
Development of the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems  � June 2008        i

Project Report

Development of the Technical Manual for 
Assessing Hotspots in Channel and 
Piped Irrigation Systems

June 2008 

A report to the Australian Government Department of the 
Environment, Water, Heritage and the Arts 





Development of the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems  � June 2008        i

Contributors 
Shahbaz Khan1, Tariq Rana1, Akhtar Abbas1, Mohsin Hafeez2, Munir Hanjra1, Nadeem 
Asghar2, Richard Pillow2, Kumar Narayan1

1CSIRO Land and Water

2 International Centre of Water for Food Security, Charles Sturt University 

Acknowledgements

We wish to acknowledge the funding support of the Australian Government Department of the 
Environment, Water, Heritage and the Arts (DEWHA). We would like to thank all those who attended 
and contributed to the workshop for their inputs into this process.  The valuable input of Rod Carr and 
Suzanne Bridgman from DEWHA is highly acknowledged. 

We wish to acknowledge the contributions of national experts in water loss investigations, from 
whose research and experience much of Australian irrigated agriculture’s water efficiency advances 
are derived, namely: Mr Saud Akbar (New South Wales), Associate Professor Hector Malano 
(Victoria) and Dr Ramsis Salama (Western Australia).  

Thanks also go to the international experts present: Dr Dennis Wichelns (Department of Economics, 
Hanover College, Indiana, US); Dr Paul van Hofwegen (World Water Council) and Dr Ian Makin 
(Asian Development Bank). 



Development of the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems  � June 2008        ii

Enquiries should be addressed to: 

Irrigation Hotspots Project Team
The Australian Government Department of the Environment, Water, Heritage and the Arts
GPO Box 787
Canberra ACT 2601
Email: hotspots@environment.gov.au

Copyright and disclaimer 

© 2008 Commonwealth Scientific and Industrial Research Organisation ('CSIRO') Australia.  
To the extent permitted by law, all rights are reserved and no part of this publication covered 
by copyright may be reproduced or copied in any form or by any means, except: i) by the 
Commonwealth for Commonwealth purposes; or ii) with the written permission of CSIRO. 

Extracts of this report must include a statement acknowledging the extract is part of this 
larger report prepared by CSIRO for the Commonwealth.

The user of this report must make its own assessment of the suitability for its use of the 
information or material contained in or generated from the report.  CSIRO advises that the 
information contained in this publication comprises general statements based on scientific 
research. The reader is advised and needs to be aware that such information may be 
incomplete or unable to be used in any specific situation. No reliance or actions must 
therefore be made on that information without seeking prior expert professional, scientific 
and technical advice.  To the extent permitted by law, CSIRO excludes all liability to any 
party for expenses, losses, liability and costs arising directly or indirectly from using 
this report and any information or material contained in it.



Development of the Technical Manual for Assessing Hotspots in Channel and piped Irrigation Systems  � June 2008       iii

Contents 

Executive Summary ........................................................................................................... 1

Acronyms and abbreviations ............................................................................................ 2

1. Introduction............................................................................................................. 3

2. Summary of processes........................................................................................... 4

2.1 Summary of the workshop findings ...................................................................... 5

3. Overview of the process......................................................................................... 9

Glossary………………….. ................................................................................................. 11

References………….......................................................................................................... 13

Appendix A: Summary of the written feedback ............................................................ 14

Appendix B: List of workshop participants................................................................... 17



Development of the Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems  � June 2008        iv

List of Tables

Table A.1 List of respondents who provided written feedback .............................. 15

Table B.1 Full list of Sydney workshop participants ............................................... 17

Table B.2 Full list of Adelaide workshop participants............................................. 19

Table B.3 Full list of participants at the Melbourne workshop ............................... 20



Development of the Technical Manual for Assessing Hotspots in Channel and piped Irrigation Systems  � June 2008       v

List of Figures

Figure 1 Conceptual framework of the methodology for assessing 
irrigation system hotspots........................................................................ 10





Development of the Technical Manual for Assessing Hotspots in Channel and piped Irrigation Systems  � June 2008       1

Executive Summary 

This document outlines the process by which the Technical Manual for Assessing Hotspots 
in Channel and Piped Irrigation Systems was developed by the Commonwealth Scientific 
and Industrial Research Organisation (CSIRO), for the Irrigation Infrastructure Hotspots 
Assessment project (the Hotspots project) under the ‘Sustainable Rural Water Use and 
Infrastructure’ element of the Australian Government ‘Water for the Future’ program.

