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Executive Summary
Cardno (Qld) Pty Ltd has been engaged by the Department of Sustainability of Environment Victoria (DSE) to
undertake the first independent audit of Phase 3 and Phase 4 water savings for the Northern Victoria Irrigation
Renewal Project (NVIRP) Stage 1 and the Phase 3 water saving in the two irrigation systems not included in
NVIRP areas, namely the Central Goulburn (CG) 1-4 and Shepparton irrigation areas.
The modernisation works for Central Goulburn (CG) 1-4 and Shepparton irrigation areas have been managed by
Goulburn- Murray Water (G-MW). This report addresses the audit of the water saving estimates for the works in
CG 1-4 and Shepparton irrigation districts only. A separate report has been prepared for the NVIRP audit.
The aim of the modernisation project is to increase the efficiency of the irrigation delivery for the GoulburnMurray Irrigation District (GMID) from approximately 70% to at least 85% with the water savings achieved via the
modernisation works being reallocated between the environment, farmers and urban water supply systems.
Cardno’s scope of works for the CG 1-4 and Shepparton report involved the completion of an independent audit
of the water savings estimates for:
6

Phase 3 water savings for CG (1-4) and Shepparton Irrigation Areas – interim actual water savings
for the works in place for the period 1 March 2009 to close of the irrigation season, (nominally 15th May
2009).

The audit was based on the Victorian Government Water Savings Protocol for the Quantification of Water
Savings from Irrigation Modernisation Projects (the Protocol) which includes a “Technical Manual for the
Quantification of Water Savings”.
Audit interviews were completed between 21st and 25th September, 2009 and included representatives from,
Goulburn Murray Water, the Future Flow Alliance and NVIRP.
In summary, the audit found that the water savings estimates Phase 3 for the period 1 March 2009 to the end of
the irrigation season have been calculated generally in accordance with the updated Technical Manual for the
Quantification of Water Savings (the Technical Manual) with the exception of Channel Automation – Bank
Leakage, which has been calculated using the Phase 2 theoretical methods.
Some errors in input data (e.g. incorrect lengths of rationalised channel and season duration) or interpretation of
the Technical Manual were identified during the audit and these were corrected and the water savings
recalculated by the Audit team. We also identified some errors in formulae used in G-MW’s calculation and these
have been corrected and the water savings recalculated. The resultant changes which represent a reduction of
10.4% in the total water savings across CG 1-4 and Shepparton irrigation areas are summarised in Table 1-1, 12 and 1-3.
Table 1-1 Comparison of Pre and Post Audit Water Savings Estimates
Phase 3 CG 1-4
Phase 3 CG 1-4
Stage 1
Stage 2
(ML)
(ML)
G-MW
Water
Estimate
Audited Water
Estimate

Phase 3
Shepparton
(ML)

Total Water
Savings

Saving

756

904

2649

(ML)
4309

Saving

720

899

2642

4261
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Recommendations from the audit for each of the components of the scheme are noted below:
Irrigation Operating Duration
There is no definition of a season start or finish date in the Technical Manual.
A number of improvement opportunities were identified in relation to the collection, management and control of
this data.
Recommendations
6
6

6

That a definition for start and finish dates of the irrigation season be discussed and agreed by the Water
Saving Protocol Implementation Review Committee and included in the Technical Manual.
That a script be developed by G-MW to run a report at the end of each season identifying the start and
finish date for the irrigation season in each irrigation district. This will eliminate the current Technical
Manual process and reduce the risk of error.
That a copy of the report run to calculate the ‘start’ and ‘end of season’ dates be kept on file for audit
purpose and if electronic, locked to prevent amendment, except by approved staff.

Program of Works
Based upon our audit of FutureFlow construction records, and G-MW operational practices, Cardno is satisfied,
based upon the spot checks undertaken, that the program of works has been implemented.
It was noted that G-MW does not have a documented checking process for transfer of constructed assets from
FutureFlow.
Recommendation
6

That G-MW prepare and implement asset acceptance procedures including verification process.

Channel Automation - Outfalls
Outfalls water savings account for 76% of the total water saving in the Shepparton area and almost 35% in CG14.
As part of our audit, it was discovered that the calculation of the Outfalls water savings had been calculated
based on a misinterpretation of the Technical Manual. The water savings were not calculated on an “outfall by
outfall basis”. The water savings were recalculated in accordance with the strict interpretation of the Technical
Manual. Both G-MW and NVIRP senior staff have expressed concern over the interpretation in the Manual.
It was also noted that outfall record keeping was largely manual and was sometimes adjusted (with no audit trail)
where the results were known to be inaccurate. A number of improvement opportunities were identified in relation
to the collection, verification, management and control of this data.
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Recommendations
6

That the requirement to estimate Water Saving Outfalls on a “outfall by outfall” basis be reviewed by
the Water Savings Protocol Implementation Review Committee prior to preparation of next year’s water
savings estimates and that an explanation for the adopted approach be included in the next revision of
the Technical Manual.

6

That the daily outfall volume reporting sheets be retained on file after the figures have been transferred
to the area summary spreadsheet.

6

That a consistent format be adopted for recording outfall volume across all areas.

6

That detail of any adjustments made by Supervisors/Loss Management Officers be documented and
retained along with a corresponding comment on the reasons for the adjustment.

Channel Automation - Bank Leakage
It was observed that there were some issues with the 2008/2009 water balance which remain unresolved. The
water balance is considered to contain some inaccuracies which impacts on the ability to accurately report on
water savings for channel automation – bank leakage in the 2008/09 year.
A view was expressed that an alternative method, not dependent upon the water balance needs to be developed
for future calculation of bank leakage water savings.
It was also observed that the water savings calculations were calculated in accordance with Phase 2 calculation
methods in lieu of the Phase 3 methods due to the issues with the outstanding water balance.
Recommendations
6

That the water balance for 2008/2009 be reviewed and agreed between NVIRP & G-MW.

6

That the water saving estimates for channel automation – bank leakage in 2008/2009 not be calculated in
accordance with the Phase 3 equations.

6

That Phase 2 be adopted as theoretical calculations in lieu of Phase 3 for 2008/2009.

6

That alternative methodologies for calculating bank leakage water saving be investigated and evaluated
by the Water Saving Protocol Implementation Review Committee.

Channel Rationalisation
The auditor observed errors in the input data for the lengths of 3 of 22 channels sections rationalised. The water
savings were recalculated with the latest lengths included. Season duration was adjusted for the CG1-4 system.
Channel Remediation
Length of channel lining and remodelling works used in the water calculations are consistent with the lengths
provided by FutureFlow and G-MW in the scope of works.
G-MW have used the direct method (13.3.7) to calculate the water savings. Pre and post works pondage tests
were carried out for all the lined and remodelled pools. However, the post works results for some pools could not
be used due to changed pool configurations and suspected regular leaks.
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Recommendations
6

That the approach used by G-MW to calculate Channel Remediation water saving (where post work
pondage test results were not available) be reviewed by the Water Saving Protocol Implementation
Review Committee and appropriate notations be included in the Technical Manual regarding the
approach.

Service Points Replacements:
Some inconsistencies were identified in the service delivery volumes for the season due to the timing for the
running of the various reports and the difference in start and finish dates for the irrigation seasons. These were
corrected and the water savings recalculated.
We also identified multiple definitions for D yearx in the formulae for water saving unauthorised under Service Point
Replacements
Recommendations
6

That G-MW review its procedures to ensure that in future years the delivery data report for input
into the water saving calculations is only run after the end of the irrigation season, all meters
read and the IPM database updated.

6

That the various definitions of DyearX and Dbase be reviewed and clarified

Service Points Rationalisation
Apart from the changes to the season duration there was only one other recommendation which related to
section 12.3.3 which contained two apparently different definitions for Dbase.
Recommendations


That the definition for Dbase in 12.3.3 be reviewed and clarified.

Improvement Opportunities
Item
Data Management





Standard Compliance Grading



Order of Accuracy of the Water
Saving Estimates
Ongoing Validation and
Reverification of Meters




Recommendation
That G-MW, in consultation with NVIRP to ensure consistency of
approach, should continue to develop and refine document procedures
covering all aspects of data collection, cleansing, validation, alteration,
storage, reporting and calculation of water saving estimates.
That all ‘input data’ prepared and issued for inclusion in water savings
estimate calculations be given a ‘closed’ status at the time of issue and only
amended by approved staff members and all amendments documented.
That a compliance grading system be agreed by the DSE and included in
the Technical Manual to be used in future year’s audits of the water saving
estimates.
That the Technical Manual be updated to include a definition on the level
of accuracy required for reporting of water saving estimates.
That G-MW prepare documented procedures addressing the requirement
for validation and reverification of all measurement devices in the irrigation
system. The procedure should also address the recording and storage of
validation and reverification certificates.
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Water Savings Estimate
Spreadsheet Not User-Friendly

“Plain English” Water Savings
Protocol – Technical Manual
Consistency of Definitions in the
Technical Manual







Report

Recommendation
That a standardised Water Savings Estimate Calculation Spreadsheet
template be developed incorporating the water savings formulae
embedded in a spreadsheet as password protected macros. This template
should then form part of the Water Savings Protocol.
That a plain English review of the Technical Manual be undertaken.

