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Backgroun
Irrigation is an essential practice for much of the Australian cotton industry. However, the
demand for water resources has been increasing due to both the expanding development of
competing industries and communities which are reliant on water and the requirements for
environmental flows. Efficient use of the water resource is necessary to demonstrate that the
industry is managing the resource in an economicalIy and environmentally sustainable manner.
Improvements in water use efficiency may also enable increases in production without
increasing water consumption.

The Cotton Research and Development Corporation commissioned this project with the aim of
identifying the potential for improving water use efficiency on surface irrigated cotton farms in
Australia. This was expected to be achieved through (a) reviewing previous research within the
cotton industry and whole farm jingation efficiency literature, (b) measuring and benchmarking
whole farm irrigation efficiency on commercial irrigated cotton farms, (c) investigating alternative
management and design practices to improve whole farrn irrigation efficiency and (d) creating
an awareness of opportunities to improve whole farm jingation efficiency through workshops
and field days in the major cotton growing areas. The project was conducted by the National
Centre for Engineering in Agriculture (NCEA) in conjunction with the Queensland Department of
Natural Resources and Mines (DNRM) and the University of Southern Queensland (UsQ).
Operational support in the final years of the project was provided by Dalton Consulting Ply Ltd.

e ResearchOutcomes

The review of previous irrigated cotton research identified that there was only limited data
available on the water use efficiency and performance of surface irrigated cotton in
Australia.

This project physically measured the performance of each component of the whole farm
water system under commercial operating conditions. This was an industry first which
involved the development and refinement of a range of monitoring technologies resulting in
the development of a new industry "standard" for the evaluation of whole farm water use
efficiency.

Measured whole farm water use efficiencies were found to range between 21 & 65% (ie. for
every megalitre of water delivered to the farm, only 0.21 to 0.65 megalitres were utilised by
the crop).

Major sources of water loss were identified in both the storage (efficiency = 50-85%) and in-
field application (efficiency = 70-88%) systems.

Significant infield deep drainage losses 01-30% over season) were measured for surface
irrigation conducted under a range of conditions.

Waterlogging of crops by surface irrigation was identified as a major potential source of yield
reduction. Opportunities to significantly increase crop water use efficiency and yields (up to
20%) by reducing waterlogging could be achieved with relatively minor surface jingation
management changes.

Strategies to improve efficiency should be farm specific but should focus on a mix of both
design and management improvements. Realistic potential benefits include: 20-50%
reduction in evaporation from storages, 10-, 5% reduction in the water applied per hectare
to fields due to reductions in deep drainage. There is also a potential to increase plant
yields per unit water by up to 20% through a reduction in waterlogging associated with
irrigation events and better crop water use efficiency.

En lish Summary
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Industry Impact
This project has identified that there is a potential to improve the application efficiency of many
surface irrigated fields through comparatively minor management changes. The experimental
results suggest that 10-15% of the applied water could be saved. If only 10% of the applied
water was saved on only half of the surface irrigated land in the industry, this would translate
into enough water to irrigate an extra 18000-20000 ha. This would result in an increase in
industry production of up to 150000 bales/annum with a gross value of approximately $60M per
year.

This project has identified that waterlogging associated with inappropriate surface irrigation
practices commonly result in 10 or more days of reduced crop growth each season. Yield
benefits of up to 20% have been identified through reductions in jingation induced waterlogging.
The adoption of jingation management strategies identified in this project is conservativeIy
estimated to result in an industry production increase of 200,000 bales/year with a gross value
of $80-100M per annum.

Other project activities demonstrating the industry impact include:

. Information data and outcomes of the project have been presented to over 1000 industry
stakeholders including jingators, researchers, government officers, industry development
officers and consultants. Of these, approximately 150 growers and cotton consultants in
eight cotton growing valleys have attended a detailed training workshop program on
methods to evaluate irrigation performance. Grower awareness of the opportunities to
improve water security through water use efficiency improvements has also been raised
through 14 grower focused field days and 9 broader industry presentations.

The measured data forthe performance of on-farm water storage reservoirs obtained in this
project was instrumental in alerting the Queensland Department of Natural Resources &
Mines to the legislative constraints affecting water storage efficiency through high levels of
evaporation. This data, and the activities of project staff, were instrumental in convincing
both the Department and Minister that the 5 metre referable darn height restriction should be
lifted to 8 metres. This change alone has the potential with both new and redevelopment of
storages to save some 20-40% of on-farm water in Queensland resulting in production
benefits of up to 40,000 bales/yearwith a gross value of $16-18M perannum.

This project has collected a range of data and developed several tools which can be used to
objectiveIy assess the feasibility of infrastructure options for individual farms including
improving water storage, distribution and in-field systems. These tools and data are already
being used commercially by five industry consultant groups as wellindustry extension staff.
All of the current cotton water use efficiency Industry Development Officers have been
trained to use the whole farm irrigation efficiency evaluation methods developed in this
project. Over sixty injinate" devices have been used to evaluate irrigation application
efficiencies on over 25 farms in seven cotton producing regions in the 2000/01 cotton
season. As a result of this project, jingation consultants are also now conducting jingation
efficiency evaluations as a commercial service to clients,

The benefits of this project should continue to accrue for years beyond its funded period.
The main delivery mechanism for continued promotion and adoption of project outcomes is
through both the Queensland State Government funded Rural Water Use Efficiency
Initiative and commercial irrigation consultants. The involvement of fee for service
consultants in the delivery of project outcomes recognises the commercial benefits of the
project outcomes and provides a solid foundation for continued delivery to the industry of
the project benefits. It should be noted that this is perhaps one of the few times that a public
sector research and development project has been able to involve irrigation consultants in
the delivery of in-field water use efficiency services to their clients,

CanC Pro^CtNo: NEC2C
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Recommendations orthe uture

This project has demonstrated that the easiest and largest gains to improve whole farm water
use efficiency exist within the in-field application systems. These gains are two-fold, namely,
the saving of water from deep drainage and tailwater losses, and the potential to increase crop
yield through reductions in waterlogging associated with surface jingation and increased crop
water use efficiency. These benefits can be gained through simple changes in irrigation
management which do not always require either extensive farm redevelopment or changes to
irrigation infrastructure (e. g. conversion to drip or low pressure mobile application system

Key recommendations to assist in the implementation of the results from this report include:

I. Training and Extension Programs:
Targeted training and extension programs initiated by the cotton industry specifically
to encourage the adoption of surface irrigation assessment and improvement
programs identified by this and other projects. These programs should be linked
with existing private sector engineering and agronomic consultant groups in order to
ensure a sustainable delivery path forthis information in future.

2. Evaluation of the Agronomic Impacts of Changed Surface Irrigation Management:
A cross disciplinary research program to confirm the real cost of surface irrigation
induced waterlogging losses and the potential to reduce this impact through simple
management adjustments.

3. Economic Assessment of Surface Irrigation Systems:
A critical economic assessment of surface irrigation improvement programs including
the adoption of management changes as well as investment in infrastructure
changes. This should include detailed analysis of the cost benefit analysis of
storage loss mitigation, distribution losses, and optimised in field layouts.

4. DeepDrainage:
Deep drainage continues to be one of the most significant potential environmental
threats to the cotton industry. Research needs to continue in relation to the
evaluation of the real economic and environmental impact of this factor across the
industry.

5. The Development of Tools to Evaluate Alternative Irrigation Systems:
Training and assessment protocols need to be developed to assist producers in
making informed decisions regarding deployment of alternative jingation
methodologies. These systems need to be assessed against best practice surface
systems.

6. Data Collection for Other Regions:
The data presented in this work has been collected in the Goondiwindi and
Border Rivers region. While some additional data for other regions may be
collected by the current government funded water use efficiency programs, the
industry should consider expanding the on-farm perlonnance data that is
collected to ensure a balanced industry perspective.
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.. Backgro"n to the Project

Water is one of the key resources for industry and economic development in Australia. It is also
one of the main inputs required to maximise the production of cotton crops. Due to the rising
pressure on the use and allocation of the national water resource (and in particularthe Murray
Darling Basin) "water use efficiency"is gaining an everincreasing profile. Water use efficiency
typically means different things to different people. However, one common view is that the
opportunities for benefit should be maximised through optimal management of the water
resource.

Australia consumes 22,185 GL of water annually. Severity percent (, 5,502 GL) of the total
water used is consumed for agricultural production of which approximately 11.9% (or 1,840 GL)
is consumed by the cotton industry. The cotton industry is second only to the horticultural
industry in terms of value derived from the water resource (ABS, 2000) returning a farm gate
value of approximately $613 per ML consumed. However, the security of water resources is a
major factor determining the future of the Australian cotton industry. In general, the water
resource "security'is determined by three factors:

The weather: On an industry and indeed individual basis any degree of water resource
security is fundamentally difficult in an and continent with a spatialIy and temporalIy variable
climate.

The political climate: While industry groups continue to lobby and debate with government
and environmental bodies, on an individual basis the political climate is no more predictable
or controllable than the meteorological climate.

The efficiency of water use on the whole farm: On an individual and industry basis part of
the water security equation lies fairly and squarely in the hands of the water manager or
jingator. Water security can be determined to some degree at the farm scale where some
measure of individual control can be exercised. It is important that we do not rely solely on
the meteorological or political climates of the day to determine water security. There remains
one sure way of ensuring and optimising our individual whole farm water security, and that is
to optimise the whole farm water use efficiency. However in order to participate individually
in water security it must first be recognised that there is an opportunity to improve the
management and efficiency of water use on the whole farm scale.

Water use efficiency is a key measure of an jingation system and its management. Benefits
from highly efficient jingation systems include: greater whole farm water security, lower
operating costs, improved production per megalitre of irrigation water supplied, maximised
production during dry years, and improvements in environmental management both on-farm and
within the broader catchment. In the context of the Australian cotton industry, increases in
water use efficiency can be achieved through limiting irrigation losses within the system of
conveyance, storage, distrlbution and field application of irrigation water.

As competing demands for water resources grow, so too does the need to find solutions for
better and more efficient water use and irrigation practices to meet farm, industry, domestic and
whole catchment requirements. Only recently has the environment been recognised as a user
of water resulting in concerns regarding existing jingation water allocations. The cotton industry
in Australia is seen as a large user of water and consequently is one industry facing pressure
due to competing demands for water. Some 80% of cotton grown in Australia is irrigated.
Security of irrigation supply determines the level of production and hence the industry has a
majorinterestin the efficient management of the water resource.
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Improvements in on-farm water use efficiency have been identified by government, industry,
community and water providers as part of a solution to the competing demand for the limited
water resource. In the pastthere has been debate about the level of efficiency of the cotton
industry with regards to its water use practices. Most arguments have traditionally been based
on perception rather than fact. Hence, there is a need for a system of benchmarking on-farm
irrigation efficiencies in the Australian cotton industry, and to better evaluate jingation design,
management and practice options that assist in improving industry benchmarks.

On-fanti water is defined as the water that is pumped, captured, distributed and/or stored within
the farm gate. Utilisation of recycled and overland flow harvested water is a component of the
farm water volume. The following farm water management systems exist on most surface
irrigated cotton farms:

. pumping or harvesting of water from river and overland flows (typically low head high
volume pumps);

. storage(typically ringtanks);
on-farm distribution (typically trapezoidal earthen channels which include culverts and gated
pipes);
application systems (which includes gated supply pipes to head ditches and/or siphons or
pipe through the bank application system); and
tailwater recycling (typically tail drains and tail water recycling channels and utilising supply
harvesting pumps.

Within each of these water management systems there are inputs and outputs, which are either
used (and therefore available to the crop) or lost. These water inputs at the various scales within
the farm system include:

. allocation water pumped through the farm gate;

. off-allocation water pumped through the farm gate;

. groundwater pumped through the farm gate or used by crops directly from shallow
groundwatertables;

. on-farm and overland flowwater harvesting;

. tailwaterthatis re-lifted back into the system;
water delivered to the storage (which may include all of the above inputs);

. water delivered to the distribution system (which is typically from the storage but may be
directly from the above inputs);
water delivered to head ditches;
water delivered to the furrow;

. irrigation water delivered to the plantrootzone; and

. rainfall.

In order to analyse a water use system and gain a measure of losses and whole farm
ethciencies, a whole farm water balance approach is needed. The only water input in the whole
farm water balance that is of direct economic benefit to the trigator is the flow associated with
crop evapotranspiration (ET). Hence, design and management of the storage, distribution and
application systems should be directed at minimising transfer losses and maximising the volume
available fortenspiration.

This project was initiated by the cotton industry to put real numbers on the whole farm water
balance of surface jingated cotton systems such that irrigation efficiencies could be confidently
stated. The project was also required to develop a process of whole fann irrigation efficiency
benchmarking to enable the identification of opportunities for water use efficiency improvement.

BMPsjbrm"rimisi"g WUEi", flee@"@"industry - 2 -
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. ProjectObjectivesand chieve en

Phase , - Measurement Techniques and the Identification of OPPo unifies
in Irrigation ariagement

Collation of past and present water use efficiency and irrigation management
research findings
Identify issues and opportunities to improve the current technologies, agronomic and
management practices, decision support systems and extension materials at the farm
level

Development of farmer friendly irrigation monitoring tools appropriate for whole farm
assessments

2.

An extensive review of whole fann water use efficiency research findings (Section 3) was
undertaken. Components of this review have been incorporated into several subsequent
documents (see Section 11: Publications arising from the project) as wellincorporated into the
training program conducted for the industry development officers appointed under the Rural
Water Use Efficiency Initiative. Discussions with cotton jingators throughout QLD and NSW
identified a number of issues which had not been adequately addressed in the earlier research
including: (a) concerns over the unquantified but potentially significant volumes of water being
lost through either evaporation or deep drainage in the various components of the on-farm
irrigation system, (b) uncertainty regarding the potential to reduce system inefficiencies through
either design or management options, (c) lack of appropriate monitoring tools and techniques to
enable routine assessment of irrigation performance, and (d) lack of publicly available
information and decision support resources in relation to jingation management at the farm and
in-field scales.

A range of tools for monitoring water management and infield irrigation performance were
developed to address the industry concerns raised. The monitoring systems included:

ater storage monitoring stations - including water level sensor, weather station,
evaporation monitoring and inflow and outflow meters

. Distribution channel monitoring systems - including channellevel sensors and inflow
and outflow sensors

Infield application monitoring system for furrow irrigations - including siphon flow
meters, tailwater flow meters and soil moisture monitoring sensors. Further to this the
jinmate" system of infield jingation efficiency evaluation and simulation was developed for
a quick and accurate assessment of in-field irrigation application efficiency. The himate"
and SIRMOD system of surface irrigation efficiency evaluation were also developed and
seen as a flagship of this project.

The tools and techniques developed were presented to growers and industry during the series
of "Measure it to manage if workshops held in several cotton growing valleys (see Table I). In-
field evaluation methods included the measurement of field volume balances and efficiencies

using both the bucket and stopwatch and the head/discharge methods of siphon flow
estimation. The use of local evaporation data and darn water level monitoring was used to
simplify the estimation of water storage efficiency. The use of whole farm water use data
including soil moisture probe data was also used to assess whole farm water use efficiency.
These tools were also effective in achieving the other project objectives discussed further
below.

- 3 - BMPsform@rimisi"g WUEi" the cot, @" find"s, ,y



^Inn
Phase - Benchmarking the Engineering spects of Irrigation Performance

o Development of a uniform approach to measurement and calculation of water use
efficiency
Quantification of the various components of the whole farm water balance
Benchmark irrigation performance of the various engineering components of fa

atermanagementsystems

This project collaborated closely with the NPIRD (LWRRDC) project to identify consistent and
uniform definitions for water use efficiency and to promote those approaches within the industry.
The uniform approach to defining and report the water use efficiency and water use efficiency
indices at each scale within the farm water balance parameters has been reported in various
publications (see Section 11: Publications arising from the project) and promoted within the
industry through training and field day activities (see table I).

The whole farm irrigation efficiency of seven cotton farms in the MCIntyre Valley were monitored
over the three years of the project. Whole farm jingation efficiency was quantified on a
volumetric (or "engineering") basis which included both the use and loss water balance

2.2

components of water storages, distribution channels and in-field furrow application systems (i. e.
flows, soil moisture, drainage, seepage, evaporation tailwater and crop water use). Data is
presented from four water storages, six farm water distrlbution channels and eleven fields in this
report.

3 Phase 3- BestManagement Practices to Improve On-Farm ater Use
Efficiency

Identification of alternative management practices to improve water use efficiency
Field validation of benefits associated ith identified management practices
Development of guidelines for Best Management Practice

The review of current and alternative irrigation management practices highlighted where
irrigation efficiency could be improved in water storage, distribution channel, in-field application
and therefore, whole farm systems. The largest opportunities were identified in evaporation and
seepage mitigation measures in storages, in-field jingation efficiency (including deep drainage
and tailwater reduction) and yield optimisation measures.

