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The state of irrigation water losses and measures to improve water use efficiency on selected irrigation schemes

EXECUTIVE SUMMARY

Background

Agriculture accounts for 70% of global freshwater withdrawals worldwide (FAO, 2017) with most of the water
being used for crop production (Morison et al., 2008). Water scarcity has escalated into a global environmental
challenge (Srinivasan et al., 2012) due to, among many factors, wastages in agriculture, growing demand from
cities and industries, climate change and the need to leave enough to sustain ecosystems (Sharma et al.,
2015). In South Africa, water scarcity has gained a spotlight position with a deficit of 17% predicted by 2030
(WWF, 2017). The country is drifting into a water-shedding mode as coping strategy. South Africa (SA) is a
semi-arid water stressed country whose long-term annual precipitation averages 480 mm yr! (Dennis and
Dennis, 2012), which is much lower than the global average of 860 mm yr-1. The precipitation varies greatly
across the country with 43% occurring on 13% of the total land area of the country. Moreover, only 9% of the
precipitation turns into runoff (Dennis and Dennis, 2012) that feeds inland dams and rivers.

Irrigated agriculture in the country accounts for at least 62% of the national water demand (DWAF, 2004; SSA,
2010). Ironically, agriculture is the least water use efficient sector with reported wastages of up to 45% (DWA,
2013), which cannot be accepted (DWA, 2013) for a semi-arid country. With 10% of agricultural land in the
country being irrigated and consuming 10 221 Mm? yr-1 by 2015 (Van Niekerk et al., 2018), 4 600 Mm? of the
water were wasted. The country is striving to increase irrigated land by more than 50%, which can hardly be
achievable without increasing water use efficiency (WUE) in the sector. The National Water Act (No 36 of
1998) lists increased WUE and sustainability as its key objectives. In addition, the National Development Plan
(NDP) 2011 dedicated a support programme to deal with high agricultural water demand and wastages to
respond to growing scarcity. Improved agricultural water security is important to meet rising demand for food,
changing diet patterns of growing, wealthier and increasingly urbanized populations (Molden et al., 2010) and
for environmental protection. Moreover, water security underpins the future economic growth of the country.

Agricultural water conservation and demand management remains behind that of domestic and wastewater
systems (DWA, 2011) despite past studies and recommendations (Reinders et al., 2010; Denison and
Manona, 2007a; 2007b). Upgrading of the irrigation infrastructure is very costly, and it is important to redirect
funding to endeavours that yield more water saving benefits, e.g. information management in the sector, which

has shown potential to improve sustainability and identifying opportunities for developing, rehabilitating, and
modernizing irrigation systems. In line with this, the Department of Water and Sanitation requested a general
framework for reporting on WUE in agriculture. The framework aims to generate information on the extent of
agricultural water losses at irrigation schemes in the country. Therefore, the framework borrows cues from the
successes of existing frameworks such as the Green-Drop, Blue-Drop and, more recently, the No-Drop
Reports, for rating water use efficiencies in wastewater and municipal water management. In line with this, the
requested framework dubbed Irri-Drop Report aims to provide a means for assessing and rating irrigation
schemes in terms of water conveyance efficiency and their readiness to deal with water losses in a transparent
manner, which is important as an incentive for Theater u
state of irrigation water losses and measures to improve WUE on selected irrigation schemesd w a sed Wwith s k
developing a general framework for the Irri-Drop Report based on available data from Vaalharts and Loskop
Irrigation Schemes.

Aims
The following were the aims of the project:

1. To assess the state of water losses and water use efficiency (WUE) in conveyance systems of
representative irrigation schemes in South Africa through quantifying major water losses in the
conveyance systems

2. To develop a framework (Irri-Drop Report) for reporting the major water losses which the Department
of Water and Sanitation (DWS) can use on all irrigation schemes in South Africa

3. To suggest and put in place measures for improving water use efficiency in the irrigation schemes
4. To build the capacity of irrigation scheme managers on compiling and evaluating monthly Water Use
Efficiency Accounting Reports (WUEAR) and on identifying opportunities for improving irrigation water

use efficiency

5. To publish the project outcomes in a prescribed format as specified by DWS.
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Methodology

Aim 1: Assessing the state of water losses and water use efficiency in conveyance systems
The state of water losses and water conveyance efficiency in conveyance systems was assessed for Vaalharts
and Loskop irrigation schemes using data available on the Water Administration System (WAS) platform.
Therefore, the activity was desktop-based where WAS reports, specifically the Water Use Efficiency
Accounting Reports (WUEAR), for the two irrigation schemes were accessed online. The WUEAR for each
irrigation scheme reports on several things, but the Irri-Drop Report, through its Water Balance Report (WBR)
component focusses on:

1 volume of water released into the canal network

1 volume of water delivered to water users on the canal network(defined on the WAS platform as:

agricultural, industrial, municipality, household, downstream, tail end and other)

1 water losses from the canal network.
The activity aimed to decipher the disaggregated canal water loss types (defined by the project as: seepage,
leakage, evaporation, operational and others) for the different subareas of the canal network (main, secondary,
tertiary canal, etc.).

Aim 2: Developing a framework for reporting major water losses

The activity used available literature on frameworks used for assessing the efficiency of water management in
South Africa (Green-Drop, Blue-Drop and No-Drop Reports) and globally (numerous water balance
frameworks) to understand the syntax of water balance frameworks for water resource management at
different levels (e.g. process, municipality and irrigation scheme levels). The information gathered from the
literature was used to develop a framework for reporting the major water losses (the Irri-Drop Report). The
framework needed to conform to the reporting format prescribed by DWS, the end users of the framework.
Stakeholders were consulted on the idea of the framework and its components. Officials from DWS were
consulted during formal meetings, while the other stakeholders (mostly the water managers from Vaalharts
and Loskop irrigation schemes and from their neighbouring irrigation schemes) were consulted during a
training session and in informal meetings.

Aim 3: Suggesting and putting in place measures for improving WUE in irrigation schemes

The activity used information and knowledge gained from activities of Aims 1 & 2 to suggest best practices for
the two study sites, namely: Vaalharts and Loskop Irrigation Scheme. The suggestions were shared with the
water managers from the two and surrounding irrigation schemes during a training session geared at capacity
development of the same (Aim 4). Further engagements with the idea of sharing knowledge on the best
practices will be pursued during further trainings on the Water Balance Report component and when the Irri-
Drop Report framework is ready for implementation.

Aim 4: Developing the capacity of irrigation scheme water managers

The activity was geared at improving the capacity of irrigation scheme water managers in terms their ability to
master online systems for capturing and uploading user and water data from their irrigation schemes. The
second objective of the activity was to improve the skills of the water managers with regard to understanding
the online reports of the water delivery performance of their canal networks. That understanding was envisaged
to offer opportunities for identifying factors and areas that require attention in order to improve the efficiencies
of their systems. Any mode of training was acceptable as long the planned key goals of the training were
achieved.

Aim 5: Publishing project outcomes in a format prescribed by DWS

The main objective of the activity was to disseminate information relating to the water delivery performance of
the irrigation schemes, i.e. reporting on the water losses that occur in the water conveyance systems of the
irrigation schemes. The report format prescribed by DWS was a water balance approach where stakeholders
needed to be informed on the volume of water released into the canal network over a specific period (week,
month and year), the volume of water delivered to specific users over the same period, and the corresponding
losses. Therefore, the report could take any form but a summary table showing the same was a requirement
to accompany the reports. The reports needed to be available online and open to all stakeholders.

Results and Discussion

1: The state of water losses and conveyance system efficiency (Chapter 4)

While the major water loss types from open channels, particularly irrigation scheme canals, can theoretically
be identified and defined, current available technology does not enable their disaggregation and subsequent
guantification as individuals under normal canal network operating condition. The WAS program, the source
of data for the current analysis, can report water releases, deliveries and losses for an unlimited number of
subareas in a canal network. However, it is limited by the actual number of measurement stations available on
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the canal network and also the equipment at the measurement stations. Offtake points of main and secondary
canals at both Vaalharts and Loskop irrigation schemes are equipped with flumes. Flumes are now obsolete;
hence, new less labour intensive technology is required to reduce drudgery and associated human errors.
Moreover, some of the flume set-ups have missing gauging staves. Use of electronic data loggers can
significantly reduce both human labour and the associated errors. Electronic data loggers are compatible with
the WAS program which is used at both Vaalharts and Loskop irrigation schemes. Moreover, data stored in
the electronic data loggers can be downloaded from a remote location. However, electronic data loggers are
expensive and it is currently economically challenging to install them, for example, at every offtake point on
the canal networks including the farm gates. The global (total) water losses and efficiency of entire canal
networks at Vaalharts and Loskop irrigation scheme varied with month and year. The annual water losses
incurred at Vaalharts were 19.4 and 18.7% for the 2019/2020 and 2020/2021 water year, respectively. On the
other hand, Loskop incurred 25.2 and 25.1% for the same water years, respectively. However, it is important
to put these losses in their proper contexts. For instance, the lower percentage losses at Vaalharts still
constitute much greater volumetric losses (81.9 and 67.6 Mm3 for 2019/2020 and 2020/2021, respectively)
compared to Loskop (34.7 and 35.6 Mm? for 2019/2020 and 2020/2021, respectively) because it a much bigger
irrigation scheme with greater annual water consumption.