That the Technical Manual be reviewed and where necessary amended to
ensure consistency of definitions.

October 2009
M:\7637-62\G-MW Audit\Word\Final report\G-MW Audit Report-Final.docx

Cardno (Qld) Pty Ltd

vi

Audit of Water Savings Central Goulburn 1-4 and Shepparton Irrigation Areas
Prepared for the Victorian Department of Sustainability & Environment

Report

Table of Contents
Executive Summary .............................................................................................................................................. ii
Table of Contents .................................................................................................................................................. 1
1

INTRODUCTION ............................................................................................................................................ 3
1.1 General.................................................................................................................................................. 3
1.2 Scope of Works ..................................................................................................................................... 3

2

BACKGROUND ............................................................................................................................................. 5
2.1 General.................................................................................................................................................. 5
2.2 Baseline Year Audit ............................................................................................................................... 5

3

AUDIT METHODOLOGY ............................................................................................................................... 7

4

AUDIT FINDINGS .......................................................................................................................................... 9
4.1 Introduction............................................................................................................................................ 9
4.2 Irrigation Operating Duration ............................................................................................................... 11
4.3 Program of Works ................................................................................................................................ 14
4.3.1
4.3.2
4.3.3
4.3.4
4.3.5

Introduction............................................................................................................................................ 14
FutureFlow ............................................................................................................................................. 14
G-MW .................................................................................................................................................... 14
Length of Channels Rationalised........................................................................................................... 14
Conclusion ............................................................................................................................................. 15

4.4 Channel Automation ............................................................................................................................ 16
4.4.1
4.4.2

Water Savings – Outfalls ....................................................................................................................... 16
Water Saving – Bank Leakage .............................................................................................................. 20

4.5 Channel Rationalisation ....................................................................................................................... 22
4.6 Channel Remediation (Channel Lining and Bank Remodelling) .......................................................... 25
4.6.1

Introduction............................................................................................................................................ 25

4.7 Service Points...................................................................................................................................... 29
4.7.1
4.7.2

Service Points Replacements ................................................................................................................ 29
Service Point Rationalisation ................................................................................................................. 32

4.8 Improvement Opportunities ................................................................................................................. 36
5

SUMMARY TABLE OF WATER SAVINGS ESTIMATES 2008/09 ............................................................. 41

October 2009
M:\7637-62\G-MW Audit\Word\Final report\G-MW Audit Report-Final.docx

Cardno (Qld) Pty Ltd

1

Audit of Water Savings Central Goulburn 1-4 and Shepparton Irrigation Areas
Prepared for the Victorian Department of Sustainability & Environment

Report

List of Tables
Table 3-1 People Interviewed ................................................................................................................................ 8
Table 4-1 Summary of Project Scope Shepparton ................................................................................................. 9
Table 4-2 Summary of Project Scope CG 1-4 – 2002-2010................................................................................... 9
Table 4-3 Irrigation Operating Duration ................................................................................................................ 12
Table 4-4 Channel Automation – Outfalls ............................................................................................................ 18
Table 4-5 Summary of Changes to Water Saving Estimates Channel Automation – Outfalls ............................. 20
Table 4-6 Channel Automation – Bank Leakage.................................................................................................. 21
Table 4-7 Channel Rationalisation ....................................................................................................................... 23
Table 4-8 Summary of Change to Water Saving Estimates Channel Rationalisation .......................................... 25
Table 4-9 Channel Remediation – Lining and Remodelling .................................................................................. 27
Table 4-4 Summary of Changes to Water Saving Estimates Channel Remediation............................................ 28
Table 4-11 Service Point Replacement................................................................................................................ 30
Table 4-12 Summary of Changes to Water Saving Estimates Service Point Replacements ............................... 32
Table 4-13 Service Point Rationalisation ............................................................................................................. 34
Table 4-14 Summary of Changes to Water Saving Estimates Service Point Rationalisation .............................. 35
Table 4-15 Improvement Opportunities ................................................................................................................. 37
Table 5-1 Audited Phase 3 Water Savings Summary Central Goulburn 1 -4 -Stage 1 ........................................ 41
Table 5-2 Audited Phase 3 Water Savings Summary Central Goulburn 1 -4 -Stage 2 ........................................ 41
Table 5-3 Audited Phase 3 Water Savings Summary Shepparton ...................................................................... 42

List of Figures
Figure 4-1 Phase 3 – Water Saving Estimates Central Goulburn 1-4 .................................................................. 10
Figure 4-2 Phase 3 Water Savings Estimates Shepparton .................................................................................. 10

Appendices
Appendix A
Appendix B
Appendix C
Appendix D

Executive Summary, Baseline Audit Report August 2009 by Sharp Coefficient Pty Ltd.
Typical FutureFlow Work Package sign off documentation
G-MW List of Procedures
Essential Service Commission Standard Compliance Grading System

October 2009
M:\7637-62\G-MW Audit\Word\Final report\G-MW Audit Report-Final.docx

Cardno (Qld) Pty Ltd

2

Audit of Water Savings Central Goulburn 1-4 and Shepparton Irrigation Areas
Prepared for the Victorian Department of Sustainability & Environment

Report

1 INTRODUCTION
1.1

General

Cardno (Qld) Pty Ltd has been engaged by the Department of Sustainability of Environment Victoria (DSE) to
undertake the first independent audit of Phase 3 and Phase 4 water savings for the Northern Victoria Irrigation
Renewal Project (NVIRP) Stage 1 and the Phase 3 water saving in the two irrigation systems not included in
NVIRP areas, namely the Central Goulburn (CG) 1-4 and Shepparton irrigation areas.
The modernisation works for Central Goulburn (CG) 1-4 and Shepparton irrigation areas have been managed by
Goulburn-Murray Water (G-MW). This report addresses the audit of the water saving estimates for the works in
CG 1-4 and Shepparton irrigation districts only. A separate report has been prepared for the NVIRP audit.
The irrigation modernisation works are being carried out over several years.
The Victorian Government has developed the Water Savings Protocol for the Quantification of Water Savings
from Irrigation Modernisation Projects (the Protocol).
The Protocol is a series of documents, which together, aim to provide transparency and consistency in the
estimation and allocation of water savings derived from irrigation modernisation projects. It has been developed
based on the key principles of the draft Northern Region Sustainable Water Strategy and is applicable Statewide.
The Protocol includes a “Technical Manual for the Quantification of Water Savings” (Technical Manual).

1.2

Scope of Works

Cardno’s scope of works for the CG 1-4 and Shepparton report involved the completion of an independent audit
of the water savings estimates for:


Phase 3 water savings for CG (1-4) and Shepparton Irrigation Areas – interim actual water savings
for the works in place for the period 1 March 2009 to close of the irrigation season, (nominally 15th May
2009)

G-MW were not required to prepare any Phase 4 water savings for the 2008/09 year.
The scope of the Independent Audit is also defined in the Protocol to include:
a) Verifying that the Phase 3 water savings calculations have been calculated in accordance with the
Technical Manual for the Quantification of Water Savings.
b) Checking that the data collection and inputs are as accurate as could reasonably be expected for
the purpose of calculating water savings.
c) Spot checks that the program of works has been implemented as documented in the water saving
calculations.
d) Checking that water savings have been calculated based on the nature and the extent of all
modernisation works completed prior to 15th May in the year of the audit.
e) Providing a corrected estimate of the water savings for any component where the project proponent
calculations are found to be non-compliant or deficient.
f)

Identifying potential improvements to the data collection, data analysis, assumptions and methods
used to estimate the water savings. Recommend changes to the Technical Manual for the
Quantification of Water Savings to the Director of Allocations and Licences within DSE that will
improve useability and accuracy of water savings.
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g) Checking if suggestions from the previous year’s audit have been actioned upon and report upon
the status of each of the suggested improvements.
It should be noted that as this is the first independent audit of water savings there is no “previous year’s audit”
and accordingly item g) above is not addressed further in this report.
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2 BACKGROUND
2.1

General

In 2004, the Victorian Government put in place a long-term plan for water resource management titled “Our
Water Our Future”.
As part of implementing this plan, the Government established NVIRP as a State Owned Entity under the State
Owned Enterprise Act 1992 to implement the modernisation of the Goulburn-Murray Irrigation District (GMID).
Some initial works were undertaken by G-MW in the Central Goulburn 1-4 Irrigation areas with the remaining
majority of the modernisation works being constructed by NVIRP including modernisation works in Stage 2 CG 14 and Shepparton irrigation areas.
Goulburn-Murray Water operates across a region of 68,000 square kilometres, bordered by the Great Dividing
Range in the south to the River Murray in the north, and stretching from Corryong in the east, downriver to Nyah.
The GMID is divided into six management areas: Shepparton, Central Goulburn, Rochester-Campaspe,
Pyramid-Boort, Murray Valley and Torrumbarry.
The aim of the modernisation project is to increase the efficiency of the irrigation delivery for GMID from
approximately 70% to at least 85% with the water savings achieved via the modernisation works being
reallocated between the environment, farmers and urban water supply systems.
The CG 1-4 program of works is divided into three delivery stages. The early pilot works and Stage 1 works
involving channel automation were delivered by G-MW.
The Stage 2 works involving meter replacement and rationalisation and channel remediation is currently being
implemented by FutureFlow
In the Shepparton irrigation area, the modernisation works involving channel automation, channel rationalisation,
service point replacement and rationalisation are currently being implemented by FutureFlow.
The Victorian State Government has committed to clear and transparent processes for the calculation and
verification of the water savings achieved through the project and accordingly requires the water savings
estimates to be independently audited.