A range of alternative management practices were validated in the field during the project. At
the storage level, investigations focused on reducing evaporation losses by reducing the surface
area to volume ratio (ie deepening) of the storages. A further project to investigate the use of
surface covers to mitigate evaporation from storages was initiated out of this project and is
currently utilising the storage monitoring stations and evaluation procedures developed in this
project. Validations of the alternative infield surface jingation practices focused on
modifications to the inflow rate (ie siphon size & head) and the siphon pulltime. Opportunities
to improve performance through alternative field design and layout were also investigated using
SIRMOD modeling.

This project has played (and continues to play) an integral role in the development of the
Irrigation Best Management Practice guidelines being formulated by Cotton Australia as part of
the Rural Water Use Efficiency Initiative program. The best management practices identified in
this project (either through the review or field validation) form a significant part of the current
draft "Land and Water Management" module for the Cotton BMP Manual. In particular the
"Objective 4 - Good Water Management" has been firmly underpinned by the outcomes of this
project.

CanC Pro ectNo: NEC2C
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.4 Phase4-Extension

. Increase the awareness offactors influencing irrigation pertonnance within the cotton
industry
Encourage adoption of whole farm irrigation monitoring by irrigators
Encourage the adoption of identified Best Management Practices by cotton irrigators

This project has played a major role in raising the industry awareness of the factors influencing
irrigation performance. Information, data and outcomes of the project have been presented to
over 1000 industry stakeholders (Tables I & 2) including trigators, researchers, government
officers, industry development officers and consultants. Of these, approximately 150 growers
and cotton consultants in eight cotton growing valleys in Queensland and New South Wales
have attended a detailed training workshop program on methods to evaluate jingation
performance. Grower awareness of the opportunities to improve water security through water
use efficiency improvements has also been raised

The staff and resources associated with this project have been heavily involved in the initiation
of the cotton component of the Rural Water Use Efficiency Initiative (operated by Cotton
Australia and CRC/QDPl) as well as in the training of staff and the acquisition of appropriate
monitoring equipment and resources. This support continued through assistance with the
establishment of trial sites and the dissemination of information via field days and grower
workshops. A similarfunction has been undertaken in supporting the New South Wales water
use efficiency program (operated by NSWAg).

This project has played a significant role in the development and promotion of best
management practices for water management in the cotton industry. The project has provided
expertise and data for the development of the draft irrigation BMP and played a leadership role
in developing a coordinated approach to the water use efficiency extension and adoption
programs in both Queensland and New South Wales. Tables I & 2 provide an overview of the
major extension activities undertaken by the project to raise awareness of water use efficiency
issues and encourage adoption of appropriate practices.

- 5 - BMPsfor","XI'misi"g WUEi" ,free@,,@" industry



Date

March 1999

Table I: Grower based presentations undertaken by projectstaff

Dec 1999

Location

Goondiwindi-

CrambanuUy-Peter
Cross/Peter Cornsli,
Korolea-Rob

Newem

Goondiwindi(Town)

April2000

Event Attendees

Waterworks CGA 250

field day

Goondiwindi

Chitstie)

May 2000

(Ray Irrigation
Efi5ciency focus
group meeting

Pampas
(Nat Pfbffer)

August200o

5 owners,
managers and
mugators

Aim

General awareness of

project, equipment being
used on fom to measure

irrigation efficiency and
initial results

Purposely rim as a small
meeting of keygiowers to
do a "reality check' on
results of storage,
distribution, application and
whole form efficienc

Invited to speak at an area
wide mallngemeDt meeting
andprovide a focus on
unlE for thenew WUE
IDO in Goondiwindi

employed under the Cotton
AUStlQDPIRWUE
linttiative

Invited to speak at grower
group meeting and provide
afocus onWUE forthe

new WUE Do in Daiby
employed under the Cotton
A1rst/CRC/DPIRWUE
roect

First measure it to matinge
it workshop assisting 101m
Okello with extension work
in Emerald.

CanC Pro ectNo: NEC2C

MCKenzie River

August200o

10 growers, 5
WUEroO's

Introduction to

WUE

August 2000

August2000

Emerald

(NoelBrosnan)

Measuse it to

manage It
workshop

Comments

10 gowers

Sept2000

Emerald

trigators not
surprised at the range
of litgli to low
eff'ICiencies

Theadore

Sept 2000

20groweis

Measure it to

mange it
worksho
Measure it to

manage it
worksho
Measure it to

manage it
worksho

Irrigation
scheduimig and
momtoring field
to

Measure it to

manage it
worksho
Measure it to

Inaringe it
worksho

Surface Irrigation
Evaluation Field

Day

St George

Sept 2000

Outcome of the

meeting was that the
area wide goup
would also focus on
WUE issues and

information shamg

November 2000

Pampas

MCAlister

November 2000

15 gowers &
cotton

coneultants

15 gowers and
cotton

coneultants

10 growers

Tnngie

Februnry2001

Moree

70 growers and
industry reps

Gunnedan

Measure tomanage
was jintiated to help
understandhow much

water is being applied
to a field compared
with the requirement
(deficit) and therefore
assess efficienc
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15 growers and
cotton

consultants

15 gowers and
cotton

coneultants

120growersand ConchoratewithNSWAg
on the need for inigationindustry reps
efficiency evaluadoirs to
rove efficienc

Measure it to

maniage It
worksho
Measure it to

manage it
worksho

Tie in the need for inigation
application moultoting with
irrigation scheduling

20 goweis and
cotton

consultants

30 gowers and
cotton

ConeUlto, Its
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Date

April1998

able 2: Broader industry presentations made by projectstaff

Dec 1998

Location

Narrabri

Oct 1999

March 2000

to Aprm 2001

Jan200o

Narrabri

Event

Industry
extension

officers

workshop

Farming
systems and
soils formn
Water Balance

worksh
Core Skitls

hamirig coorse

industry Do
introduction

Toowoomba

Toowoomba

Feb 2000

Attendees

50

Goondiwindi

Feb 2000

Goondiwindi

50

Aim

General awareness of

project- 16nn a
pyrinershjj> with extolrsion
team tomise awareness
and TomeofWUE
Disseminate results within

toclinical profession and
owers

Workshop water balance
research needs incRDC

Training in core skins
needed for water use
efficienc staff

introduce CanC WOE

project and outcomes to
newly appointed moo's in
QLDRWUEprQject

introduce CanCWLJE

project and outcomes to
newly appointed moo's in
QLD RWUEprcject-
extension shate

ConducthaiimgofNSW
AGWUEIDO's
Coordinate Cotton WUE

DOS and forma strategy
towards irrigation
extension

Tram WUE DOS in whole

bun irrigation efficiency
assessment including the
useof ui merit

PresentpaperonWhole
Farm Water Use Efficiency

Presentation on trigation
s ternsand methods

Presentpaper on in-field
irrigation e^ciency

funisation

June 2000

30

June2000

Dubbo

sowuEroO's

Cottonlndustry 20CRDCreps,
water meeting Do's, NSW

Agarid QDPl

Yamba

10

August2000

Daiby

May 2001

July 2001

industry IDO

Industry
extension

officers
worksh

QDPiiDO
tmining

Comments

Brishaiie

Dalby

Toowoomba

20

50

Strategies towards
research needs

Australian
Cotton
Conference

Cotton week
fieldda toor

IAA Irrigation
Conference

Strategic move in
comaborative
extortsion of this

project results and
findin s

Strategic move in
comaborative

extortsion of project
results and findings

250

300

250

Strategic move
towards runntng
workshops in regioirs
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The literature of past work conducted in the area of jingation and water use efficiency (and not
just specifically to cotton) was reviewed with the aim of understanding any previous
experimental approach that could be used in this project, summarising any irrigation efficiency
data that already exists for the cotton industry, and scoping any potential best management
practices that might exist to improve efficiency (including whole farm water loss mechanisms
and their mitigation). The review is written under the headings of the three main water
management areas of the whole farm cotton system, which include water storages, distrlbution
systems and in-field application systems. A review of anywhole farm data was also included.

a

.

3. holeFarmlrrigationEfficie cy
Perhaps the most comprehensive and only significant study on broader industry and whole farm
irrigation performance was that undertaken by Cameron Agriculture (& A B Heam) (1997). They
quantified industry irrigation performance through a process of valley and individual farm data
review (including crop yield, water meter, water provider and soil moisture data). Efficiency of
irrigation was defined in two components: the engineering (or volumetric) efficiency (or irrigation
efficiency IE) and the agronomic efficiency (or crop water use efficiency (CWUE).

On the three individual farms that were reviewed IE averaged 75%. However the overall mean
for regional data was 58% IE with individual regions in the range of 41% forthe MCIntyre valley
and Emerald to 94% in the Gwydir valley. The mean for individual farms in these regions was
63% ranging from 49 to 78% IE.

3.2 On-farm aterStora eandDistributio S sterns

The major system losses in open farm water storage and distribution systems, which occur on a
continuous basis, are evaporation and seepage. The major factors affecting the performance of
storage and distribution systems include the local evaporation potential, soil percolation rates
and the darn or channel design parameters. The other notable storage and distrlbution
inefficiencies include inaccessible storage volumes (due to poor design) and storage failures.
Inaccessible storage and distribution volumes typically occur when the outlet point is not at the
lowest point of darn or channel.

The storage and distrlbution of on-farm water may represent a considerable component within
the whole farm water management system. For example, the cotton industry relies heavily on
off-allocation and overland flow harvested water and hence, requires a substantial capacity to
store and distribute water around the fann. Hence, a typically irrigated cotton farm requires a
large ring tank reservoir (2-7 in high and many hectares in area)to ensure a reasonable security
of water supply for irrigated production with distribution via large earthen channels. However, in
other regions or industries with more secure water supplies, storage structures are less
common and if present typically much smaller in size. On-farm distribution in these cases is
also more likely to be via pressurised pipe systems.

Storage failures are commonly attributed to inadequate site investigation, lack of construction
material soiltesting and poor construction quality control. Storages can fail without warning and
the reasons are commonly only apparent to trigators after the failure. There is currently very
little regulation of how farm storages are built in Queensland. Darns with embankments greater
than 5m have been classified as referable and therefore require some degree of review and
approval by the Department of Natural Resources. Recent Queensland Rural Adjustment
Authority Development Incentive Schemes (QRAA-DIS) for water storages have also attempted
to ensure that water storages and farm irrigation schemes are developed according to current
best practice. Many darns have historically been constructed with very little regulation of
hydrologic design, geotechnicalinvestigation or construction supervision/quality control.

CanCPro^CtNo:NEC2C
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Pump and pipe inefficiencies are typically design-related problems in which the equipment is not
sized properly to meet the demands of the jingated production enterprise. Other inefficiencies
in this area can also be attributed to poor maintenance of pump and pipe condition.

3.2. , Performanceevaluation

The major system losses in open farm water storage and distribution systems are evaporation
and seepage. These losses occur on a continual basis and depending on the local evaporation
potential, soil types and design parameters these losses may be as high as 50% of total water
available. Both seepage and evaporation are flux loss mechanisms. Hence, the total volume
lost is a function of both the loss rate (typically mm/area/day) and the total area subjected to this
loss. For example, farm seepage and evaporation losses are typically estimated from a
knowledge of the evaporation and seepage flux rates, a knowledge of the storage and channel
areas, and the opportunity time for seepage and evaporation (i. e. period of storage or
distribution).

Evaooration Monitorino

The traditional approach for monitoring the evaporation losses from a free water surface such
as a water storage or distribution channelis to use a standard evaporation monitoring pan (or
evaporimeter) and relate evaporation from the pan to free water surface evaporation via a
coefficient. The commonly used standard evaporimeter is the U. S. Class A evaporation pan
Another common evaporimeter is the Australian sunken tank which is similar but it sunken into
the ground so that the water surface is at the same level as the ground. Another common
method of estimating evaporation from a free water surface is to use Horton and Jobling's
(1984) relationship which indicates that evaporation from a free water surface (i. e. Penmans
"Open Water Evaporation") is approximately equal to 0.8 times the evaporation from a U. S.
Class A evaporation pan. However, Watts and Hancock (1985) suggest that another practical
approach to estimating evaporation could be to use an energy balance approach and one of the
physically based "combination" formula involving a combination of the radiation and
aerodynamic tenns. This method has been used to calculate evaporation using global and nett
radiation sensing and typical weather station data.

SeeDaoe Monitorino

BOSman (1993) developed a method to discriminate between evaporation and seepage losses
from open water canals was developed under controlled conditions and applied to standing
water in two blocked-off concrete-lined canal compartments having sealed and unsealed joint
treatments respectively. Evaporation loss from both compartments averaged 11% monthly.
Seepage loss ranged from I% to 30%, on average, for sealed and unsealed compartments
respectively.

Taniguchi at a1. (1993) developed an automatic seepage meter using a heat pulse method was
developed to obtain continuous measurement of ground-water seepage rates. According to
calibrations of the automatic seepage meter fitted with a 50 cm diameter collection funnel,
seepage rates from 2xt05 to 5x, 04 cm/s can be obtained by measuring the time when the
temperatures as measured by thermistor peaks after applying a heat pulse. The automatic
seepage meter was used to measure continuous seepage rates into Lake Biwa, Japan. The
ground-water seepage rate measured by the automatic seepage meter in Lake Biwa changed
by six times within 12 hours' The automatic seepage meter is useful for surface-ground-water
studies, because a continuous seepage rate can be obtained without errors caused by the
resistance of a collection bag to water flow.

3.2.2 Strateqiesto improve nerformance

3.2.2.1 Evaporation losses and mitigation

Evaporation losses have been estimated (Sainty, 1996) to be as high as 50% of the stored
water for typical ring tank storages in the cotton industry. The cost of evaporation losses alone
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under these conditions has been estimated to be worth ~$200,000 for a typical cotton farm
(Sainty, 1996) and in excess of $50M per annum for the Gaydir Valley alone (Condie and
Webster, 1995). Hence, evaporation losses from on-farm storages are likely to represent a
significant source of volumetric inefficiency and economic loss in those industries (e. g. cotton,
sugar) where storages are prevalent.

The evaporation potential of the earth's atmosphere is a physical phenomenon, which cannot be
modified at the gross level. However, evaporation shielding or mitigating the evaporation
potential at the water's surface does present some options for evaporation control. Evaporation
is most significantly affected by wind speed and surface area suggesting that the modification of
these variables would provide the greatest opportunities for evaporation control.

WindBreaks

Crow and Manges (1967) found that evaporation from a water surface decreased as the ratio of
baffle separation to baffle height decreased. When this ratio was greater than 50 no effect was
noticed. At a ratio of 16 a 9% reduction in evaporation was noticed. Linacre at a1. (1970)
showed that vegetation density of windbreaks and surface water plants (e. g. swamp reeds) had
a significant on modifying the water surface microclimate and thus reducing evaporation.

Condie and Webster (1995) undertook computer modelling of evaporation and reduction
techniques and showed:
. Evaporation increases substantially with wind speed. An example of increasing windspeed

from 4km/hrt0 18 kin/hr produced double the evaporation.
. The depth of the water storage had almost no effect on the evaporation per unit area. An

example of increasing depth from 1.0m to 6.0m reduced evaporation by less than I% per
unit area.

Turbidity and sediment load had no effect on evaporation.

Consequently they modelled the effects of windbreaks and showed that windbreak baffles
(including trees) can reduce evaporation by up to 20%. They found that it was generally agreed
among farmers that trees planted as wind breaks along existing storage embankments would
increase the risk of embankment failure. Hence a system of purpose built internal embankments
with tree shelters was modelled with daily cycles of air movement typical to that of Nariabriin
northern NSW. At moderate wind speeds of 11 km/hr evaporation was reduced by 20% from
7.5 min/day to 5.9 mm/day. The suggestion for windbreak design was that rows should be
placed at right angles to the predominant prevailing winds and at a spacing of approximately ten
tree heights.

Storage Design

The effect of increasing the volume to surface area ratio by deepening storages has some
potential to reduce evaporation losses by reducing surface area and the temperature of water
(Condie and Webster, 1995). Storages in the sugar, dairy, horticulture and cotton industries
are typically 2 to 7 metres in depth and present considerable scope for deeper storages.
However, Condie and Webster (1995) identified that the main barriers to adopting increased
storage depth were the perceived increased risk of storage failure and the increased costs of
earthworks. However, an example was presented that suggested that the additional costfor a
500ML ring tank at 6m deep rather than 3m deep would be recovered through reduced
evaporation in a period of 3-4 years. Such a measure would effectiveIy reduce surface area by
50% and therefore reduce total evaporation by a similar amount. This recovery period would be
dependant on the value of water (due to lost production) and not the cost of the water. Where
areas are land limited the cost recovery equation might also include land area and potential
increased production area savings.

