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1. Background 

Siphon-less irrigaƟon systems conƟnue to be installed on coƩon farms replacing manual siphon 

irrigaƟon. However, there has been limited measurement of irrigaƟon performance for bankless 

irrigaƟon systems in all their various forms.  Growers uƟlising these systems tend to be comfortable 

with their new siphon-less systems with their comparisons in water use and yields being maintained, 

or improved, following the change.  A CRDC supported project CSD2201 was completed in 2021-22 

with the broad aim to opƟmise applicaƟon of water in a parƟcular tailwater backup system. 

InformaƟon from CSD2201 and the GVIA Keytah System Comparison trial RRDP2004, indicate that 

the GPWUI from these systems is comparable to other irrigaƟon applicaƟon systems in use. Research 

indicates that the water use efficiency from them is influenced more by season than by system type, 

and that opƟmising individual irrigaƟon event management of each system is most important. 

This CSD2201 trial demonstrated that irrigaƟon performance could be opƟmised in the first half of 

the field where the tailwater was not backing up. The exisƟng SISCO evaluaƟon process cannot use 

data from sensors where water is flowing in two direcƟons simultaneously in an irrigaƟon event, and 

as such the opportunity Ɵme in the area where tailwater is backed up, cannot be simulated. Work is 

being done to understand this and inform future developments of the SISCO model. 

The challenge all surface irrigators have when managing individual irrigaƟon events is knowing when 

to turn-off (cut-off) supply water.  That is, what duraƟon of inflow should be managed to opƟmise 

the uniformity and reduce excess applicaƟon, by shuƫng-off the in-flow with the supply gates on a 

bay, and shiŌ supply to the next bay.  This is important because if the water is stopped too early or 

too late, it can result in poor irrigaƟon performance with under or over irrigaƟng of the bay or parts 

of the bay.  Increased deep drainage (lower applicaƟon efficiency) and runoff will occur if over 

watered.  If under-watered the tail drain end or downstream secƟons of the field may not have its 

deficit met (lowering requirement efficiency), adversely impacƟng crop producƟon. The addiƟonal 

challenge when managing tailwater backup bankless systems, is to know when to also open the 

iniƟally closed tailwater gates to maximise infiltraƟon of tailwater in the boƩom part of the field, and 

minimise excess tailwater pumping. This project is proposing to invesƟgate opƟons to inform gate 

shut-off with the aim to help irrigators opƟmise irrigaƟon performance in siphon-less tailwater 

backup designs. 

Proposed solution 
The proposed soluƟon involves invesƟgaƟng two potenƟal approaches to inform the grower of the 

most suitable Ɵmes to stop inflow into bays whilst sƟll allowing effecƟve irrigaƟon across the 

majority of the individual bays. 

Proposal 1:  SISCO (surface irrigaƟon simulaƟon, calibraƟon and opƟmisaƟon) model.  

  Apply SISCO model to average furrows to inform inflow shut-off in Bays 7, 8 and 9. 

Proposal 2:  Soil moisture deficit and Ɵming model. 

 Apply Soil moisture deficit and Ɵming model to slow furrows to inform shut-off in 

Bays 1, 2, 3, 4, 5, and 6.  



As part of the trial, we will collate a table with suggested run Ɵmes and actual run Ɵmes. We will also 

aim to compare the volume of tailwater and to invesƟgate the use of drones to provide a visual 

assessment.  

Outcome and Value proposition to growers 
Simplified irrigaƟon decision making, improved irrigaƟon performance, improved run Ɵmes and 

water applicaƟon, reduced water losses through drainage and improved crop producƟon. 

Extension ac vi es:  
This trial will be a commercial grower-led demonstraƟon site. Real Ɵme SMS messages to irrigators 

or gate automaƟon will be used throughout.  

The proposal would include hosƟng a field day to show how the trial had performed.  

AddiƟonal communicaƟon acƟviƟes would include conversaƟonal videos or podcasts between the 

grower, designer, research and extension personnel and a final report. 

Develop an arƟcle for the Australian CoƩon Grower. 

Summary of the tailwater backup siphon-less design: 
The parƟcular irrigaƟon system at Thuraggi Outlet is supplied by a head ditch fed directly from the 

storage. Each bay is irrigated by a Padman Stops bay outlet that opens to allow water into the 

bankless head-ditch. As this fills, water flows over a raised in-field sill, and then down-slope over the 

field length. As the remaining irrigaƟon water advance reaches the tail drain, it backs up furrows 

from the bankless tailwater channel. Once all furrows have been adequately irrigated, the Padman 

bay outlet in the next bay is opened to fill the next bankless head-ditch, and the gate between tail 

water drains is opened to allow water to flow into the next tail water drain.   