2.2

Baseline Year Audit

A range of baseline years have been adopted for calculating the water savings in CG 1-4 and Shepparton areas.
The adopted baseline years are:
CG 1-4 (Stage 1 and Pilot works) 1998/99 – 2001/02
CG 1-4 (Stage 2)

2005/06

Shepparton

2004/05

This differs from the NVIRP area where 2004/05 has been adopted for all systems. We questioned G-MW as to
why different years had been adopted. The following is an excerpt from their response:
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“For the CG2 pilot and CG1234 stage 1 works, the works were essentially complete before the 2005/06
irrigation season. The original baseline for the stage 1 project was the five year period 1998/99 –
2002/03. Each of these years had 100% allocation apart from 2002/03 where the final allocation was
57% of water right. At the request of DSE, G-MW has agreed to adopt the four year period 1998/99 –
2001/02 as the baseline period for stage 1, that is adopting only years when the allocation is 100%,
consistent with 2004/05 baseline used in the DSE-TM (Technical Manual).
“For the stage 2 business case 2005/06 year was used as the baseline period. This year was adopted
because accurate measurement of inflows, the CG5 and CG5A offtakes, and passing flow from the CG4
to CG6 first became available in the 2005/06 year. Further, it was the clear intent of stage 1 of the
project to provide an improved water balance that could be used as a basis for stage 2. The allocation in
2005/06 was 100%, and inflows and deliveries were essentially similar to 2004/05.”
In July – August 2009, NVIRP engaged Sharp Coefficient Pty Ltd to undertake an initial Baseline Year (2004/05)
Audit. This involved reviewing data for the baseline year 2004/05 and documentation, primarily provided by GMW.
While the audit findings specifically related to the 2004/05 baseline year data and documentation, many are also
relevant to the 2008-2009 data and documentation as well as the other baseline years used by G-MW.
Sharp Coefficient Pty Ltd identified a lack of documented procedures as restricting the ability to audit the water
balances for each irrigation district. Between August and the Cardno audit in late September, G-MW has
prepared a number of procedures.
The Sharp Coefficient Pty Ltd audit report also recommended that the water balance for each irrigation district be
re-calculated following incorporation of the report recommendations for some 22 parameters reviewed during the
report. G-MW is still in the process of addressing a number of the recommendations at the time of our audit.
In its discussions with both NVIRP & G-MW, Cardno were advised that both organisations accepted the findings
of the baseline audit.
Cardno did not re-audit the baseline years. Inputs have been spot-checked by reviewing samples of data back to
identified source documents such as Annual Reports.
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3 AUDIT METHODOLOGY
Due to the short timeframes from Cardno’s appointment for the G-MW audit and the start of the on-site audit
interviews, Cardno did not receive any water saving calculation sheets or input data for the G-MW audit prior to
arriving on site.
The interviews for both the NVIRP and G-MW audits were conducted concurrently.
The on-site audit interviews commenced on Monday 21st September with a start-up meeting held at NVIRP’s
office in Shepparton. Representatives attended the meeting from NVIRP, G-MW and the FutureFlow Alliance. A
further introductory meeting was held with senior G-MW staff at the G-MW offices in Tatura prior to commencing
interviews with G-MW staff.
On Monday, 21st September, DSE forwarded an updated copy of the Water Savings Protocol Technical Manual.
DSE has advised Cardno that:




this document included amendments of clarification that were adopted by the Water Savings Protocol
Implementation Review Committee, and
the amendments are adjustments arising from experience in the initial application of the Technical Manual to
the Early Works water savings.

Changes to the Technical Manual were discussed with representatives from NVIRP and G-MW. We were
advised that as the changes were generally known to both organisations via their representation on the Water
Savings Protocol Implementation Review Committee they had anticipated the changes when preparing their
water savings estimates. Over the ensuing five days we held one-on-one interviews and meetings with
representatives from all of the above companies regarding the savings spreadsheets, input data and procedures.
Interviews were held at, G-MW’s office in Tatura, the FutureFlow Alliance office in Shepparton and NVIRP’s
office.
During these meetings we sought to:


gain an understanding of how the system modernisation works were implemented;



subject the calculations and supporting data and inputs to focused scrutiny;



identify and challenge all material assumptions that underpin the estimates;



assess information quality;



assess the adequacy of reporting processes;



assess company procedures to identify whether or not they are fit for purpose; and



develop an opinion on the accuracy and reliability of the input data and estimates.

We sighted hardcopy and / or electronic copies of samples of source data, procedures, worksheets, construction
records and water savings worked examples. We also obtained both hardcopy and electronic copies of the
water saving spreadsheets to enable further analysis during the preparation of the audit report.
At the conclusion of the week long on-site work, a closeout meeting was held at the offices of NVIRP.
Representatives from all three organisations were invited to attend this meeting at which we outlined some initial
findings and the ongoing audit process.
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The draft audit report was prepared and forwarded to G-MW and DSE for review and advice of any errors of fact.
All responses were considered by the audit team, and where appropriate, amendments were made to the final
report.
A complete audit of the water balances was not expected as part of the Cardno audit scope. An internal audit of
the 2004-05 base case year was undertaken by Sharp Coefficient in August 2009. That audit identified a lack of
documented procedures as restricting the ability to audit the water balances for each irrigation district. The
Sharp Coefficient Pty Ltd audit report also recommended that the water balance for each irrigation district be recalculated following incorporation of the report recommendations for some 22 parameters reviewed during the
report.
Many of the findings of the Sharp Coefficient Pty Ltd audit are relevant to the Cardno audit. As there has been
insufficient time since the audit for G-MW to action all the recommendations of that audit, it was agreed with the
DSE that this work should be the subject of a separate brief later in the operating year. This audit should cover
all the baseline years adopted for calculation of water savings by G-MW and NVIRP.
It was also noted that the latest version of the water balance 2008-09 had yet to be agreed between NVIRP and
G-MW and contains inaccuracies. The water balance will be the subject of upcoming meetings.
The Water Balance has minimal impact on this year’s water savings calculations as it only impacts the water
savings for Upper Bank Leakage (Channel Automation) and Channel Rationalisation which represent only a
small percentage (<1% and <2% respectively) of the total savings in 2008/09.
The issue of water balances and baseline years should, however, be resolved prior to next year’s calculation of
savings.
People interviewed during the audit are listed in Table 3-1.
Table 3-1 People Interviewed
Organisation

Name

Position

Derek Poulton

G-MW

Water Savings Advisor

Peter Walsh

FutureFlow

Alliance Manager

Felicity Smith

FutureFlow

Quality Co-ordinator

Lincoln Wellington

FutureFlow

Design Officer Rationalisation

Mike Schulz

G-MW

Project Officer – Savings & Measurement Modernisation

Mark Bailey

G-MW

Manager Regulated Systems

Fiona Nioa

G-MW

Senior Project Manager – Asset Planning Modernisation

Jeremy Nolan

G-MW

Modernisation Group, Water Savings Manager

Brittany Coff

SKM

Consultant

Phil Slender

G-MW

Water Services Planner

Paul Cox

G-MW

Customer Service Co-ordinator
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4 AUDIT FINDINGS
4.1

Introduction

G-MW has prepared water savings estimates for Phase 3 water savings. Electronic and hard copies were
provided to the audit team.
G-MW and FutureFlow advised that the water savings are based on the following works completed by the end of
the 2008-09 irrigation season.
Table 4-1 Summary of Project Scope Shepparton
Scope

Targeted Loss Component

Works Description
Channel automation

Outfalls, bank leakage,
unauthorised use

All channels except ch10 and ch11 (95.4% of outfall
volume in the system, 90.8% of channel length in
system)
522 FlumeGates installed in various channels

Dethridge meter and open
outlet replacement

Meter error, leakage through and
around meters/outlets

284 dethridge meters replaced

Dethridge meter and open
outlet rationalisation

Meter error, leakage through and
around meters/outlets

106 dethridge meters rationalised

Channel rationalisation

Bank leakage, seepage,
evaporation, unauthorised use

11.42 km

Channel pipelining

Bank leakage, seepage,
evaporation

0

Table 4-2 Summary of Project Scope CG 1-4 – 2002-2010
Stage 2

Works Description

Targeted Loss
Component

Pilot Study
CG 2
Completed

Stage 1
CG 1234
Completed

Channel Automation

Outfalls

100% automated
CG2

100% automated
CG134

-

Channel Automation

Bank leakage

100% automated
CG2

100% automated
CG134

-

Channel Automation

unauthorised
use

100% automated
CG2

100% automated
CG134

-

Meter replacement &
rationalisation

Meter error

100% (158)
meters replaced

-

24 dethridge meters
rationalised, 191
dethridge meters
replaced

High loss pool
remediation - plastic
lining

Bank leakage,
Seepage

-

-

20.8km

High loss pool
remediation –
remodelling

Leakage

-

-

2.76km

October 2009
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Phase 3 savings initially calculated by G-MW for the 2008-2009 year are summarised in Figures 4-1 and 4-2
below.
Figure 4-1 Phase 3 – Water Saving Estimates Central Goulburn 1-4