The objective of the Hotspots project is to identify areas in an irrigation supply system where 
localised significant water losses are occurring, through evaporation, seepage, leakage and 
operational components, and to quantify the extent of those losses. These water losses are 
categorised as ‘real’ and ‘apparent’.

The real water loss is water lost through evaporation or by seepage into a saline water table. 
Once this water is lost it cannot be directly recovered or used for beneficial purposes within 
the irrigation system. 

Apparent water loss is the volume of water that moves from one system to another and 
could become available for beneficial use. However, the first opportunity for beneficial use is 
lost. 

This document describes the series of workshops that were organised by the CSIRO, in 
collaboration with the International Centre for Water for Food Security at Charles Sturt 
University, and how they informed the development of the Technical Manual for Assessing 
Hotspots in Channel and Piped Irrigation Systems.  

Prior to the workshops, four discussion papers were prepared and distributed to seek input 
from participants. An independent technical writer compiled written feedback on the papers. 
This feedback is presented in Appendix A.

Three workshops were held, in Sydney, Adelaide, and Melbourne, to facilitate further 
consultation with key water practitioners. Participants included irrigation water providers, 
state and federal water-related agencies, consultants, academics and scientists. An 
independent expert facilitated the three workshops. A listing of workshop participants is 
presented in Appendix B.

Feedback on the technical aspects of the project was complied and considered throughout 
the process. Independent national experts participated in all three workshops. In addition, 
three international experts participated in the final workshop held in Melbourne. Their role 
was to make sure the proposed process was inclusive, critically reviewed and robust. They 
maintained their independence with regard to science and organisation affiliations. 

As a result of the workshop findings and existing techniques and knowledge the CSIRO has 
also developed a Technical Manual for Assessing Hotspots in Channel and Piped Irrigation 
Systems.
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Acronyms and abbreviations 

IAL1 Irrigation Australia Limited

ANN artificial neural network

CSIRO Commonwealth Scientific and Industrial Research Organisation

DEWHA Australian Government Department of the Environment, Water, 
Heritage and the Arts

GIS Geographic Information System

IWA International Water Association

M&E monitoring and evaluation

  
1 Formerly ANCID – Australian National Commission on Irrigation and Drainage
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1. Introduction

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) was 
contracted by the Australian Government Department of the Environment, Heritage and the 
Arts (DEWHA) to develop a standardised methodology for identifying areas in an irrigation 
supply system where localised significant water losses are occurring, through evaporation, 
seepage, leakage and operational components, and to quantify the extent of the losses. 

In the irrigation sector, water losses occur in the transport of water from the irrigation source 
to the farm gate and in the production of biomass and crops. The overall surface water 
conveyance efficiency of different irrigation areas in Australia ranges from 67 and 
90 percent, depending on the type and age of channel or piped infrastructure, irrigation 
methods, irrigation scheduling, and the management practices of irrigators (Khan et al 2004, 
Smith 2007). To increase water productivity, significant investment is required to improve 
water use efficiency through better water accounting and bringing unaccounted water into 
service for agriculture, urban, industrial and environmental needs. 

The standardised methodology for undertaking hotspots assessments is detailed in the 
Technical Manual for Assessing Hotspots in Channel and Piped Irrigation Systems. The 
Technical Manual provides standard techniques (from diagnostic to detailed measurements) 
for identifying and quantifying the significant water losses and potential savings, from 
sub-irrigation systems to the whole of the piped/channel system. 

The Technical Manual can be used to evaluate water losses within irrigation districts, and to 
inform strategies for improved water productivity. The development of the Technical Manual 
incorporated feedback from the workshops and considered recent advances in detection 
methods, management tools (Irrigation Australia Limited, 2000, 2003a, b, 2008), remote 
sensing and satellite imagery. 

The Technical Manual can be used for both piped and open-channel irrigation systems, in 
data-rich or data-sparse settings. A ‘whole-of-irrigation system’ approach has been taken to 
provide insights into possible real water savings by tracking water pathways.
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2. Summary of processes 

The CSIRO project team documented ideas on a methodology for assessing irrigation 
system hotspots in a series of four working papers (Khan 2008a, b, c, d), which were 
circulated to workshop participants on 12 February 2008. Written submissions were invited,
with nineteen received from twelve participants, representing twelve organisations. 

An independent organisation summarised the written submissions, which are available at 
Appendix A. 