Multi^e Cells

Condie and Webster (1995) also found that the eXchange of water between a number of
storages or cells within a storage would minimise the surface area of water exposed to

CanC Pro^CtNo: NEC2C
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evaporative losses and therefore a simple method for reducing evaporation. As in the case of
deepening storages the cost recovery period of incorporating multiple cells was calculated at 3-
4 years.

Floating Materials

Condie and Webster (1995) of the CSIRO Centre for Environmental Mechanics (CEM)
undertook a review of methods for reducing evaporation for large storages. Suspended floating
materials have the dual effect of reflecting the incident solar radiation and reducing the water
surface area and exposure to wind. The materials need to be durable and resistant to the
elements encountered in the storages. Jones (, 992 cited in Condie and Webster, 1995) found
that monomolecularfilms on the surface of water reduced evaporation by 20-60% in laboratory
scale inals. However in large scale darns practical limitations due to wind and waves were
recognised. Condie and Webster (1995) subsequently identified a range of materials which had
been used for evaporation control with variable effect (Table 3). Their suggestion is that a
suitably cost effective material would both reduce evaporation by a significant percentage and
have a long enough life to enable full cost recovery due to reduced evaporation. Polystyrene
would not be expected to last more than 10 years, Floating lightweight concrete was presented
as a long life low cost option that may need to be explored further.

Burston and Akbarzadeh (1995) studied the effect of floating plastic rings on the surface of
pools of water in reducing evaporation. Treatments included open plastic rings, plastic rings
with aquatic plants in the middle, and plastic rings covered with white painted bubble plastic.
Only laboratory scale work was undertaken however this type of evaporation mitigation method
showed some promise. Results of the differenttreatments were:

. Open rings-0.4% evaporation reduction
Floating aquatic plants in the middle of the rings - 5.5% evaporation reduction
Rings covered with white painted bubble plastic - 65% evaporation reduction

At a field scale the cost of such a method would be prohibitive unless the material could be
produced at a low enough cost and high enough life span to make cost recovery achievable
within a short time period. Adcock (1995) also undertook experiments to determine the
evaporation reduction effect of floating plants with 25%, 50%, 75% and too% water surface
cover. However, over a three-month period none of the treatments showed any evaporation
reduction potential.

Inn

Table 3: Sus ended materials for eva oration control after Condie and Webster, 7995
Material Evaporation Reference

Reduction (%)
16

39

64

77

78

87

90

90

95

Lil Pads

Pol s reneBeads

WaxBlocks

White BU IRUbber
White Plastic S heres
ContinuousWax
Sus ended Plastic Sheetin

Foamed Rubber

Pol s eneRafts

Farmer awareness of evaporation losses is typically high in the cotton industry (Sainty, 1996)
but unknown in other industry sectors. The adoption of smaller storage cells and deeper
storages to minimise evaporation in the cotton sector has also occurred to a limited extent
suggesting that these options are more attractive to jingators. However, adoption of other
strategies to reduce evaporation is typically low in all sectors.

Coole and Ids0 1980
M ers and Frosier 1970

Coole and M ers 1973
Coole 1970
Crowand Man es 1967
Coole and M ers 1973

Drew 1972

Dedrick at a/., 1973
Cluff 1972
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The cost effectiveness and appropriateness of the alternative strategies has generally not been
investigated. To estimate the cost effectiveness of a method, the rate or percentage of water
saving and the dollar value of the water need to be known. Note that the cost of the water is not
necessarily (and rarely) the same as the value of the water. For example, the value of the water
may be significantly greater than its cost due to the value of the crop, which could be potentially,
be produced with the water.

3.2.2.2 Minimisin store efailures

Storage failures typically occur due to either hydrologic failure and/or physical embankment
failure. Anecdotal evidence suggests that an estimated 20-30% of darn embankments fail
(Barrett, Pureell and Associates, 1998) due to either poor design, site investigation,
construction, construction supervision and/or maintenance. Recommendations of best practice
design, site investigation, construction and maintenance are given in this document.

3.2.2.3 See a e losses and initi ation

Seepage is simply defined as the loss of water due to infiltration through the bed or banks of an
irrigation channel or darn. Seepage losses have presented considerable problems in many farm
storages and distribution channel networks. It has been suggested that conveyance and
application losses should not be higher than 15% in properly designed irrigation schemes (Ait
Kadi, 1993 in Kirda and Kanber, 1999).

Seepage Rates
Burt (1995) presented seepages rates (Table 4) depending on soil type for unlined channels
taken from Withers and Vipond, 1980) for relative comparison purposes only. Canal seepage
rates for a range of soiltex!ures were also reported by Worste11(, 976). Average seepage rates
ranged from 0.06 to 0.6 in'/in'/day depending on soil type with the majority of rates less than
0.3 in31m2/day-

CanC Pro^CtNog NEC2C

Table4: A roximate channelseepa e losses from Buff, 7995
Type of soil Seepage Loss

(in31,21da
0.07 - 0.10

0.15 - 0.23

0.23 - 0.30

0.30 - 0.45

0.45 - 0.55

0.55 - 0.75

Im erviouscla loam
Cla loam, sil loam
Cla loamwith ravel, sand cla loam
Sand loam

Sand soil

Sand soilwith level

MCLeod at a1. (, 994a) conducted seepage measurements at two channel sites in Sheparton
Region of the Goulbum-Murray Irrigation District in northern Victoria. They measured seepage
rates between 14 and 34 mm/day in the Tatura East channel and 5 and 9 mm/day at the
Dhurringile channel operating under normal operating conditions. Analysis of the influence of
sub-surface hydrological conditions on the seepage loss rate of the channelindicated that the
net available head (defined as the difference between the channel water level and the
groundwater elevation in the bores close to the channel) to drive seepage flow from the channel
was the most significantfactorin determining the seepage loss rate from a channel.

Further the related problem of leakage from irrigation channels was highlighted in this study in
the Dhurringile channel. Differentiation between seepage and leakage was implied as being
between 5 and 19 min/day. The primary cause of the leakage process was attributed to the
presence of the yabbie (Cherax destructor).
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Mit^7ation of Seepage
According to the report Water and the Australian Economy a joint study of the ATSE and IEAust
(1999), massive improvements in rural water use efficiency are needed to supply economic
uses and the environment in the areas of on farm water use and improved distribution systems
efficiency, including the hydraulic upgrade of existing channels and through improved river
management. More research on increasing the efficiency of water distribution including more
efficient techniques of application, irrigation benchmarking, distribution system design and
quality control. They also recognise a great need for much improved research effort on
stormwater systems.

Smith (1973) conducted seepage analysis of jingation distribution channels. He found that de-
silting of an irrigation channel had no effect on the seepage rate. As an additional componentto
the work of MCLeod at a/. (, 994a), MCLeod at a/. (, 994b) calibreted and validated a channel
seepage model. Using this modelthey investigated the effects of desilting the channel and the
influence of water quality and temperature changes of the water. They also found that de-silting
had no effect on seepage rate. This was also true in the case of water quality. In the case of
water temperature Dillon (1984) and Duke (1992) has found that increases in water temperature
have significant effects of increasing the conductivity and therefore the seepage rates in
channels. MCLeod at a1. (, 994b) however found no significant effect of water temperature on
seepage rate in the modelling exercise. Some model parameter co-dependence was seen as
the reason forthis unusual result.

Burt (1995) highlights the importance of proper soil compaction at the optimum moisture content
as a construction parameter that will almost eliminate seepage. He emphasises the factthat
adequate storage design typically includes a well-controlled compaction process however that
this does not always occur during channel construction. Given the volumes and opportunity
time of water losses from channels over an irrigation season it is recommended that the costs of
compaction of distribution channels would be quickly offsetthrough watersavings.

Ragusa and De Zoysa (1991) investigated the effect of bethnic algae in reducing the seepage
from unlined channels. They found that the introduction of the polysaccharide producing algae
was correlated to the reduction of the hydraulic conductivity of the channel. Hydraulic
conductivity also decreased with increasing algal and bacteria numbers.

I

3.3 I-FieldApplicatio Systems
The ability of the irrigation system to apply water uniformly and efficiently to the irrigated area is
a major factor influencing the agronomic and economic viability of the production system. The
performance evaluation of in-field application systems can be divided into the two major
components of water losses and uniformity of application. Although both components are
influenced by system design and management practices, the losses are predominantly a
function of management while the uniformity is predominantly a function of the system design
characteristics (Solomon, 1993). However, the irrigation system is not usually expected to
supply all of the moisture required for crop production as some of the crop's water requirements
may be met by pre-season moisture stored in the soil profile, rainfall during the growing season,
or from shallow groundwatertables. Hence, optimal irrigation management requires not only a
knowledge of the characteristics of the application system but an understanding of the
environment in which it operates.

The major sources of water loss by in-field application systems are due to evaporation (from
either the atmosphere, free water surface or soil surface), deep drainage or by surface run-off.
The dominant loss mechanism is closely related to the method of application but in all cases
may be substantially reduced by the adoption of appropriate management practices. Typical
application efficiencies (Table 5) for the most common irrigation systems indicate that higher
efficiencies can normally be expected through the use of micro-jingation or low pressure
overhead spray systems.
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However, substantial water losses are often found where these systems are being used with
inappropriate management practices (e. g. excessive watering periods, irrigating in high wind).
In most cases, the potential distribution unifonnity in a well-designed and maintained application
system is greater than 85% (Table 6).

Table 5: Typical efficiencies for irrigation application systems
(after Solomon, 7993

A PIication efficiencies (%)T eofs stern

Surface lingation
Basin
Border
Furrow

Sprinkler Irrigation
Hand move or portable
Travelling gun
Centre pivot & Linear move
Solid set or Permanent

Micro-ifr^yation
With point source emitters
With line source emitters

CanC ProeCtNo: NEC2C

Table 6: Irrigation systems and potential whole field distribution
uniformities from Burt, 7995

Irrigation System Potential Field DU

(%
94

92

90
89

87
85
90
85

75

80-90
70-85
60-75

Permanent under tree sprinkler
Linear move

Orchard drip
Sloping furrows
Levelfurrows

Border strip
Row crop drip
Hand move sprinkler(w alt. sets)
Hand move s rinkler w/o alt. sets

65-75
60-70
75-90
70-80

Surface irrigation (predominantly border and furrow in Australia) is the dominant method of
applying water to pastures and to a wide range of field and row crops. It accounts for in excess
of 70% of the irrigation water in Australian and generates more than $4.5Billion in Australian
gross products annually. The efficiency of surface jingation is a function of the field design,
infiltration characteristics of the soil, and jingation management practices (Hanson at a1. , 1993;
Raine at a1. , 1998). While it is often claimed that the application efficiency of well designed and
managed surface jingated cotton is over 80% (Arithony 1995), there is little published evidence
to confirm the widespread existence of these efficiency levels on commercial farms. Relatively
high efficiencies (>80%) are possible for surface irrigation under experimental conditions where
the levels of management and control are high. However, efficiencies achieved on-farm under
commercial conditions are sometimes low and certainly highly variable. For example, Elliott and
Walker (1982) reported efficiencies in the order of 50-70% for surface irrigation in Colorado
while Smith (1988) observed efficiencies of 30-50% on one cotton farm and 40-80% for several
vineyards on relatively light soils in the Riverland of southern Australia. Raine and Bakker
(, 996a&b) also found that seasonal application e^ciencies of surface irrigated sugarcane in the
Burdekin region typically ranged between 30 and 60% with the efficiency of individual jingations
ranging between 10% and 90%.

75-90
70-85
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Yule (1984) conducted water balance measurements at Emerald in 1982/83 and 1983/84 and
found that irrigation application was generally 70 to 90% efficient. They maled different
irrigation frequencies based on predicted deficits. Water balance data for this work is shown in
Table 7. In general the amount of total runoff was determined by the period of runoff. Deep
drainage was assumed to be non-existent due to the fact that the applied irrigation minus the
runoff (i. e. total infiltration) was less than then predicted deficit.

The soils in these trials had a clay content of 70% which Hearn (1998) states are self-regulating
for furrow irrigation. Final infiltration rates of the order of 2mm/hr were measured in these trials
indicating a potential for deep drainage if irrigations were riot managed well. It should be noted
that the deficit was predicted in this data and not physically measured and that the experimental
plots did notrepresentthe dimensions of a typical commercial cotton production system.

Table 7: Water balance data from Yule and Keefer(, 984)
Predicted Deficit Irrigation Applied Total Runoff Application Efficiency

(min (min) (min)
51 av. 49

75 av. 70
107 av. 92

140 av. 126

44 indiv. 54

73 indiv. 76

146 indiv. 162

Table a Components of the soilwater balance measured by Douglas at a1. (, 996)
dunn the 1995-96 season at ACRl.

Irrigation Runoff Et Deep
(mm) (min) (min) Drainage

min

Irrigation ,

Irrigation 2

Irrigation 3

Douglas at a1. (1996) measured the water balance of an irrigated cotton system at the Australian
Cotton Research Institute near Narrabriin NSW on a grey cracking clay soil(60% clay) with
200m furrows and 1:1176 slope. The results of three irrigations are presented in Table 8. This
data shows high efficiency of irrigation application. However it should be noted that these
measurements were under controlled conditions on relatively smallfield lengths.

95

94

82

13

9

22

3.3. , Pertormanceevaluation

The performance evaluation of surface irrigation involves an assessment of both the volume
and uniformity of the water stored within the root zone. Factors affecting surface jingation
performance include furrow inflow rate, the soilinfiltration characteristic, field slope and length,
sun^ce roughness and furrow geometry. Some of these parameters are partially dependent on
other factors (e. g. infiltration rate varies with inflow and furrow geometry) while the
measurement of most of these parameters (particularly infiltration, roughness and geometry)
involves a high degree of uncertainty due to spatial variation. A comprehensive coverage of
equipment and techniques involved in the evaluation of surface jingation is given in Walker and
Skogerboe (1987).

The soilinfiltration characteristic is one of the dominant factors affecting surface jingation
performance and exerts its influence by controlling the rate of advance of irrigation water down
the furrow or bay. A knowledge of the spatial average value of this characteristic is required for

2.4

6.4

74%

88%

87%

89%

76%

88%

86%

22.9

10

2.04

Soil

Storage

1.02

mm

Efficiency
(%)

65.1

55.9

95%

90%
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the optimisation of surface jingation. However, real-time control and optimisation of individual
irrigations requires an ability to also measure the infiltration characteristic during the irrigation
event. Conventional methods of measuring infiltration rates include point techniques (i. e. disk
permeameters, ring inintrometers), area techniques (e. g. blocked furrow infiltrometers, inflow-
outflow measurements, flowing furrow inintrometers) and real-time techniques (e. g. using
irrigation advance data in volume balance equations).

Point measurements of infiltration rates are rarely satisfactory for the evaluation of infiltration
under surface irrigation and do riot normally produce a satisfactory simulation of actual furrow
advance nor an accurate prediction of tailwater volumes (Elliott and Walker, 1982). This may
due to differences in infiltration rates that have been found between water flowing in furrows
compared and stagnant (i. e. ponded ring, blocked furrow) tests (Bautista and Wallender, 1985).
A large number of point measurements are also required to adequately accurately identify the
average field infiltration and spatial vanability. They are also likely to be unreliable as predictive
measures due to temporal variation.

Inflow-outflow methods, in which infiltration rate is calculated as the difference between the
measured water inflow and outflow rate from a single furrow, have been found to yield the best
estimates offinalinfiltration rates (Elliott and Walker, 1982). While these techniques have been
widely used in research applications, they are time consuming and unlikely to be used by
commercial jingators or consultants. The usefulness of these techniques in predicting irrigation
performance is also low due to spatial and temporal variation.

The most effective method of determining infiltration under surface irrigation is to calculate the
average infiltration characteristic based on volume balance calculations using the irrigation
advance rates, hydraulic cross sections and tail water volumes (Elliott and Walker, 1982). This
"real-time" assessment of the infiltration characteristic involves the use of a volume balance
equation relating measured irrigation advance data to infiltration. Assumptions inherent in these
methods include: uniform infiltration throughout the field, constant furrow inflow rate, slope,
roughness, and furrow geometry, and the form of the equations describing the advance distance
versus advance time and cumulative infiltration versus opportunity time (Hanson at a1. , 1993).
The most commonly used infiltration characteristic is the modified Kostiakov (also known as the
Kostiakov-Lewis) equation:

z=kt" +/:, I
Where z is the cumulative infiltration per unit length, t is the opportunity time of infiltration, 16 is
the final (or basic) infiltration rate per unit length, and k and a are empirlcally fitted parameters.
The calculation of the infiltration characteristic using field measured inflow rate, advance data,
hydraulic cross section data is given in Walker and Skogerboe (1987). Sinerdon at a1. (1988)
and Blair at a1. (1988) evaluated various equations for calculating infiltration using advance data
and found that the modified Kostiakov equation described the field observed infiltration best with
prediction of advance times and estimates of distribution uniformity within a:5%. However, the
modified Kostiakov equation was found to greatly underestimate cumulative infiltration where
the advance exponent approached unity.