2: Framework for reporting major water losses from canal networks (Chapter 6)

The limitations highlighted in the above result mean only global water losses could be computed for the two
and other irrigation schemes in South Africa. Global water loss means the sum of all water loss types that
occur on an entire canal network. Therefore, the framework that was developed by the project for reporting
water losses and efficiency of conveyance systems can only report the global losses and efficiency. In fact,
that framework known as the Irri-Drop Report, does not only account for the water losses from canal networks.
The global water losses and conveyance system efficiency are handled by the Water Balance Report (WBR)
component of the framework. The framework has six other components, namely: Water Management Plan
(WMP), Maintenance Plan (ManPlan), Condition Assessment Report (ConAs), Technical Competency Report
(TechCom), Budgeting Report (BudgetA), Credibility and Regulation Enforcement Report (CredReg). Out of
these six components, only the ConAs involves the physical assessment of the physical water conveyance
infrastructure. The other components assess the readiness of the irrigation schemes to deal with water losses
from their canal networks. This readiness is evaluated in terms of the adequacy of water management and
infrastructural maintenance plans in place, technical competency of the human resources personnel in the
various positions that define the capacity of the irrigation scheme, credibility of the rules and regulations put in
place and how these regulations are enforced toward reducing water losses, and the adequacy of the budget
to implement these plans and measures. Each of these seven components can be implemented as
independent criteria (with individual indices generated for each component) to assess the irrigation schemes;
however, the Irri-Drop Report framework dictates that they all contribute to the overall Irri-Drop Index for the
irrigation scheme for the period under review. Their contributions toward the Irri-Drop Index are weighted
according to their relative influence on the state of the irrigation scheme with respect to water conveyance
efficiency, condition of the infrastructure and readiness to deal with water losses. However, the minimum
condition for the application of the Irri-Drop Report to an irrigation scheme is that the irrigation scheme needs
a set of electronic loggers to at least be able to quantify the water releases into the canal network, quantify the
water deliveries to the water users, and then be able to compute the water losses and conveyance efficiency.
This minimum requirement is part of the reason the project devoted a lot of effort on developing the WBR
framework, which mirrors the WUEAR of the WAS program. WBR is premised on accurate and timely
measurements of water releases into the canal network and deliveries to the various users on the network.

3: Measures for improving the efficiency of canal networks (Chapter 2 & 3)

Water shortages for agriculture are due to limited availability of water and inefficient use of the available water.
Human beings have better manipulation of water use efficiency than water availability. Higher levels of water
conveyance efficiency are needed because agricultural water availability is already limited in the midst of
declining water supplies and increasing competition for water from other sectors. The project considered the
physical factors and canal characteristics with possible effects on water conveyance efficiency. One of the key
findings from that exercise was confirmation that evaporation water loss from canals is negligible in comparison
with the other losses; hence, its influence on the conveyance efficiency of canal networks can be ignored in
the analysis of water losses from canals under normal operating conditions. The second key finding is that
results on the efficiency of canal networks depend on the methods used to collect and analyse the data. The
third finding is that the canal cross-sectional profile, together with derivative characteristics such as wetted
perimeter and wetted area, has significant influence on water losses. The last very important finding is that
good technical design of canals needs to be supported by equally good management and maintenance plans
for better water conveyance performance. Several measures for improving conveyance efficiencies of canals
are put forward including improvements in operations and maintenance of the infrastructure. Operational
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improvement is a requirement in terms of water distribution management, where the water bailiffs need to
adhere strictly to the prescribed times for opening and closing sluice gates because delivering more water than
scheduled constitute a loss to the canal network. Installation of automatic measuring devices would be of great
help in this regard. Proper maintenance plans and sealing of gaps between the concrete slabs which make
the canal walls and beds can significantly reduce leakages.

4: Capacity development of water managers (Chapter 7)

One training session was organised for the irrigation scheme water managers. Opportunities for physical
meetings were restricted by the outbreak of the Covid-19 pandemic. Therefore, online interaction was the only
safe option. However, online training sessions has their own challenges such as poor internet connectivity in
some remote parts of the country, internet data is costly, and suitable gadgets are sometimes inaccessible to
many people. The training that took place focused on handling data from numerous sources, including
electronic data loggers, and uploading the Water Use Efficiency Accounting Report (WUEAR). WUEAR is a
component of the computer-based WAS program. The training also covered how to interpret the WUEAR
results on the online platform and how to identify potential opportunities for improving water conveyance
efficiency in the canal networks. The training session was very interactive with a lot of examples being used.
This training on WUEAR was important because the Water Balance Report (WBR) for the Irri-Drop Index is
mirrors this. In fact, WBR only emphasizes on a part of the WUEAR, namely: water release, delivery and loss.
Although seven components for the Irri-Drop Report framework have been identified, only one component (i.e.
WBR) is usable at the moment. Hence, more trainings shall be done when the other six components are
developed and ready for use. In addition to the Irri-Drop Report assessed-to-be (i.e. the water managers as
representatives of the irrigation scheme), the assessors-to-be (the Department of Water and Sanitation
officials) shall also be included in the trainings. Other stakeholders, such as the academics and researchers
who have vested interests in the Irri-Drop Report as a tool for assessing and rating irrigation schemes shall
also be included in the trainings.

5: Publishing project outcomes (Chapter 5)

The Water Balance Reports (WBRS), the most important component of the Irri-Drop Report, are hosted on the
Water Administration System (WAS) through the Water Use Efficiency Accounting Report (WUEAR). The
WBRs are not reporting the indices yet. The indices shall be generated when the other components are ready.
The current focus of the WBRs is to account for the volume of water released into a canal network over a
specified period, the volume of water delivered to the users over the same period, the water losses that occur
along the canal network, and subsequently the conveyance efficiency of the canal network. The online platform
developed is capable of handling an unlimited number of subareas of a canal network at an irrigation scheme
provided adequate electronic data loggers are procured and installed at appropriate inflow and outflow
positions on the canal network. However, it is not possible to report on the disaggregated water loss types due
to lack of appropriate technology to separate the different water loss types during the normal operations of
canals. Instead, global loss, which is the sum of the different water loss types that occur on the canal network,
is reported for each irrigation scheme over a prescribed period. This platform provides the infrastructure for a
dynamic and automated monthly reporting system. It allows individual irrigation schemes to upload their own
data. It also allows new irrigation schemes to be added to the list automatically. The monthly reports are used
to generate annual reports at the end of each water year. Like other computer-based programs, the quality of
the reports published on the online platform depends on the quality of input data. Therefore, it is important to
have a good working data collection system and competent personnel to handle the data collected.

Innovations and Products

The main innovation generated by the project is the roadmap conceptual framework for the Irri-Drop Report,
which is described in chapter 6 of this report. The Irri-Drop Report consists of seven components, each with
its own actors to be assessed during evaluation. Weighted outputs of the factor assessments generate
component indices (based on relative contributions of the component factors). The relative contributions of the
seven component indices are used to generate an Irri-Drop Report Index for an irrigation scheme for the
assessment period. The tool shall be used by the Department of Water and Sanitation (DWS) to rate the water
conveyance efficiency of canal networks at irrigation schemes in South Africa, and also to rate the
preparedness levels of the irrigation schemes to deal with water losses from the canal networks. Therefore,
the framework shall be used as a tool to assess the performance of irrigation schemes in terms of water
conveyance efficiency and dealing with water losses over specific periods. The indices generated by the tool
can be used as basis for comparing the performances of irrigation schemes over time. The major limitation of
the framework is that it focusses on the water conveyance systems only, i.e. the network of canals connecting
the main water reservoir to the farms. It does not include the reservoirs and the farms; Therefore, the indices
generated will not reflect performance of farms and reservoirs in terms water losses.
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Conclusions

It can be concluded from the project outputs that it is feasible to develop an incentive-based program (similar
to the No Drop Report) for use by the Department of Water and Sanitation as a tool to encourage high water
conveyance efficiency among irrigation schemes and to enhance their levels of preparedness to deal with
recurrent and emergent water losses. The seven components identified for the Irri-Drop Report conceptual
framework are geared at assessing water conveyance efficiency at the irrigation schemes and competency in
managing a water scheme (i.e. staff compliments, technical skills, water management and maintenance plans,
and enforcement of regulations, and budgeting). It can also be concluded that global water loss data generated
by the WUEAR of the WAS program (www.wateradmin.co.za) are adequate to initiate an Irri-Drop Report at
an irrigation scheme because the Water Balance Report is the minimum requirement. It is currently not
practically feasible to disaggregate major canal network water loss types (seepage, leakage, evaporation and
operational losses) under normal canal network operation. Nevertheless, the other components of the Irri-Drop
Report framework still need to be implemented for comprehensive rating of irrigation schemes. The other
conclusion is that two MSc students were part of the project capacity development program. In addition, water
managers from neighbouring irrigation schemes to Vaalharts and Loskop irrigation schemes, which were the
study sites, also attended a training facilitated by the project.