The submissions report was provided to all respondents to ensure that their comments were 
recorded accurately, the project team then revised the four working papers accordingly. 

Three workshops were held during March 2008, in Sydney, Adelaide, and Melbourne, to 
facilitate further consultation with key water practitioners, in particular irrigation water 
providers, state and federal water-related agencies, consultants, academics and scientists. 

At each workshop, a hotspots assessment methodology based on the four working papers 
was presented. The participants ranked the issues of interest in priority order and each 
participant was provided with a full opportunity to discuss and comment in detail on each 
issue and component of the proposed approach. Agreed components were reworked and 
presented for further discussion at each workshop. A list of workshop participants is at 
Appendix B.

An independent expert facilitated the three workshops, and a technical writer recorded and 
compiled a report on the workshop discussions at each workshop. These are summarised at 
section 2.1 of this report.   

Workshop participants included independent national experts (present at all three 
workshops) and international experts (present at the concluding workshop at Melbourne). 
The role of these experts was to ensure the proposed approach was inclusive, critically 
reviewed and robust. They maintained their independence with regard to science and 
organisational affiliations. 

Written feedback provided by the workshop participants was discussed. The project team 
encouraged further ideas to emerge from the workshops through formal and informal 
discussions. Discussion of technical issues raised in relation to the methodology was led by 
the CSIRO team, whilst all policy-related issues were handled directly by the DEWHA team. 

This consultation process sought to take into account most of the proven techniques trialled 
in Australia and overseas for the development of the Technical Manual for Assessing 
Hotspots in Channel and Piped Irrigation Systems. 

The key to success of the hotspot project lies not only in the sound rationale and objectives 
underpinning its technical soundness and feasibility, but also in its effective and interactive 
consultation with key water practitioners and stakeholders from the early stages of the 
project. 
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2.1 Summary of the workshop findings 

TERMINOLOGY

Participants believed that standard terminology (such as that of Irrigation Australia Limited or 
the National Water Commission) should be used. This standard terminology would reduce 
confusion about terms that vary across the industry.

EXISTING WORK

Many irrigation water providers have already done substantial work in identifying losses, 
developing water balances and monitoring and evaluating their projects. Participants wanted 
to know how this work would be recognised in the hotspots project. One participant provided 
the project team with a description of their loss investigation methods (GHD, 2008) to 
incorporate into any hotspots assessment approach, as appropriate. 

TECHNIQUES

Workshop participants broadly agreed that the proposed range of techniques for measuring 
channel losses was adequate. However, they found it hard to comment on individual 
techniques without first seeing documented information on their uses and accuracy in 
practice. They recommended that the final documentation include:

• a discussion of the levels of accuracy required for different purposes

• clear guidelines for assessing channel losses, covering the different situations that 
may be faced and explaining who would be applying the methods

• a strategic approach to distinguishing between different types of losses

• strategic guidance about what methods to use and when to use them. 

They also wanted to see the final approach described in the context of loss statistics for the 
various elements of irrigation systems from around Australia. 

The final approach will also need to:

• handle leakage, seepage and operational losses separately

• acknowledge system improvements that reduce losses year to year

• account for losses that vary with varying allocations

• incorporate existing irrigation water provider (IWP) experience with these issues.

REAL AND APPARENT LOSSES

Participants were pleased that the process handles both ‘real’ and ‘apparent’ losses. They 
emphasised the need for incentives to address apparent losses (e.g. by improving the 
accuracy of metering) because apparent losses may have opportunities or costs that 
increase as the value of water increases. 

WATER BALANCE

Participants generally agreed that a cost-effective top-down screening of inflows and 
outflows - a strategic water balance - is needed to identify where more detailed assessment 
of losses is warranted. However, they had differences of opinions about the information 
required to develop the strategic water balance component. Participants considered that the 
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need for a strategic water balance should be described comprehensively in any final 
documentation. 

While participants generally agreed that the proposed water balance approach was sound, 
they were uncertain about how detailed the water balance would need to be under different 
circumstances. They also wanted the project team to make sure that areas of most need 
would not be missed due to a lack of data.

Participants agreed that while a strategic water balance is essential, the need for it must be 
better demonstrated in the hotspots assessment framework that the project team will be 
developing. They provided many reasons for this, including:

• making investment decisions 

• developing business cases

• determining the impact on the system (be that the irrigation sub-system or the 
broader hydrological system)

• calibrating and validating models.