 

2. Specific Aims 

1. Investigate optimal time to shut-off inflow into bays to optimise irrigation event performance, 
including application efficiency, distribution uniformity and requirement efficiency. 

a. Use water advance information at points A, B and C to inform shut-off time 
b. Use water advance from points D and E to check shut-off decision. 
c. Use information to develop/refine models. 
d. Aim to improve application efficiency and more closely meet soil water deficits. 

2. Measure Irrigation Water Use Efficiency and Gross Production Water Use Efficiency 
a. Measure soil moisture contents at start and end of season 
b. Monitor all water on and off the field to determine irrigation water applied 
c. Monitor rainfall 

3. Option1: SISCO model 
a. Measure water infiltration rate, depth and where possible recession from head ditch to mid 

field location C in the siphon-less tailwater backup design to inform SISCO model. 
b. Provide real time feedback to the grower to inform inlet shut off timing for each bay. 
c. Estimate application and distribution uniformity in the first half of the field under tailwater 

backup siphon-less design. 
d. Investigate potential to apply surface irrigation optimisation technologies such as SISCO to 

the tailwater backup siphon-less design. 
4. Option 2: Soil moisture deficit and timing model 

a. Develop model using soil moisture deficit and water advance timing. Use model to inform 
inlet shut-off for bay. 

b. Apply model to adjacent bays to inform inlet shut-off 

 



3. Location and Field Layout 

 

4.  Methodology 

UƟlise exisƟng measurement and monitoring equipment purchased by the grower and as part of 

CSD2201 

Measure and monitor water use and movement in Field 5 at Thuraggi Overflow.  Typically, irrigaƟons 

will start at Bay 3, then proceed to Bay 1 and 2. Then Bays 4, 5 and 6 are irrigated in order, and finally 

Bays 7, 8 and 9. These three bay groups share a tailwater outlet. 

1. Investigate optimal time to stop inflow into bays and maximise WUE in field. 
a. Select slow furrow in each bay. Position water advance sensors as follows: 

i. Position A, B, C, D and E in Bay 3 
ii. Position A, B, and C in Bays 4 and 7 

iii. Position C in Bays 1, 2, 5, 6, 8 and 9 
iv. Apply soil moisture deficit timing model to all slow furrow sets (Bays 3 and 4) and 

use model to inform shut-off timing to Bays 1, 2, 5 and 6. Send irrigator shut-off 
recommendations for Bays 3, 1, 2, 4, 5, and 6. 

b. Select average furrow in Bays 3, 4, 7, 8 and 9. Position water advance sensors as follows: 
i. Positions A, B, C, D and E in Bays 7 

ii. Positions A, B and C in Bays 3, 4, 8 and 9.  
iii. Apply SISCO model to all average furrow sets (Bays 3, 4, 7, 8 and 9) and use SISCO to 

inform shut-off timing to Bays 7, 8 and 9. Send irrigator automated SMS shut-off 
recommendation for Bays 7, 8 and 9.  

iv. Calculate infiltration characteristics and uniformity information for average furrows 
at the top of the field in Bays 3, 4, 7, 8 and 9. Provide this to the grower and 
consultant in real time.  



v. Apply SISCO model to slow furrow in Bays 3, 4 and 7. Compare findings with data 
from average furrows.  

c. Monitor each irrigation event during the season. 
i. Collate information on suggested run times and actual run times for both models. 

ii. Collate information on tailwater runoff for each set of 3 Bays. 

2. Measure Irrigation Water Use Efficiency (IWUI) and Gross Production Water Use Efficiency 
(GPWUI). 
a. Measure all water supplied from storage to field and tail water returned to storage from pre-

plant to picking. 
b. Record rainfall data from date of pre plant soil cores to post picking soil cores  
c. Do pre and post season soil cores in Bays 7, 8 and 9 to inform soil moisture content 
d. Record water applied and run off for Bays 7, 8 and 9. Where possible estimate water applied 

and run off for Bays 1, 2 and 3, as well as for Bays 4, 5, and 6.  
e. Collect yield information for each set of three Bays. 
f. Calculate IWUI and GPWUI for each set of three Bays. 

3. Soil probes to be positioned at location C in Bays 3, 4 and 7 to assist in development of shut off 
hypothesis/model from advance sensor. 