Recommendations

While the state of water losses and water conveyance efficiency was deciphered at the level of a canal network,
it was not feasible to do the same at the subarea level of a network due to inadequate measurement stations
and/or accurate measurement equipment. The most urgent recommendation to irrigation schemes is,
therefore, to identify appropriate gauging stations on the canal networks which adequately define the desired
subareas (e.g. main canal, secondary canal, tertiary canal, and community canal) and to equip these gauging
stations with accurate measurement devices. Automatic data loggers would be more appropriate as they
reduce labour requirements and the errors associated humans when they handle large data. If more gauging
stations are equipped with automatic loggers, then it is recommended that the water balance component of
the Irri-Drop Report be refined to include the subareas. Therefore, further work on development of the Irri-Drop
Report framework is recommended until a stage when all its components can generate individual indices which
can jointly be used to generate a single Irri-Drop index for an irrigation scheme. The other very important
recommendation is to extend the Irri-Drop Report concept to at least cover on-farm water delivery networks in
addition to the current focus on water conveyance networks between the main reservoir/s and farm gates. A
more comprehensive irrigation scheme water balance should be consistent with the standard definition of an
irrigation scheme which covers the reservoir/s, water conveyance network and the farm/s.


http://www.wateradmin.co.za/
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CHAPTER1: | NTRODUCTI| ON

1.1 Background

Agriculture consumes 70% of the freshwater withdrawals worldwide (FAO, 2017). Most of the agriculture water
is used for crop production in irrigation schemes (Morison et al., 2008). Water scarcity has escalated into a
global environmental challenge (Srinivasan et al., 2012) due to, among many factors, wastages in agriculture,
growing demand from cities and industries, climate change and the need to leave enough to sustain
ecosystems (Sharma et al., 2015). In South Africa, water scarcity has gained a spotlight position with a deficit
of 17% predicted by 2030 (WWF, 2017). The country is currently drifting into a water-shedding mode as a
coping strategy. South Africa (SA) is a semi-arid water stressed country whose long-term annual precipitation
averages 480 mm yr* (Dennis and Dennis, 2012), which is much lower than the global average of 860 mm yr-
1. The precipitation varies greatly across the country with 43% occurring on 13% of the total land area of the
country. Moreover, only 9% of the precipitation turns into runoff (Dennis and Dennis, 2012) that feeds inland
dams and rivers.

Irrigated agriculture in the country accounts for at least 62% of the national water demand (DWAF, 2004; SSA,
2010). Ironically, agriculture is the least water use efficient sector with reported wastages of up to 45% (DWA,
2013), which cannot be accepted (DWA, 2013) for a semi-arid country. With 10% of agricultural land in the
country being irrigated and consuming 10 221 Mm? yr-1 by 2015 (Van Niekerk et al., 2018), 4 600 Mm? of the
water were wasted. The country is striving to increase irrigated land by more than 50%, which can hardly be
achievable without increasing water use efficiency (WUE) in the sector. The National Water Act (No 36 of
1998) lists increased WUE and sustainability as its key objectives. In addition, the National Development Plan
(NDP) 2011 dedicated a support programme to deal with high agricultural water demand and wastages to
respond to growing scarcity. Improved agricultural water security is important to meet rising demand for food,
changing diet patterns of growing, wealthier and increasingly urbanized populations (Molden et al., 2010) and
for environmental protection. Moreover, water security underpins the future economic growth of the country.

Agricultural water conservation and demand management remains behind that of domestic and wastewater
systems (DWA, 2011) despite past studies and recommendations (Reinders et al., 2010; Denison and
Manona, 2007a; 2007b). Upgrading of the irrigation infrastructure is very costly, and it is important to redirect
funding to endeavours that yield more water saving benefits, e.g. information management in the sector, which
has shown potential to improve sustainability and identifying opportunities for developing, rehabilitating, and
modernizing irrigation systems. In line with this, the Department of Water and Sanitation (DWS) requested a
general framework for reporting on WUE in agriculture. The framework aims to generate information on the
extent of agricultural water losses at irrigation schemes in the country. Therefore, the framework borrows cues
from the successes of existing frameworks such as the Green Drop, Blue-Drop and, more recently, the No-
Drop Reports, for rating water use efficiencies in wastewater and municipal water management. In the same
way, the requested framework (the Irri-Drop Report) aims to provide a means for assessing and rating irrigation
schemes in terms of WUE and their readiness to deal with water losses in a transparent manner, which is
important as an incentive for water users to strive for excellence. The projectentitted i The st at e
water | osses and measures to improve WUE on sel e
general framework for the Irri-Drop Report based on available data from Vaalharts and Loskop Irrigation
Schemes.

1.2 Project aims

The aim of the project was to develop a general (Irri-Drop Report) framework for a tool that can be used to
evaluate the capacity of irrigation schemes in terms of water use efficiency and in dealing with water losses in
a transparent manner. This aim addresses the capacity building and skills development targets of the National
Water Resources Strategy 2 (NWRS2) by enhancing nationwide knowledge on water uses and losses at
irrigation schemes.
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The specific objectives of the project were:

1. To assess the state of water losses and water use efficiency in conveyance systems of representative
irrigation schemes in South Africa through quantifying major water losses in the conveyance systems

2. To develop a framework (the Irri-Drop report) for reporting the major water losses which the
Department of Water and Sanitation can use on all irrigation schemes in South Africa

3. To suggest and put in place measures for improving water use efficiency in the irrigation schemes

4. To build the capacity of irrigation scheme managers on compiling and evaluating monthly Water Use
Efficiency account reporting and on identifying opportunities for improving irrigation water use
efficiency

5. To publish the project outcomes in a prescribed format as specified by the Department of Water and
Sanitation

1.3 Scope and Limitations of the project

The project was tasked with developing a general framework for assessing the state of water losses and water
use efficiency in conveyance systems of irrigation schemes. The aim was to be accomplished using water use
and loss data published from Vaalharts and Loskop irrigation schemes, in South Africa, as published by the
Water Administration System (www.wateradmin.co.za). Vaalharts and Loskop are the two biggest irrigation
schemes in the country; hence they do not represent the whole spectrum of available irrigation schemes in the
country. Medium, and small sized irrigation schemes are left out although their characteristics and how they
are managed could significantly influence the layout of the framework, and the nature and quantity of its input
data requirements.

Determining WUE for irrigation schemes normally involves detailed assessments of entire water delivery-
application chain, capturing the essential data from the source of the water all the way to the last plant on the
crop field. However, the current project was restricted to the conveyance systems linking the reservoirs to the
irrigated lands. The Water Administration Systems uses water delivery and loss data from the conveyance
systems to compute water use efficiencies for the irrigation schemes. This is, perhaps, the most significant
limitation of the Irri-Drop framework developed because it does not consider the irrigators themselves, who
are the ultimate water users in that space.

It is also important to note that while Green-Drop, Blue-Drop and No-Drop Reports deal with piped systems,
water conveyance systems at major irrigation schemes in South Africa are dominated by canals, which are
open channels where water flow is driven by the influence of gravitational force. The use of natural gravitational
force makes canals a cheap means of conveying bulk irrigation water. Therefore, the water uses and losses
data collection protocols for the Irri-Drop Report framework are different from that of the Green-Drop, Blue-
Drop and No-Drop Reports, which are used for rating wastewater works and municipalities.

The Irri-Drop Report framework has seven components, namely: Water Balance Report, Water Management
Plan, Maintenance Plan, Condition Assessment Report, Technical Competency Report, Budgeting Report,
and Credibility and Regulation Enforcement Report. While each one of these components can be treated as a
stand-alone assessment tool or used in preferred combinations, the project treats them as weighted inputs to
the Irri-Drop Report. Amongst them, the project treats the Water Balance Report component as the cornerstone
of the framework because it accounts for water deliveries and losses as physically assessed from the
conveyance infrastructure at the irrigation schemes. Therefore, physical assessment of water deliveries and
losses at the irrigation schemes are critical for implementation of the Irri-Drop Report as an assessment tool
for rating the performance of irrigation schemes. Although WAS has existed for decades covering only 23 big
irrigation schemes in the country, it does not include smallholder systems which constitute significant water
consumption each year. Therefore, rolling out the Irri-Drop Report to all irrigation schemes will help to fill in the
information gap on water deliveries to irrigation schemes and the losses.

