processes at work. These 
processes include but are not limited to hydrologic, water quality, ecological, geomorphic 
and vegetation processes. The understanding of stream processes within the subject 
stream reach can be developed through: 

1. Understanding of fundamental stream processes. Knowledge of stream 
hydrologic, hydraulic, geomorphic and ecological processes is a prerequisite to the 
effective use of these Technical Guidelines. These guidelines do not provide readers 
with details of fundamental stream processes. Further reading on fundamental 
stream processes can be found in A Rehabilitation Manual for Australian Streams 
(Rutherfurd et al. 2000), the Federal Interagency Stream Restoration Working Group 
(FISRWG 1998), Guidelines for Stabilising Waterways (Standing Committee on 
Rivers and Catchments 1991) and numerous other texts. 

2. Understanding of specific processes within the reach. Development of an 
understanding of the specific processes at work within an individual reach of stream 
can be achieved through site inspections and commissioning of specific 
investigations. Specific investigations and data gathering that may assist the 
identification of processes include: 

• water quality sampling and analysis; 
• hydrologic analysis; 
• geomorphic assessments including investigations into sediment sources, 

transport and fate;  
• topographic surveys including initial and repeat longitudinal and cross-section 

surveys; 
• vegetation surveys and investigations into vegetation dynamics; and 
• flora and fauna studies including fish surveys. 

www.dse.vic.gov.au/riverhealth/isc
www.ausrivas.canberra.edu.au
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Information gathering and analysis should be undertaken in a staged approach with initial 
assessments providing an overview of processes. More detailed data collection and 
investigations should only be commissioned to address identified high risk processes and 
assets and those processes likely to influence the success or otherwise of the project. 
These investigations may form a component of the stream condition assessment or may 
be part of separate commissions. 

Particular effort should be placed in the understanding of processes that have potential to 
impact on the vision and target outcomes. Such processes might include weed invasion, 
sediment transport and deposition, ongoing channel incision or barriers to fish movement. 
These are discussed in the next section under threatening activities and processes. 

A number of software tools have been developed by the former the Cooperative 
Research Centre for Catchment Hydrology (CRCCH) for the hydrologic and geomorphic 
assessment of stream systems. These tools can be found at www.toolkit.net.au. These 
tools are largely directed at catchment scale planning. However they may be of some 
assistance for the reach and sub catchment scale. 

Additional information on the assessment of ecological processes in stream systems can 
be found at eWater CRC at www.ewatercrc.com.au. 

The technique of stream geomorphic categorisation or classification based on the 
controls on stream physical processes such as River StylesTM developed at Macquarie 
University with funding from Land and Water Australia, and the Rosgen (1998) 
classification, may also assist in the identification of stream processes and features, the 
rarity of remnant stream types within a region may also serve to assist the identification of 
template streams. Template streams are those that can be used as a reference to guide 
stream rehabilitation projects.  

A suggested list of analysis tools, their description and their application can be found in 
Koehn et al. (2001). 

2.3.3 DEVELOPMENT OF CONCEPTUAL MODELS 
The purpose of the assessment of stream processes is to develop an understanding of 
ongoing stream processes that have the potential to impact on the future condition and 
outcome for the river and related assets. Integral to this is the development of a 
conceptual model of the ongoing stream processes. This model should be as simple or 
complex as necessary to describe the ongoing ecological and physical processes at work 
for the purpose of the waterway program or project.  

The model can be provided as a narrative description of processes, or could be illustrated 
through line diagrams. Alternatively the model may be a more complex physical or 
numerical model. In the first instance it is suggested that this model be kept as simple as 
possible and additional complexity be incorporated as necessary into those aspects that 
are most likely to impact on the vision and proposed future resource condition and 
targets. Once developed the conceptual mode can be used to assist the development, 
analysis and communication of management options to achieve the intended waterway 
outcomes. 