Percentage of Total Savings by Modernisation Method
Channel Automation
34.91%

Service Point
Replacement
25.93%

Channel Bank
Remodelling
2.64%

Channel Rationalisation
0.76%
Service Point
Rationalisation
1.28%

Channel Lining
34.49%

Figure 4-2 Phase 3 Water Savings Estimates Shepparton

Percentage of Total Savings
Service Point
Replacement
17.99%
Service Point
Rationalisation
4.38%

Channel Automation
75.55%

Channel Rationalisation
2.08%

The water savings estimates can be calculated using formulae detailed in the Technical Manual for
Quantification of Water Savings. An updated version of the Technical Manual, dated September 2009, was
issued to Cardno by DSE for use during the audit.
DSE has advised Cardno that




the amendments detailed in the updated Technical Manual were adopted by the Water Savings Protocol
Implementation Review Committee, and
the amendments are adjustments arising from experience in the initial application of the Technical Manual to
the Early Works water savings and are predominantly of a clarifying nature.

G-MW advised that the water savings estimates had been prepared in line with their understanding of the
anticipated changes in the updated version of the Technical Manual
October 2009
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The water savings estimates prepared by G-MW for CG 1-4 and Shepparton have been audited against the
updated Technical Manual.

4.2

Irrigation Operating Duration

The length of the irrigation season in each irrigation area is required for the calculation of OPx, used to calculate
water savings – service point replacements and for the pro rata factor (t) used in 2008/09 to calculating Phase 3
water savings for the shortened period 1st March to the end of the season (nominally 15th May 2009). The
requirement to pro rata the water savings for the shorter period is not specifically addressed in the Technical
Manual formulae. We understand this adjustment will not be applicable to future years’ water saving calculations
which will be estimated for the full irrigation season.
G-MW has four key computer/software systems used to collect, store and report data used in water savings
calculations. One of these is the Irrigation Planning Module (IPM).
IPM is the business system G-MW uses to receive irrigation supply orders from customers using interactive voice
response (IVR) software (known as WaterLINE), and to plan these orders into delivery schedules for customers.
Planners provide channel flow regulation schedules from IPM for use by field staff. The IPM system also
provides management reporting facilities on a range of operational aspects and manages the recording of actual
delivery volumes for billing purposes.
The system has the following functions:




Receives orders from customers lodged through telephone or internet ;
Plans water deliveries to each system taking into account customers’ orders and hydraulics of the water
system;



Records measured deliveries to customers and passes to customer billing software;



Records measurements through the deeming procedure outlined in G-MW’s By Law 11; and



Maintains an account of water supplied against entitlement and rejects orders where supply is in excess of
entitlement.

The system is a live system and is continually updated.
We sought to verify the season start and finish dates for Shepparton and CG districts by having G-MW verify
dates of the first and last orders in the 2008-09 irrigation season for each irrigation area from the IPM data base.
The findings of our audit are detailed in Table 4-3 below.

October 2009
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Table 4-3 Irrigation Operating Duration
Item
Comment
Verification of Irrigation Season start
and finish dates

›
›

›

›
›

›

›
›
›

Recommendation

There is no definition of a season start or finish date in the Technical
Manual.
A recommendation in the Sharp Coefficient Pty Ltd Baseline Audit report
proposes the irrigation season for each Irrigation District should be defined
as the number of days between the first and last order dates for the gravity
irrigation system, from the IPM data base. NVIRP advised the auditor that
they understood the end of season was the date of the last order in each
irrigation district (ID).
Season durations for 2008/2009 were provided by G-MW in spreadsheet
#2656547 version 2. Base year start and finish dates for CG 1-4 Stage 1
(1998/99 – 2001/02) were listed as not available. A period of 270 days has
been adopted. The Sharp Co-efficient Audit calculated the duration of the
CG base year as 265 days but this is based upon the 04-05 year and not
the alternate range of years used as the baseline for CG 1-4. For the CG
1-4 Stage 2 baseline year the dates used were listed in #265 6547 Version
2.
We sought to verify a number of dates from the IPM system record in the
08/09 season.
The operator generates “Order detail” reports from IPM by district between
a date range sufficient to cover the anticipated first order and last order for
the season. The operator then manually checked the report to identify the
first and last orders.
The report lists service point type, customer’s name, order number, order
lodged date, delivery start date and time, and the anticipated duration of
delivery in hours.
There is no record kept of the reports generated to populate the original
dates..
G-MW regenerated reports for the auditor to verify the dates.
The operator advised that in preparing the original data he took the date of

October 2009
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›

›

›

That a definition for start and finish dates of the irrigation
season be discussed and agreed by the Water Saving Protocol
Implementation Review Committee and included in the
Technical Manual.
That a script be developed by G-MW to run a report at the end
of each season identifying the start and finish date for the
irrigation season in each irrigation district. This will eliminate
the current Technical Manual process and reduce the risk of
error.
That a copy of the report run to calculate the ‘start’ and ‘end of
season’ dates be kept on file for audit purpose and if electronic,
locked to prevent amendment, except by approved staff.

12

Audit of Water Savings Central Goulburn 1-4 and Shepparton Irrigation Areas
Prepared for the Victorian Department of Sustainability & Environment
Item

Report

Comment
the last order plus the duration to determine the end of season date. This
differs from the suggested definition in the Baseline Audit Report by Sharp
Co-efficient Pty Ltd.
› After discussions with G-MW and NVIRP there is no final clarity on which
definition is more appropriate although there is a tendency towards the
date plus duration definition for the end of season date.
› Regardless of which definition is selected, source data exists within the
IPM system for the purpose of audit validation.
› The start date is the date of the first order.
› For the calculations of water savings in this report we have adopted the
date plus duration definition
› When we checked the reported dates against the regenerated “order
detail” reports we found a minor difference in the Central Goulburn
irrigation districts dates. The season close date was the 18th of May not the
17th of May as used by G-MW in their calculations.
› The water savings estimates have been re-calculated with the amended
dates. The impact of single day changes in start and finish dates is minor
when considered in the context of the total water savings in 2008/09.

October 2009
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Program of Works

4.3.1 Introduction
The extent of works on which the G-MW water savings estimates are based on are outlined in Table 4-1 and 4-2
in Section 4.1.
We sought to “spot check” that the program of work had been implemented as documented above.
4.3.2

FutureFlow

The Shepparton and CG 1-4 Stage 2 modernisation works have been constructed by FutureFlow. The early
works, CG 1-4 Stage 1 and pilot works were constructed by G-MW.
FutureFlow is a Goulburn-Murray Water Alliance comprising G-MW, Transfield Services, Comdain and SKM
Consulting Engineers. The Alliance operates from an independent office in Old Dookie Road, Shepparton.
Given the time frame for the audit, it was not practical to undertake physical inspections of constructed works.
Cardno therefore undertook an audit of the procedure for sign off of works used by FutureFlow and G-MW.
We visited the FutureFlow office and initially met with the Alliance Manager, and then a Quality Co-ordinator.
Works constructed by FutureFlow are grouped into work packages. A ‘work package’ is defined for each new
installation and all paperwork is filed in the work package folder which is returned to the FutureFlow office for
filing and scanning upon completion of the work package.
We viewed a randomly selected sample of work package records (scanned and/or hard copies) and verified all
aspects of each work package record had been signed off. Refer to Appendix B for typical sheets.
4.3.3

G-MW

We asked G-MW what practices they had to verify that the works had been constructed. They advised that in
relation to the works constructed by FutureFlow there are no documented checking processes as they are
members of the FutureFlow Alliance and have staff working within the Alliance. In regards CG1-4 Stage 1 and
pilot works which were constructed by G-MW, we have requested a certification from senior management that
the works have been completed in the absence of any other documentation. At the time of finalising this report
Cardno has not received the request certification from G-MW.
In addition, as part of the normal operations, Water Services Officers are inspecting channels daily and report
any unsatisfactory/defective works including issues with the modernisation works.
Thirdly, the new gates and new meters are all automated or monitored by SCADA from G-MW area offices. Any
signal failures or excessive volumes are investigated by Water Services Officers.
4.3.4

Length of Channels Rationalised

When reviewing the calculation for water savings for Channel Rationalisation (Shepparton) we noted
that the length of channel used in the calculation was 9.827km, less than the 11.42km reported in
the scope of works. When we queried the figure, FutureFlow provided an updated table of individual
channel lengths rationalised that totalled 10.175km. We questioned FutureFlow further and were

October 2009
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advised that subsequent to the calculation of water savings by G‐MW they had resurveyed the
rationalised lengths of channel and had found that the actual lengths in three cases were different to
that previously reported.
4.3.5

Conclusion

G‐MW need to develop procedures and practices for formal handover of constructed works
regardless of who undertakes the construction. However based upon our audit of FutureFlow
construction records, G‐MW operational practices and subject to receipt of the certification from G‐
MW Senior Management in relation to CG 1‐4, Cardno is satisfied, based upon the spot checks
undertaken, that the program of works in Tables 4‐1 and 4‐2 has been implemented, but the length
of channel rationalised has been incorrectly reported in the scope of works.
Recommendation
That G-MW prepare and implement asset acceptance procedures including verification process.