Furrow selecƟon considered the field operaƟons and numbers of Ɵmes furrows would have a wheel run along 

it in a season. While observaƟon of the iniƟal irrigaƟon events was used to select the slow and average 

furrows, those with lower number of wheel passes were selected in preference to equivalents furrows with 

high traffic.  

 

5. Results & Discussion 
Water Efficiency measures 

Water on and off the field was measured throughout the season 2022/23, as was in-crop rainfall. Pre 

and post-season soil moisture cores were not collected due to wet condiƟons. Rainfall in the month 

prior to sowing was 86.8mm and the crop was sown into moisture adequate for germinaƟon. In the 

3-6 days following the final irrigaƟon a total of 61mm of rain fell on the field generaƟng the 

equivalent to 37mm of runoff. A stored soil moisture use of zero was adopted for GPWUI 

calculaƟons. 

Season 2021/22 2022/23 

Area Monitored (ha) 89.7 276.7 

Yield (b/ha) 13.94 15.44 

IrrigaƟon water applied (ML/ha) 6.62 7.24 

IWUI (b/ML) 2.11 2.13 

EffecƟve Rainfall (ML/ha) 3.98 2.47 

GPWUI (b/ML) 1.31 1.59 

 

ApplicaƟon and DistribuƟon Uniformity 

As in the prior season, the inability to capture accurate furrow flow rates hampered the use of the 

SISCO model to generate reliable bay-level infiltraƟon characterisƟcs and determine applicaƟon and 

distribuƟon uniformity measures of irrigaƟon events. The selecƟon of an “average” furrow to place 

advance sensors proved to be difficult and somewhat subjecƟve. An aƩempt to use objecƟve 

measurement in the upper porƟon of a bay to select an “average” furrow did not equate to an 

“average” furrow advance Ɵme for water to reach the lower porƟon of the bay. While a theoreƟcal 

average furrow flow rate could be calculated from the pump flow rate into a bay, divided by the 



number of furrows, the applicaƟon of this to the selected “average” furrows and the advance sensor 

Ɵmes yielded unreliable results. 

The furrow boƩom heights in the sill were measured to beƩer understand and idenƟfy potenƟal 

average furrows. These heights proved to be quite uniform in their level (80% within +/- 20mm of 

mean elevaƟon of the bay, per J Foley). This consistency suggests good design and outcomes from 

the equipment and technology used to form the sill and beds.  

 

OpƟmal Shut Off Ɵmes 

InvesƟgaƟon of the opƟmal shut off Ɵme for irrigaƟon events followed two main processes. 

1. Modelling of scenarios in SISCO using a range of input data to generate cut-off estimates 
2. A timing model - based on soil moisture deficit and water advance times 

 

The first process used an exisƟng computer simulaƟon model iniƟally developed for bay/border-

check surface irrigaƟon systems, SISCO, that has been subsequently tested extensively for furrow 

irrigaƟon in coƩon and sugar-cane. While the new SISCOweb model predicƟons of applicaƟon 

efficiency in bankless in this trial was hampered by lack of accurate flow rate data for furrows with 

measured advance, it was able to be manually operated in a manner that allowed it to predict run 

Ɵme for irrigaƟon (of unknown depth) for chosen lengths of the upper parts of the fields. The 

predicƟons achieved automaƟcally by SISCOweb under this process were much closer to actual runs 

Ɵmes than those generated when trying to accurately esƟmate soil infiltraƟon characterisƟcs, 

applicaƟon efficiency, and distribuƟon uniformity automaƟcally from inaccurate furrow flowrates. 

This manual entry of a constant average furrow inflow, rather than variable inflow, enabled 

automated calculaƟon of a soil infiltraƟon characterisƟc at the site. It was noted that infiltraƟon was 

iniƟally rapid, filling a large porƟon of the soil moisture deficit in the first three hours (80% in first 30 

minutes and 95% in first 3 hours). This was followed by very low longer term infiltraƟon rates 

(<5mm/hour). This characterisƟc also means linear fit models more reasonably described water 

advance, parƟcularly in the monitored slow furrows, and present a potenƟal simple method for 

esƟmaƟng irrigaƟon shut off Ɵmes.  

 
This operaƟon of the SISCOweb model under the noted rapid fill infiltraƟon characterisƟc, 

automaƟcally generated esƟmates for the irrigaƟon compleƟon Ɵme for chosen lengths of the upper 

part of the field. This provides an esƟmate as to where the advancing water in the furrow at that 

point would “collapse to”, when using the automaƟcally generaƟng cut-off Ɵme recommendaƟons. 