While ecological response models should be the basis of decision making, our knowledge 
of river systems is incomplete and existing ecological response models are limited. There 
is a need for improved ecological response models to be researched and developed and 
that these models become the basis for decision making. Such models may need to be 
further developed and modified for specific applications. 

www.toolkit.net.au
www.ewatercrc.com.au


2.3 UNDERSTANDING THE STREAM SYSTEM 

 23

Two examples of ecological and physical response models are provided below. Further 
information on ecological models can be found at www.ewatercrc.com.au. An application 
of the ecological response models shown below is provided in the worked example within 
Worked Example and Checklists of these Technical Guidelines. 

 

 

Figure 2.8 Example ecological response model: Process of channel incision and 
recovery (Source: Simon 1989) 

www.ewatercrc.com.au
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Figure 2.9 Example ecological response model: Effects of channelisation on the 
physical environment and ecology of streams (Adapted from Schumm, Harvey, and 
Watson 1988) 

2.3.4 THREATENING ACTIVITIES AND PROCESSES 
A key step in developing an understanding of the stream system is the identification of 
activities and processes that threaten assets and the attainment of the intended stream 
vision or target. The identification of threatening activities and processes enables the 
identification of a trajectory for the stream and related assets. The impact of threatening 
activities and processes on the attainment of resource condition targets is illustrated in 
Figure 2.10. 
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Figure 2.10 Trajectory (ecological response) for resource condition based on 
current condition and continuance of existing activities and processes 

The Victorian River Health Strategy (DNRE 2002) describes threatening activities and 
processes as either: 

• catchment management activities 
• riparian management activities 
• river channel management activities. 

A summary of threatening activities identified in the Victorian River Health Strategy 
(DNRE 2002) is provided in the following table. 

Table 2.1 Threatening activities (DNRE 2002)  

Management focus Threatening activity 
Catchment clearing including urbanisation 
Poor land management 

Catchment  

Disposal of poor quality effluent 
Grazing banks 
Clearing banks 
Promotion of exotics 
Levees and floodplain development 

Riparian land 

Recreation, camping 
Snag removal 
Culverts and regulators 
Onstream storages 
Low level releases on storages 
Recreation (boating, fossicking) 
Weed removal 

River channel 

Flow diversion and management 
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A selection of threatening processes, identified under Victoria’s Flora and Fauna 
Guarantee Act, that are likely to have a direct impact on waterways include the following: 

• alteration to the natural flow regimes of rivers and streams;  
• alteration to the natural temperature regimes of rivers and streams; 
• degradation of native riparian vegetation along Victorian rivers and streams; 
• habitat fragmentation as a threatening process for fauna in Victoria; 
• increase in sediment input into Victorian rivers and streams due to human 

activities; 
• input of toxic substances into Victorian rivers and streams; 
• introduction of live fish into waters outside their natural range within a Victorian 

river catchment after 1770; 
• invasion of native vegetation by "environmental weeds"; 
• prevention of passage of aquatic biota as a result of the presence of instream 

structures; 
• reduction in biomass and biodiversity of native vegetation through grazing by the 

rabbit (Oryctolagus cuniculus); 
• removal of wood debris from Victorian streams; and 
• soil erosion and vegetation damage and disturbance in the alpine regions of 

Victoria caused by cattle grazing. 

The RiVERS database, developed by Victoria’s CMAs in association with DSE, for the 
purpose of river health program priority setting (refer Section 2.4 Strategy Development), 
includes the following set of threats to waterway values: 

• loss of bank stability 
• loss of bed stability 
• barriers to native fish migration 
• channel modification 
• changes to flow 
• water quality trends 
• water quality attainment 
• water quality signal 
• changes to water temperature 
• occurrence of algal blooms 
• introduced exotic flora 
• degraded riparian vegetation 
• introduced exotic fauna 
• loss of instream habitat 
• loss of wetland connectivity 
• uncontrolled stock access. 