The water conveyance infrastructure needs to be well equipped for accurate accounting of water delivery and
loss. lll-equipped irrigation schemes in the country are reported to release up to 50% more water than
necessary to compensate for unknown transit losses Bonthuys (2017). Equipping the conveyance
infrastructure at major irrigation schemes for the purpose of implementing WAS has helped some irrigation
schemes to reduce water delivery losses from 40 to 20%, which is testimony that significant water losses still
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exist. These irrigation schemes are still grappling with challenges of inadequate and sometimes dysfunctional
water control and measurement equipment.

The Irri-Drop Report aims to enhance WCE by encouraging more accurate accounting of water deliveries and
losses, and general readiness to deal with conveyance water losses, which resonates well with NDP (2011)
agenda of alleviating poverty and creating jobs through improved WUE in agriculture.

1.4 Study area

The current Irri-Drop Report framework was developed based on information from two irrigation schemes:
namely Vaalharts Water User Association (VWUA) and Loskop Irrigation Board (LIB). Figure 1.1 shows the
geographical locations of Vaalharts and Loskop irrigation schemes in South Africa.
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FIGURE 1.1 Location of Vaalharts and Loskop Irrigation Schemes in South Africa

1.4.1 Vaalharts Water User Association

Vaal harts Water User scommardyskoown as Vaalbamts WateM(WWK)) is located at the
boundary of Northwest and Northern Cape provinces. The main reservoir is located near the town of Warrenton
at the confluence of Vaal and Harts. VW supplies water to irrigation schemes and municipalities through 1176-
km long network of canals comprising about 100 km of main canals, 180 km secondary canals, 540 km tertiary
canals and 320 km community canals. The rest are storm drains. The water is supplied to irrigation schemes,
surrounding towns and industries through 1873 water abstraction points on the canal network. The main canal
capacity was increased from the original 28 m3 s to 48 m? s1.

The largest water using facility supplied by VW is the Vaalharts Irrigation Scheme (VIS), which has a land size
of about 29 181 ha (Van Vuuren and Backeberg, 2015) making it the largest irrigation scheme in South Africa.
Its development started around 1934. The irrigation scheme lies within an altitude of 1050-1150 masl. Its flat
topographical gradient and typical soil profiles make natural drainage poor. The sedimentary strata making up
most of the geology is of similar age to that of the Karoo, but basement rocks are Precambrian igneous

3



The state of irrigation water losses and measures to improve water use efficiency on selected irrigation schemes

formations (Ellington et al., 2004). The landscape is an open Savannah type characterised by diverse wildlife
and vegetation; but the vegetation is dominated by camelthorn trees. The climate is arid to semi-arid, with
long-term average annual precipitation in the range of 200-500 mm and mean annual evaporation of about
2800 mm.

Water is delivered to VIS through an 812-km long network of concrete lined canals. Figure 1.2 shows the areal
extent of VIS, revealing the farm blocks and canal network. Water supplied to VIS is primarily for irrigation of
crops throughout the year. The main method of applying water to the crops is the centre-pivot irrigation system.
However, traditional methods such as overhead sprinklers and flooding systems are still in use but on very
limited scale. Flooding irrigation systems are used for irrigating tree crops; however, their use is declining and
being replaced by micro-sprayer and drip systems. Water use for livestock production is negligible in
comparison to irrigation water use. There are also a few small-scale industries located on some farms.

The main canal supplying to VIS transmits about 272.6 Mm3 yr-1 of water. The main canal also supplies 54.4
Mm? yr1 of water to Taung Irrigation Scheme (6424 ha), located further downstream. There are 16 pressure
regulating sluice gates on the main canal at VIS. The water flow measurements used to be done by means of
chart recorders, which had to be read off and captured manually. However, they have since been replaced by
electronic loggers. There are flumes at outlets to secondary and tertiary canals for flow measurements and
manual recording. Electronic loggers have now been installed at all 15 secondary canal inlets at VIS. The
number of tertiary canals abstracting water from the secondary canals vary greatly. The number of inlets
supplying water from tertiary canals to farms also vary. There are also balancing dams of varying sizes dotted
across VIS.

The major crops produced at VIS are lucerne, groundnuts, pecan nuts, potatoes, cotton, olives, citrus, apricots,
grapes, peaches, watermelons, grains, and vegetables, (Van Vuuren and Backeberg, 2015). The high valued
food crops are produced for South Africa as well as for export to neighbouring countries.
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FIGURE 1.2 Network of canals at Vaalharts Irrigation Scheme
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1.4.2 Loskop Irrigation Board

The irrigation scheme is located at the boundary of Limpopo and Mpumalanga provinces. The main reservoir
is Loskop Dam; a combined gravity and arch type dam constructed on a solid rock base across a gorge on the
Olifants River, 32-km south of Groblersdal town. This massive concrete structure is 506 m long, 54 m high and
24 mwide at the base. The storage capacity of the reservoir is 348 Mm? yr and caters for surrounding irrigation
schemes, towns, municipalities, and other non-agricultural uses. The amount of water committed to non-
agricultural uses is 4.4 Mm?3 yrt. Water is delivered through two main canals, a left bank canal of 96-km long
and right bank canal of 60 km long, and about 330 km of secondary and tertiary canals. In addition, there is a
network of 250 km drains for draining and returning excess water from the farms to the river. There are seven
balancing dams on the irrigation scheme: four of them on the left and three on the right bank of the Olifants
River.
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FIGURE 1.3 Network of canals at Loskop Irrigation Scheme

The largest water consuming facility on the irrigation scheme is the Loskop Irrigation Scheme (LIS), which
stretches about 64 km to the north of Groblersdal town. Its irrigated land size of about 19000 hectares makes
it the second biggest irrigation system in South Africa. One-third or 124 Mm? yr! of Loskop Dam storage
capacity is devoted to the irrigation scheme. The irrigation scheme is located on a mountainous bushveld to
undulating terrain with average altitude of 916 masl. LIS gets water supply through a 495-km long network of
concrete-lined canals. There are 667 properties on the irrigation scheme drawing water from the canal network
using 794 abstraction points. Main canal flow measurement also used to be by means of chart recorders, but
electronic loggers are now in place. Inlets to secondary and tertiary canals are equipped with flumes installed
at the time of construction. The irrigation scheme is divided into eight wards. Figure 1.3 shows the areal extent
of LIS, revealing the canal network.

The most prominent rock types occurring in the area are mud rocks, quarzitic sandstones, ironstones,
quartzites and feldspars. The area falls within the savannah biome of South Africa (Barrett et al, 2010)
dominated by thorn trees. The mean annual temperature is 20°C, while the mean annual rainfall is 552 mm.
The subtropical climate can support the production of many different crops but summer tobacco and cotton,
and winter wheat are the mainstays. The other major crops cultivated on the irrigation scheme are soybeans,
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groundnuts, peas, maize, citrus and table grapes. Most of the farmers use sprinkler systems for irrigating their
crops, but the use of centre-pivots is increasing. The use of micro irrigation systems such as micro-sprayers
and drip systems is also increasing with production of permanent crops such as citrus and table grapes.

1.4.3 Water management at the two irrigation schemes

Both irrigation schemes are headed by a Chief Executive Officer who is assisted by a Head of Water Control
Officer. Water bailiffs, maintenance staff and office workers make the rest of the staff compliment. The irrigation
schemes use the available political boundaries (called wards) to manage the water affairs and each water
bailiff is assigned to at least one ward. Water delivery management at the two irrigation schemes is intensive
with high losses inevitable.