October 2009
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Channel Automation

Channel Automation is where Flumegate regulators are installed with SCADA control for monitoring and
operation.
Channel Automation reduces losses via outfalls and upper bank leakage.
The formula for calculating water saving due to Channel Automation is:
WSYearX = WSoutfalls + WSbank leakage

4.4.1
4.4.1.1

Water Savings – Outfalls
Introduction

As reported earlier, channel automation accounts for almost 76% of the total water saving in the Shepparton
area and almost 35% in CG1-4.
Outfall water losses are defined in the Technical Manual as:
Outfalls are the unscheduled flows through the channel outfall (flow escape) structures. They are a
variable loss as they are influenced by rainfall, water deliveries and the length of the season. Outfalls may
occur due to the following reasons:




Rainfall rejections events (or sometimes called shutdowns); and/or
Operational activities such as maintaining a water level to deliver a service standard; and/or reducing water
levels for maintenance works in the channel infrastructure.

The formula for calculating water saving outfalls Phase 3 is defined as:
Phase 3
WSoutfalls*

= ∑[(Obasex OPx X (DYearX/DBase)) – OYearX]

*Applied on an outfall by outfall basis this equation must be =>0 (eg. Mitigation Water can never be greater than
outfall volumes in any one year).
4.4.1.2

Input Data

We reviewed G-MW’s documented Procedure for Collection of Outfall Data doc No. 2705583 version 1 as well as
document procedure No. 2706495, Procedure for Determining Outfall Savings for 2008/2009.
We verified a sample of delivery volumes from Area Annual Report spreadsheet for 2008/2009 and the base
years 2004/05 and 2005/06.
We also reviewed the examples of area spreadsheets prepared by Area Supervisors for the un-metered outfalls
and viewed SCADA system output for new continuously recorded outfalls.

October 2009
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We reviewed the water savings estimate calculations for Channel Automation - Outfalls provided by G-MW for
CG 1-4 and Shepparton irrigation areas. The findings of our audit are detailed in Tables 4-4and 4-5 below.

October 2009
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Table 4-4 Channel Automation – Outfalls
Item
The Technical Manual Section 10
states that water savings should be
calculated on an outfall by outfall basis
and the water saving per outfall must
be greater than or equal to 0.

Comment
›

›

›
›
›

›
›
Outfall Record Keeping

›

October 2009
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Recommendation

In discussions with G-MW and NVIRP it was noted that the water
saving estimate calculation initially provided by both organisations
was not calculated on an “outfall by outfall basis” and water
savings calculated for individual outfalls which were negative (<0)
had been included in the total outfall savings.
We discussed this issue with staff from G-MW and NVIRP
separately and both organisations indicated that they “applied the
water saving outlets estimates on a system basis and not an
individual basis.”
They advised this approach had been agreed at a joint meeting of
staff from G-MW & NVIRP.
Further both organisations indicated that they considered the
“systems” approach was more appropriate.
G-MW revised their calculations for the Shepparton irrigation area
removing the outfalls with negative water savings. This resulted in
an increased water saving estimate of 10 ML.
There were no outfalls with negative savings in the CG 1-4
irrigation area.
The corrected water saving figures have been included in the
audited figures in Table 4-5 below.

›

That the requirement to estimate Water Saving Outfalls on a
“outfall by outfall” basis be reviewed by the Water Savings
Protocol Implementation Review Committee prior to preparation of
next year’s water savings estimates and that an explanation for
the adopted approach be included in the next revision of the
Technical Manual.

Measurement is made of flows over these unmetered outfalls
using a calibrated dipstick and based upon the bailiff’s
assessment of the likely duration of the overflow. These volumes
(24hr average) are then reported verbally to the Section Planner
who records the figure on the daily outfall volume sheets. We
sighted current sheets for the CG area. At the end of the week,
the area supervisor transfers the daily data into an area
spreadsheet from which the annual report figures are sourced.
We noted that the format of area spreadsheets varied from area to
area and from supervisor to supervisor. This data has to be

›

That the daily outfall volume reporting sheets be retained on file
after the figures have been transferred to the area summary
spreadsheet.
That a consistent format be adopted for recording outfall volume
across all areas.
That details of any adjustments made by Supervisors/Loss
Management Officers be documented and retained along with a
corresponding comment on the reasons for the adjustment.

Cardno (Qld) Pty Ltd

›
›
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Item

›

›
›

Season Duration

›

›

›

›

October 2009
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Comment
transferred into a consistent format when determining water
savings.
In some instances the Area Supervisor/Loss Management Officers
may adjust figures where the original input is considered
inaccurate. No record of these adjustments is kept on file.
The original “daily outfall volume” record sheets are not retained
after the information is transferred to the area summary sheets.
For automated outfalls, flows are automatically read through the
SCADA system. We were advised that problems have been
experienced with some automated outfalls. The system has
reported outflows when channel levels are below the outfall level.
These are investigated and based on the investigation the area
supervisor makes the adjustment to correct erroneous flow
figures. No record of these adjustments is kept on file.
As reported in Section 4.2 Table 4-3 the duration of the Central
Goulburn season was incorrectly calculated by 1 day. The water
saving estimates have been recalculated with the corrected end of
season date.
The ratio (t), used to pro rata the saving for the shortened saving
period in 2008/09 was incorrectly calculated for CG 1-4 as the full
length of the base year was used (270 days) instead of the full
length of the 2008/09 season (276 days).
This had a minor impact on the audit water saving estimates for
outfalls (reduction of 3 ML in 525 ML or 0.6%) which have been
recalculated by Audit.
The overall changes to the water savings Channel Automation –
Outfalls are detailed in the Summary Table 4-5 below.

Cardno (Qld) Pty Ltd

Recommendation

›

Refer earlier recommendations in Table 4-3 of this report
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Table 4-5 Summary of Changes to Water Saving Estimates Channel Automation – Outfalls
Shepparton

CG 1-4

Modernisation Method

GM-W
Calculation

Audit
Calculation

G-MW Calculation

Audit
Calculation

Channel Automation - Outfalls

1996.83

2007.14

528.34

525.5

4.4.2
4.4.2.1

Water Saving – Bank Leakage
Introduction

Bank leakage is defined in the Technical Manual page 18 as follows:


Bank leakage is defined as the water lost through the side of the channel (channel banks). It has fixed
component (dependent only on the length of the season) and a variable component dependent on deliveries
and length of seasons).

The formula for calculating Phase 3 water savings - bank leakage is:
WSBank Leakage

= [(VL x Lbase X (DYearX/DBase) X OPX) – (VL x LYearx)] X A

The Technical Manual (page 19) points out that there is significant level of uncertainty surrounding bank leakage.
There is also significant difficulty in capturing real time measurement for bank leakage as it can vary significantly
spatially and over time. Therefore, bank leakage is often taken as the balancing loss component in a system
water balance.
LYearx is derived from the Water Balance.
Both NVIRP & G-MW have advised that there are issues with the 2008/2009 water balance which have still to be resolved
between the parties. It is considered to contain inaccuracies (e.g. potentially negative leakages in at least one district is
equated to unaccounted loss).Because of these inaccuracies G-MW has used the phase 2 theoretical method,

which is not dependent upon the water balance, to calculate the Channel Automation – Bank Leakage water
savings for 2008/09 .
We reviewed the water savings estimate calculations Channel Automation – Bank Leakage provided by G-MW.
The findings of our audit are detailed in Table 4.6 below.

October 2009
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Table 4-6 Channel Automation – Bank Leakage
Item
Water Saving Bank Leakage

Comment
›

›

›

October 2009
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Recommendation

Both NVIRP & G-MW have advised that there are issues with the
2008/2009 water balance which have still to be resolved between
the parties. It is considered to contain inaccuracies (e.g. negative
leakages in at least one district)
Both NVIRP and G-MW have advised the auditor that they have
agreed to using Phase 2 calculation method in lieu of Phase 3 as
they considered it the best available option in the absence of an
accurate water balance.
G-MW advised that in their view the water balance will never be
suitable (because it is a residual figure) for the calculation of Phase
3 water savings for leakage. They suggested another method
needs to be developed.