In addition to current threatening activities, past land uses and management activities that 
are no longer practiced may also pose an ongoing threat to stream health and aquatic 
ecosystem assets. Many ongoing processes within waterways across Victoria are the 
result of past management practices, no longer undertaken in the catchment. Past 
mining, and in particular hydraulic sluice mining, is a prime example. Past hydraulic sluice 
mining has led to substantial release of sediment into many stream systems in Victoria. 
While the mining activity that led to this sediment release has ceased, ongoing processes 
of sediment transport continue. These ongoing processes are leading to intact reaches of 
river being threatened by stream bed aggradation and the loss of stream bed features, 
such as the smothering of large wood and infilling of holes. Other examples of past 
activities, no longer practiced, that continue to threaten stream systems include 
desnagging and wetland drainage.  
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Hydraulic sluice mining, Wombat Hill, Daylesford, Victoria, circa 1860 (Image courtesy of the 
estate of Florence Cant) 
 

A selection of threatening processes reflecting the threats included in the RiVERS 
database is expanded upon in Section 3.1 of these Technical Guidelines. These threats 
are described briefly, explaining the common causes that lead to the development of the 
specific threat and the range of interventions that might be applied to address each 
threat. 

Not all the threats listed above and included in Section 3.1 are necessarily “bad” all the 
time. Many threatening processes can be employed, with caution, as components of 
effective waterway management programs. Grazing pressure can degrade the stream 
riparian corridor. However grazing can also form part of a weed management program. 
Barriers to fish passage can threaten some species. However, barriers may also prevent 
the movement of introduced pest species such as carp. Understanding the scale of the 
threat and the adverse and beneficial outcomes of the ongoing stream processes will be 
important to the acceptance and success of waterway projects.  

Part 3 of these Technical Guidelines provides further details on a selection of 
activities and processes that threaten stream health and related assets. 



PART 2 PLANNING 

 

28  

2.4 STRATEGY DEVELOPMENT 
 

The development of a waterway management strategy for a reach or sub catchment is 
contained within the “Narrowing Down” phase of the 12 steps for stream rehabilitation 
(Rutherfurd et al. 2000) and the “Objective Setting”, “Select Activities” and “Finalise Plan” 
steps of the River Restoration Framework (Koehn et al. 2001). 

 
Figure 2.11 Strategy Development 

 

The waterway management strategy for the reach of stream or sub catchment should 
identify and describe a program of management aimed at achieving the target future 
stream condtiion. This concept is illustrated in Figure 2.12. 
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Figure 2.12 Management effort required to alter trajectory and attain target 
resource condition 

The waterway management strategy should reflect the project purpose and should be 
undertaken following the development of an understanding of the stream system. 
Components of the strategy development include the: 

• identification of management options 
• development of priorities  
• documentation of the strategy. 

2.4.1 MANAGEMENT OPTIONS 
Three tiers of management are available to address the activities and processes that 
threaten river health and agreed target outcomes. These tiers are ranked in terms of their 
relative impact on the threats and the protection and maintenance of stream health.  

1. Halting the threatening activity. Clearly cessation or removal of the threatening 
activities that have a direct impact on stream health will be the most effective means 
of protecting stream health. Cessation of de-snagging, cessation of pollutant 
discharges to streams, cessation of summer low flow extractions, cessation of 
vegetation clearing and preventing the construction of barriers to fish passage will all 
have immediate beneficial outcomes to stream health and the attainment of river 
health targets. 
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2. Modification of threatening activities. In many circumstances, the cessation of the 
threatening activity will not be an option and modification of the practice will be 
necessary. Adoption of industry best management practices such as water sensitive 
urban design and adoption of the forest industry code of practice will assist to reduce 
the impacts of urbanisation and forestry. Fitting of a fish ladder to an existing or 
potential fish barrier may be possible where removal or halting the construction of a 
structure is not viable. Similarly, modification of grazing practice to enable vegetation 
establishment may be a more realistic outcome with some landholders and regions 
than permanent and total stock exclusion from riparian zones. 

3. Modification or intervention to instream processes. Modification to instream 
processes may be appropriate where removal or modification of the threatening 
processes is not viable or possible. Modification of the stream system may be 
necessary to address residual impacts of past practices or where the modification or 
removal of the threat is not financially viable. As an example grade control works may 
be required to address channel incision caused by past drainage activities. Instream 
interventions should only be applied once all other avenues for the cessation and 
modification of threatening activities have been fully explored and alternate options 
for these and threatening processes have been considered. 