Both irrigation schemes have transitioned from the old manual system to the WAS, which is computer based.
The old system had several limitations leading to excessive water losses. The limitations included:

1 large number of people involved in water calculations leading to calculation errors

1 measuring station data were processed manually and quantifying released water volumes from chart

recorders was inaccurate resulting in inaccurate release calculations and reporting figures

1 system was slow and inefficient when recalculating water distribution sheets in the event of changes
in demand for water
compiling water conveyance efficiency reports was always time consuming and not very accurate
information and experience were always lost with change in personnel, which affected water
distribution management negatively
1 water loss factors were largely unknown and had to be estimated most of the time

f
f

The new water management system at the two irrigation schemes is based on the Water Administration
System (www.admin.co.za), a computer-based program introduced to address the above problems in the
following ways:
91 water orders are captured directly into the computer by water control officers
calculation errors are now eliminated because computers do the calculations
water balances are now updated daily basis
electronic loggers, which are fast and accurate, and volumes are now quantified more frequently
water distribution sheets can now quickly be recalculated in cases of water order changes because
the sheets are linked to variable water loss percentage per canal
1 Water conveyance efficiency reports are now generated automatically; all that is required is that water
orders are captured, and that measuring station data captured by electronic loggers is imported into
the computers
91 all water control officers are computer literate due to the user friendliness of the WAS

f
f
f
f

The other advantages of implementing the WAS program at the irrigation schemes are:
1 reduced paperwork because all water reports are now generated electronically
1 human error induced water shortages are now limited
1 fixed water losses enhance the ease of monitoring canal leakages and breakages
1 the attitude of water control officers is now more positive due to reduced administration work and they
can spend more time outside on the scheme
the water control officers have more time for inspections, minor repairs, and time for clients
productivity has vastly improved, and water reports are more reliable
the water control office now gets more good service delivery complements, which make officers
positive and proud to work
91 overall water losses on the irrigation schemes have decreased significantly (e.g. by 5% from 32% to
26.7% yr! at Vaalharts), which offer opportunities for expanding irrigated lands and water supplies to
other sectors

=A =4 =4
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CHAPTER2: REVI EW OF FACTORS AFFECTI
WATER LOSSES BASEDARALASMETAF

WORLDWI DE DATA

2.1 Introduction

Water has significant economic importance for many countries, especially those that are dependent on
agricultural production. Its availability in correct quantity, quality and at the right time determines the success
of agriculture, which enhances food security, employment creation and poverty reduction. Canals remain a
major means of conveying water for agriculture (Eshetu and Alamirew, 2018) because they are a cheap means
of transporting large quantities of water. However, canals have low water conveyance efficiency (Sultan et al.,
2014) because water losses during transportation are often very high. For example, Backeberg et al. (1996)
reported that water losses from irrigation canals in South Africa account for about 30% of the water released.
The water losses from irrigation canals are a growing concern (Ahuchaogu et al., 2015) due to increasing
water scarcity amid rising demand and dwindling freshwater resources (Falkenmark, 1990; Roudi-Fahimi et
al., 2002).

Canal water losses refer to those that occur between the canal headworks and farm offtakes (Akkuzu et al.,
2007; Fairweather et al., 2003; Schulze & Maharaj, 2007). The main types of canal water loss are seepage
and leakage. Seepage refers to water movement out of the canals, through pores in the bed and walls
(Worstell, 1976; Sarki et al., 2008). It is the most significant type of water loss from canal networks (Badenhorst
et al., 2002; Wang et al., 2002). Seepage losses are generally higher from unlined than lined canals (Eshetu
& Alamirew, 2018). Itis logical that canal sections that experience high seepage losses are prioritized for lining.
However, when the lining materials break down, the resultant water losses from these sections become
comparatively higher than in those that have always been unlined. Therefore, while proper design and
construction are essential to minimize seepage from canals, proper management and maintenance are also
critical. Many factors, including texture of the canal bed and side soils, siltation conditions, water flow velocity,
bank storage changes and groundwater table fluctuations, influence seepage losses from canals (Worstell,
1976). On the other hand, leakage refers to water escaping through cracks and holes in the canal due to
physical damage (Mohammadi et al., 2019) and through inefficient gates. However, it is impractical to separate
leakage from seepage when canals are in full operation and is reason for the two being often estimated jointly.
There are various methods for estimating seepage and leakage losses such as the use of analytical and
empirical formulae, and direct measurement techniques such as the use of seepage meters, ponding, and
inflow-outflow tests (Alam and Bhutta, 2004).

Other important water losses from canals, which are minor in comparison with seepage and leakage, are due
to evaporation, transpiration, and absorption (Patel et al., 2016). Evaporation is the loss through a free water
surface, while transpiration is the loss through plants. These two water loss types can be significant in hot and
dry weather conditions. In addition to high temperatures, winds and low humidity, transpiration losses are also
generally high in heavily vegetated canals. Absorption is another relatively minor loss which is similar to
seepage in that water seeps into the canal bed and sides; however, absorption water does not transmit to the
surrounding soils.

Water loss and types vary across and within sites such as from one canal to another. However, their variability
and the major factors of influence are still not clear, especially at a global scale. Such understanding would be
very important for water scientists, engineers and role players involved in allocating resources to operate and
maintain water conveyance infrastructure. Therefore, the current analysis aims at identifying and performing
guantitative comparisons of the common water loss types from canals and elucidating the main factors of
control.

N
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2.2 Methodology

2.2.1 Study set -up

Publicly available literature on water losses from canals was obtained from electronic archives and search
engines such as Google Search, Web of Science and Scop
channel water | ossesd, O6canal seepaged, O6canal | eakagec
used to facilitate the search for literature from the electronic archives and search engines. In order to be

accepted, the literature material had to report on at least one water loss measurement using a clearly defined

method. The type of water loss and its quantitative value needed to be reported. The other information targeted

from the materials were experimental site and canal characteristics such as length, width, depth of flow,
longitudinal slope, and channel treatment (i.e. whether the channel was unlined, compacted or lined).

Reference lists of accepted materials were also consulted for other potential sources of information. While

hundreds of potential journal articles and other materials were found online, retrieving the sources and the

data contained by third parties proved difficult in many cases. As a result, only 48 published articles met the
acceptance criteria; however, they were eventually reduced to 45 (Table 2.1) during the normalization of units

of water losses from various units to litres per second per 100 m length of channel (L s'* 100 m1), because it

was not possible to convert the reported water losses from three articles into the preferred units of L s 100

m-L.

TABLE 2.1 Summary database

L | W Y| P R Ax | Aw | Awer Loss _

No Author & year m m? Vs/100 m
1 Ahuchaogu et al 2015 245 095 0.08 1.11 0.06 0.07 233 2.72 1.90
2 Akkuzu et al 2007 263 3385 0.82 437 0.72 449 2661 2977 12.50
3 Arshad et al 2009 282 056 0.23 1.02 0.12 0.12 156 289 0.5%
4 Birajdar et al 2016 34960 258
5 Birara and Halefom 2017 100 053 0.34 121 0.15 0.19 52.80 121 0.68
6 Bosman 1993 72.19 7.76 233 12.67 143 18.09 813 914 0.06
7 Burt et al 2008 1271 8.50 15679 0.63
s Eshetu and Alamirew 2018 359 1.83 0.46 223 0.38 1.03 1123 996 5.30
El Igbal et al 2002 358511 0.04
10 Kaduetal 2017 7000 19.27
11 Kahlown and Temper 2004 515 0.51 0.76 2.03 0.19 039 261 1046 2.69
12 Karad et al 2013 753 0.81 8.92 0.59 6.65 7542 55.54
3 Kasali et al 2018 250 6.68 040 2.14 .22 046 32,50 535 2094

4 Ked: a5 239 0.87 4.01 .50 2.10 1688 2742 10.5
5 1.5 080 030 145 .19 0.27 1.80 217 13.62

6 13 17.92 .31 5.63 2462 0.0

7 46! 4.23 3155 27

8 ls 515 6.60 0.84 747 351 45.78 35548 40171 2.0

9 Koradiya and Khasiya 2014 44584 21.05 2.70 30.77 219 67.93 890813 1318811 2.0
0 Kumar 2017 835 30.59 3.18 37.20 2.60 97.09 296167 311447 .74
21 Leigh and Fipps 5.89 1.52 8.94 0.96 10.50 1.49
22 285 6.02 117 7.80 0.81 643 1930 1468 0.34
23 1gh pp: 458 12.04 1.37 14.78 112 16.48 5511 6764 2.19
24 Meng et al 2015 14500 230 1.50 5.04 0.68 345 55100 75118,2% 178
25 Moghazi and Tsmail 1997 Saud Arabia 20.00 0.60 0.10 0.81 0.07 0.06 15.00 16.21 1.24
26 Tran 1021 211 2360 253
27 Traq 620 1.38 647 4106 3823
8 100 0.72 0.62 195 023 047 71.67 195 0.32
9 11182 35.50 430 48.49 348 179 474673 572125 7.07
0 11988 0.25
1 539 5.90 1.38
2 614 67.50 7.30 90.10 6.65 389 41445 55321 166
33 Pognant et al 2013 5300 3.00 0.20 340 0.24 0.81 1500 1700 8.00
34 Saeed and Khan 2014 2605 0.64 026 198 0.09 0.17 1714 5111 36.59
35 Sarki et al 2008 75.00 131 0.21 1.73 0.16 0.27 98.53 130 21.28
36 Sathe et al 2018 30000 248
37 Senetal 2018 1524 024 0.15 1931
8 223 121 0.35 211 0.20 043 254
9 60.98 0.58 0.18 0.93 0.11 0.10 35.06 56.68 91.64
0 13247 77988 2.18
1 851 373
2 9.14 0.36 0.28 1.34 0.17 0.22 5.08 12.21 7.45
43 653 8.29 0.64 9.54 0.54 5.84 6354,22 5808 9.58
4“4 Zeb et : 757 - 2.53
45 Zhang et al 2016 30.00 3.65 0.80 5.20 0.54 6.55 200 136 0.64
12866 7.50 1.14 10.21 101 34.85 65490 75761 30.48
8364 249 0.26 296 0.28 15.96 36239 43416 10.26
426 178 131 172 157 318 293 329 226