This predicƟon used generates informaƟon about how far past the waterfront locaƟon at Ɵme of 

shut-off, that the advancing water in the furrow will run to. These “collapse to” manipulaƟons were 

run post irrigaƟon events and not used to inform management decisions live as part of this trial, but 

represent an avenue for further opƟmisaƟon of bankless irrigaƟon events where accurate furrow 

flowrates are unknown, but advance rates are measured. 

The second process used the advance rate of water in the slowest furrow in a bay to esƟmate a shut 

off Ɵme. This involved selecƟon of point in the bay to get the water to (roughly 60% of bay length), 

plus an esƟmate of the potenƟal distance past this point the upstream water in furrows would flow. 

Both these required a degree of user experience with the system. The result of an irrigaƟon event 

was subjecƟvely assessed examining the volume of tailwater and any dry rows to esƟmate an “ideal” 

shut off Ɵme versus the actual shut off Ɵme. 



This process also looked at the relaƟonship between the ideal Ɵme to water the first bay in the field 

and how that related to subsequent bays within a set and between sets of bays.  

The Ɵming based model showed relaƟonships that were useable in subsequent irrigaƟons. 

Within a set of three bays, the run Ɵmes of the second and third watered bays were on average 91% 

and 81% respecƟvely of the first watered bay ideal run Ɵme. These quicker run Ɵmes reflected the 

compounding effect from the re-use of tailwater but also provided a rule-of-thumb guide to watering 

Ɵmes of bays subsequent to the first in a set of three. 

The run Ɵme data between sets of bays was more variable however there were useful trends 

evident. Using the ideal run Ɵme from the first bay watered in the field (Bay 3 in all events), the first 

watered bay in subsequent sets averaged 93% of the Bay 3 ideal run Ɵme. The second and third 

watered bays in each set averaged 87% and 77% respecƟvely in their run Ɵmes compared to Bay 3. 

Table 1: Runs mes of bays compared to first watered bay in field 

 

 

Another aspect that was monitored was the water height change in the tail drain of a bay. Depth 

sensors on the tail drain gates between bays recorded the depth of water at regular intervals.  For 

the first watered bays in each set, there was a trend towards there being a relaƟonship in Ɵme 

difference between the water reaching the tail drain (as indicated by the depth sensor) and the Ɵme 

to ideal shut off, suggesƟng a potenƟal method for esƟmaƟng shut off Ɵmes. This relaƟonship was 

not apparent in the bays re-using tail water.   

Consistency of water management (pump flow rate, delivery channel heights) aided the observed 

Ɵming trends with the larger variaƟons in Ɵme related to water supply i.e. changes in pump flow 

rates, changed head in delivery channel etc. AƩenƟon to management yielded benefits in Ɵmeliness 

of irrigaƟons and minimisaƟon of tailwater.  

Soil Moisture Deficits 

The soil moisture deficit and its influence on irrigaƟon requirement and water run Ɵmes was not able 

to be esƟmated from the installed soil moisture probes.  Soil moisture probes (capacitance probes) 

were installed at the site with the grower having two and the trial providing three, all from the same 

provider. These were not calibrated and generated notably different results. Probe soil moisture 

reading differences between the pre-irrigaƟon level (low) and the post irrigaƟon level (high or upper 

refill point) were not indicaƟve of the water volumes infiltrated (water applied less tailwater) and 

were not useful in esƟmaƟng deficits for potenƟal irrigaƟon requirements. At best they provided an 

indicaƟon as to the irrigaƟon requirement of the current irrigaƟon compared to the prior irrigaƟon. 

This was used to adjust the esƟmated run Ɵmes, however the degree of adjustment in Ɵmes 

reflected user experience more so than any parƟcular calculaƟon derived from probe data. 

Watermark sensors were installed in Bays 3 and 7 in proximity (~5m) to the grower’s capacitance 

probe in Bay 7 and the trial probe in Bay 3 (approx. 570m from sill). The 20cm sensor was more 

reacƟve than the 40cm sensor and provided a greater range of data points. The Watermark sensor in 

Bay 3 registered poor health from Ɵme of installaƟon and only transmiƩed data for the 10 – 12th 

irrigaƟons. The data obtained from this sensor did seem to fit the expected range for negaƟve soil 

First Watered 2nd Watered 3rd Watered

Within sets 100% 91% 81%

Between sets 93% 87% 77%



moisture potenƟal despite period of data capture containing only three irrigaƟons.   The sensor in 

Bay 7 provided more consistent data although failed to capture and transmit data for the 7th and 8th 

irrigaƟons. This laƩer sensor did not fluctuate through the expected range for negaƟve soil moisture 

potenƟal. It was assumed this was a sensor issue mostly likely related to poor installaƟon. 