The use of the modified Kostiakov equation involves either measuring or assuming the final
infiltration rate. Both Childs at a1. (1993) and Raine and Bakker (, 996b) used a flow-though
inintrometerto calculate the final infiltration rate and found that the results were compareble with
final infiltration rate measured using a neutron probe. More recently, MCClymont and Smith
(1996) proposed a numerical technique for calculating each parameter in the infiltration
characteristic from the advance data.

CanC Pro^CtNos NEC2C

In each of these techniques, relatively short irrigation times hamper the identification of the final
infiltration rate and the magnitude and nature of prediction errors due to spatial trends in
infiltration rates is dependent on the direction of the trend relative to the flow direction (Bautista
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and Wallender, 1993). Published values for final infiltration rates have also been used with only
"some loss of accuracy' in the prediction of the infiltration characteristic (Elliott and Walker
1982).

The largest uncertainty in well-calibreted, well-constructed, and properly used flow
measurement devices is the measurement of flow depth or head in flumes, weirs, and orifices,
or the time reading in volumetric measurements (Trout and Mackey, 1988a; BOS at a1, . 1984).
Inaccuracy inherent in the flow measurement will cause uncertainty in the measured infiltration
rates. Hence, inflow-outflow infiltration determination uncertainty increases rapidly as the
percent of inflow that is infiltrated decreases (Trout and Mackey, 1988b). Furrow flow
measurement uncertainty varies with the device and flow rate, but generally exceeds plus or
minus 5% and often exceeds plus or minus 10% (Trout and Mackey, 1988a). Therefore,
accurate infiltration measurement requires measuring long furrow sections in which much of the
flow is mintrated (Trout and Mackey, 1988b).

Similarly, due to high spatial vanability, measuring several furrows is critical to determining the
average infiltration rate with confidence (Trout and Mackey, 1988b). Autocorrelograms have
been used as a tool to detentiine the distance between samples required to avoid spatial
correlation and thus get the maximum new information regarding infiltration vanability from
sampling (Bautista and Wallender, 1985). Cross correlograms have also been used to estimate
blocked furrow intake from ring infiltration tests (Bautista and Wallender, 1985).

3.3.2 Stintsqiesto improve nertormance

The efficiency of surface irrigation is a function of the field design, infiltration characteristic of the
soil, and the irrigation management practice. Substantial improvements in application efficiency
are possible through the adoption of appropriate surface irrigation design and management
practices including the use of appropriate furrow lengths, irrigation cut-off times and water
application rates (Raine and Bakker, 1996a&b). However, jingators often find it difficult to
identify best management practices due to the complexity of the management parameter
interactions and the vanability in irrigation performance across soil types and throughout the
irrigation season. It has also traditionally been difficult to develop site specific guidelines for
field design and management without extensive field experimentation. While the value of field
research should not be underestimated, it is expensive and time consuming with results limited
to the range of conditions investigated.

Both spatial and temporal variations in the infiltration characteristic are a major physical
constraint to achieving higher irrigation application efficiencies (Shafique and Skogerboe, 1983).
Seasonal vanability in infiltration has been found to vary by a factor of up to four, with
particularly dramatic differences in infiltration found between the first and second jingation
events (Elliott at a/. 1983). Differences in infiltration throughoutthe season have been attributed
to surface sealing, soil moisture content prior to irrigation, and the effect of mulch on flow
retardation (Raine at a1. , 4998). Infiltration has also been found (Raine at a1. , 1998) to vary by
up to 30% between furrows in the same field during an irrigation event.

The variation in infiltration characteristics raises concerns over the adequacy of generalised
irrigation design and management practices (Raine at a1. , 1998). The large spatial and temporal
variation in infiltration characteristic suggests that substantial improvements in seasonal
efficiency and uniformity could be achieved. For example, Raine at a1. (1998) found that the use
of seasonal average infiltration characteristics to optimise jingation management practices
would increase application efficiencies by 25-30%. However, the application of event specific
management practices based on real-time measurement of the infiltration characteristic would
have increased application efficiency by a further 22-39% (Raine at a1. , 1998). In both cases,
the effect of the changed management practices on distrlbution uniformity and root zone storage
efficiency would need to be considered before implementation.

Another major obstacle to the adoption of improved management practices at the farm levelis
the recognition by the jingator of the benefits associated with implementation. Simulation
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modelling provides an opportunity to identify more efficient practices and assess the benefits for
a fraction of the time and cost of field trials. While irrigation earthworks, water diversion, storage
and distribution works are routinely designed in Australia using well defined parameters and
models, the surface irrigated field is often poorly designed with little use of either field measured
or model data.

A wide range of irrigation design and management tools have been developed to assist
irrigation researchers and managers investigate irrigation performance at the catchment
(Prejamwong at a1. 1997) and field scales (Strelkoff 1985, Rayej and Wallender, 1987; Walker
and Humphreys, 1983). However, a survey by Maheshwari and Patio (1990) found that most
Australian irrigation designers "guess" the design variables, which dominate the performance of
surface irrigation. This is of particular concern given the ready availability of simulation software
and design manuals. Similarly, few jingators or extension officers use any form of simulation
model or decision support aid to optimise the performance of individual jingations by selecting
flow rates and times to cut-offto maximise performance.

Maheshwari and MCMahon (1993) investigated the performance of six border irrigation models,
including the Walker (1993) and Strelkoff (1985) models, on over 60 individual irrigation events.
It was concluded that the Walker (1993) model was best for predicting advance times and that
the Strelkoff (1985) model better at predicting the recession phase. More generally, it was
found that the models employing the full hydrodynamic and zero-inertia approaches were the
most appropriate with no difference found between the full hydrodynamic and zero-inertia
approaches of the Walker(1993) model.

MCClymont at a/. (1996) pertonned a sensitivity analysis on the Walker model and found that it
was able to simulate surface irrigation processes adequately. However, the model does show a
tendency to slightly underpredict the rate of advance and the volume infiltrated (Maheshwari
and MCMahon, 1993; MCClymont at a1. , 1996) which can be removed by an appropriate
calibration procedure (Smith at a/., 1997). MCClymont at a1. (1999) have recently developed a
more robust numerical simulation model of surface jingation systems that includes an integrated
optimization capability for the automated identification of appropriate design and management
parameters. However, not all methods of identifying appropriate management practices require
the use of simulation models. For example, Grismer and Tod (1994) developed a field
procedure to calculate the optimal irrigation time for cracking clay soils using a simple field
worksheet and volume balance calculation. The effect of specific management strategies on
surface irrigation performance is discussed below.

CanC Pro ectNo: NEC2C

3.3.2.1 Inflow rates

One of the most effective methods of varying the performance of surface jingation systems is to
alter the inflow rate of water application (A1azba and Fangmeier, 1995). However, as changes
in the infiltration characteristics are difficult to predict, flexibility should be incorporated into the
design and management of surface irrigation systems so that the system operation can be
adjusted to maintain a high level of performance. Unfortunately, due to the labour requirements
traditionally associated with surface jingation management and a lack of automation within this
sector, the majority of surface irrigation is currently conducted using a constantinflow rate.

Real-time control of jingation implies the use of parameters measured during an jingation to
controlthat irrigation's management practice to produce a desired outcome. Opportunities exist
to vary management during irrigation by altering the inflow rate (i. e. cutback) or by controlling
the number or period of surges applied (Latimer and Redde11, 1989). A variety of simple
techniques for varying inflow with automated controllers are already being used commercially
(primarily "cut-back" and "cablegation" systems).

Cut-back irrigation normally involves reducing the rate of inflow by about half after the advance
water has reached the end of the field. Cablegation is a semiautomatic system where the inflow
rate is gradually reduced during the irrigation (James 1988). A1azba and Fangmeier (1995)
found that inflow hydrograph shapes with the most flexibility produced the highest application
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efficiencies. However, while highly variable inflow hydrographs are conceptualIy possible, the
creation of these hydrographs under commercial field conditions is riot yet viable.

CanCPro^CtNos NEC2C

3.3.3.2 Aqronomic Drastices

Cultivation has been found to more than double the infiltration under surface irrigation (Raine at
a1. , 1996). Cultivation before jingation and mulching (wheat straw, oatsn-hay or sown<iats)
has also been found to significantly increase infiltration rate and wetted perimeter (Miller and
Aarstard, 1971) increasing soil-water movement into the cropped beds (Sinclair at a/. 1992).
Seasonal variation in infiltration has been attributed to a reduction in the rate of initial infiltration

rather than a decrease in the basal rate, which often remains relatively constant throughoutthe
year (Izuno at a1. , 1985; Wallender and Rayez, 1985). The hydraulic conductivity of surface
seals have been found to be I-8% of the conductivity of the underlying soil and result in an
average 46% decrease in the infiltration within irrigated furrows (Segeren and Trout, 1989).
This suggests that decreases in infiltration rate between the first and later jingations in the
season are most likely atInbutable to the formation of the surface seal.

Crop residues in irrigation furrows increase the resistance to surface flow, increasing depth of
flow, opportunity time and infiltration, decrease irrigation uniformity and reduce soil erosion
caused by flowing water(Evans at a1. 1987; Raine and Bakker, 1996b). Water advance in grain
crops on a sandy loam soil have also been found to be more than 70% greater in no-till furrows
compared to clean-till furrows (Christensen at a1. , 1994). While the effect on infiltration of
cultivation and mulching generally decreases with subsequent irrigations, infiltration in straw and
hay mulch treatments has been found to increase on the second irrigation due to anchoring of
the mulch and then decrease with subsequent jingations as the mulch decomposes (Sinclair at
a/., 1992).

Furrow compaction has been successfully used to reduce infiltration on high infiltration soils and
improve distrlbution uniformity (Raine at a/., 1996). On loamy sand soils, furrow compaction
had a marked effect on infiltration, with the more compacted furrows exhibiting lower infiltration
rates (Elliott at a/. 1983; Raine and Bakker, 1996b). Wheeltraffic has also been found to
decrease advance times by a factor of 1.98 during the initial irrigation but have no affect on the
advance times of subsequentirrigations (Christensen at a/., 1994).

The mean and vanability of infiltration has been found to be greater for pre-planted than post-
plant irrigations and soil vanability in intake opportunity time (Childs at a1. 1993). Similarly, the
mean and vanability of infiltration for structuralIy unstable sodic soils has been found to be
smaller than for stable alluvial soils (Raine at a1. , 1998). This suggests that where surface seals
are the infiltration-limiting factor, the vanability in infiltration rates is lower. Similarly, the
vanability in infiltration has been found to be lower between wheeled furrows than between non-
wheeled furrows on a krasnozem soil(Smith at a1. 1992).

The initial soil moisture content is an important determinant of infiltration in cracking clay soils
(Maheshwari and Jayawardane, 1992) in that the majority of the infiltration when the soilis dry
occurs through the crack volume. Hence, infiltration and deep drainage losses in these soils
can be significantly reduced by the adoption of shorter jingation schedules, which reduce the
crack volume. Other advantages of more frequent scheduling on these soils include the faster
irrigation advance and shorter irrigation periods.
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3.3.3.3 Alternate furrow orwjde-s aced furrow jin ation

Alternate furrow jingation (AFl), skip row irrigation is the technique whereby water is applied to
every second furrow rather than to every furrow. This practice is similar to wide-spaced furrow
irrigation where the wider inter-furrow space is simply left as a single bed. The benefits of AFl
are thought to be primarily related to a reduction in the loss of evaporation from the soil surface
and a reduction in deep drainage losses. Gri^n at a/. (1966) has found that approximately 50%
of the total evapotranspiration prior to canopy closure in sorghum crops is due to evaporation
from the soil surface. However, following canopy closure the soil surface evaporation
decreased to less than 10% of the total evapotranspiration.

Alternate furrow irrigation has been widely used (Box at a1. , 1963: Stone at a/., 1979; Fishbach
and Mulliner, 1974; Tsegaye at a/., 1993; Mitchell at a1. , 1995; Bakker at a/., 1997) to reduce
water use by up to 50% without loss of yield in potatoes, onions, wheat, corn, sorghum, cotton,
peppermint and sugarcane. Increases in the productivity per unit of irrigation water applied
have been widely observed (Taisma at a1. , 1977; Musick and Dusek, 1982; Tsegaye at al. ,
1993) suggesting that AFlis an appropriate technique in water limited environments. However,
reductions in yield per unit area using AFl have been observed by several workers (Stone at a/.,
1979; Stone at a/., 1982; Samadi and Sepaskah, 1984: Crabtree at a/., 1985; Bakker at al. ,
1997) even though the production per unit water increased. In the case of Stone at a1. (1979),
sorghum yields were only decreased during seasons where the daily average rainfall was less
than 1.6 min and the daily wind movement >155 kin. This suggests that the yield decrease was
associated with inappropriate scheduling of the wide-spaced furrow treatments and is consistent
with the results of Stone at a1. (1982) who suggested that AFl should be abandoned dunng high
water stress periods. Bakker at a/. (1997) also found that scheduling the irrigations using a
reduced water deficit was necessary to maintain sugarcane yields using AFl. However, it
should also be noted that even though yield was reduced under these conditions using AFl,
significant savings in the volume of water used and substantial reductions in the labour required
to carry out irrigations (Stone and Nonziger, 1993; Mitchell at a1. , 1995) were also achieved
which, depending on the price of the water and labour, may have resulted in an improved crop
profitability.

Torres at a/. (1996) investigated the potential of AFl for sugarcane production over a seven-year
period. An initial experiment conducted on a disturbed Vertosol soil found that AFl yielded 38
tlha cane less than conventional every furrow jingation (EFl). However, AFl was found to be
much more successful on other soil types with water savings of 43-50% achieved under the
Columbian conditions. The effect of alternating the actual furrow wetted using AFl was also
investigated with no difference in yield found between this treatment and the traditional alternate
furrow jingation where the same furrows are wet on each irrigation. However, it should be
noted that the number of jingations conducted varied from two to five throughout the season
with the cane yields ranging from 70 to 150 Uha.

Stone at a1. (1979) suggests that AFl would not work well on sandy soils and is best suited on
medium to fine clay textured soils where substantial lateral movement is observed. Alternate
furrow irrigation usually requires a longer period of jingations due to slower water advance
rates. However, this is dependent on the soilinfiltration characteristic and the amount of lateral
soil-water movement. Hodges at a/. (1989) found that the rate of water advance where every
furrow (spacing 1.42 in) was jingated in a grain sorghum crop was 1.2 to 1.48 times faster than
in wide-spaced furrows (spacing 2.48 in). However, advance rates of the wide-spaced
treatments were no more variable than for the every-furrow jingations. Lateral movement is
often minimal in low infiltration soils and irrigation frequency will need to be increased to counter
the reduced soil-moisture storage. Substantial lateral movement in cracking clay soils has been
found (Torres at a1. , 1996; Bakker at a1. , 1997) resulting in advance times of AFl treatments
which are almost twice as long as every furrow irrigations, with no subsequent improvement in
the application efficiency. This suggests that AFlis inappropriate on these soils as a technique
to reduce water application volumes.

CanC Pro^CtNo: NEC2C
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3.3.3.4 Surge jinqation

Surge irrigation is the intermittent application of water to furrows or bays in a series of surges (or
pulses) of constant or variable time span (Smith at a1. 1992). The key reason for improved
irrigation performance under surge irrigation is the decrease in the infiltration rate following the
first surge (Coolridge at a1. 1982; Podmore and Duke, 1982). However, the degree of infiltration
reduction under surge jingation is variable and difficult to predict. The use of surged applications
also reduces the vanability in advance times between successive irrigations and between
furrows with different degrees of compaction (Izuno at a1. , 1985). Mechanisms by which surge
irrigation reduces infiltration include (Kernper at a1. 1988):

. consolidation on the furrow perimeter due to increased soil water tension during flow
interruption;
filling of cracks which developed during flow interruption with bedload during the following
surge;

forced settlement of suspended sediment on the furrow perimeter when the water supply is
interrupted; and

. greater sediment detachment and movement caused by more rapid advance of the surge
stream front.