Cardno (Qld) Pty Ltd

›
›

›
›

That the water balance for 2008/2009 be reviewed and agreed
between NVIRP & G-MW.
That the water saving estimates for bank leakage – channel
automation in 2008/2009 not be calculated in accordance with the
Phase 3 and equation
That Phase 2 be adopted as theoretical calculations in lieu of
Phase 3 for 2008/2009.
That alternative methodologies for calculating bank leakage water
saving be investigated and evaluated by the Water Saving Protocol
Implementation Review Committee.
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4.4.2.2

Report

Summary of Amended Water Saving Estimates Channel Automation – Bank Leakage

There was no change to the water saving estimates for Channel Automation - Bank Leakage as calculated by
G-MW for both CG 1-4 and Shepparton irrigation areas.

4.5

Channel Rationalisation

Channel Rationalisation involves removing channels from the system. This reduces evaporation losses, seepage
losses, bank leakage losses and system filling losses.
The formula in the Technical Manual for calculating water saving due to Channel Rationalisation is:
WSestimate = WSseepage + WSbank leakage + WSevaporation
Where:
WSseepage

=

Sbase x CL x t x EF

WSbank leakage

=

[(Lbase x FL ) + (Lbase x VL x (DyearX/Dbase)] x CL x t x EF

WSevaporation

=

Ebase x EF x t x CL

We reviewed the water savings estimate calculations for Channel Rationalisation provided by G-MW and source
data. The findings of our audit are detailed in Table 4-7 and 4-8 below.
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Table 4-7 Channel Rationalisation
Item
Channel Length
There was a difference in the length of
channel rationalised use in the
calculations in the Shepparton
irrigation area to that reported in the
scope of work for this modernisation
methord.

Season Duration

Comment
›

The total length of channels rationalised in the Shepparton system
was advised in the scope as 11.42km. The input data used a total
of 9.827km. We asked FutureFlow to verify the lengths rationalised
per channel and the actual dates each length was
decommissioned.

›

FutureFlow provided a revised table of individual channel lengths
rationalised. Audit noted that three lengths differed from that used
by G-MW in their water savings calculation. The revised total
length of rationalised channel provided by FutureFlow was
10.175kms.

›

We sought further clarification from FutureFlow as to the reasons
for the variation and were advised that subsequent to G-MW
calculating the water savings they had resurveyed the channel
lengths resulting in increases in the length of 3 of the 22 reported
channel lengths.

›

FutureFlow did not have an explanation as to why the summary
length provided in the scopes of works was incorrect other than
human error.

›

The amended lengths as verified by FutureFlow have been used in
the audited water savings estimates in Table 4.8 below.

›

As reported in Section 4.2 Table 4-3 the duration of the Central
Goulburn season was incorrectly calculated by 1 day. The water
saving estimates have been recalculated with the corrected end of
season date.

›

The ratio (t), used to pro rata the saving for the shortened saving
period in 2008/09 was incorrectly calculated for CG 1-4 as the full
length of the base year was used (270 days) instead of the full
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›

Refer earlier recommendations in Table 4-3 of this report.

23

Audit of Water Savings Central Goulburn 1-4 and Shepparton Irrigation Areas
Prepared for the Victorian Department of Sustainability & Environment
Item

Report

Comment
length of the 2008/09 season (276 days). This impacts the audit
water saving estimates for seepage, bank leakage and
evaporation.
›

October 2009
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The impact of the change in season duration is minor as can be
seen in Table 4-8 below.
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Table 4-8 Summary of Change to Water Saving Estimates Channel Rationalisation
Shepparton
Modernisation Method
Water Savings Channel
Rationalisation

4.6

CG 1-4

G-MW
Calculation

Audit
Calculation

G-MW Calculation

Audit
Calculation

55.00

56.95

11.79

12.00

Channel Remediation (Channel Lining and Bank Remodelling)

4.6.1

Introduction

Channel remediation works can consist of piping, channel lining (with plastic (HDPE) sheets or clay) and bank
remodelling works.
The Technical Manual outlines how the water savings assessment methodology to be adopted depends on
whether pondage tests can and are undertaken pre and post works. If pondage tests are not undertaken on the
remediation channels, then a theoretical baseline water savings estimate would be the most appropriate
mechanism for estimating. If pondage tests are undertaken the losses recorded are only the fixed losses. An
estimation of the variable losses proportion must be added to determine the total loss.
Thus, the losses pre/post intervention can be measured in two ways:
1. Theoretical Analysis based on a range of known soil type properties and other data and assumed
factors; or
2. Using Direct Physical Measurements based on actual recorded data through pondage tests, or
alternative approved physical sampling.
The preferred method is using direct recorded data. The results of these tests can be analysed further to inform
the theoretical assumptions that are used for loss estimation within channel systems.
For channel lining water savings are achieved by reducing seepage and bank leakage while for channel bank
remodelling water savings are achieved by reducing bank leakage only.
Channel Remediation works (lining and remodelling) have been undertaken in CG 2 and 4 but not in Shepparton
irrigation area for the period to the end of the 2008/09 season.
G-MW have used the Direct Method from the Technical Manual (13.3.7) to calculate the water saving for
Channel Remediation.
There are eighteen (18) lined pools. Pre pondage test data is available for all. Post pondage tests were
undertaken. Thirteen sets of post-lining results were used and results for the remaining five pools were not used
due to changed pool configurations or suspected regulator leaks.
There were five (5) remodelled pools. Pre pondage test data is available for all. Post pondage tests were
undertaken. Results for two (2) pools were used, with three (3) sets of results not used due to changed pool
configurations or suspected regulator leaks.G-MW calculated the actual efficiency for the thirteen (13) lined pools
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and two (2) remodelled pools for reducing leakage and seepage and used these efficiencies to collectively
estimate the post works losses for the five (5) lined pools and three (3) remodelled pools for which post work test
results could not be used.
The water savings were then calculated for all pools using the direct method.
G-MW advised that they did not use the theoretical Phase 3 equations for the pools without post pondage test
data as this requires leakage values from the water balance 2008/09 which are currently considered inaccurate
and subject to further work (refer earlier comments Section 4.4.2.1Table 4-6).
The other alternative was to use Phase 2 theoretical calculation method however the calculated efficiencies from
the completed tests are lower than the theoretical efficiencies adopted for Phase 2 and so G-MW considered the
calculated efficiencies represented the best information available in the absence of post test data.
There are no water savings for evaporation applicable where remediation works consist of only lining and/or
channel remodelling.
We have reviewed the water saving estimates provided by G-MW for Channel Remediation in CG 1-4 and our
funding as summarised in Table 4-9 below.
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Table 4-9 Channel Remediation – Lining and Remodelling
Item

Comment

Recommendation

Channel Lengths

›

Length of channel lining and remodelling works used in the water
calculations are consistent with the lengths provided by FutureFlow
and G-MW in the scope of works

Water Saving Estimate Calculations

›

G-MW have used direct method 13.3.7 to calculate the water
savings.

›

There is pre works pondage test data for all lined and remodelled
pools

›

There is post works pondage measured data for 13 of 18 lined
pools. These results were then used to derived average efficiency
percentages for leakage and seepage which were then used to
calculate the post works leakage and seepage for the remaining 5
ponds.

›

For remodelled pools there are only 2 of five sets of useable post
works pondage test results which suggest that the % efficiencies
calculated from these results may be less reliable than the lined
sections. G-MW advised that, in their view, they represent the best
available information available at this time.
As reported in Section 4.2 Table 4-3 the duration of the Central
Goulburn season was incorrectly calculated by 1 day. The water
saving estimates have been recalculated with the corrected end of
season date.
The ratio (t), used to pro rata the saving for the shortened saving
period in 2008/09 was incorrectly calculated for CG 1-4 as the full
length of the base year was used (270 days) instead of the full
length of the 2008/09 season (276 days). This impacts the audit
water saving estimates for both lining and remodelling.

Season Duration

›

›
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›

That the approach used by G-MW to calculate Channel
Remediation water saving (where post work pondage test results
were not available) be reviewed by the Water Saving Protocol
Implementation Review Committee and appropriate notations be
included in the Technical Manual regarding the approach.

›

Refer earlier recommendations in Table 4-3 of this report.
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Table 4-4 Summary of Changes to Water Saving Estimates Channel Remediation
Shepparton
Modernisation Method

CG 1-4

G-MW
Calculation

Audit
Calculation

G-MW Calculation

Audit
Calculation

Water Savings Channel
Remediation – Lining

N/A

N/A

537.20

556.55

Water Savings Channel
Remediation – Remodelling

N/A

N/A

41.81

42.54
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Service Points

4.7.1

Service Points Replacements



Replacing meters and upgrading the Service Points resulted in a reduction of the following losses:



Measurement error losses;



Leakage through and around the Service Point losses;



Unmetered service point losses; and



Unauthorised use.