Notes: canal characteristics L: reach R: hydraulic radius
W: width Ax: cross-sectional area
Y: water depth AwL: area exposed to atmosphere

P: wetted perimeter Awet: wetted area
and water losses (L s 100 m1)



The state of irrigation water losses and measures to improve water use efficiency on selected irrigation schemes

2.2.2 Description of factors that control canal water losses

The main factors that influence canal water losses are canal linings, cross-sectional profile and water level,
soil hydraulic properties and their spatial variations, groundwater table location, and amount of sediment inside
the canal (Yao et al., 2012). There are so many attributes associated with these factors such that it is difficult
for a single study to cover all of them. This study initially considered many potential factors, but some were
dropped due to limited information from the source articles. Canal characteristics consist of length of studied
reach (L, m) and its longitudinal slope (S, %), frictional coefficient (fc, no units), side slope (h: y, fraction), top
width (Tw, m), bottom width (Bw, m) and average width (W, m). A reach is a length of a canal usually suggesting
a straight, level, uninterrupted stretch. Note that Tw is the width at the water surface level and not the nominal
top width of the canal. Water flow parameters captured from accepted articles and used in the current analyses
were water flow depth (Y, m), wetted perimeter (P, m), and hydraulic radius (R, m). Relevant information
present in the articles was used to compute missing parameters whenever possible. Hence, cross-sectional
area of flow (Ax, m?), free surface area (Awt, m?) and wetted area (Awer, m?) had to be calculated in many
instances. The other flow characteristics captured were water flow velocity (Vi, m s1), discharge (Qt, m3 s1)
and volume in the reach (Q, m3). Two factors relating to surrounding soil characteristics (Clay %: soil clay
content and Ksat: saturated hydraulic conductivity) were also used in the analyses. Data on W, Y and Clay %
were used to develop three classes each (Table 2.2). No strict rules guided the categorization into classes;
however, the main aim was to generate approximately equal sample sizes without upsetting generic
knowledge. The three Clay % classes were based on Dotto et al. (2016).

TABLE 2.2 Channel and soil class definitions
Parameter Class
| Width (m) <1.50
i 1.50-3.00

i Clay content (%) <15

2.2.3 Description of methods used for determining water losses

Conveyance, seepage, leakage, and evaporation dominate the water loss types encountered during the
literature search. The difference between conveyance, seepage and leakage losses was not clear in many
cases. In some instances, they were estimated using similar methods. The current study uses the method of
determination to discriminate the water loss types. In that regard, all water losses determined by the inflow-
outflow approach are classified as transit losses, while those determined by ponding are seepage losses. This
approach eliminates leakage losses from the current analysis. The inflow-outflow method relied on the
difference in discharge between two points on a canal reach. The discharges were determined by means of
flow velocities and areas, and/or flumes. On the other hand, the rate at which the ponded water depth receded
was also used to determine seepage loss. Several formulae were also used to determine both transit and
seepage losses. In addition, geographic information system (GIS) approaches were also used. Evaporation
losses from canals were determined by use of open pans; weather data in conjunction with some formulae
were used in some cases.

2.2.4 Data analyses

The current study did not calculate canal water losses per se; the data were reported in the articles. The water
losses reported in other units were normalized to litres per second per 100 m of canal reach length (L s 100
m-1). This was followed by simple statistical analyses to determine the minimum, maximum, mean, median,
standard error of mean (SEM) and coefficient of variation (CV, %). These general statistics were used to
compare water losses between factors and factor classes. Box plots (generated using StatiStica 7 software)
were used to elucidate trends from one factor level to another. Outliers are not shown in all the box plots;
however, they were part of the other analyses. T-tests were performed to determine the significance of
differences (p<0.05). Finally, Spearman rank correlations (rs) were used to quantify the bivariate relationships
between factors and water losses because the data sets were not normally distributed.
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2.3 Results

2.3.1 Variability of factors and water losses across the world

The literature search yielded 45 scientific papers from around the world (Table 2.1). India and Pakistan
contributed nine papers each. Other papers from the same region came from Bangladesh, China, and Iran
with two papers each, and Indonesia, Iraq, and Saudi Arabia with one paper each. Europe contributed three
papers from Turkey (with two papers) and Italy. Canada (with one paper) and USA (with six papers) contributed
seven papers from North America. Ethiopia dominated the African contribution with four papers, followed by
Nigeria with two, and lastly Egypt and South Africa with one paper each. The 45 papers reported water losses
from 1388 canal reaches. The average length was 12 866 + 3364 m with a coefficient of variation (CV) of
426%. The other canal and flow characteristics showed lower CVs, ranging from 131 to 329% for flow depth
and Awer, respectively.

The most reported water loss type was transit (1157), followed by seepage (205) and lastly evaporation (26).
The transit losses averaged 31.98 + 2.83 L s 100 m'L. Seepage losses averaged 2.59 + 0.35 L s 100 m1,
while evaporation averaged 0.06 + 0.01 L s 100 m'1. Transit losses exhibited the highest variability (with a
CV of 303%), followed by seepage (191%) and lastly evaporation (78%).

The factor categories used in the analyses are defined in Table 2.2. The Tw categories <1.50, 1.50-3.00 and
>3.00 m are typical of tertiary, secondary and main canals, respectively. Likewise, the flow depth classes
<1.00, 1.00-1.50 and >1.50 m are also typical of tertiary, secondary and main canals, respectively. The soil
clay content classes of <15, 15-35 and >35% are typical of sandy, loamy, and clayey soils, respectively.

2.3.2 Comparison of the different  water loss types

Figure 2.1 compares the different major water loss types from the canal reaches reported in the 45 data
sources used in the current analysis. The results show that evaporation is negligibly lower than both seepage
and transit losses. On the basis of mean values, the figure suggests that evaporation is 43 and 533 times lower
than seepage and transit losses, respectively. On the other hand, transit losses are only 12 times higher than
seepage losses. Therefore, evaporation loss should only be considered when other losses are also small
(Sonnichsen, 1993).
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FIGURE 2.1 A comparison of canal water loss types
Note that boxplots accompanied by similar letters were not significantly different (p<0.05), while numbers between brackets
(N) represent sample sizes.

2.3.3 Potential effects of measurement methods on water losses

The study results show that method of water loss determination has significant effects on water losses (Figure
2.2). The results in Figure 2.2A suggest that ponding tends to give lower seepage loss values than seepage
meters and formulae. However, ponding values do not differ significantly with seepage meter (S meter) values.
The formulae values tend to vary more than those obtained by ponding and seepage meters. Figure 2.2B also
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shows a tendency of transit water losses to depend on estimation method. The GIS method exhibits
significantly lower values, while the inflow-outflow method shows the highest values. Coincidentally, inflow-
outflow values are also the most varied (CV = 204%). The formulae, which was the most popular method (N =

708), gives transit loss values that are intermediate but still significantly greater than those that the GIS method
generates.
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FIGURE 2.2 Comparisons of different methods used to estimate ( A) seepage and ( B) transit water losses

Note that boxplots accompanied by similar letters were not significantly different (p<0.05), while numbers between brackets
(N) represent sample sizes.

2.3.4 Potential effects of canal and flow characteristics on water losses

2.3.4.1 Canal shape

Canal shape shows significant effects on water losses (Figure 2.3). Trapezoidal canals tend to give significantly
higher and most varied (CV = 163%) seepage losses than other canal shapes (Figure 2.3A). Ironically, the
trapezoidal shape was the most popular shape in the canal networks (N = 96). The parabolic shape exhibits
the lowest seepage losses; however, this is not significantly different from the U-shape. Nevertheless, median
values suggest that seepage losses from trapezoidal, rectangular, and U-shaped canals might not differ greatly
after all. The ellipse shape exhibits the most significant transit losses (Figure 2.3B). Despite showing a very
low median value, rectangular-shaped canals show significantly higher transit losses than trapezoidal and
irregularly shaped canals. Surprisingly, irregularly shaped canals, which were often unlined, have the lowest
transit water losses. Overall, canal shape has a significant effect on both seepage and transit water losses.
However, other factors such as channel treatment and/or soil type may also contribute to these results.
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FIGURE 2.3 Comparisons of ( A) seepage and ( B) transit water losses from different shaped open canals

Note that boxplots accompanied by similar letters were not significantly different (p<0.05), while numbers between brackets
(N) represent sample sizes.