Halting threatening activities, modification of threatening activities and the modification 
and intervention to instream processes can be addressed through a suite of management 
options. These options for management include: 

• regulation 
• education and capacity building 
• coordination with other agencies 
• onground works 
• monitoring and evaluation. 

Part 3 of these Technical Guidelines provides details on a selection of these onground 
intervention techniques. However this should not be interpreted that onground works 
provide the highest priority for management. This is certainly not the case. Regulation, 
education and capacity building, coordination with other agencies and ongoing monitoring 
and evaluation will provide as high and potentially greater returns on investment, moving 
a stream toward an agreed future outcome, than direct onground works. Waterway 
managers are referred to other sources such as A Rehabilitation Manual for Australian 
Streams (Rutherfurd et al. 2000) and Guidelines for Assessment of Works Permits and 
Licences on Waterways (SKM 2001) for further information.  

Part 3 of these Technical Guidelines provide details on a number of the commonly 
applied onground options available to the waterway manager. Part 3 also includes 
a guide to the selection of appropriate onground interventions. 

2.4.2 PRIORITIES FOR MANAGEMENT 
RISK ASSESSMENT 
Risk based approaches have been adopted in Victoria as the preferred means of priority 
setting and planning of stream management programs and projects. According to 
Standards Australia (2004) “Risk management is the term applied to a logical and 
systematic method of establishing the context, identifying, analysing, evaluating, treating, 
monitoring and communicating the risks associated with any activity, function or process 
in a way that will enable organisations to minimise losses and maximise opportunities”. 

Risk is identified by Standards Australia (2004) as “the product of the likelihood and 
consequence of an event impacting on an asset or objective” and as such it is as much 
about identifying opportunities as avoiding and mitigating losses.  
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Objectives or targets for streams and their attributes may comprise the maintenance of 
current condition or an improvement in condition. The proposed waterway targets should 
be identified through the vision for the waterway. To capture the opportunities associated 
with attainment of future targets, it is suggested that the risk analysis, adopted for 
waterway planning, focus on the attainment of waterway management targets rather than 
protection of existing assets and their condition. Based on this concept, the risk based 
approach to management would suggest that those targets of greatest importance, and at 
greatest threat of not being achieved, are the targets at greatest risk. These targets and 
the threatening activities and processes that generate the risk become priority issues for 
management. 

This approach to priority setting requires an assessment of the relative value of stream 
assets and their targets (consequence) and an assessment of the activities and 
processes that may prevent attainment of that target (likelihood). There are many means 
of scoring the consequence and likelihood of failure to attain a target. One component of 
such scoring is to value waterway assets.  

Valuing waterway assets provides a means of identifying risk (risk being a function of 
asset value and the likelihood and extent of that asset being impacted by a threatening 
process). Identifying stream values helps to identify those streams, stream assets and 
targets at greatest risk and therefore those streams, assets and processes that might be 
the highest priority for management attention. The Victorian River Health Strategy (DNRE 
2002) recommends adoption of the following criteria for determining the ecological value 
of a river. ISC condition assessments (naturalness valuation) and stream categorisation 
(rarity valuation) can assist in the valuation process. 

 
Source: Victorian River Health Strategy (DNRE 2002) 
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Examples of semi-quantitative scores for waterway management assets and processes 
are provided in the following tables. 