It is important to note that when service points are rationalised throughout the system, and the water is
transferred to service points which are being replaced with accurate meters, the savings due to this intervention
will be included in the Phase 3 estimates for Service Point Replacement rather than Service Point
Rationalisation.
The equation for water savings due to service point replacement are set out in the Technical Manual on page 53
(Phase 3) as follows:
Phase 3 Water Savings – Service Point Replacement
WSYearx = WSmeter error + WSleakage through + WSleakage around + WSunmetered + WSunauthorised
Where:
WSmeter error
= ∑ DYearx X (1/MCF) x (MCF-1) x EF
WSleakage through
= Nreplaced x t x OP x X LTT x EF
WSleakage around
= Nreplaced x t x OP x X LTA x EF
WSunmetered
= ∑ DYearx X (1/MCF) x (MCF-1) x EF
WSunauthorised
= Nreplaced x Ubase xEF x (DYearx/Dbase) x t

The various terms are defined in the Technical Manual.
We reviewed the G-MW calculation, G-MW’s input data and our finding in relation to Service Points Replacement
are summarised in Table 4-11 below.
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Table 4-11 Service Point Replacement
Item
Deliveries through new meters – both
areas.

Comment
›

This data is secured from G-MW’s IPM data base. We checked a
sample of individual service point delivery volumes in the IPM data
base and found some variations. We questioned G-MW as to the
reason and they found that the report had been run on 11th May
and did not include some volumes delivered between 11th May and
the end of the irrigation season (e.g. Central Goulbourn 18th May).
The report was rerun and the corrected table of delivery volumes
forwarded to Cardno in the week following our site visit.
The water savings have been recalculated with the updated
deliveries.

›

That G-MW review its procedures to ensure that in future years the
delivery data report for input into the water saving calculations is
only run after the end of the irrigation season, all meters read and
the IPM database updated.

›

As reported in Section 4.2 Table 4-3 the duration of the Central
Goulburn season was incorrectly calculated by 1 day. The water
saving estimates have been recalculated with the corrected end of
season date.

›

Refer earlier recommendations in Table 4-3 of this report.

›

The ratio (t), used to pro rata the saving for the shortened saving
period in 2008/09 was incorrectly calculated for CG 1-4 as the full
length of the base year was used (270 days) instead of the full
length of the 2008/09 season (276 days). This impacts the audit
water saving estimates for both lining and remodelling.

›

In the updated Technical Manual one of the changes is the
inclusion of water savings unauthorised under Service Point
replacements.
The formula for calculating water saving unauthorised (Phase 3)
includes:
› Dyearx/Dbase
› Dyearx = Measured deliveries (ML) through new meters.
› Dbase = Baseline Year Measured Deliveries (ML) through all
Dethridge Meter Service Points planned to be replaced within

›

That the various definitions of Dyearx and Dbase be reviewed and
clarified.

›
›
Season Duration

Water Saving Unauthorised

Recommendation

›
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›

›
›

›

Water Saving through and around
service points

›

›

Pro rata factor t omitted in water
savings unauthorised

›

October 2009
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Comment
the modernisation program.
as stated earlier this definition is different from that for Dyearx and
Dbase elsewhere in the Technical Manual where they are the total
deliveries in year x and the baseline year.
G-MW has used the ratio of the total deliveries and not the
deliveries through new meters only.
The updated Technical Manual was issued in mid September
2009. We were advised that the changes had been discussed at
the Water Saving Implementation Review Committee and
anticipated in preparing the calculations of water saving however,
the changed deficiencies of Dyear and Dbase in 11.3.3 and 11.3.4
were not picked up by G-MW or NVIRP.
We discussed this issue with G-MW. They advised that they were
unable to calculate Dbase for replaced meters only. Therefore they
have used the ratio of total deliveries as best available information.

Recommendation

In calculating the water saving in CG 1-4 G-MW had interchanged
the Defined Fixed Leakage rates for around service points (LTA)
and through service points (LTT).
Audit recalculated the water saving with the correct LTA and LTT
figures and the corrected water savings are included in our audited
figures in Table 4-12 below.
In calculating the water savings unauthorised for both CG1-4 and
Shepparton areas the pro rata factor t to accommodate the
shortened saving period in 2008/09 was accidentally omitted in GMW’s calculations. Audit has recalculated the water saving with the
pro rata factor included.
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Table 4-12 Summary of Changes to Water Saving Estimates Service Point Replacements
Shepparton
Modernisation Method
Water Savings Service Point
Replacements

4.7.2

CG 1-4

G-MW
Calculation

Audit
Calculation

G-MW
Calculation

Audit
Calculation

476.50

488.80

199.48 Stage 1
283.62 Stage 2

166.62 Stage 1
266.99 Stage 2

Service Point Rationalisation

The following is an extract from the Technical Manual:
“Service point rationalisation on the main carriers (often referred to as the the corrected water savings are
included through separate loss causation factors:


Meter error losses;



Leakage through and around the Service Point losses;



Unmetered service point losses;



Outfalls; and



Unauthorised use.

For measurement error accounting, it is necessary to take into account, at the planning phase where the water
will be transferred to. If the water is transferred to an accurate meter elsewhere on the system, the water savings
will be picked up in Phase 3 and Phase 4 of service point replacement calculations. It is necessary to still
account for meter error savings where the water that would have otherwise been transferred through the
inaccurate meter is now used outside of the irrigation system for the environment or trade.
For service point rationalisation on spur channels, a proportion of the losses associated with the outfall on the
spur are also saved through the rationalisation of service points (see Section 9). However, outfall losses are only
associated with service point rationalisation on spur channels for planning purposes only (i.e. Phase 1 and 2). In
order to measure actual outfall savings the pre intervention losses need to be compared with the post
intervention losses. This is to be accounted for in the channel automation calculations (see Section 10).
Meter rationalisation water savings only occur if the service points are removed and the associated Delivery
Shares/Water Shares are transferred to either an existing meter, the environment or out of the irrigation system
and are supplied through an accurate meter.
If service points with existing accurate meters are rationalised, the only savings will be those savings associated
with the proportional outfall reduction plus the savings related to avoided effectiveness and durability losses from
the leakage through and around the new meter installation.”
The formula for calculating water savings for service point rationalised are detailed in Section 12.3 of the
Technical Manual as follows:
Phase 3 – Interim Savings for Allocation – Service Point Rationalisation
WSestimate = WSmeter error + WSleakage through + WSleakage around + WSunmetered +WSunauthorised
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Where:
WSmeter error

= ∑ (Dbase1 x (MCF-1) x EF) x (Dyearx/Dbase)

WSleakage through

= Nrationalised x t x LTT x EF

WEleakage around

= Nrationalised x t x LTA x EF

WSunmetered

= ∑ (VD x (MCF -1) x EF) x (DYear x/Dbase2) x t

The various Terms are defined in the Technical Manual.
We have reviewed the water saving calculations for Service Point Rationalisation, G-MW’s input data and our
findings are detailed in Table 4-13 below.
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Table 4-13 Service Point Rationalisation
Comment

Item
Season Duration

Recommendation

›

As reported in Section 4.2 Table 4-3 the duration of the Central
Goulburn season was incorrectly calculated by 1 day. The water
saving estimates have been recalculated with the corrected end of
season date.

›

The ratio (t), used to pro rata the saving for the shortened saving
period in 2008/09 was incorrectly calculated for CG 1-4 as the full
length of the base year was used (270 days) instead of the full
length of the 2008/09 season (276 days). This impacts the audit
water saving estimates for meter error, leakage through and
leakage around.

Pro rata factor t omitted in water
savings unauthorised

›

In calculating the water savings unauthorised for both CG1-4
and Shepparton areas the pro rata factor t to accommodate the
shortened saving period in 2008/09 was accidentally omitted in GMW’s calculations. Audit has recalculated the water saving with the
pro rata factor included.

Phase 3 Terms

›

Section 12.3.3 Phase 3 – Interim Savings for Allocation – Service
Point Rationalisation on Page 59 of the updated Technical Manual
includes two, apparently different definitions for Dbase.
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Refer earlier recommendations in Table 4-3 of this report.

›

That the definition for Dbase in 12.3.3 be reviewed and
clarified.
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Table 4-14 below contains a summary of the changes to the water savings estimates for Service Point
Rationalisation.
Table 4-14 Summary of Changes to Water Saving Estimates Service Point Rationalisation
Shepparton
Modernisation Method
Water Saving
Service Point Rationalisation

CG 1-4

G-MW
Calculation

Audit
Calculation

G-MW Calculation

Audit
Calculation

116.10

85.15

30.06

20.68
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Improvement Opportunities

The audited scope includes a requirement to identify potential improvements to the data collection, data analysis,
assumptions and methods used to estimate water saving as recommending changes to the Technical Manual
that will improve the useability and accuracy of the water savings estimates.
A number of recommendations have been included in the earlier tables relating to specific savings calculations.
In addition, during the course of the audit we identified a number of generic improvement opportunities which are
detailed in Table 4-15 below.
It should be noted however that the Technical Manual is a “ground breaking” document and will be subject to
ongoing continuous improvement reviews and refinement throughout the duration of the Northern Victoria
Irrigation Renewals Project.
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Table 4-15 Improvement Opportunities
Item
Data Management

Standard Compliance Grading

Comment
›

›

›

›

Order of Accuracy of the Water Saving
Estimates

›
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Recommendation

The data collection, cleansing and reporting processes developed
and used by G-MW over many years appear appropriate for their
operational needs but lack rigour for external audit purposes. Data
sheets (e.g. outfall flow records) are accessible by various
operational supervisors who can edit and alter data as part of their
duties. This can occur after input data has been reported to
NVIRP for water savings estimate calculation purposes. The
reports should be ‘closed’ at the time of preparation of reports and
only amended by approved staff and all amendments documented.
Documented procedures should be prepared covering this
process. It is noted the G-MW have developed a number of
procedures in response to the Sharp Coefficient Pty Ltd audit in
August 2009.