Participants pointed out that some IWPs had already taken similar approaches to develop 
water balances and that their experience should be considered and documented by the 
program team. 

The documentation for the strategic water balance needs to better explain the approaches 
for handling climate change, on-farm aspects of water loss and water quality.

Participants found the decision logic diagram that was developed at the Sydney workshop to 
be useful for understanding the hypothetical water balances presented by Prof Khan. They 
believed they would gain more useful information over time by going through this decision 
logic process.

They also believed that the hypothetical water balances emphasised the need to:

• measure the system systematically to prevent wasting time and resources

• talk to operators to identify system losses initially and then verify through further 
investigation

• commit to a long-term program with an agreed approach for making decisions; then it 
would not matter if the losses identified were out by 5–10% as everyone would be out 
by this amount

• provide more information than the water balance required because 1 GL of water lost 
in one location is not equal to 1 GL lost in another location.

Participants agreed that a flow chart and decision-support framework would be useful to 
guide people through the process of identifying and quantifying losses. They emphasised 
that the water balance needs to use the minimum data set (diversions, deliveries, seepage, 
rain, operational losses) necessary to identify and quantify losses. They wanted any final 
documentation to explain the need for on-farm measurements and different levels of analysis 
in regions with sparse data. They also wanted the document to explain how the water 
balance would deal with unaccounted losses and how it would work in areas where data are 
lacking. 

An explanation of the desired accuracy levels for a water balance and the process for 
dealing with multiple sources of error being introduced during different steps in the process 
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must be included. Participants could not agree on how frequently data would need to be 
collected for the water balance, or over what time period, because some irrigation water 
providers did not have the data or did not believe it was feasible to collect them for all 
elements of the water balance. Participants wanted to see the level of uncertainty and the 
magnitude of loss in the strategic water balance. 

The international experts believed decisions should not be based only on the strategic water 
balance. Further information was needed, including: 

• the effects of modernisation and improved meter accuracy;

• whether potential hotspots would be pre-assessed (i.e. to allow rapid estimation of 
savings before more detailed measurements are made);

• how IWPs would determine acceptable levels of loss;

• how the techniques could be applied at different scales in the irrigation system;

• a description of the district’s operational framework; 

• a schematic diagram of where the water is and where it is flowing; 

• a narrative description of the strategic water balance; 

• the location of the irrigation water providers; 

• the lengths and the areas where losses occur;

• economic information about the district’s water use efficiency; and,

• the level of uncertainty and the magnitude of loss in the strategic water balance. 

The international experts also suggested that the skills of the people interpreting the water 
balances would need to be considered.

Some IWP representatives said that all they need to decide whether to invest in more 
detailed measurements is the ‘diversions versus deliverables’ in the water balance. They 
emphasised that good strategic measurement is the priority for making investments and that 
good data for inflow, outflow and loss measurements would help them identify some very 
early opportunities in the system.

One participant pointed out that a strategic water balance would be needed for each year 
rather than combining 10 years of data into one table because a lot of information can be 
lost through averages.

MONITORING AND EVALUATION

Participants wanted to know whether a monitoring and evaluation (M&E) framework will be 
applied broadly to investments in water savings (by government or others) or whether it 
applies only to the hotspots assessment project. Their main concern with any proposed M&E 
framework was a lack of clear stated objectives. Participants wanted to see: 

• a rationale for monitoring and evaluation; 

• examples that demonstrate the proposed approach; 

• how the Australian Bureau of Statistics and other data-collection organisations 
could inform the indicators; and,

• how existing M&E that irrigation water providers and others (e.g. state 
governments) were doing could be incorporated into any Hotspot project M&E. 

DATABASE
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Participants agreed that standardised data on water loss assessments are required for 
government to make investment decisions. However, they were concerned about providing 
unnecessarily detailed, sensitive or commercially valuable information to a public national 
knowledge base. They recommended alternatives to a national knowledge base, such as a 
project-specific knowledge base or a decentralised knowledge base. They were also 
concerned about the costs they would incur in supplying data to the knowledge base versus 
any benefits. They recommended linking with the new Bureau of Meteorology National 
Water Information Capacity program, which will be collecting some of the data needed for 
this project. One of the international experts suggested that DEWHA considers 
decentralising some of the responsibility for collecting and reporting information. 

TIMESCALE

Some participants pointed out that the timescale would be a problem for the project as some 
organisations will have the data available in the first few years while others will take longer to 
collect it.