2.3.4.2 Canal treatment

The results in Figure 2.4, which show significantly higher water losses from lined canals than both unlined and
compacted canals, were a big surprise. Figure 2.4A shows the most significant seepage losses from lined
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canals, followed by unlined and lastly compacted canals. Variability follows the same order with respective
CVs of 164, 140 and 123%. However, median values suggest the seepage losses amongst the three
treatments could be of the same order of magnitude at 0.77, 0.67 and 0.70 L sZ 100 m2 for lined, unlined and
compacted canals, respectively. Lined canals also exhibit the most significant transit water losses, followed by
compacted and lastly unlined canals (Figure 2.4B). Median values (16.50, 10.57 and 3.66 L sZ 100 mZ for
lined, compacted and unlined canals, respectively) also follow the same order. However, there is no significant
difference between transit losses from compacted and unlined canals.
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FIGURE 2.4 Comparisons of ( A) seepage and ( B) transit water losses from different canal treatments
Note that boxplots accompanied by similar letters were not significantly different (p<0.05), while numbers
between brackets (N) represent sample sizes.

2.3.4.3 Canal width

Figure 2.5 shows that canal width has significant effect on seepage (Figure 2.5A) and transit water losses
(Figure 2.5B). The results suggest lowest water losses from secondary canals. Main canals (wider than 3.00
m) exhibit the highest seepage losses, which are significantly higher than from the other two categories (Figure
2.5A). Seepage losses from tertiary (<1.50 m wide) and secondary canals (1.50-3.00 m wide) are not
significantly different; however, losses from secondary canals tend to be lower. Median values confirmed the
trend with values of 0.80, 0.36 and 0.65 L s* 100 m for tertiary, main and secondary canals, respectively. In
contrast, tertiary canals have the highest transit losses, but secondary canals exhibit the lowest transit losses.
However, secondary canal transit losses are not significantly different from those of main canals. The median
values are of the same order of magnitude (5.07, 4.31 and 4.12 L s'1 100 m for tertiary, secondary and main
canals, respectively).
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FIGURE 2.5 A comparison of the effect of channel width on ( A) seepage and ( B) transit water losses

Note that boxplots accompanied by similar letters were not significantly different (p<0.05), while numbers between brackets
(N) represent sample sizes.

2.3.4.4 Flow depth

While seepage losses are lowest in the secondary canals (1.00-1.50 m flow depth) (Figure 2.6A), transit losses
show a tendency to decrease with increasing flow depth (Figure 2.6B). Seepage losses are significantly lower
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in secondary canals than both tertiary (<1.00 m flow depth) and main canals (>1.50 m flow depth) (Figure
2.6A). Median values confirm the same trend. However, it is important to note that the secondary canal
category is based on a much smaller sample size in comparison to the tertiary and main canal categories.
Transit losses tend to decrease with increasing flow depth and the differences between canal categories are
all significant (Figure 2.6B). Median and CV values also exhibit a general decrease as flow depth increases.
Similar to the case with seepage losses (Figure 2.6A), transit losses for the secondary canal category are also
based on a much smaller sample size when compared with tertiary and main canal categories.
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FIGURE 2.6 A comparison of the effect of flow depth on ( A) seepage and ( B) transit water losses
Note that boxplots accompanied by similar letters were not significantly different (p<0.05), while numbers between brackets
(N) represent sample sizes.

2.3.4.5 Soil clay content

Figure 2.7 shows that seepage water losses from canals tend to decrease with increasing soil clay content.
Variability of seepage losses also tends to decrease in the same direction. Canals on sandy soils (<15% clay
content) exhibit significantly higher seepage losses than on loamy soils (15-35% clay content) (Figure 2.7A).
However, lack of significant difference with canals on clayey soils (>35% clay content) is surprising. The lack
of a significant seepage difference between canals on loamy and clayey soils is also surprising. Transit losses
from canals also exhibit the characteristic decrease with soil clay content (Figure 2.7B). However, there is no
significant difference between canals on sandy and loamy soils, which is also a surprising result. Indeed,
canals on clayey soils exhibit significantly lower transit losses.
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FIGURE 2.7 A comparison of the effect of soil clay content on ( A) seepage and ( B) transit water losses
Note that boxplots accompanied by similar letters were not significantly different (p<0.05), while numbers between brackets
(N) represent sample sizes.
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2.3.4.6 Bivariate relationships

The overall one-on-one relationships between water losses and controlling factors are elucidated by means of
Spearman rank correlations analysis (rs) because a complementary investigation showed that the data sets
are not normally distributed. The results of the correlation analysis are presented in Table 2.3. The results
show that evaporation losses correlate strongly and positively with canal reach length (L, m), side slope (h:y,
fraction) and frictional coefficient (fc, no units). The respective rs values are 0.61, 0.62 and 0.50. Seepage
losses correlate strongly with fe and longitudinal slope (S). However, the correlation with fc is positive (rs =
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0.63), while that with S is negative (rs = -0.73). On the other hand, transit losses correlate significantly with L,
bottom width of canal (BW), canal side slope (h:y) and S. Nevertheless, the correlations are generally weak,
except with h: y (rs = 0.77). Similar to seepage, the correlation between transit losses and S is also negative
(rs = -0.27). Evaporation and seepage losses correlate strongly with some flow characteristics, while transit
losses correlate weakly with the same characteristics. It is interesting to note that all three water loss types
correlate significantly with average discharge (Qt) and velocity (Vi); however, Q: correlated positively while Vi
correlated negatively. Another exciting observation is the weaker correlation with transit losses than the other
two water loss types. It is surprising that only transit losses show significant correlations with soil properties.
The correlations are quite strong at -0.59 and 0.64 for soil clay content (Clay) and saturated hydraulic
conductivity (Ksat), respectively.

TABLE 2.3 Spearman Rank correlation analysis results

Factor class Factor Evaporation Seepage Transit
Canal characteristics L (m) 0.61* 0.14 0.24*
Tw(m) 0.01 0.08 0.02
Bw (m) 0.01 -0.04 0.13%*
W (m) 0.01 0.03 0.03
h: y (fraction) 0.62* 0.10 0.77*
f. (no units) 0.50%* 0.63* -0.08
S (%) - -0.73* -0.27*
Flow characteristics Y (m) 0.01 0.03 -0.10%
P (m) 0.01 0.07 0.07*
R (m) 0.01 0.03 0.02
A\‘.-“L (1]1‘1) 061* - -
Ax (m?) - 0.03 -0.02
Awer (m?) - 0.09 0.13*
Qi(m?s?) 0.50* 0.62* 0.11*
Vi(ms?) -0.50%* -0.53* -0.36*
Q(m?) 0.61* -0,19 -0,06
Surrounding soil characteristics Clay (%) - -0.05 -0.59*
Kt (cm h'l) - 0.14 0.64*

Note: values in the table which are accompanied by * were significant at p<0.05

2.4 Discussion

An adequate water supply is a basic requirement for successful agriculture (Abidi, 2013). Water shortages for
agriculture are due to the limited availability and inefficient use of available water (Laghari et al., 2008). High
levels of water conveyance efficiency are needed because agricultural water availability is already limited in
many regions of the world. The first step in any intervention strategy should be a diagnosis of the present
situation (FAO, 2002). Reliable information on the nature and extent of water losses, which are affected by
multiple factors which act collectively (Alam and Bhutta, 2004), is very important. The current study confirms,
without considering potential inherent errors in the data sets used, that evaporation losses from canals are
negligibly small in comparison with seepage and transit losses. Evaporation is 43 and 533 times lower than
seepage and transit losses, respectively, while seepage is only 12 times lower than transit losses. This result
agrees with assertions by other researchers such as Lancaster (1952), who advised ignoring it in general
discussion.

Seepage and transit losses are estimated by use of direct methods such as seepage meters, ponding and
inflow-outflow approaches, and indirect methods such as the use of formulae (Alam and Bhutta, 2004). The
ponding method gives the lowest values, which are not significantly different from seepage meter values. In
contrast, the inflow-outflow technique gives the highest and most varied values. These results are consistent
with the findings of Alam and Bhutta (2004) whose study results point to 2.1 times higher values by inflow-
outflow than the ponding method. The high variability of water loss values obtained by the inflow-outflow
technique also agrees with the findings of Dukker et al. (1994). The formulae approach is the most popular
technique in terms of the number of cases where it was used to estimate water losses in the literature consulted
to generate data for the current analysis. The water loss values obtained by formulae are significantly lower
than for the inflow-outflow method, but significantly greater than those obtained through the GIS approach.