Table 2.2  Waterway health and infrastructure target importance/consequence 
example 

Level Consequence 
(of failure) 

Example species 
protection target 

Example waterway 
infrastructure target 

Example species 
population target 

1 Insignificant Protection of a single 
representative of a 
common species  

Protection of an asset of 
limited value ($1,000) 
(e.g. farm bridge/crossing) 

Maintain species above 
1,000,000 individuals 

2 Low Protection of a small 
group of a species of 
common occurrence 

Protection of an asset of 
low value ($10,000)  
(e.g. local footbridge) 

Maintain species above 
100,000 individuals 

3 Moderate Protection of local 
population of a species 
of local significance 

Protection of an asset of 
medium value ($100,000) 
(e.g. local road bridge) 

Maintain species above 
10,000 individuals  

4 High Protection of local 
population of a species 
of regional significance 

Protection of an asset of 
high value ($1m)  
(e.g. highway bridge) 

Maintain species above 
1000 individuals 

5 Extreme Protection of a local 
population of a species 
of State, National or 
International 
significance 

Protection of an asset of 
extensive value ($10m +) 
(e.g. large town water 
supply system or a set of 
freeway bridges) 

Maintain species above 
100 individuals 

 

Table 2.3  Likelihood and probability of events example 

 Likelihood Description Frequency Example flood 
frequency 

A Almost certain Expect that event will 
occur within planning 
horizon 

> 95% chance of 
occurrence in the 
planning horizon 

1 year ARI event 
occurring within a 10 year 
planning horizon 

B Highly likely Highly likely that the 
event will occur within the 
planning horizon 

80% to 95% chance of 
occurrence in planning 
horizon 

5 year ARI event 
occurring within a 10 year 
planning horizon 

C Likely  Likely that the event will 
occur within the planning 
horizon 

50 to 80% chance of 
occurrence in planning 
horizon 

10 year ARI event 
occurring within a 10 year 
planning horizon 

D Possible  The event may occur 
within the planning 
horizon 

5 to 50% chance of 
occurrence in planning 
horizon 

50 year ARI event 
occurring within a 10 year 
planning horizon 

E Unlikely  It is unlikely that the event 
will occur in the planning 
horizon 

< 5% chance of 
occurrence in planning 
horizon 

500 year ARI event 
occurring within a 10 year 
planning horizon 

 

Assignment of quantitative and semi-quantitative scores to the consequence and 
likelihood of failure to meet the target outcome enables the development of risk profiles 
for target outcomes. Example risk profiles are provided in the following table. 
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Table 2.4  Risk profile example 

  Importance of target/consequence of failure 

  1 
Insignificant 

2 
Low 

3 
Moderate 

4 
High 

5 
Extreme 

Certain 

A 
 
Moderate 

 
Moderate 

 
High 

 
Extreme 

 
Extreme 

Almost 
Certain 

B 

 
Moderate 

 
Moderate 

 
High 

 
High 

 
Extreme 

Likely 

C 
 
Moderate 

 
Moderate 

 
Moderate 

 
High 

 
High 

Possible 

D 
 
Low 

 
Moderate 

 
Moderate 

 
Moderate 

 
High 

Likelihood 
of failure 
to meet 
target 
outcomes 

Unlikely 

E 
 
Low 

 
Low 

 
Moderate 

 
Moderate 

 
Moderate 

 

Tolerable. A level of risk 
that is low and easily 
managed 

As low as reasonably 
practical (Actions required 
to reduce risk further) 

Major risk requiring 
significant intervention to 
reduce risk 

Intolerable risk requiring 
highest priority 
(immediate) attention 

 

The risk profiles assist with the identification and analysis of priority issues and processes 
for management.  

Importantly this semi quantitative risk analysis and priority setting should not become an 
all consuming task for reach scale planning. Sufficient analysis should be undertaken to 
identify the high risk targets and threats. Large, time consuming spreadsheets and tables, 
requiring the input of subjective scores, may be no more accurate or indeed useful as that 
provided by a simple narrative. However these spreadsheet based approaches do 
provide an excellent means of documenting the outcomes of “gut feeling” or community 
perceptions and can be used in this manner. Care should be taken to not describe such 
subjective, semi-quantitative assessments as anything more than just that.  