Participants highlighted a tension between having the areas of most need participate in the 
program and the need for data covering a long period to cover climatic variation and climate 
cycles. They did not believe that a standard formula could be applied for how often and over 
how long data should be collected, but they did suggest that the project team should define 
the minimum data set required. Two of the international experts said they had been involved 
in a ‘rapid appraisal methodology’ for channel losses that the project team should examine.

STANDARDS AND ESTIMATES

Other suggestions from the international experts include:

• developing standards for the strategic water balance and providing assistance to 
people through consultants to bring the water balance up to standard

• incorporating good land use information and, where good information is not available, 
including estimates of diversions and rainfall contribution.

The international experts indicated that the process of developing the hotspots assessment 
framework was ‘cutting-edge’ and could be applied in many other countries with similar 
issues.

Further detail on workshop discussions can be obtained by contacting the 
Australian Government Irrigation Hotspots Project team, at the address at the start of this 
document.
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3. Overview of the process 

The workshop participants agreed that the core components of any approach in assessing 
irrigation system hotspots are: 

• Element 1: A strategic water balance 

• Element 2: A preliminary appraisal to establish the significance of losses 

• Element 3: A detailed water loss assessment 

An overall conceptual framework underpinning any proposed approach is shown in Figure 1. 
Choosing which pathway to follow is critical for reducing costs, streamlining the data-
collection process, and achieving the required goals. A detailed analysis of the three 
elements would find the water lost out of the system.

The process begins with a strategic water balance (Element 1) where the key hydrologic 
features of the irrigation systems are documented, knowledge about hotspots is synthesised, 
and the data are inventoried. These data are then captured in a geographic information 
system (GIS) format to represent key hydrologic links at the spatial scale with the potential 
hotspots. Based on the data available, a ‘first cut’ strategic water balance is made. The 
strategic water balance considers the difference between water inflow and water outflow to 
identify and quantify the unaccounted water — the calculation should balance. Element 1
can be used to rank hotspot opportunities or to make decisions about collecting new data if 
the opportunity is significant. 

Element 2 is a preliminary appraisal of whether the expected water savings are significant 
enough to justify further, detailed investigation into the nature and location of water losses. If 
not, the process may stop here or, for data-sparse environments, the decision may be to 
collect more data. Otherwise, the process continues on to Element 3. 

Element 3 is a qualitative and quantitative data collection process to allow detailed 
assessment of water losses, including locating sources and measuring the losses. 

The full hotspots assessment technique can be found in the Technical Manual for Assessing 
Hotspots in Channel and Piped Irrigation Systems. 
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Figure 1 Conceptual framework of the methodology for assessing irrigation system 
hotspots 
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Glossary 

Apparent loss
In piped systems, apparent loss consists of errors in accounting, inaccurate customer meters, illegal 
connections, and bypassed meters. 

In open-channel systems, apparent losses include water that moves from one system to another, such 
as water that percolates into deep aquifers and water that moves from a river into adjacent aquifers.

Artificial neutral network
An artificial neural network, often just called a ‘neural network’, is a mathematical model or 
computational model based on biological neural networks. 

Efficiency 
The ratio of input to output in any system is the efficiency. Efficiency in an irrigation system consists 
of various components and takes into account losses during storage, conveyance, distribution and 
application to irrigated paddocks. Efficiency can be measured at the scale of the whole catchment, at 
the individual plant scale, and at almost any level in between.

Evaporation 
The physical process by which water is transformed to vapours. Evaporation loss occurs in channels 
and storages and is a real loss.

Evapotranspiration 
Evapotranspiration is a term used to describe the sum of evaporation and plant transpiration from the 
earth's land surface to the atmosphere. Evaporation accounts for the movement of water to the air 
from sources such as the soil, canopy interception, and water bodies. Transpiration accounts for the 
movement of water within a plant and the subsequent loss of water as vapour through stomata in the 
plant’s leaves.

Groundwater 
Water located beneath the ground’s surface in soil pore spaces and in the fractures of rock formations.

Hotspot
A point in an irrigation supply system where relatively intense water loss, through leakage or seepage, 
operational, and evaporation, is taking place. 

Irrigation efficiency 
The ratio between the volumes of water used by plants through evapotranspiration to the total volume 
of water applied through effective rainfall, irrigation, and capillary flow in the irrigation system. 

Leakage 
The loss of water from channels through channel banks and structures. 