The intermittent wetting associated with surge jingation has also been found to increase air
entrapment and increase soil consolidation during the off-periods (Seymour and Podmore,
1989). Cycle ratio-time functions have been used to evaluate the differences in performance on
opposite sides of T-type surge values producing uneven off-times and expanding cycle times
(Cahoon and Eisenhauer, 1994).

Surge infiltration functions undergo a step reduction from the time dependent rate to the basic
rate after one complete wetting and dewatering cycle (Izuno at a1. , 1985). This infiltration rate
reduction leads to a reduced time and water necessary to complete advance when surged
applications are used instead of continuous applications. The use of surge irrigation in furrows
with high levels of crop residue has been found to increase uniformity and reduce drainage
losses (Evans at a1. 1987). However, soils that reach steady state infiltration quickly are less
likely to exhibit decreased infiltration rates as a result of surged flow (Cahoon and Eisenhauer,
1994). Similarly, while the magnitude of the infiltration rate change is greatest on relatively light
textured soils (Testezlaf at a/., 1987), some clay soils exhibit little or no response to surging
(Bautista and Wallender, 1985; Manges at a/., 1985; Pitts and Fenguson, 1985). For example,
the use of surge irrigation has been found to have no significant effect on infiltration into
Queensland cracking clay soil(Smith at a1. , 1992). This is consistent with the view that
infiltration on cracking clay soils is dominated by water entry via crack flows (Gardener, 1985)
and that the final infiltration rate is reached relatively quickly irrespective of surging.
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Efficiency

The term '^molency"is defined as the 'fatio of useful work done to the total energy expended"
(Turner, 1987). This ratio can be expressed as a percentage and applied to other inputs within
any system including water in an jingation context. Hence, a 100% efficient system (which only
exists in an ideal world) is able to convert all of its inputs to output. A major aim in managing any
real world system (e. g. a machine, or irrigation system) is to maximise its efficiency by
minimising the outputs that escape as system losses or inefficiencies. Hence "whole I^rin water
use effciency'is the ratio of output from the water (or input) that is managed at the whole farm
scale. A large number of other pertomiance indicators or "indices" have also been proposed
under the banner of water use efficiency. These can also be applied to whole farm water use
efficiency. The lingation Association of Australia (IAA) has recently suggested that a uniform
system of whole farm irrigation efficiency definition and measurement would allow meaningful
comparison of water use within the various sectors of the irrigation industry (IAA, 1998).
Similarly, the Land and Water Resources Research and Development Corporation (LWRRDC)
recently commissioned Barrett, Pureell and Associates (BPA, 1999) to consult with the
Australian irrigation industry on the potential to adopt a consistent framework including terms
and definitions for irrigation water use efficiency. As summarised in these reports water use
efficiency has historically been defined in three main areas:

. Economicwateruseefficiency
Agronomic water use efficiency
Volumetric water use efficiency

Economic Water Use Efficiency
The aim is to achieve the highest farm gate value for the water being used. While the current
price of water does not necessarily motivate high economic efficiencies, the corresponding
value of production from that water should. High economic water use efficiency is not principalIy
due to efficient irrigation water management but may be influenced by world markets etc. As it
relates to jingation, it might include: jingating the higher value crops within your
system/rotations; the cosVbenefit of irrigation development; jingation vs rainfed (dryland
production); jingation systems - e. g. surface vs spray vs drip; the cost of water; the cost of
pumping and re-pumping water; irrigating larger areas Of not land limited); water budget on
smaller MUha (higher risk water use); and greater reliability on rainfall.

U ifo pr t Whole

CanC Pro^CtNor NEC2C

.

Gross Production Economic Water Use Index

Irrigation Economic Water Use Index

Marginal Irrigation Economic Water Use Index

Crop Economic Water Use Index
Evapotranspiration (mm)

The term "index" has been preferred in these definitions since the input and output have
different dimensional units and therefore are not totally dependant variables (e. g. $ and ML).
Conversely, the term "efficiency'is classicalIy defined as a percentage or ratio of input to output
of the same kind (e. g. MUML)
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Total Water Applied (ML)

Totallingation Applied (ML)

due to Irrl ation

Irrigation Water Applied (ML)
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2 AgronomicWaterUse Effici nc
The aim is to maximise the amount of useful(saleable) product forthe unit of water used in the
system. Again this value is not necessarily principalIy determined by efficient irrigation water
management but may be influenced by crop nutrition, pest management and climate. This might
include maximising yield and crop response to water by improved jingation scheduling.

Gross Production Water Use Index

Irrigation Water Use Index Total Product(koi

lingation Water Applied (ML)

Marginal Irrigation Water Use Index = Marginal Production due to Intoation (ko)
lingation Water Applied (ML)

Production (koi

Evapotranspiration (mm)
Crop Water Use Index

.3 o1metric terUse fficie c (M
Efficiencv

The volumetric approach to water use efficiency aims at maximising the volume of whole farm
water that is of direct benefit to the crop. Conversely the aim is to reduce the volume of water
that is lost in the whole fami system. This measure is perhaps the best measure of the whole
farm level of performance and efficiency of water and irrigation management. This area of whole
farm water use efficiency shall form the main part of this paper and has been used by the author
in the bulk of the work performed overthe lasttwo years in the cotton industry.

The following water management sub-systems exist on most jingated farms:
Supply systems (e. g. harvesting or lifting from river and captured overland flows; pumping
groundwaterfrom bores; and/or supply from jingation scheme darns, channels and/or pipes);

On-farm storage systems (e. g. ring tank storage cells; buffer holding darns; or catchment
darns);

. On-farm distribution systems (e. g. earthen channels; gated pipes; or pressurised enclosed
systems);
Application systems (e. g. surface, spray, micro-systems); and
Recycling systems (e. g. tail drains and tail water recycling channels and utilising supply
harvesting pumps; or catch drains feeding into holding darns).

The efficiency of water use can be defined for each of these sub-systems based on the
volumetric water inputs and outputs, or uses and losses. Potential volumetrlc losses (or
inefficiencies) within each of the sub-systems must be measured or estimated accurately to
quantify whole farm water use efficiency. Volumetric measurements of the water flows into and
out of each unit are required and include, supply to and from the unit, rainfall, seepage (or
percolation), evaporation, stored soil moisture, overland flows and tailwater recycling. In a
purely volumetric sense, the efficiency of the system should be determined as the ratio of the
water used by the plant to the water input. However, both the input and output water volume
can be defined at a range of locations and over a range of time scales within the overall
irrigation system.

The most commonly adopted definitions of irrigation water use efficiency are shown in Table 9
(BPA, 1999). It should be noted that the performance of scheme level water storage systems is
commonly included in the conveyance efficiency term while the performance of on-farm storage
systems is included in the distribution efficiency term.

Total Product(kq)

Total Water Applied (ML)

use pe i erred o ^
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The definitions proposed by BPA (1999) provide for a "nested" approach to a particular jingation
event(assuming no rainfall or unregulated flow into the supply system) where the overall project
cor whole farm) efficiency can be calculated as:

E =BEE
p c'd'@

Definition

1171 ation water available to oro

Totalinflowinto system supply

A major concern with the sole use of volumetric efficiency terms for jingation evaluation is that
they do not provide any assessment of the overallirrigation performance in relation to crop
production and economic returns. Hence in the assessment of the commercial viability or
performance of an jingation enterprise the economic and agronomic performance may also be
used.

Totalo mowi70m s stemsu I

Totalinflowinto system supply

Water received at field inlets

Total outflowi70m system supply

1171 ation water available to the cro
Water received at the fieldinlet
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iniqation Uniformity

An important component of the evaluation of infield irrigation performance is the assessment of
irrigation uniformity. As Bun (1998) points out, if a volume of water applied to a field is known
only as the average applied over the whole field, then one half of the field has received less
than the average applied and one half more than the average applied. Hence, ifthe average
volume applied is the target application required to meet the crop requirements, one half of the
field has been ovenirrigated, reducing the efficiency of application, while the other half of the
field has been under-jingated, reducing yield. Thus, a major aim of irrigation management
should be to apply water with a high degree of uniformity while keeping wastage to a minimum.

A wide range of irrigation uniformity coefficients are commonly used in performance evaluation
(Jensen 1983). The Distribution Uniformity has also been used to assess the uniformity of
surface jingations (Meinam and Keller, 1978; Walker and Skogerboe, 1987). For surface
irrigations, it is defined as the average infiltrated depth of water in the lower one-quarter of the
field divided by the average infiltrated depth overthe whole field. However, it should be noted
that the larger the average applied length, the more likely DU will be large due to redistribution
effects myalker and Skogerboe, 1987). Another index that has been used myalker, 1993)is the
Absolute Distribution Uniformity (AOLfy which is calculated by dividing the minimum depth
applied to the field by the average depth applied to the entire field.
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5. MethodologyforOn-farm Benchmarking and Validatio

5.1 De elopmentofOn-farm Monitoring Equipment
As part of the whole farm performance benchmarking objective of this project it was necessary
to develop accurate instrumentation to be used to measure those water inputs and outputs in
the whole farm irrigation system in the efficiency definitions described above. As detailed above
there are a vast array of whole farm irrigation water system inputs and outputs. To benchmark
the performance of whole farm systems, individual farm water management units (i. e. storage,
distribution and application) were assessed. Instrumentation included "off the shelf' sensors
and data joggers and some equipment developed by the staffatthe NCEA.

5.1. , Farm waterstora es

To effectiveIy monitor volume balances and water storage efficiencies in a large ring tank
structure a system of accurate water level sensing along with a specific depth vs volume
relationship for each storage was proposed. Water level, evaporation, rainfall and the ambient
weather conditions were directly measured and logged at 15-minute interval continuously with
modified weather station and water level and evaporation pan sensors. The combination of
accurate water level and a depth volume relationship specific to that storage gave a continuous
record of water inputs and outputs.

CanC Project Nos NEC2C

allocation

Recycling
nervesting ,,,,.. aporation

41. ,..

Figure 2: Water Storage and Distribution ChannelVolume Balance

Rainfall

Seepage

Used

J, ^^,..

Figure 3: Storage monitoring equipment including weather station and logger (farleft on bank),
floating evaporation pan (middle) and shaft encoder water levelinstrument(near right)
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When the system was behaving in a dynamic mode (i. e. either inflow or outflow occurring at
high rates) seepage could not be separated out of the volume balance. This was the case
through most of the irrigation season. However during non-pumping periods (typically in the off
season) when the storage was in a static mode seepage was separated from the volume
balance as the other rainfall and evaporation inputs and outputs were monitored. Table 10 and
Figures 3 and 4 describe the water storage volume balance and efficiency monitoring
equipment.

CanCPro^CtNos NEC2C

Table ,0: On Farm waterstora e efficienc monitorin e ui merit

Efficiency Parameter ethod
Determination

On Farm Water Storage
Efficiency and Volume
Balance Monitoring

Storage LevelsNolumes

Evaporation

Seepage
Inflow

Outflow

Rainfall

Ambientweather parameters

Shaft Encoder water levelinstrument

Evaporation Paris and Weather station
Volume Balance

Water Level Sensor/ Doppler meter

Water Level Sensor/ Doppler meter

Rain gauge
Weather Station

Figure 4: Weather Station and logged rainfall and evaporation pan sensors monitoring conditions
at storage

5. ,. 2 Distribution channels

A system of monitoring inflows and outflows in a distribution channel was proposed such that
the difference between inflow and outflow would be equivalent to the system loss in that section
of channel. To separate out evaporation and seepage, local evaporation pan data was used.
To minimise flow monitoring inaccuracies in channels due to changing cross sectional area the
flow meters were mounted (where possible)in fixed cross section pipes or culverts.

Channel depths were also monitored continuously overthe season in three locations over each
farm. Locations typically included main supply; head ditch and tailwater return channels. This
data was used to estimate the channel seepage and evaporation losses during periods when
these channels were in a static mode of no inflows or oufflows, and purely subject to only
seepage and evaporation losses.
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Figure 5: Ultrasonic Doppler flow meter, logger box and communications cable back to a laptop
for downloading of data

Table It: Distribution channel volume balance and efficienc monitoring equipment
EfficiencDetermination Parameter Method

InflowDistribution channels Doppler flow meter
Outflow Doppler flow meter
Evaporation Evaporation pan

Channeldepth sensors and Volume BalanceSee age

5.1.3 In-fielda Iications sterns

Two approaches to determining the application efficiency of irrigation at a furrow scale were
used. These were a direct in-field monitoring system (as in the storage and distribution volume
balances) and a modelling system (SIRMOD surface irrigation model) which relies on well-
proven theory and some simple furrow scale measurements.

CanC Project Nos NEC2C

Soil Moisture Deficit

Deep Drainage

Figure 6: Field I Furrow Scale Volume Balance

The monitoring system involved the acquisition of furrow inflow and tailwater data logged
continuously over each irrigation period and an assessment of the pre-jingation soil moisture
deficit using a Neutron probe or "Gopher' capacitance probe. A review of methods for directly
measuring deep percolation overthe season revealed that this would also be a complicated and
costly exercise. Hence, in keeping with the simple measurement methods and minimal cost
required, deep percolation and evaporation during furrow irrigation application were not
attempted to be measured but rather formed the remainder of the volume balance as a
combined loss component. This level of monitoring coupled with the modelling program gave
sufficient data for both performance benchmarking and identification of the factors influencing
in-field losses and inefficiencies.

Inflow

Bead Ditch

^vaporation
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Table 12: Furrow scale application volume balance and efficienc monitorin equi merit
Efficiency Parameter Method
Determination

Measured Parameters

Modelling Parameters

Inflow
Tailwaterrunoff
Soil moisture deficit

Deep drainage
Evaporation

Advance

Application flowrate
Furrow slope
Furrow shape
Furrow length
Required irrigation
Modellin Tool

GLltee mount meters in siphon
GLltee mount meters in tailwater pipe
Neutron & Capacitance probe
Loss term in volume balance (partitioning between
losses not achievable through direct
measurement

Logged switches I stopwatches
GLltee mount meters

Survey
Profile meter

Survey
Neutron & Capacitance probe
SIRMOD surface jin ation model

Figure 7: GLltee-mount meter in irrigation siphons measuring water applied

Figure 8: GLltee-mount meter measuring tailwaterfrom a furrow

$<^%^
4^,, .
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5.2 Experimental Farm Site Selection

On-farm irrigation efficiency benchmarking and investigation of best management practices
were undertaken overthe 1998-2000 cotton seasons. In accordance with a CRDC directive, all
farms monitored were located within the Border Rivers catchment. The farms and individual

field sites monitored were chosen to represent the typical(a) soil types, (b) system design
parameters (including storage depth, channellengths and field lengths), and (c) operational
management variables (including water storage operation, siphon size, irrigation strategy),
found in the region. The relevant site specific characteristics are outlined in section 6.

Benchmarking of whole farm irrigation efficiency was undertaken during the first two seasons.
The performance of the storage, distribution and application systems were measured on four
farms (Farms A to D) during the 1998-99 season and on another four farms (Farms E to G)
during the 1999-2000 season (Table 13). Alternative irrigation management practices were
evaluated under on-farm during the 2000-Of season on Farm E.

Farm

Farm A

Farm B

Farm C

Farm D

Farm E

Farm F

Farm G

CanC ProjectNo: NEC2C

Table 13: List of field sites and soil es

SoilType

Brown and grey cracking clays

Black cracking clays;

Red lighter sodic duplex soils

Grey and red sodic duplex with underlying clays

Brown and grey cracking clays

Black, brown and grey cracking clays

Red lighter sodic duplex soils
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6. Whole Farm

Results

6. , Whole Farm Irrigation Efficiency
The best and worst case whole farm water balances measured during the field trials are
presented in Figure 9. The proportion of the whole farm water which was used by the crop in an
individual irrigation event ranged from 21-65% (or 28-68% assuming complete recycling).
Significant sources of volumetric water loss in both cases included storage evaporation (, 4%
and 39%) and infield deep drainage (,, & 13%).

Irrigation EMCie cy and Benchmark, n

USED
65%

Storeg. Evaporation
,4%

Storage Seep. g.
I%

Chann. IEvapomtion
FA

Cmnn. ISO. page
?A

FbldEvapo, a"on
2'"

Figure 9 Components of the volume balance for(a) best and (b) worst case measured
whole farm efficiencies

A summary of the best and worst case scenarios forthe measured performance of the storage,
distribution, and in-field application system components is shown in Figures 10-12. In each
case, the efficiency is reported as a percent of the water volume entering each component of
the system. Storage system performance ranged from 50-85% with evaporation ranging from
14-39% and seepage from 1-11% of the water stored. Distribution system efficiency was found
to range from 87 to 96% with seepage representing between 2 and 8% of the distributed
volume. The efficiency of the infield surface irrigation application ranged from 38-84% with
tailwater volumes representing an additional 4 and 32% of the inflow water in these particular

Deep drainage in these cases ranged from 10 to 26% of the applied volume whilecases.

surface evaporation represented only 2-4%. A more detailed outline of the efficiency results
and the factors influencing the performance for each of the on-farm water management
components is provided below.