Table 2.5  Risk assessment example 

Reach vision and resource condition and 
targets 

Threats Risk Rating

Vision 
30 year planning 
horizon 

Condition and 
target for reach

Importance 
of vision 
and target 

Threat to target Likelihood of 
threat impacting 
on target within 
planning horizon 

 

Establishment of 
vegetated habitat 
corridor from 
downstream 
heritage reach to 
the mountains  

Index of stream 
condition target 
vegetation score 
of 7 over full 
length 

High Decline in vegetation 
condition, (ongoing 
grazing) 

Certain Extreme 

The protection of 
remnant 
endangered 
species (Trout 
Cod) habitat  

Index of stream 
condition target 
score of 8 

Extreme Sediment transport 
from subject reach 
infilling holes  

Likely High 

Establishment of 
swimming holes in 
the creek 

Index of stream 
condition 
physical form 
score of 7  

Moderate Infilling of holes as a 
result of upstream 
sediment 
mobilisation 

Likely Moderate 
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WATERWAY MANAGEMENT RISK AND PRIORITY SETTING MODELS 
A number of risk based models have been developed for priority setting. Two database 
driven models have been developed to assist with waterway management priority setting 
in Victoria. These models are:  

• RiVERS. The RiVERS model has been developed to assist Victoria’s Catchment 
Management Authorities develop priorities for waterway management programs. 
Further information on RIVERS can be obtained within the Victorian River Health 
Strategy.  

• STREAMS. The STREAMS model has been developed within Melbourne Water 
and is used by that authority to develop priorities for waterway management 
within the Port Phillip and Western Port Catchments. Further information on 
STREAMS can be obtained from Melbourne Water. 

These models have been developed to assist with the development of region wide and 
catchment scale priority setting. The models may also assist with planning at the 
management unit scale. The models do not provide for the inclusion of intervention 
options and constraints and as a consequence additional analysis will be required to 
develop an effective management unit scale strategy.  

PRIORITY ACTIVITIES AND WORKS 
The risk assessment process discussed within these Technical Guidelines identifies the 
risk of a failure to meet a target and enables comparison of risk profiles between a range 
of targets and threatening activities and processes. This risk assessment process 
enables identification of targets at risk, and the risk associated with threatening activities 
and processes. However the process does not necessarily identify high priority programs, 
projects, activities and works that may need to be implemented to address the threat and 
attain the target.  

Priority projects, activities and works should be identified based on achieving greatest 
return on investment. The highest priority programs, projects, activities and works will be 
those that achieve greatest risk reduction and/or greatest movement toward the agreed 
targets for the least cost while retaining greatest flexibility i.e. those projects, activities 
and works that provide the greatest return on investment, or “bang for buck”.  

Inevitably it will be those activities and works that contribute to multiple outcomes and 
targets that will fit into this category. Stock control and vegetation management fall into 
this category for most stream reaches and sub catchments. Stock control and vegetation 
management provide direct returns in terms of improvement in riparian vegetation 
condition. However stock control and vegetation management will also contribute to 
reduced rates of bank erosion, contributing to improved stream physical condition. 
Further improved riparian vegetation condition will also contribute to improved water 
quality, and instream habitat. It is for this reason that broad scale low cost revegetation 
programs may be identified as a high priority activity alongside more expensive one off 
projects such as construction of a fish ladder to widen the geographic range and protect 
an endangered species. 

2.4.3 IMPLEMENTATION TARGETS AND RESPONSIBILITIES 
Implementation targets should be developed for the priority activities and works. The 
implementation targets should set out the timing, location, and extent of works and how 
these activities and works and the implementation targets will contribute to the attainment 
of the intended vision and resource condition targets. The implementation targets should 
include responsibilities for management. The implementation targets should be 
sufficiently detailed to enable review and agreement by stakeholders. However the 
targets should not be so prescriptive to prevent adaptation and individual judgements at 
the site scale. This site scale assessment and “design” should be the subject of more 
detailed assessment. Design is discussed in Section 2.5 Design and Implementation and 
in Part 5 Design Guidelines.  
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Responsibilities for implementation will require assessment and understanding of existing 
policy, legislation and institutional arrangements. Establishment of responsibilities and 
attainment of the vision and target will require team work and coordination among the 
project partners.  