Operational loss 
The water loss during distribution of irrigation water from an irrigation supply system to the field 
channel network.

Real loss
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In piped systems, real loss consists of all types of leaks, bursts, and storage tank overflows that occur 
before the customer’s meter. 

In open-channel systems, real water loss is the water lost from one part of water cycle, which can no 
longer be used in a beneficial way in another part of the hydrologic cycle (e.g. evaporation and fluxes 
to the saline sinks).

Remote sensing 
Gathering information about an object or phenomenon by using either a recording or real-time sensing 
device(s) that is not in physical or intimate contact with the object (such as by way of an aircraft, 
spacecraft, satellite, drone, or ship).

Seepage 
Seepage is the movement of water through the beds of irrigation channels. Seepage losses are ‘real’ 
losses when seepage flows to saline groundwater and becomes unusable. 

Strategic water balance 
The sum total of inflows and outflows in the irrigation system. 

Top-down vs bottom-up water balance 
The “top-down” water balance starts at the irrigation system level and disaggregates different 
components of flows to a lower level of detail only if necessitated by the purposed of the project. The 
“bottom-up” water balance starts with the description of the lower level processes (for example crop 
water balance or channel seepage) and scales up or aggregates these process to the irrigation system 
level to develop the system water balance.

Transpiration 
The process by which water vapour escapes from a living plant, principally through the leaves, and 
enters the atmosphere. In field crops, evaporation and transpiration occur simultaneously and there is 
no easy way of distinguishing between the two processes.

Water loss
Comprised of apparent loss and real loss. Corrected input volume minus authorised consumption 
equals total water loss.
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Appendix A: Summary of the written 
feedback

Below is a summary of the written submissions received. 19 written submissions were 
received from 12 respondents, from 12 organisations.

For the project overall, many respondents had comments or questions about:

• the scope, in particular whether both distribution systems and on-farm infrastructure is 
included and whether pipes are included as well as channels

• the objectives, outputs, outcomes, timeframe, budget and how the budget will be 
allocated

• the relevance of the project to the whole of Australia, in particular Western Australia.

In terms of project process, the major issues raised were:

• the substantial work already done by irrigation organisations and if/how this would be 
accounted for under the methodology 

• the need to establish a reference group at the start of the project

• the need to emphasise that consensus among irrigation operators, scientists and 
practicing engineers is required, and how this would be achieved.

Most cited concerns relate to the channel loss methodology and the proposed tools and 
methods. Respondents have concerns about the accuracy, sensitivity and degree of 
uncertainty associated with some of the proposed tools/methods. They have suggested 
additional and/or alternative tools/methods.

One respondent suggested that the project needs agreed criteria for assessing the suitability 
of various measurement techniques before these are selected.

Suggested additional methods for assessing channel loss include:

• surveying irrigators

• looking at historical records

• looking at other water losses (at river or system off-take and on farm, unmetered 
diversions and theft).

Respondents requested that evaporation, leakage, seepage and operational losses be 
assessed separately. The project also needs to include a discussion on the method to 
assess operational losses.

A few respondents highlighted the need for the project to include information on the water 
delivery media used e.g. earth/clay, plastic, concrete and piping over channels.

One respondent suggested that the project develop hydrological response units for each 
irrigation area.

The monitoring and evaluation system was generally well received but respondents asked 
that the project include examples that demonstrate the proposed approach
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Respondents highlighted a number of terms that needed to be clearly defined to reduce 
confusion or uncertainty. The term 'losses', including ‘true losses’ and ‘significant losses’, 
was the term that seemed to cause most confusion. One respondent asked the project to 
develop a standard set of terms because they believe that terms vary across the industry.

Workshop considerations

Based on the submissions, the project should consider providing the following information for 
discussion at the workshop:

• an emphasis that the project requires consensus among irrigation operators, scientists 
and practicing engineers, and how this will be achieved;

• a clear statement on how outputs will be used and by whom;

• clarification on whether on-farm losses are in the scope of the project;

• feedback from the project on the response from irrigation water providers who have been 
contacted for data to support the knowledge database; and,

• information on how artificial neural networks will be used, what data is available, and the 
spatial resolution that would be carried out.

The people listed below each made at least one written submission.