Field 000p Drainage
11%

F1. Id T. jinat. r
3%

F1. Id Tallwat. r
FA

HoldDeepDnl, ."
,a%

usco
21%

Fhld Evaporation
"A

CIEnnd S. .neg.
4%

Clann. IEv. combon
3'A

Stonee Evaporation
39%

Stone. S. .POD
11V.
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Used
85%

Enrolaiion
14%

Figure to Components of the volume balance for(a) best and (b) worst case measured
storage efficiencies

Seepage
I%

Used
50%

CanC ProjectNo: NEC2C

Evaporation
a%

Seepage

Used
96%

Figure ,, Components of the volume balance for(a) best and (b) worst case measured
distribution efficiencies

(a)

Evaporation
39%

Seepage
11%

(b)

Evaporation
2%

Used

84%

Evaporation
5%

Deep Drainage
to%

Used

87%

Seepage
8%

Figure 12 Components of the volume balance for(a) best and (b) worst case
measured application efficiencies

Tailwabr

4%
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"Used"

38%

Evaporation
4%

Tailwater
32%
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6.2 Waterstorage Efficienc
The results of storage efficiency measurements on four storages during the 1998/99 and
1999/00 seasons are presented below. The efficiencies are principalIy determined by the period
of storage (and therefore opportunity time for evaporation and seepage) and the surface area to
volume ratio of the total volume stored.

Table ,4: Stora evolume balance, efficienc and losses b volume ML and
Storage Storage Stored Used Seepage Evaporation
Descri tion Period Water

Farm A 27/11/98 1272

4m max depth to
1800 ML 28/12/98
Farm A 27/11/98 2388

4m maxdepth to

2500 ML 5/7/99
Fann B 2/12/98

3m max depth to

500ML 5/5/99

Fami E 13/8/99t0 3649

4m max depth 16/2/2000
1800ML

For example, the first storage listed had a high storage efficiency (85%) since it was effectiveIy
emptied in one month. Similarly, the third and fourth storages listed were emptied and filled
several times during the storage period such that the ratio of water used to water stored was
high. Conversely, the second storage listed had a poor efficiency (50%) since it operated in a
static mode for a long period allowing a significant percentage to be lost as evaporation.

1082

(85%)

729

6.3 Distribution Channels

Of the two methods for estimating channellosses the depth sensors provided for best means for
estimating these losses. Table 15 shows the data for six channel depth monitoring systems
during the season. While the use of channel depth and evaporation monitoring may be
considered crude it does provide an estimate forthe seepage of an integrated length of channel.

Seepage rates ranged from I to 23 min/day. There is little evidence to explain the order of
magnitude difference between the seepage values at the main supply channel and the tailwater
channel at Farm A. One possible reason may be the interception of a prior stream with the
distribution channel giving a localised region of high seepage in the channel. No further
investigation was undertaken of this channel however it is suggested that after investigations
similar to these show a potential high seepage rate in a channel that a more detailed
investigation of the channel could be undertaken to find these localised seepage zones

1203

(50.4%)

14

(,. I%)

581

(79.7%)

255

00.7%)

2776

(76.1%)

177

(13.9%)

34

(4.7%)

ercenta e

Storage
Efficienc

85%

930

(38.9%)

180

(4.9%)

121

(, 6.6%)

701

(19.2%)

50%

80%

76%

.
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Table 15: Distribution channel de th monitoring and resultant seepage estimations
Average Daily Average Daily Resultant

Loss for period Evaporation for period Seepage
madda minida madda

14.6 I3.6 I. O

Site

Fann A main supply channel

Fann ATW channel

Fann BTW channel

Farm E head ditch

Farm E head ditch

Farm ETW channel

Using the higher value of seepage at fann A and the seasonal evaporation figures from the
weather station, a conservative estimate of combined losses over 10km of main supply channel,
5km of tailwaterreturn channel and 6km of head ditches can be made. Forthe opportunity time
relating to seven jingations (depending on whether it is main supply, tailwater return or head
ditch) and measured channel width the losses were 270ML seepage and 130ML evaporation. In
this case approximately 5000ML of water is distributed through the system for the season,
which equates to an 8.6% distribution loss (6% seepage and 2.6% evaporation) through the
system. Hence this equates to a whole farm waterdistrlbution efficiency of 91.4%.

Similarly using the only measured value of seepage for Farm B and seasonal evaporation
figures a conservative estimate of combined losses over 12 km of combined main supply/head
ditches and 10 kin of tailwater return channel would be 109 ML seepage (or 8.4% of 1300 ML
total farm water distributed) and 68 ML evaporation (or 5.2 % of total farm water distributed).
Hence this equates to a 86.4% distribution efficiency.

34

312

13.0

11.9

18.2

10.8

Table, 6: Estimated channellosses on three farms based on seepage rates, evaporation rates,
channellen ths and eriod ofo eration

Site Distributed EvaporationML SeepageML
ML % %

5000 130 270
3% 6%
68 109
5% 8.4%
94 90
2% 1.8%

12

8.4

8.4

9.3

Fann A

23.0

Farm B

19.2

Fann E

4.6

6.4 FieldApplicationSystems
A total of seventy individual irrigation events were monitored over two seasons on seven farms
and eleven fields. Individual jingation application efficiencies ranged from 37 to 100%. Average
seasonal field efficiencies range from 70 to 90% (assuming fulltailwater recycling). Tailwater

runoff ranged from 4 to 32% and deep drainage from 11 - 30% (Table 17).

SeasonalIy, the total irrigation applied to these fields was in the range of 685mm to 940mm
(average approx. 750mm or 7.5 MUha) with tailwaterin the range of 27mm to 247mm and deep
drainage in the range of 75mm to 235mm. Table 17 summarises the data in terms of individual
and seasonal irrigation application efficiency, water balance and losses.

3.5

8.9

1300

4800
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Distribution
Efficienc %

91%

86%

96%
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Table, 7: Summa of efficiency measurements on allfields during the project
Farm/Field Individual Seasonal Seasonal Seasonal Deep

Efficiency Efficiency Tailwater Drainage
Ran e

46-99%
46-80%
73-86%

42%
77%

61 - 100%
55- 100%
64-91%
62- 100%
53-55%
37- 100%

A

B

C

D/,
D/2
E/,

E/2
E/3
F1,

F12
G

The following application efficiency and volume balance data tables (Table 18-29) report in
more detailthe results collected overthe 1998/1999 season at farms A, B, C and D and over
the 1999/2000 season at farms E, F and G. These tables give an indication of the amount of
water applied during each jingation, the length of irrigation and subsequent runoff volumes.
Along with infiltration losses and the soil moisture deficit (calculated from pre and post jingation
neutron probe soil moisture readings), the efficiency of the irrigations has been determined
considering both tailwaterrecycling and no tailwater recycling.

The water balance terms are expressed in depth dimensions (min), which is effectiveIy a
volume per area (e. g. I MUha = loomm). The term "I" denotes the irrigation applied in terms of
its rate, time and total volume (expressed as a depth in min),"TW" similarly denotes tailwater,
"Deficit" is the pre-irrigation soil moisture deficit to full point, "DD" denotes deep drainage and
"Evap" denotes an estimate of sur^ce evaporation during the irrigation.

Application efficiency, "E, "(as defined earlier) is expressed assuming both fulltailwater recycling
and no tailwater recycling. The term "DU" denotes the distribution uniformity of the irrigation
application as defined earlier in this report and ER denotes the Requirement Efficiency which is
defines whether the full requirement (or soil moisture deficit) is met (note in cases where
application efficiency was 100% that this was due to the requirement not being fully met).
Finally the term f, denotes the steady state final infiltration rate of the soilin millimetres per hour
and gives an indication of the potential for deep drainage losses during irrigation.

6.4. , Application rates

The results show that in the main efficiencies are higher where application rates are higher.
The main driver would be the minimisation of opportunity time for deep drainage to occur due to
the factthatthe water reaches the end of the furrow more quickly and is therefore shut off more
quickly.

Many factors drive the siphon application rate. As an example, Table 24 lingation 7 shows that
the measured floorate between the four siphons side-by-side were differed by 18% (i. e. 7.1 vs
5.8 IIS). This is due to the simple placement of the siphon either up the outside of the head ditch
toutlet control) or in the ponded rotobuk (inlet control). A further example is highlighted in Table
18, Irrigations seven and eight where siphon application rates were measured at both ends of
the head ditch with a 25% variation in application from the low head to the high head end of the
head ditch (e. g. 1.521/s vs 2,341/s). It should be emphasized that there is an upper limit in
application rates determined by furrow erosion, furrow overtopping and ensuring that under
irrigation does not occur.

86%
71%

90%
84%
81%

89%

13%
4%

70%

20%
14%
19%
26%

14%
29%

32%

10%
16%
19%
11%

30%
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6.4.2 A

The application time (as determined by the siphon cut-off time) is a major factor in determining
irrigation efficiency and the subsequent opportunity time for increased volumes of tailwater and
deep drainage. Table 21 shows that in Irrigation nine tailwater ran for some 922 minutes of the
total 1.40 minutes of jingation. This resulted in 355mm being applied to a 30mm deficit such
that tailwater equaled 120mm and deep drainage 206mm for a single jingation event. While this
is an extreme case of poor management other less extreme cases also demonstrate that higher
efficiencies are achievable through better management of application time.

As an example Table 24 shows in Irrigation 7 a trial of different cut off times. The treatments
were as follows:

Iication times

Control - nomial practice
Treatment I - pull siphon when water at end offurrow
Treatment 2 - pullsiphon when water was 50m from end offurrow
Treatment 3 - pull siphon loom from end

Treatment I and treatment 2 can be directly compared as the same inflow time but at different
flowrate. The main impact is the reduced requirement efficiency showing that the furrow was
under-watered in both cases but significantly in the case of the lower flow rate.

Given that the control and treatments I and 3 were at similar flowrates then the effect of

different siphon cut-off times can be directly compared. Treatment 3 demonstrates the effect of
pulling the siphons when the water advance front was loom from the end of the furrow. In this
case tailwater was reduced by 9.5mm for the jingation application. Consequently the
application efficiency was higher and no sacrifice in the distribution uniformity or requirement
efficiency was incurred. Further to this an application saving of 8mm was saved through pulling
the siphons earlier. Hence the equivalent of 17.5mm (or 0.175 MUha) less water was required
to be pumped as either supply to the field or tailwater). If this was extrapolated for the whole
season (i. e. 8 irrigations) then a total pumping saving of 1.4 ML/ha could be achieved. At an
average cost of $11MUm head (at an average farm lift of 8m) then approx. $10 per ha of
pumping costs could be saved. Other savings that were not quantified could include: reduction
in tailwater and storage siltation; reduced waterlogging over the whole field (in particular the
end of the field due to better drainage of tailwater)

CanC Pro^CtNos NEC2C

6.4.3 Matchin a liedirri ationwithdeficit

The basic outcome of poorer application eficiencies could be phrased another way. That is that
irrigation applied does not match irrigation required. The common belief in the industry is that
the soils self-regulate the volume being applied. As an example, Table 18 shows that for
Irrigation six, loomm was applied to meet a deficit of 40mm. While deficits are usually
measured through commercial Neutron Probe (and other soil moisture monitoring) services little
thought is given to matching the volume of water applied to the deficit. Since volume applied is
a function of application rate and application time then it is suggested that achievement of
higher efficiencies could be gained simply through a better knowledge of these variables on an
irrigation event basis. Hence a more detailed irrigation monitoring system is recommended to
achieve this along with a strategyto then match applied and required irrigation volumes.

6.4.4 Earl andlateseasonirri ations

There is an obvious difference in the application efficiency in early and later season irrigations.
Certainly the first or pre-water jingations are significantly less efficient, which is most likely due
to the more permeable nature of the soil at this stage.
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lingatlon No. and Date

3

'01/2/98

4

2/1/2198
6
71,199

143
^

(118)

7
,71,199

(mini

1.25
1.25

8

,5/2/99

e,

^.

1.1

Table ,8: A lieation oneienc and volume balance dataforFarm A
Deficit DD+EvapTWin

(mm) (1181) (min) (mini (min) + error

min

.\

1.34

719
719

1612/99

Total

1.55
1.94

1.94
1.58

2.01

be

12/6

72.3
89.8

(*Assumes averages between measured applicationswhen more than one is recorded and that initial two unmeasured lingationswere 70mm and irrigation 5 was toomm)
(#Assumes tailwaters of loinm permigation on irrigations that were notrecorded)
(@Assumesdeficitsof50mmlnirrlgatlons, ,2and5) ,
OASsumesinmtratlonof80mminirrlgations1,2.4and5) '

685

650

650

818

540

S'
S,
"

8
^
S
a

S'

130.0

1.52
1.52

2.34

84.9
100.9
100.9

103.6

86.7

0,2567

a.

^.
*^

973
973

648

1.45
0,5705

0,9038
1,303

06287

130

I18.6
118.6
405

21.7

336
143

330
176

129

750mm

1,0583
0,3907

0,9884

35.5

35.5

39.4
6.6
23.9

18.4

6.5

.

91

175

269

50.2

39.9
39.9
39.9

84

78

32.6

%

7.8
5.5

8.5

DD+E

+error

%

24.2

6.0
54.5

37.2
42

2.2

,00mm' 545mm'

99.3

99.3
89

(no

36.3

46.0
6.5

23.6

17.8

7.5

Ea Ea

loss) (fullTW loss)
%

49.1
39.5

%

11.6

13.8

7.5

7.0

54.0

36.8

4.2
2.5

63.7

a

a
be
.

^=.
a

^.
Z
e

6.6

4.6

8.1

105mm

93

460

63.2

98.8
97.5

9.7
,,. 6

7.2

..

^

,3%

38.6

a
Re

a

47.0
39.5

39.5

81.1
90.0

90.3

88.4
92.8

,4% 86%

83.7

83.7

84.8

73%

^..
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a

OS

S'
S.
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8
Be
S
a
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Irrigation No. and Date

a.

,^

161,0198
2
091,2198
3

231,2198

07/01/99
5

,910,199

1,102199
a

I'D
00

(Vs) (min)

1.53

Table ,9: A Ileatlon efficlenc and volume balance datafor Farm B

in in Deficit DD+Evap inTVV
%(IISi) (min) (mm) (mm)(mini + error

mm

2102/9g

Total

1.94
1.35
2.34

632

550

474
549

2.16

2.25

(# As8umes average tailwater perirrigation on irrigations that were riotrecorded)
(@ Assumes Infiltration of Bornm In lingation I and loomm on higanon 5)

96.58

106.7

64.41
128.64

345

1.88

495

2.16

74.67

359

1.27

1.27
0.78

111.85

556

67.68

0.43

54

54
98

120.42

697

6.97
7.77

0.28

13

685

50

0.28

428

42.8
71.32

0.35

35

49

54.11

56.9

14.6
49.6

0.99

DD+E EaEa

+error (no TW loss) (fullTW loss)
% %%

51.7

40.1
66.4
55.4

85.39

1.41

53.11

6.5

10.8
6.0

27e

86.93

53.4
22.7
38.5

43.6

0.5

443

32.1

.=-

27.1

46.6

77.3
61.5

1.5

497

1.2

20.1

72.9

4%

26.6

79.6

29%

72.5

76.3

73.4

7, %

78.5

72.2

67%

a

a
be
-
e

CS
a
^

2
e
..
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Irrigation No.
and Date

,

,51,0198

2

041,2198
6

,6102/99

(Note: soil moisture deficitswere riot measured allhis site and hence deficits are estimated at 40mm early In the season and lob min later In the season)
(Estimates offotals forthe season are riot attempted since riot animgatlons were measured)

(IIS)

co
@

(min)

2.68

0.59
0.85

1.69

Table 20:

(min)

556

Irrigation No.
and Date

1104

1489

1188

3
231,2198

9
22/02199

(Estimates of totals forthe season are riot attempted since riot allirrigations were measured)
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Table 21: A Ileation efficienc and volume balancedataforField I Farm D

TWTW in Deficit DD+Evap TVV
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mm
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(Estimates of totals forthe season are riot attempted since riot amirrlgations were measured)
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40
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Table 22: A Ileation Gineiene and volume balance dataforField 2, Farm D
in in Deficit DD+Evap in
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Table 23: A Ileatlon Qinclenc and volume balance data for Field ,, Fam, E
TW TW Deficit DD+Evap DD+Evap Ea

(1181) (min) (mm) (mm) % (no loss)(full+error +error

% %mm

28 17 83

110,100
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3.8
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8

78 2.9 225 22 60 o 2825/02100

Total 782 576156 20%75

* No application ortailwater data for irrigation 2 and 7 - assume average inflow for seasonal totals
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Irrigation No.
and Date
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(118) (min)

.P.
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4 - MIMICO

5 -2010/100
.-
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5.9

5.9
5.8

5.4

6.1

(mini
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837

650
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Table24: Iicationefficienc andvolume alancadataforField2 FarmE
TVV TVV in, Deficit DDFE mr DD+E Ea Ea
("80 (mini(min) (mini % +error (no TVV loss) (fullTVV loss)+error

% % %min

16 86.413.6 68.6

38 6535 50
45 42 59 50
47 41 59 48
51 45 55 48

38 30 70 54
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TW TW TVV Deficit TWDD+Evap DD+Evap Ea Ea

(MSD (min) (mm) (mini VC (no in loss) (fullTVV loss)+error +error

% 70%min

5.51

494

366

190

4.38

172

I. 4

504

2.6

315

189.57

240

700

35

68.5

51

86

64

35.0

69

76.1

57

48.7

18

57.8

30

36

.