›

The Technical Manual does not include a system of confidence
grades for assessing and grading individual water saving estimates
by audit.
The Essential Services Commission Victoria (ESC) and other
utilities regulated both in Australia and overseas have rating
systems which can be assigned to each category of data during
regulatory audits to indicate a level of compliance and accuracy.
The ESC system involves a two part alpha-numeric confidence
grade system. An alpha grading (A to D) is applied for reliability
assessment of calculated KPI’s and a numeric accuracy grade (1
to x) is also applied. Details of the ESC’s standard compliance
grading used to grade performance indicators is included in
Appendix D of this report as an indication of what could be used in
assessing the water saving estimates.

›

That a compliance grading system be agreed by the DSE and
included in the Technical Manual to be used in future years’ audits
of the water saving estimates.

During the audit we observed input data and calculations
expressed to various orders of accuracy ranging from 0.01 of a ML
to 0.1 of a GL. The Technical Manual gives no indication of the

›

That the Technical Manual be updated to include a definition on
the level of accuracy required for reporting of water saving
estimates.

Cardno (Qld) Pty Ltd

›

That G-MW, in consultation with NVIRP to ensure consistency of
approach, should continue to develop and refine document
procedures covering all aspects of data collection, cleansing,
validation, alteration, storage, reporting and calculation of water
saving estimates.
That all ‘input data’ prepared and issued for inclusion in water
savings estimate calculations be given a ‘closed’ status at the time
of issue and only amended by approved staff members and all
amendments documented.
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›
Ongoing Validation and Reverification
of Meters

›
›

›

Water Savings Estimate Spreadsheet
Not User-Friendly

›

›
›

Report

Comment
order of accuracy required for water savings estimates. We note
that G-MW have calculated water savings to the nearest 10 kl but
rounded the savings in the summary page to the nearest 10 ML.
The audited water savings Phase 3 have been reported to the
nearest ML.

Recommendation

The modernisation project is introducing new, more accurate types
of measuring devices into the G-MW system.
It is essential to ensure the accuracy of measured input data in
future years by ensuring that all meters and measuring devices are
regularly validated and reverified in accordance with the particular
manufacturer’s recommendations and relevant Australian
Standards. Validation and reverification certificates need to be
retained.
We did not see any documented evidence of this issue having
been addressed during our audit however G-MW has subsequently
advised that they have a draft metering action plan which is in the
process of being developed with DSE.

›

That G-MW prepare documented procedures addressing the
requirement for validation and reverification of all measurement
devices in the irrigation system. The procedure should also
address the recording and storage of validation and reverification
certificates.

The water savings estimate spreadsheets used by NVIRP and GMW are complex and not “user-friendly”. This adds considerably to
the time required to complete the audit.
G-MW and NVIRP have developed their own forms of the
spreadsheet to undertake the same calculations.
The audit process could be streamlined and the risk of inaccurate
calculations reduced if a Water Savings Estimate Calculation
Spreadsheet template were developed with the water savings
formulae embedded in the spreadsheet as password protected
macros.

›

That a standardised Water Savings Estimate Calculation
Spreadsheet template be developed incorporating the water
savings formulae embedded in a spreadsheet as password
protected macros. This template should then form part of the Water
Savings Protocol.

“Plain English” Water Savings Protocol
– Technical Manual

›

The Technical Manual is an extremely technical document and
could benefit by the insertion of some “plain English” explanations.

›

That a plain English review of the Technical Manual be
undertaken.

Consistency of Definitions in the

›

LBase and LYearx are both defined in the Technical Manual, Section

›

That the Technical Manual be reviewed and where necessary
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Technical Manual In reviewing the Technical Manual we
noted an inconsistency in the
definitions of Equation symbols LBase
and LyearX in equations 10.3.2, 10.3.3,
10.3.4 and 10.3.5.

›
›

›

›
›
›

›
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15 Glossary of Equation Symbols and other equations as:
› LBase – Baseline Year theoretical bank leakage (ML) and
› LYearX – Bank leakage (ML) for year in Question
In equations 10.3.4 to 10.3.5 inclusive the definition refers to
“calculated variable leakages losses (ML) or channels”.
We questioned G-MW on this and were advised that “variable
leakage” is not limited to “bank leakage” and that they had
consistently taken LBase and Lyearx as “bank leakage”.
We also observed that Dbase and Dyearx is differently defined when
calculating Water Savings for Channel Automation (Section 10) vs.
Service Point Replacement(Section 11)
For example ;
In 10.3.3 Dbase = Baseline year Calculated Deliveries /
Diversions(ML)
In 11.3.3 Dbase =Baseline year measured Deliveries (ML) through
all Dethridge Meter Service Points planned to be replaced within
the modernisation program.
In 12.3.3 page 59 there are two different definitions of Dbase in the
same table.
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amended to ensure consistency of definitions.
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5 SUMMARY TABLE OF WATER SAVINGS ESTIMATES 2008/09
The total audited Phase 3 Water Saving Estimate for the Central Goulburn Stages 1 and 2 and Shepparton
irrigation districts for the period 1 March 2009 to the end of the respective 2008/09 irrigation seasons is 4.261GL
or 4261 ML
The audited 2008-09 Phase 3 Water Saving Estimates for CG1-4 Stage 1 and Stage 2 and Shepparton plus
the original Water Saving Estimates prepared by G-MW for the period 1 March 2009 to the end of the irrigation
season are detailed in Tables 5-1, 5-2 and 5-3 below.
Table 5-1 Audited Phase 3 Water Savings Summary Central Goulburn 1 -4 -Stage 1
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Table 5-2 Audited Phase 3 Water Savings Summary Central Goulburn 1 -4 -Stage 2
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Table 5-3 Audited Phase 3 Water Savings Summary Shepparton
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Appendix A
Executive Summary, Baseline Audit Report August 2009
by Sharp Coefficient Pty Ltd

Appendix B
Typical Futureflow Work Packages
Sign off Documentation

Appendix C
G-MW List of Procedures

LIST OF G-MW PROCEDURES
No

DM Ref

Procedure

1

2701456

Determination of System Loss for Modernisation Projects

2

2705533

Collection of Outfall Data Flow Chart

3

2705583

Procedure for Collection of Outfall Data

4

2706495

Procedure for Determining Outfall Savings for 2008/09

5

2709098

Collection of Service Point Usage Data Flow Chart

6

2706486

Procedures for Determining Deliveries through Dethridge meters and Open
outlets and the number of Dethridge and Open Outlets for the
determination of meter error and leakage through and around outlets

7

2708378

Procedure for Pondage Tests – Field Component

8

2708405

Procedure for Pondage Tests – Data Analysis

9

2710073

Determination of Leakage, Seepage, Evaporation and Unauthorised use for
Modernisation Projects

10

2707346

Procedure for Determining Average Daily Weather Values for Irrigation
Seasons

11

2713483

Procedure for Calculating Seepage Rates for GMID Channel Sections
based on Soil Type

12

2706497

Procedure/Description of G-MW Business Systems for Phase 3 Audit

13

2656973

Procedure for Estimation of System Fill.

14

2723389

Procedure – Water Savings for Asset Rationalisation

DM #2716322 v1

Appendix D
Essential Service Commission Standard Compliance
Grading System

Essential Service Commission Standard Compliance Grading Used to Grade Performance Indicators
The Essential Services Commission’s standard confidence grades, as detailed in its 2005 Guideline for
Approving, Conducting and Reporting Audits for Victorian Water Businesses.
The grades focus on the reliability of the procedures used to generate the information and the quality of the data.
A two part alpha-numeric confidence grade has been assigned to each category or relevant information as
follows:
Grade

Reliability Assessment

A

All data is based on sound information systems and records, and on documented policies, practices
and procedures which are:

Consistent with the Commission’s information specifications; and

Fully understood and followed by staff.

B

Most data conforms with grade A. Data which does not have a minor impact on overall data
integrity. For example, a minority of data may be based on:

Information specifications which are significantly, but not substantially different to those
published by Commission or

Procedures which are not fully understood by staff or

Minor variations from documented procedures or

Estimation or extrapolation of data which conforms with Grade A or

Reliance on unconfirmed reports.

C

In many cases, but not all, data is based on:

Information specifications which are significantly, but not substantially different to those
published by Commission or

Procedures which are not fully understood by staff or

Estimation or extrapolation of data which conforms with grade A or B or

Reliance on unconfirmed reports.

D

Other data.

Grade

Accuracy (per cent)

1

+/- 1

2

+/- 5

3

+/- 10

4

+/- 25

5

+/- 50

6

+/- 100

X

For small samples where an
accuracy cannot be calculated or
error would be more than 100%