2.4.4 DOCUMENTATION 
A management unit (stream reach or sub catchment) based plan should be documented 
within a concise report that sets out:  

• a description of the stream, its condition and processes and its related stream 
health assets; 

• project funding, partners and stakeholders; 
• a vision for the stream and the related assets including more specific resource 

condition targets including time scales; 
• threats to that vision and those targets; 
• identification of targets at highest risk of not being achieved; 
• identification of options to manage risks; 
• identification of priority activities and works that achieve greatest risk reduction or 

movement toward the target outcomes for the least cost; and 
• details of implementation targets, responsibilities costs and timeframes. 

The documentation should clearly detail who will be responsible for implementation of the 
plan, project partners, funding sources, contributions and the basis for funding of 
landholder works. Further, the documentation must set out the timeframes over which the 
plan will be implemented and the means, by which the outcomes will be monitored, 
reviewed and reported back to stakeholders. Details of the proposed ongoing monitoring 
and evaluation program should be established as a component of the design and 
implementation phase and documented within a subsequent design and implementation 
report.  
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2.5 DESIGN AND IMPLEMENTATION 
 

The design and implementation phase of waterway management programs projects falls 
within the “Doing it” phase of the 12 steps to stream rehabilitation developed by 
Rutherfurd et al. (2000) and the “Implementing the Plan” and “Monitoring and 
Maintenance” steps contained within developed by Koehn et al. (2001).  

 
Figure 2.13 Design and implementation 

 

The design and implementation of activities and works should reflect both the outcomes 
from the strategy development and the intent of the project purpose. Key tasks and steps 
include: 

• design of works to appropriate and applicable standards 
• implementation of activities and works 
• monitoring and evaluation. 
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2.5.1 LEVELS OF SERVICE FOR ANALYSIS, DESIGN  
AND CONSTRUCTION  
The level of service (also referred to as the rigour or level of effort) adopted for the 
analysis, design and implementation of waterway management projects should be a 
function of the importance of the project and the risks associated with project failure. While 
these Technical Guidelines can provide guidance, it is not possible to prescribe the most 
appropriate design standard for any particular project, organisation or circumstance. This 
is the role and responsibility of the waterway professional.  

The risk management approach discussed within Strategy Development of these 
Technical Guidelines can be used to assist development of appropriate levels of service 
for a project. Projects aimed at protecting river assets of greatest value, river processes 
posing the greatest threat, projects with the highest level of public profile, or projects with 
the highest level of expenditure may warrant the highest levels of analysis, design and 
construction. Conversely lower levels of analysis and design may be appropriate for those 
projects with the lowest risk for and associated with failure.  

2.5.2 DESIGN OF ACTIVITIES AND WORKS 
The design of onground activities and works requires the assessment of available and 
appropriate materials and detailed analysis of the selected options. The design process 
may be aided by software packages and other design aids. 

A selection of materials commonly used  in onground works is discussed in Part 4 
of these Technical Guidelines. Design guidelines for a selection of onground 
options are provided in Part 5 and a number of design aids are provided in Part 6  
of these Technical Guidelines. 

2.5.3 IMPLEMENTATION PLANNING AND ASSESSMENT 
The implementation of successful onground works relies on thorough planning. This will 
require development of a construction schedule, engagement of suitable contractors and 
staff, and the supervision of works. It is not the intent of these guidelines to provide 
details of construction management techniques and approaches. Readers are referred to 
specific construction management texts. However this publication can provide some 
guidance that may assist to minimise the potential adverse impacts of onground 
construction works. 

A thorough assessment of potential impacts should be undertaken prior to the 
implementation of any onground works. The assessments should be undertaken to 
identify whether works should proceed and to identify whether remedial measures are 
required to reduce or mitigate potential impacts. Construction works can have temporary 
and long term impacts such as: 

• noise 
• water quality impacts 
• weed transferral 
• damage to vegetation  
• damage to sites of heritage value. 