33

55

^:..

DU

%

53

Er fo

(%) (minihr)

45

37

88

89

too

97

too

16

99

100

15

93

66

1.7

51

0.8

3.1

a

â
~
-
e

a
a
~.

2
e
..

â
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â
be
-
e

6
a
~.

Z
e
..

â
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7. Asse sinent of A, ternati e ,rrig ticn Practices

7. Prelim'naryAssess entof ariagem n andDesignParameters
The major opportunities for improving whole farm water use efficiency were identified from the
field data as:

water storage evaporation mitigation; and
reduction of in-field deep drainage and tailwater losses through improved management of
irrigation application.

7.1. , Water storeqe evaporation initiqation

Some 14-39% of stored water measured on the trial farms was lost due to evaporation.
Evaporation mitigation could be achieved through several methods including:

deepening storages to reduce the surface area to volume ratio of the storage
. using multiple cells to reduce the surface area of free water available to evaporation
. tree shelter belts to reduce the wind speed and thus the evaporation over storages
. storagesurfacecoverings

As an example a cost benefit analysis for building deeper storages is presented in Table 30.
The main comparison is a 5m square ring tank and a 7.5m square ring (while a comparison with
round construction is also presented). The costs associated with deeper storages include
greater earthworks associated with stronger embankments and longer haul distances. Savings
for benefits) include significant water and area savings. The comparison between a 5m and a
7.5m square construction shows that 22% of water is saved from evaporation losses while the
earthworks cost is two and a halftimes greater. However given the stated gross margin figure
for cotton the benefits in extra production due to the water savings are such that the extra
construction costs are recouped in two years,

Table 30: Cost benefit of deepening water storages to reduce evaporation volume and percentage
- Water Stora e Desi n Coin ansons for a 3500MLstora e at Goondiwindi

WallHei ht in 5 7.5 7.5

Waterde th in 4.2 8.7 8.7
Sha e S uare S uare Round
Area hectares 76 42 44

Earthworks in 349,600 654,887 592,876
Earthworks unit cost $1m 1.00 1.33 I. 3
Earthworks cost $ $349,600 $871,000 $770,739
Av. Eva oretion on Yearl basis in I. 8
ML lostto Eva . 1521
% Eva Loss 43%

Extra ha of crop production (@ o
6MUha

Extra $ $1976/ha rossmar in

Years to pay back extra
investment

Mitigation of storage evaporation remains the "Holy Grail" of improving whole farm water use
efficiency. Practices such as building deeper storages, multiple cells and wind shelters serve
only to reduce the evaporation by a certain percentage (often difficult to predict the benefit to
undertake a cost benefit analysis). Perhaps the only solution that could completely mitigate
evaporation would be to coverthe storage.

o

734
21%
131

.

$258,856
2.0,

10

12.4
Round

28

888,483
1.25

$1,110,604

736
21%
131

$258,856
,. 62

- 47 -

516
15%
167

$329,992
2.3
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Cost, value of the water conserved, construction, life of the product and pay back period all
need to be considered in the cost benefit equation. To date, the cost of such a scheme has
been largely prohibitive. Practical limitations have also been difficult to overcome. Assuming
one hundred per cent evaporation reduction Table 31 shows the cost recovery equation for
investing in evaporation mitigation covers. As an example, if water was valued at $300 per
megalitre (opportunity cost) then a water storage evaporation mitigation cover costing $2.25 per
in' would be paid back in 5 years,

Table 3, : Maximum cost of evaporation cover material based on water value
and a back eriod riotamortised

$300Valueof ater erMe alitre $400 $500 $600
Payback period (yrs) Maximumcostofstora e cover material ers uare metre

$0.45 $0.60 $0.75 $0.9
$0.902 $1.50$1.20 $1.80
$2.255 $3.75$3.00 $4.50
$4.5010 $6.00 $7.50 $9.00

(Note:ifconsidering higher payback periods the guaranteed life span must be considered)

While these too evaporation reduction techniques demonstrate various degrees of evaporation
reduction any evaporation mitigation should take a systems approach and consider what is the
best alternative in terms of the climate, whole farm jingation management, storage
management, water resource availability and the cost of mitigation. Any potential evaporation
mitigation strategy may include a combination of mitigation options.

7. ,. 2 Im roved inaria ementofirri ationa

A Iication rates and cut-offtimes

A significant loss of water at the whole farm levelis deep drainage associated with the infield
application system (Figure 9). On the farms measured, deep drainage typically represented I-2
MUha cor 11-30%) and tailwater volumes represented 0.3-2 MUha (or 4-32%) of the 6.8-9.4
MUha applied to the field. In the best and worst cases measured, deep drainage represented
11 & 13% of the whole farm water while 37% ended up as tailwater.

Some initial modelling work was undertaken using the SIRMOD surface irrigation simulation
model to quantify the effect of managing irrigation application rates and cut-off times to reduce
deep drainage and thus, increase application efficiency. The results of these simulations are
presented in Tables 32 and 33. This data shows that in this case, the management of jingation
application rate and siphon pull time would significantly affect the irrigation efficiency. For most
fields monitored, the optimum siphon pulltime was identified when the water advance was still a
substantial distance from the end of the furrow. Existing applications rates were also found to
be farfrom optimal, and typically determined by low heads and excessively small siphon sizes.

Table 32: Effect of irrigation cut-offtime on Application Efficiency (E, ) and Distribution Uniformity
DU of a mid-season irri ation, field Ien th of 1000m, SIo e it2500, and deficit of 70 mm

Cut off Cut off Applied Inntrated Tailwater Deep Ea DUEa
time distancefrom (mm) (min) (min) Drainage (nonV (90%TVV (%)

end(hr:min) (mm) recyc. ) recyc. )
(in)

past end
past end
50

120

CanC Pro ectNo: NEC2C

Iication

8:00

7:20

6:40

6:00

B""$167m@u'intsi"g WUE i" ,flee@,,@" find"s, ,y

144

132

120

108

108

104.5

100.5

96.5

36.1

27.5

19.5

11.5

38

34.5

30.5

26.5

. 48 .

48.6

53.0

58.3

64.8

62.8

65.3

68.3

71.7

94

93

92

90
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Table 33: Effect of pulling siphons early and increasing the application rate by ,. 5 times on a
1000m furrow with 3" si hons and a 50mm irri ation re uirement

Siphon pull/ application rate Application Applied Tailwater

Efficiency Volume (mm)
% min

actual - after 90mins of tailwater

when water reaches the end 65
and with 1.5 xa rate 71

when water is at 25m from the end 69

andwith 1.5xa rate 73

when water is at 50m from the end* 70
and with 1.5 xa rate 75

when water is attoOm from the end* 72

andwith 1.5xa rate 80

* Note in these two cases the end was marginalIyunderirrigated

Table 32 shows that when siphons were shut off even when the water was 120m (ortO% of the
field length) from the end that the water effectiveIy irrigated the end of the row and subsequently
reduced tailwaterfrom 36.1mm to 11.5mm and deep drainage from 38mm to 26mm. Table 33
shows that the combination of this with an increase in siphon application rate achieves a further
efficiency gain.

57

Field Ienoth

Farm design parameters such as field length also have a strong relationship with the optimum
application efficiency that can be achieved. In the case of this field it is inherently difficult to
irrigate efficiently due to the length of 1000m and the low slope of I in 2500. Even with a high
level of management of the application rate and cut-off time only approximately 75% efficiency
can be achieved. However, Table 34 shows that higher efficiencies can be achieved with
shorter field lengths. Trading off costs againstthe benefits of shorter field lengths, optimum field
lengths of 600 to 700m would be advisable in this case. In other cases factors such application
rate (determined by head and siphon size) and field slope should be considered.

Table 34: 0ptimising Application Efficiency (E. ) and Distribution Uniformity (DU) of a mid-season
jingation by modifying field length for a slope it2500 and soil moisture deficit of 70 mm,

o timised si hon cut off times and a PIication rate of8 Us
Application Optimumcut Optimumcutoff Ea - with

Rate off time distancefrom 90%tailwater
LISlfurrow end (in rec clin (%min

8 200 110 91
8 240 130 86.9
8 280 140 83.8
8 360 140 75.9
8 400 180 74.4

88

77

70

72

68.5

71

66.7

65
62.3

^I^

8.5

Deep
Drainage

mm

3
5.3

o

4.2

o
3.1

o

0.5

Field

Length
in

600
700
800
900
1000

29.5

24

15

22

14.3

21

13.6

15

11.8

It should be noted that the data representing the effect of the improved irrigation application
practices above was firstly tested using the SIRMOD surface jingation simulation and design
package. As a first step towards optimising irrigation application, the testing of different design
and management strategies to improving irrigation application efficiency should be undertaken
using the SIRMOD package. This approach is recommended for site-specific design rather than
using generic conclusions from the data generated in Tables 32, 33 and 34

.

DU

(%)

-49.

86

84
84
85
83
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7. FieldEvaluationof odifiedSiphonApplication teandPe iod

of Applicatio on Irrigation Efficiency

The objectives within the project to both develop efficiency monitoring systems and optimise
irrigation efficiency through improved management were married through the development of
the injinate" package of jingation efficiency monitoring and optimisation. The Ithmate surface
irrigation evaluation package was trialled to identify optimum jingation siphon application rates
and period of irrigation on a comparative analysis for two similar fields in Goondiwindi. Both
fields consisted of grey clay soils, had similar management history and have typically yielded
similarly. Field 19 (conventional) was irrigated under conventional fann irrigation management.
Field 20 (alternative management) was monitored using injinate and then recommendations
were made to in terms of application rate and jingation time to minimise deep drainage and
tailwater and maximise jingation application efficiency (see Table 35). jinmate monitoring
hardware includes the siphon flow meter placed in the siphon at the field head ditch and the
furrow advance meter's placed at five locations, equally spaced along the furrow. Irrigation flow
rate, advance times and period of irrigation were used in the SIRMOD simulation model to
optimise the application rate and irrigation cut-off parameters.

Detailed measurements of irrigation and rainfall volume balance were also undertaken. Rainfall
was measured using rain gauges on site. Bulk field inflows (ML applied) and outflows (ML
tailwater/runofO were measured using Startlow ultrasonic doppler water meters placed in the
head ditch supply and tailwater outflow pipes. Soil moisture was monitored using Enviroscan
capacitance probes and Hydroprobe neutron probes in parallel. Cotton yield was recorded from
the cotton gin and using precision agriculture yield mapping technology.

Table 35: Coin anson of conventional and Irrimate optimised fields
Field 19 (conventional) Field 20 (Irrimate monitored and modified

inaria ement

Field Ien Ih = 520m Field Ien th = 520m
SIo e = 1:800 SIo e = 1:800

alternate furrow irrigation (nori-watering of wheel alternate furrowirrigation (non-watering of wheel
tracks tracks

one x 2 inch siphon per alternate furrow one x 2 inch & one x 215inch siphons per alternate
a rox. 1-6-2,211s erfurrow furrow a rox. 4.5-5 IIS erfurrow

Irrigation shut off when water was well past end of Recommended that jingation be shut off when
furrow water was 50 in from end of furrow*

* While this was the recommendation it was riot always adopted by the jingator)

CanC Pro^CtNo: NEC2C

Detailed volumetric and agronomic jingation efficiency performance indicators were measured
for each field. This data is shown as a seasonal summary in Table 36. Perhaps the most
obvious conclusion from the data is that there was significantly greater crop water use in the
modified practice field, which was also reflected by a greater amount of water applied. However
this greater crop water use did not return a higher crop yield. One possible reason for this is that
both fields were managed agronomically the same. While the modified practice field may have
been using more water (only realised upon viewing the data after the season had finished) and
growing faster there was no regulation of growth (i. e. growth regulator application was the same
for both fields). Physiologically, greater crop water use should produce greater vegetative
growth. However the nature of the cotton plant is such that this may not produce extra cotton
lint (i. e. reproductiveIy) but rather yield more vegetativeIy. As this was only recognised in
hindsight upon viewing the data, measurements of plant dry matter production (or internode
lengths) were nottaken.
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Table36:Summa of Ith ation Efficienc errormanceindicators.

Pertormance IndicatorValue Control Field Modified Management
Field

967
405

1352

192

71

251
285

I16
49
166
935
659
70

70 hrs or2.9 da s
0.74

84%

Total Irri ationWaterA lied mm
Rainfall mm

Irri ation + RainfallA lied min
Total Irri ation Tailwater min
Rainfall Runoff mm
Tailwater +Rainfallrunoff mm
Effective rainfall min
Irri ationDee Draina e
RainfallDee Draina e
TotalDee Draina e
TotalCro Water use min
Irri ation cro water use min
Yield bales/ha
Water 10 in over last5irri ations
A ronomic WUE bales/ML

Volumetric lingation Efficiency (ML used/ML
delivered or % assumes 90% tailwaterrecyciing

Efficjencv of individual jinqation events

Individual jingations were monitored in both fields. Irrigation applied, tailwater and soil moisture
deficit were measured directly as well as advance measurements for SIRMOD simulations. The
"deep drainage"term is derived via a volume balance method.

775

405
1180
198

90

288
271
84

44

128
764

494
8.1

11thrs or4.6da s
1.05

83%

Inni

Irrig
Table 37:Irri ation water balance and efficienc of conventional field

Flow Time Applied Tailwater Infiltrated Deficit Deep Application Distribution
Rate (min) (mm) (min) (mm) (min) Drainage Efficiency* Uniformity
Us) % %min

1.9 79%24 97%
I. 8 2 96% 90%
1.5 80% 95%14

1.6 91%4 93%
2 19 73% 87%
2 82%10 95%

2.6 9 98%82%

84 83%

2

3

4

5

6
7

TOTAL

1690
860

1250
1070
755

875
705

189

89
107
95
88
101
106

775

Irrig
Table 38:Irri ation water balance and efficiency of modified management field
Flow Time Applied Tailwater Infiltrated Deficit Deep Application Distribution
Rate (min) (mm) (min) (min) (mm) Drainage Efficiency* Uniformity

IIS min) %) %
5.1 680 88%13 95%
5.1 594 67%46 95%
5.1 445 76%23 95%
4.7 450 13 83% 92%
4 285 96%2 94%
5.5 470 17 84% 92%
4.8 425 2 96% 98%

116 84%

54

15

26
23
13
30
37

198

197 50 147

2 33177 144

3 27131 104
4 120 9228

5 84 10 74

6 142 25 117

7 116 19 97

TOTAL 967 192 775

(* Assumes 90% of tailwateris recycled and riotlostin system)

135
74

81

72

75
71

68

578

I I I

72

67
68
56
61
59

494

134
98
81
79
72

100
95

659
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The data shows that jingation efficiency was only marginalIy higher in the modified field due
mainly to higher crop water use. While optimal irrigation flowrate recommendations (using the
IRRllVIATE/SIRMOD tools) were made for the modified practice field, the irrigation manager did
not adhere to the irrigation timing recommendations. One reason may be that fine tuning the
period of jingation to just meet the crop watering requirements was seen as too risky by the
trigator. Hence, the jingator employed a large factor of safety by continuing to run excess
water down furrows for some 1-2 hours after the water after the recommended period. As an
example, irrigations 5 and 7 (Table 38) show the very high application efficiencies achieved for
two irrigations where the siphon was stopped much closer to that recommended by the
IRRllVIATE/SIRMOD tools.