Table A.1 List of respondents who provided written feedback

No. Respondent name Organisation

1. David Allen Groundwater Imaging Pty Ltd (NSW)

2. Paul Byrnes Southern Rural Water (VIC)

3. Jeff Camkin CSIRO Land & Water / CRC for Irrigation Futures

4. Ed Garrett Gascoyne Water (WA)

5. Ben Hallam GHD, Pty. Ltd

6. Peter McGahan SunWater (QLD)

7. Jenny McLeod and Danielle Ewington Murray Irrigation Limited

8. Ramsis Salama Managed Water Resources

9. Ed Shadbolt Winnaleah Irrigation Scheme (TAS)

10. Pradeep Sharma Murray-Darling Basin Commission (ACT)
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11. Richard Sharp Sinclair Knight Merz

12. Murray Smith Coleambally Irrigation Cooperative Limited (NSW)
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Appendix B: List of workshop participants

Workshop participants are listed alphabetically by surname.

Table B.1 Sydney workshop participants

Title First name Surname Position Organisation

Dr Saud Akbar Independent

Mr David Allen Principal Groundwater Imaging Pty Ltd

Mr Peter Baker Bureau of Rural Sciences

Mr Geoff Beecher Team Leader —
Irrigation Research

NSW Department of Primary Industries

Prof John Blackwell International Centre of Water for Food 
Security (IC Water)

Mr Chris Botfield Principal Western Land Planning

Ms Suzanne Bridgman Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Mr Rod Carr Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Mr Michael Caspanello Deputy Chairman South Burdekin Water Board

Dr Steve Cork Facilitator EcoInsights

Mr Drue Edwards Bureau of Rural Sciences

Ms Danielle Ewington Natural Resource
Policy Analyst

Murray Irrigation

Mr Malcolm Forbes Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Dr Mohsin Hafeez International Centre of Water for Food 
Security (IC Water)

Mr Ben Hallam Principal Water 
Resources 
Engineer

GHD

Mr Michael Hoey Chairman North Burdekin Water Board

Mr Tony Horton Director (Water 
Use), Water 
Accounting & 
Management

Qld Department of Natural Resources 
and Water

Mr Simon Hunt Chairman Trangie Nevertire Irrigation Scheme
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Title First name Surname Position Organisation

Mr Steve Iceton Project Manager Harvey Water

Mrs Jenny Jones Director Cressy-Longford Irrigation Scheme

Mr Andrew Kelly Chief Executive 
Officer

North Burdekin Water Board

Mr Rob Keogh Manager, Asset 
Management

SunWater

Prof Shahbaz Khan Director International Centre of Water for Food 
Security (IC Water)

Mr Mike Makin Program Engineer 
TLM Water 
Recovery

Murray–Darling Basin Commission

Mr Alex Marshall Executive Manager 
Modernisation

Goulburn Murray Water

Mr Andrew McDonald Director Jemalong Irrigation Ltd

Mr Peter McGahan Manager, Strategy 
and Planning

SunWater

Mr Scott McKenzie Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Ms Jenny McLeod Environment and 
Communications 
Manager

Murray Irrigation

Mr Richard McLoughlin Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Dr Kumar Narayan CSIRO Land and Water

Mr Richard Pillow Business 
Development & 
Corporate 
Administration

International Centre of Water for Food 
Security (IC Water)

Mr Ross Plunkett Manager Planning 
& Design

Goulburn Murray Water

Mr Tariq Rana CSIRO Land and Water

Dr Michelle Riedlinger Technical Writer Econnect Communication

Dr Ramsis Salama Independent

Mr Ed Shadbolt Manager Winnaleah Irrigation Scheme

Mr Paul Simpson Manager, Water 
Management 
Division

NSW Department of Water and Energy

Mr Murray Smith Chief Executive 
Officer

Coleambally Irrigation

Mr Neil Toole General Manager Jemalong Irrigation Ltd

Mr Brett Tucker Managing Director Murrumbidgee Irrigation
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Table B.2 Adelaide workshop participants

Title First name Surname Position Organisation

Dr Akhtar Abbas CSIRO Land and Water

Dr Saud Akbar Independent

Mr Jim Andrews Operations Manager Western Murray Irrigation

Prof John Blackwell International Centre of Water for Food 
Security (IC Water)

Ms Suzanne Bridgman Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Mr Paul Byrnes Manager —
Distribution Assets

Southern Rural Water

Mr Jeff Camkin Sustainability 
Specialist, Northern 
Australia Irrigation 
Futures

CSIRO Land and Water

Mr Rod Carr Director (Lachlan–
Murrumbidgee)

Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Mr Tony Chafer Chief Executive 
Officer