As well as assessing the impacts of construction, it is the responsibility of those 
implementing works to provide a safe workplace and to develop occupational health and 
safety (OH&S) systems that include establishment of safe work practices and 
construction sites. 

The assessment of potential impacts and establishment of safe worksites are best 
undertaken in a methodical and repeatable manner. This reduces subjectivity and the 
potential to inadvertently omit issues. A number of catchment management authorities 
have established construction, environmental, archaeological and health and safety 
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check sheets. An example checklist, adapted from that developed and used by 
Melbourne Water is provided in Part 7 Worked Example and Checklists of these 
Technical Guidelines. 

Information that can assist with the avoidance and management of impacts at 
construction sites can also be found in Environmental Guidelines for Major Construction 
Sites (EPA 1996). 

2.5.4 MONITORING AND EVALUATION 
Monitoring and evaluation should be considered to be an integral and mandatory 
component of waterway management programs, providing feedback on the success or 
otherwise of projects, activities and works. This feedback will provide information that can 
help “steer” efforts towards those activities that will lead to the desired stream outcomes. 
Further, the monitoring and evaluation may reveal unintended outcomes that necessitate 
adjustments to the targets, plan or activities and works.  

LEVEL OF MONITORING 
There has been considerable effort made in recent years to develop and document 
suggested monitoring and evaluation programs for waterway management programs. 
Recent publications and useful resources include: 

• Environmental Flows Monitoring and Assessment Framework (Cottingham et al. 
2005); 

• Monitoring and Evaluation Framework for Waterways Onground Works (North 
Central CMA 2003); and 

• A Rehabilitation Manual for Australian Streams (Rutherfurd et al. 2000). 

These and similar publications often refer to before, after, control and impact/intervention 
(BACI) design of monitoring programs. Full implementation of this method of monitoring 
would enable identification of those outcomes that are the direct result of the 
interventions applied to a site or reach. However full BACI design is difficult to achieve.  
In particular the establishment of effective control sites, and/or reaches is very difficult.  

A simpler monitoring program may be appropriate for some projects. This will be 
dependent on the importance of understanding the impact of the component interventions 
on the target outcome. A simpler monitoring program that identifies whether activities and 
works have been implemented and are operating as intended and whether the stream is 
moving toward the intended outcomes may be sufficient for many projects. Such 
monitoring would not allow identification of the role of the interventions in moving the 
stream toward the agreed target. However such a program may be more likely to meet 
the requirements of CMAs and waterway managers. 

COMPONENTS 
Components of a Monitoring and Evaluation Program should include, but may not be 
limited to:  

Monitoring of target outcomes (Resource condition targets): Monitoring of the target 
outcomes should be undertaken using the method adopted for the waterway condition 
assessment as part of developing an understanding of the stream system. This approach 
should include the metrics adopted for target setting. If stream condition was assessed 
using the Index of Stream Condition (and /or an adaptation thereof) and targets set using 
ISC scores, then the ISC or an adaptation thereof would be an appropriate method for 
ongoing monitoring of program outcomes.  

Monitoring of activities and works (Implementation targets): The individual elements 
making up the stream management project should be the subject of an ongoing 
monitoring program. The monitoring should be undertaken to ensure that: 

• works have been undertaken in accordance with the design intent; and 
• the ongoing operational performance is in accordance with the design intent. 
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Evaluation and reporting on monitoring data: It is not sufficient to just monitor 
activities and works and outcomes. Some level of evaluation and reporting is also 
required. Evaluation of monitoring results includes checking of results against base 
conditions and targets. It also involves the investigation and analysis of why outcomes 
may or may not have been achieved. Finally the evaluation should be compiled into a 
report suitable for future reference and for making adjustments to ongoing activities and 
works and potentially target outcomes. 

ASSOCIATED ISSUES 
A number of issues will need to be resolved as a component of the development and 
implementation of a monitoring and evaluation program. These will include: 

• responsibilities for the delivery of the monitoring and evaluation program; 
• the timing of monitoring and reporting including development of scheduled and 

event based monitoring; and 
• storage and retrieval of data and reporting. 