To further demonstrate the potential impact of pulling the siphons at the recommended time,
Table 39 shows the volume balance and efficiency data from these jingations as simulated
using SIRMOD and the optimal siphon cut off time. Generally the data shown in Table 39 was
achieved in the simulation by a siphon cut-off time matching the time when the water reached
the end of the furrow. Compared with the conventional field, this equates to a significant saving
in tailwater (, 72mm), a negligible deep drainage saving, less water delivered (6 mm) and far
greater crop water use (, 65mm or 33% greater). The impact of the greater crop water use is
discussed below.

Table 39: SIRMOD simulated irri ation water balance and efficienc of modified inaria ementfield

Irrig Flow Time Applied Tailwaterlnfiltrated Deficit Deep Application Distribution
Rate (min) (mm) (min) (min) (mm) Drainage Efficiency* Uniformity
(IIS (%(mm) %)
5.1 3 98% 92%
5.1 42 70% 93%
5.1 82%17 91%
4.7 6 93% 91%
4 2 96% 94%

5.5 13 88% 87%
4.8 99% 97%

84 89%

140 3 137

2 145 5 140

3 100 2 98

4 86 85
5 84 10 74

6 2115 113
7 99 3 96

TOTAL 769 26 743

(* assumes 90% of tailwateris recycled and riotlostin system)

CanCPro^CtNos NEC2C

480

510

340

320
285
370
360

^. r^

Perhaps the most obvious outcome from the inal was the fact that Field 20 (modified
management) had a significantly higher crop water use yet had a lower yield. Figure 15 shows
a comparison of daily water useages between the two fields. Daily water use was similar early in
the season for the period of first and second irrigations. However for the latter part of the
season daily water use was often higher in Field 20. Figure 14 demonstrates this further with the
seasonal cumulative crop water use being greater for Field 20. In particular, the crop water
usage rate increased after the second jingation.

134

98
81

79

72

too
95

659
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Soil moisture res onses

To demonstrate soil moisture relationships during the season, continuous soil moisture data is
presented in Figure 15. The obvious features of this data include the greater upper and lower
limit for Field 20, the result of which is an overall greater crop water use (as shown also in
Figure 14). The higher upper limit was most likely due to the greater wetting up of the top 10 cm
soillayer in the bed due to the greater furrow flowrate causing a greater furrow flow depth. This
type of wetting up would increase bed wetting around the seed and therefore enhance
germination. Hence running greater furrow flowrates and water depths during a "pre-water' or
'Water-up" (i. e. first irrigation) may be a good practice where germination is difficult.
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Figure 15: Soil moisture profile forthe season including neutron probe readings and
continuous enviroscan readings forthe lastfive irrigations

Figure 16 shows the continuous soil moisture values for the individual soillayers within the root
zone profile. These are shown for the last five irrigations only since continuous soil moisture
readings were only taken for that period. The soil moisture profiles show distinct soil moisture
relations.

The soil moisture levels are generally higher in the top layers in Field 20. This greater wetting
up of the top 10 cm soillayer in the bed due to the greater furrow flowrate causing a greater
furrow flow depth. This type of wetting up would increase bed wetting around the seed and
therefore enhance gemiination. Hence running greater furrow flowrates and water depths during
a "pre-water' or "waterup" (i. e. first irrigation) may be a good practice where germination is
difficult The soil moisture profiles show reduced periods of low water usage typical of post
saturation waterlogging stress forthe modified practice field.
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Soil moisture was extracted from the 70-80cm and 90-100cm depths by the crop in the modified
practice field as indicated in Figures 16 e & f. The conventional field showed minimal soil
moisture extraction from these depths.

Conclusions

The truest indicator of the success of any management change must be an improvement in
profit and productivity. Given that irrigation efficiencies were similar between the too fields
(although the modified practice field could have been optimised further by some 5% efficiency)
conclusions must be drawn from the response of the crop. While limited agronomic data was
collected some basic conclusions can be drawn, viz. :

The modified practice field used significantly (33%) more water (lingation use was 659mm
vs 494mm for the nomial management field). Water extraction was similar at shallow
depths but far greater at deeper levels in the modified practice field

. The crop yield was significantly less in the modified management field (7.0 bales/ha vs 8.1
bales/ha forthe normal practice field)

. The conventional practice field matured some seven days earlier than the modified
management field, which indicates a significant physiological difference between the two
fields.

Apart from yield the crop physiological effects were not well understood in this trial due to
limited data

. Soil moisture data would suggest that the modified management field underwent less
waterlogging stress as indicated by earlier crop water use recovery after irrigation events.

While the yield data would conclude against the management practices suggested by the
injinate surface irrigation evaluation system there is distinct contradiction shown in the soil
moisture data. This would suggest that the issues that are interacting are agronomic and
physiological. Unfortunately these interactions were not measured or understood during the trial
and hence further inals with more extensive agronomic and crop physiological monitoring may
answer some questions to do with optimising yield in accordance with crop water use.

CanC Project Nos NEC2C
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Disc ss:on of es", ts Including L, k ,y ,in a
Re ", ts forthe Cotton ^"dustry

8. Review ofP evious Whole Farm Irrigation Research and the Identificatio
of Opportunities for Improvement(Phase I)

The reviewed literature and data shows that there is both considerable potential for
improvement in jingation efficiency of surface irrigated production systems as well as
considerable opportunity to make this improvement through changes in management and farm
design to reduce water losses on farm. Opportunities to improve whole farm WUE include:

waterstorage seepage and evaporation mitigation;
. distrlbution channelseepage and evaporation mitigation;
. in-field application deep drainage and tailwaterloss minimisation; and
. agronomic irrigation improvements including the reduction of water logging stress through

the minimisation of irrigation inundation.

There is no doubt that the results and data from this project highlight that a real opportunity for
trigators in the Australian Cotton Industry exists in the area of improving water use efficiency for
greater productivity. The main barrier to the adoption of water saving techniques and
technologies will be the economic capital outlay required for such measures as evaporation
mitigation and seepage control measures. The modification of in-field jingation management
practices that give demonstrable gains of jingation efficiency is a simple and inexpensive way of
making small efficiency gains

The improvement of agronomic WUE is a complex issue that needs further work. However the
initial findings of this project demonstrate that reduction in irrigation saturation time has a
significant potential to reduce waterlogging stress and improve crop water use efficiency.

8.2 Benchmarking Whole Farm Irrigation Efficiency(Phase 2)
The benchmarking of whole farm WUE showed that the farms monitored in the Goondiwindi
region had the following ranges of water losses on a whole offarm water basis

. Storage Evaporation- 14-40%

. StorageSeepage- I-10%
Channel Evaporation - 2-3%

. Channelseepage-24%
In-field deep drainage - 11-13%

. In-field evaporation-2%

. In-fieldtailwater-3-7%

These benchmark figures show that significant potential for irrigation efficiency improvements
exists in the water storage and application systems. In these cases minimal losses were
measured in distribution channels however this may not be generalised for the whole industry
based on soil type variations.

This data demonstrates that there is significant scope for securing farm water through efficiency
gains. The ability to improve whole fann efficiency is shown by the factthat in a worst case only
21% of the total farm water was utilised by the crop compared with a best case (benchmark)
farm that utilised 70% of whole farm water through the crop. The challenge is how to
economicalIy secure this water through alternative design and management practices.

Ingi
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8.3 Best Management Practices - Assessment of Alternative Irrigation
Management Practices to Improve Irrigation Efficiency(Phase 3)

8.3. , Waterstoraqe evaporation reduction

The data from the benchmarking phase of this project demonstrates that some 10 to 40% of
water is lost due to evaporation from water storages. Thus, evaporation represents the single
largest preventsble loss of water from on-farm irrigation storages in Australia. The problem is
exacerbated by the nature of these on farm storages, which are relatively shallow (less than
5.0metres). The present volume of on-farm storage in the Condamine - Baionne, Maclntyre,
Gwydirand NamoiValleys now totals almost1,000,000 ML.

The average annual evaporation rate in these areas can be over 1500mm giving a nettloss
(evaporation in excess of rainfall) of up to 1000mm. This coupled with the relatively low storage
depths leads to a potential loss through evaporation of up to 20% of stored volume or 200,000
ML per annum. The potential value of this water for cotton production alone is over $600 per
megalitre. The total annual cost of evaporative losses in these regions may exceed $120million
per annum. These economic imperatives are secondary to the ongoing search for more water
to meet the increasing need to provide adequate environmental flows. Being able to control
evaporation in a practical and economic fashion is a uniquely safe method of increasing the
available water resource within the Murray Darling System.

The data presented in Tables 30 and 31 show the cost benefit of two different types of
evaporation mitigation measures. While these are simulated examples there needs to be a proof
on concept of these types of measures such as the viability of deepening storages and the
practicalities of covering large on farm water storages. Other possible best management
practices might include multiple storage cell to reduce surface area and evaporation and higher
level design crlteria for deeper darns including site selection to minimise seepage and failures.

CanC ProjectNo= NEC2C

8.3.2 Reducinq in-field deep drainaue and tailwater

The initial trial work in this project indicates that combinations of optimised application flow rate;
irrigation time and field design parameters (such as field length) all have a significant effect on
the volumetric efficiency of furrow jingation applications. In very long fields (up to 1000m) with
inappropriate siphon application rates and times water savings of the order of 0.5 MUha per
season (or 10%) could be expected through deep drainage and tailwater savings. In such a
case planting areas could be budgeted at 0.5MUha less giving 10% greater irrigated cotton
area planted. The potential benefits for the Australian cotton industry could be in the order of
$100 million extra cotton production. Further the savings in tailwater pumping costs at a cost of
$1 per ML per metre head of water pumped could result in pumping savings in the order of $5.5
million. Of course the greater level of labour to manage jingations to achieve optimum
efficiencies would of Iset some of these savings and production benefits.

While the savings in water are well demonstrated in the project these alternative irrigation
management practices within current agronomic monitoring schemes has produced a significant
effect on crop yield. Further work is needed on the effect of reducing water logging and
irrigation inundation times and the effect of various soil moisture deficits on the crop response
and yield of the cotton plant. Paradigm shifts may be needed in terms of plant variety and crop
monitoring systems to push agronomic and volumetric water use efficiency benchmarks to a
higher level.
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8.4 Extension(Phase4)

The awareness raised in this project of the relative values and potential improvements in whole
farm water use efficiency is not an insignificant component of the value built by the project but
one that is difficult to quantify. Perhaps the value is best measured by the PIethora of activity
and new projects current within the cotton industry in the area of water use efficiency that was
riot existent when the project commenced in 1998. Examples of these include:

water use efficiency initiatives are established in QLD and NSW to provide support to
jingators to improve water use efficiency;
jingators now are able to understand the opportunities that exist in water use efficiencies
and potential savings in theirfarms; and
irrigation efficiency evaluation is developing as a service that can be provided to trigators.
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9. Description of ProjectTechnology

There is no doubt that without some means to be able to measure and quantify whole farm
irrigation efficiency the assessment of farm irrigation performance is not achievable. Perhaps
one of the main outcomes of the project was the development of the "jinmate" technology which
utilises the software developed for the furrow soilinfiltration characterisation model(INFILT) at
UsQ and the SIRMOD simulation model. The Irrlmate hardware was produced by the NCEA in
association with this project to develop farmer friendly tools for irrigation performance
evaluation. However, in reality these tools are not "farmer friendly' but rather "consultant
friendly' since the feedback throughout the project indicated that farmers would prefer to pay a
cotton or irrigation consultantto do this type of assessment.

The Ithmate package consists of irrigation monitoring hardware including siphon flow rate and
total flow monitor (Fig 21) and irrigation advance sensors (Fig 22) placed along the length of the
furrow. The advance sensors are used in conjunction with the Kostiakov-Lewis equation to
quantify the infiltration characteristic of the soil within the furrow. The model (SIRMOD,
developed by Utah State University and University of Southern Queensland) can be used in
conjunction with the data gathered from the himate hardware to simulate the jingation. After
accurate simulation is achieved (according to a volume balance match and irrigation advance
time match between real and simulated) the model can be used to analyse post irrigation data
to provide the most efficient regime of irrigation application rate and time.

CanC ProjectNo: NEC2C

Figure ,7:1rrimate siphon flow-monitoring hardware
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Figure 18:1rrimate furrow advance monitoring hardware and download device
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,0. Further Deve, opmer, t, Dissemination

the Projec

The project team have invested heavily in developing and disseminating the tools, data and
outcomes of the project. However, further scope to disseminate and exploit the project
outcomes is possible in several areas.

Traininq and Extension Proqrams

"Measure it to manage it" workshops have been held in eight cotton growing valleys to create
awareness of whole farm irrigation efficiency and promote irrigation best management practice.
However, further workshops could be conducted either in other areas or as repeat workshops in
those valleys where workshops have been conducted. Alternatively, follow-on workshops which
provide a more detailed exposure to the advantages of comparative benchmarking and/or a
greater level of grower confidence in using the decision support tools could be developed.

The NCEA has developed a suite of training modules for irrigation industry training of extension
officers, irrigation designers and irrigation practitioners, Training in whole farm jingation
efficiency assessment has been undertaken by WUE IDO's employed through NSWAg and
QDPl. As is generally the case, a basic knowledge and understanding of the issues influencing
water use efficiency and its improvement will further develop the evolution of improved jingation
management and water use efficiency. Many modules have been developed by different
training providers in irrigation. However, there is not yet an adequate module on the
assessment and evaluation of the performance of surface irrigation systems. Further training of
IDO's, cotton consultants and trigators in this area would exploit the knowledge built in the
project.

rid E
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Some basic whole farm water use efficiency promotional and extension sheets have been
developed by this project. However, there is a need to further develop the range of infoimation
resources readily available to cotton jingators. The resources could take the form of information
fact sheets, training courses, decision support systems and internet accessible materials.

Evaluation of Aqronomic ImDacts of Chanqed Surface Irrioation Mariaoement

Preliminary field evaluation of the potential benefits of reduced waterlogging associated with
improved surface irrigation has been conducted. However, further research is required to
confirm the range of conditions under which benefits could be expected and the management
practices required to consistently achieve those benefits. This work should be conducted in
such as way as to include the full range of soil, agronomic and climatic differences experienced
within the industry.

EconomicAssessment of Surface Irriqation Svstems and Associated Infrastructure

This project has quantified the pertonnance of the various on-farrn water management systems.
While preliminary economic assessments of some system and management changes have
been conducted, more detailed studies are required to assist growers make decisions based on
the costlbenefit of suggested infrastructure and management changes.

Evaporation of water from farm storages represents the largest farm water loss. Many of the
options for surface evaporation mitigation have been reviewed in this project. However, the cost
of malling different control measures in the field was outside the scope of the project. Proposals
to develop systems for evaporation mitigation should be developed and considered as essential
within the research community.

10, tatio f
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Dee Draina e

This project has identified that significant volumes of water may be lost through deep drainage
from on-farm storages, distribution systems and infield application systems. In particular, the
magnitude of the in-field deep drainage losses identified raise concerns regarding the traditional
industry view that cracking clay soils do not "leak". The potential for groundwater rise and
contamination due to deep drainage continues to be one fo the most significant environmental
threats to the cotton industry. Hence, research should be continued to relation to the evaluation
of the real economic and environmental impact of deep drainage across the industry.

The Develo merit of Tools to Evaluate Alternative jin ation S stems

The in-field irrigation evaluation tools (the "injinate" package) developed in conjunction with this
project are currently being utilised by two irrigation engineering consultants to provide services
to jingators for irrigation efficiency improvement. The NCEA and these consultants propose
continued development and promotion of this service. Further, the mamage of cotton jingation
engineering that utilises the Ithmate package with cotton jingation agronomy that performs plant
mapping and other more detailed agronomic services provides significant potential to push the
agronomic and volumetric (or engineering) water use efficiency benchmarks for the Australian
Cotton Industry. This "mamage" of services has commenced in a pilot form in both the
Goondiwindi and Daiby regions with commercial pilot mais of this type of service (potentially 10
sites in both valleys forthe upcoming 200,12002 season).

Training and assessment protocols need to be developed to assist producers in making
informed decisions regarding the deployment of alternative irrigation application systems (ie drip
and low pressure mobile systems). The assessment and evaluation of these systems should be
conducted in a manner which enables direct comparison of performance with best practice
surface irrigation systems.

Data Collection for Other Re ions

The data presented in this project is based on work in the Goondiwindi and Border Rivers
region. This was due to directive from the CRDC Board that commissioned the project. This
project has been heavily involved in supporting the establishment of WUE IDO's in both
Queensland and New South Wales. Hence, it is expected that some system performance and
benchmarking data will be collected from other regions by these government funded programs.
However, where these programs do not provide an appropriate data for other regions, the
industry should consider funding to ensure that a balanced picture of the industry performance
is obtained. In addition, an evaluation of the design and management parameters identified in
this project should be considered as part of the development process for new cotton areas (eg.
Richmond and Ord).
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