Ord Irrigation Cooperative

Mr Steve Cork Facilitator EcoInsights

Mr Gerry Davies Manager Water 
Policy

Primary Industries and Resources South 
Australia

Ms Shellie Davis Australian Government Department of 
the Environment, Water, Heritage and 
the Arts

Mr Ed Garrett Chief Executive 
Officer

Gascoyne Water Cooperative Ltd

Mr Munir Hanjra Water Systems 
Analyst

CSIRO Land and Water

Ms Dawn Hawthorn-
Jackson

Senior Ecologist, 
Natural Resources 
Management

GHD

Mr Lindsay Innes Chairman Ord Irrigation Asset Mutual Cooperative

Mr Edgar Johnson Manager Water 
Group

GHD

Prof Shahbaz Khan Director International Centre of Water for Food 
Security (IC Water)

Mr Ian Loh Program Manager 
— Water Allocation

Western Australia Department of Water

Mr Richard McLoughli
n

Australian Government Department of 
the Environment, Water, Heritage and 
the Arts
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Title First name Surname Position Organisation

Mr Brendan Moran Bureau of Meteorology

Dr Kumar Narayan CSIRO Land and Water

Mr Richard Pillow Business 
Development & 
Corporate 
Administration

International Centre of Water for Food 
Security (IC Water)

Mr Tariq Rana CSIRO Land and Water

Dr Michelle Riedlinger Technical Writer Econnect Communication

Mrs Cheryl Rix General Manager Western Murray Irrigation

Dr Ramsis Salama Independent

Mr Barry Schier IT Manager Renmark Irrigation Trust

Mr Richard Sharp Sinclair Knight Merz 

Mr Mark Wood Manager, 
Sustainable 
Irrigation Program

Department of Sustainability and 
Environment

Table B.3 Melbourne workshop participants

Title First 
name

Surname Organisation

Dr Saud Akbar Independent

Mr Alan Baker Bureau of Meteorology

Ms Suzanne Bridgman Australian Government Department of the Environment, 
Water, Heritage and the Arts

Mr Jeff Camkin CSIRO Land and Water

Mr Rod Carr Australian Government Department of the Environment, 
Water, Heritage and the Arts

Mr Steve Cork EcoInsights (workshop facilitator)

Mr Gerry Davies Primary Industries and Resources South Australia

Mr Ross Davies Department of Sustainability and Environment, Victoria

Mr Drue Edwards Bureau of Rural Sciences

Mr Ed Garrett Gascoyne Water Cooperative Ltd

Dr Mohsin Hafeez International Centre of Water for Food Security (IC Water)

Mr Munir Hanjra CSIRO Land and Water

Mr Tony Horton Queensland Department of Natural Resources and Water

Prof Shahbaz Khan International Centre of Water for Food Security (IC Water)

Mr Ian Makin Asian Development Bank
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Title First 
name

Surname Organisation

Assoc 
Prof

Hector Malano Department of Civil & Environmental Engineering, The 
University of Melbourne

Mr Mani Manivasakan Sinclair Knight Merz 

Mr Scott McKenzie Australian Government Department of the Environment, 
Water, Heritage and the Arts

Ms Jenny McLeod Murray Irrigation

Mr Richard McLoughlin Australian Government Department of the Environment, 
Water, Heritage and the Arts

Mr Craig McVeigh National Water Commission

Dr Kumar Narayan CSIRO Land and Water

Mr Geoff Pettifer GHD

Mr Richard Pillow International Centre of Water for Food Security (IC Water)

Mr Derek Poulton Goulburn Murray Water

Mr Tariq Rana CSIRO Land and Water

Dr Michelle Riedlinger Econnect Communication (technical writer)

Dr Ramsis Salama Managed Water Resources

Mr Pradeep Sharma Murray-Darling Basin Commission

Dr Chris Smith CSIRO Land and Water

Mr Murray Smith Coleambally Irrigation

Mr Glen Starkey Cooperative Research Centre for Irrigation Futures

Dr Paul van Hofwegen World Water Council

Dr Dennis Wichelns Department of Economics, Hanover College, Indiana, US

Mr Mark Wood Department of Sustainability and Environment, Victoria





Enquiries should be addressed to: 

Irrigation Hotspots Project Team
The Australian Government Department of the Environment, Water, Heritage and the Arts
GPO Box 787
Canberra ACT 2601
Email: hotspots@environment.gov.au
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