Other Points 

It was noted regularly that the type of commercial advance sensors used in this trial impeded the 

flow of water in furrows, by trapping and “raŌing” build-up of trash. On-site manual measurements 

were made by project parƟcipant in Bay 6 TO5 on the 16th Jan 2023, and recorded the significant 

reducƟon in furrow advance by trash build-up on advance sensors when compared to the same 

furrows advancing across furrow distances without trash. 

There were also quite a number of the commercial sensors that required updaƟng/reinstallaƟon of 

embedded soŌware to funcƟon acceptably, and a few that failed to provide data for periods during 

the season. 

Conclusion 
The calculated indices relaƟng to water use, in parƟcular the GPWUI, showed the bankless system 

monitored was capable of producing results in line and exceeding industry benchmarks and targets. 

The site GPWUI (b/ML) results were 1.31 (2021/22) and 1.59 (2022/23) and compare favourably to 

the 2021 industry average of 1.23 b/ML (NSW DPI Primefact August 2022) and the 2023 target of 

1.32 b/ML (CRDC Performance Report 2022-23, October 2023). Both were achieved in years of above 

average rainfall early in the crop period when the crop is typically not irrigated, and less likely to have 

benefited from the rain (however this rain is included in the GPWUI calculaƟon).  

The SISCO model demonstrated an ability to provide an esƟmate for irrigaƟon shutoff Ɵme, albeit as 

a manipulated output, suggesƟng it would require modificaƟon for use in the automaƟon of this 

system and predicƟng irrigaƟon shut off Ɵmes. The potenƟal for it to provide esƟmates of “collapse 

to” points for a water event indicates room for further improvement in the opƟmisaƟon of irrigaƟon 

events if used to predict shut off Ɵmes. Should future work unearth pracƟcal and simple method(s) 

to capture furrow flow rates for input into the model, it is likely it can provide addiƟonal informaƟon 

around the efficiency and effecƟveness of irrigaƟon events in bankless systems, at least for the 

porƟon of field not subject to back up tail water. This would likely come at the expense of more 

technology in the field which may deter some growers. 

The Ɵme-based model for predicƟng irrigaƟon shut off showed good potenƟal and is likely to 

progress in use with this system in the absence of beƩer/simpler opƟons. The infiltraƟon 

characterisƟc of rapid fill followed by minimal/nil long term infiltraƟon further simplifies a Ɵme-

based process as linear equaƟons provided reasonable predicƟons for irrigaƟon shut off. The water 

depth sensor in the tail drain and its potenƟal to predict shut off in the first watered bays (bays with 

no tail water re-use), also offers the aƩracƟon of less technology in the field. The noted relaƟonships 

in run Ɵme for subsequent bays provides guidelines for their run Ɵme management. Glenn Lyons, the 

tail water backup system designer, is developing a protocol for informaƟon capture to help users 

gather the necessary data to enable Ɵme-based models to be developed for their own systems, for 

use in the progression to automaƟon of irrigaƟon events. 

 

 



Extension Opportunities 

1. Detail a plan for the activities or other steps that may be taken: 
(a) To tell other CGAs/growers/regions about your project. 
(b) To keep in touch with participants. 
(c) For future projects. 

The project has been extended with a field day where a booklet was also produced, and article 
in the Australian Cotton Grower, videos and a podcast.  

Videos:   

https://www.youtube.com/watch?v=Mv0BkCAhtjY 

https://www.youtube.com/watch?v=xLacaTN0o3k 

https://www.youtube.com/watch?v=teye8tJ1TTk 

https://www.youtube.com/watch?v=D5GCtCcj304 

https://www.youtube.com/watch?v=YJXfe73H6c0 

https://smarterirrigation.com.au/optimisation-of-siphon-less-tail-water-back-design-in-2021-
2022/ 

Field day Booklet:  

https://smarterirrigation.com.au/sip2-cottoninfo-optimised-tailwater-backup-field-day/ 

Podcast:  

https://smarterirrigation.com.au/st-george-bankless-channel-podcast/ 