The high water losses estimated by the inflow-outflow method can be explained by the fact that the technique
is generally applied to long canals and in situations where water loss rates are high (Alam and Bhutta, 2004).
Hence, it gives high values due to the large volumes of water handled. Another explanation, related to the first,
is that estimated losses are often small differences between relatively large quantities such that small
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percentage errors in flow measurements can become big errors in calculated water losses. Low water losses
for the ponding method can be explained in terms of suspended materials that settle on the wetted perimeter
of the canals and, subsequently, reduce water losses through seepage (Alam and Bhutta, 2004).

The trapezium, which is the most popular canal shape, in terms of the number of canal sections that bear the
shape amongst the canals used to generate data for the current analysis, gives the most significant water
losses. This result is in contrast with the findings of Swamee et al. (2002) who computed potential seepage
losses during the design of canals of different cross-sectional shapes. Swamee et al. (2002) concluded that
the trapezoidal section would lose the least water and would also be less sensitive to increase in canal bed
width. However, it is important to note that Swamee et al. (2002) obtained their results from design
computations, while the current study data are based on field measurements. On the other hand, the ellipse
shape has the most significant transit losses. Rectangular-shaped canals exhibit the most varied transit losses
but with a median value lower than that of the trapezoidal shape. It is surprising that irregularly shaped canals,
which are often not lined, have the lowest transit water losses. In fact, the current analysis shows significantly
higher water losses from lined than both unlined and compacted canals, which contrasts with results from
many studies (e.g. Siddique et al., 1993; Garg, 1999; Khan et al., 2001; Sultan et al., 2014), which reported
32 and 90% lower seepage losses from lined than unlined canals. However, the current analysis result agrees
somewhat with the finding of Yao et al. (2012), who reported that clay lining plus compaction provides better
anti-seepage performance than concrete lining.

While there could be some other underlying factors explaining higher water losses from lined than unlined
canals, damage to lining materials can explain this result. In practice, canal sections that experience high
seepage losses are prioritized for lining. If cracks at joints and holes (created by rodents and people poaching
water) propagate to dilapidation levels due to lack of repairs, water losses become high; obviously to levels
higher than in sections that are not lined. Maintenance and repair work of water infrastructure in irrigations
schemes are sometimes hampered by a lack of clarity over ownership and responsibility between water users
and irrigation authorities. In addition, water users generally lack the skills and resources to maintain and repair
lined canals; hence, they depend on the authorities who are also often financially limited (Abidi, 2013). In
addition to a lack of skills and resources, water users also lack the collective ability and willingness to perform
the tasks needed (Hassan et al., 1999) because, partly, maintenance requires closing the canals for long
enough (Memon et al., 2013), which interrupts production and subsequently farmers' livelihoods. This is one
reason why farmers are generally reluctant to support rehabilitation works in the absence of subsidies.

The cross-sectional shape and area of a canal affect the wetted perimeter (Sonnichsen, 1993), which in turn
has a bearing on the wetted area available for seepage and leakage losses. Therefore, it would be prudent to
compare water losses from canals of equivalent cross-sectional areas, which is not done by the current
analysis. The result showing the highest seepage losses from the widest canals (which are typically main
canals) somewhat confirms the notion of financial constraints on the part of irrigation authorities because main
canals are normally their responsibility. The narrowest canals (which are typically tertiary canals and in most
cases under the control of water users) exhibit the highest transit water losses to further confirm the potential
lack of collective remedial efforts by water users. Tertiary canals are in parts of the irrigation schemes
inundated by vehicular and human traffic. Hence, they are more prone to damage and require more frequent
repair work to keep them in good functional order than both secondary and main canals. It is also prudent to
compare water losses between canals supplying water to individual farmers and those that supply groups of
farmers, which is not done by the current analysis.

Intermediate canals (which are typically secondary canals) have the lowest seepage and transit water losses
for unclear reasons. But one might speculate that since these canals are mostly under the care of irrigation
authorities and are located close to water users, the authorities focus their meagre resources there for visibility
by water users who are often levied for water use. The water losses and variability of the data sets used tend
to decrease with increasing soil clay content, which agree with laboratory findings by Zhang et al. (2020).
Zhang et al. (2020) demonstrated that the internal stability of soils changes from piping to the transitional type
as soil clay content increases. Their results effectively mean that the drainage capability of a soil decreases
with increasing soil clay content because clay soil particles are very small and low in hydraulic conductivity.
The tortuosity of flow increases with soil clay content, which ultimately contributes to a reduction in the drainage
capability of soils.
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2.5 Conclusions

A number of key insights emerged from the study. The first is confirmation that evaporation water loss from
open canals is negligible in comparison with seepage and transit losses. Therefore, evaporation can still be
ignored in the analysis of major water losses from canals at a global scale. The second is that the inflow-
outflow technique gives highly varied values, making it highly uncertain as well. On the other hand, the results
of the ponding technigque are also uncertain due to the effects of sediment settling on the canal bed and walls,
which reduces seepage losses. The third insight is that canal cross-sectional profile, together with derivative
characteristics such as wetted perimeter and wetted area, have a significant influence on water losses. The
fourth insight is that lining of canals, often done in canal sections experiencing high seepage losses, might not
be cost effective if not accompanied by proper and sustained maintenance and repair schedules because the
same sections will experience very high water losses when the lining breaks down. Therefore, good technical
design of canals needs to be supported by equally good management and maintenance plans for better
performance of the canals in terms of water conveyance. It is recommended that future studies consider
investigating the physical mechanisms of water losses and the different water loss types involved. It is also
recommended that future investigations include the effects of factors such as canal embankment height and
depth of freeboard on, especially, evaporation losses.
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CHAPTER3: ASSESSMENT OF WATER MEASUR
DEVI CES AND CONVEYANCE SYSTEMS Ol
LOSKOP | RRI GATI ON SCHEMES

3.1 Introduction

Water conveyance infrastructure deteriorate over time, which might have a significant effect on its performance
in terms of transmitting water. One of the most likely outcomes of conveyance infrastructure deterioration is
increased water losses through leakage. However, water conveyance at the irrigation schemes in South Africa
is not only about canals, concrete lined or not. There are many control and measurement devices on the canal
networks whose condition might have a significant bearing on, for example, the accuracy of water flow
guantification. The water measurement devices on the canal network enable the quantification of water input
volumes and delivery to the different users; hence, major water losses can be computed at least for the
timescale of the measurements. It is important to note that the current project placed a lot of emphasis on
conveyance infrastructure efficiency in terms of transmitting water because the Water Balance Report is the
main pillar of the Irri-Drop Report framework. The project envisages that the minimum requirement for the Irri-
Drop Report at any irrigation scheme is the Water Balance Report.

It is also important to reiterate that the current project aimed at assessing the state of irrigation water losses
at selected irrigation schemes and the possible measures to improve water use efficiency. The assessment
was to be done using data collected and published by the Water administration System (Benadé, 2011;
Benadé et al., 1997), which is publishing irrigation water usage and loss data for 23 irrigation schemes in South
Africa. This, therefore, made the project a desktop study. However, it was still important to understand the
condition state of the infrastructure at the irrigation schemes and the major drivers of the water losses being
incurred. This was achieved through consulting available reports about the infrastructure and visits to the sites
to perform visual checks on the infrastructure. A literature review of the major canal water loss types and their
main drivers was also performed and constitute Chapter 2 of the current report. The current chapter is based
on the assessment of the water measurement devices and conveyance systems at Vaalharts and Loskop
irrigation schemes.

Most big irrigation schemes in South Africa use canal networks to transmit irrigation water from sources (such
as dams) to the farms. The canal networks differ in configuration and shape depending on many factors that
include relative location of scheduled blocks and their sizes, soil types and their drainage properties, available
resources and skills for constructing the canals. However, three main components of the canal networks can
commonly be observed: namely the main, secondary and tertiary canals. The cross-sectional properties of the
canals generally change from the main to secondary canal and from secondary to tertiary canal, and so forth.
In particular, the cross-sectional area of the canals change with discharge from main to tertiary level. While
the Water Administration System, which is reporting on the water usage and losses at 23 big irrigation schemes
in the country, can handle the complexities that come with variability in cross-sectional properties, it is very
difficult if not impossible for human beings to do the same. Moreover, it would be arduous to cover entire the
canal networks, which run into hundreds of kilometres in length at some irrigation schemes. Therefore, the
current project had to select representative canal sections for the purpose of the assessment exercise.

3.2 Methodology

Data on the state of water measurement devices and conveyance systems at Vaalharts and Loskop irrigation
schemes was obtained in two ways; (i) available reports and publications, and (ii) physical assessments at the
irrigation schemes. The physical assessment involved visiting the two sites and meeting with the managers
before proceeding to do checks on the infrastructure. The visits took place on 13" and 20t February 2020 for
Vaalharts and Loskop irrigation scheme, respectively. Meetings were held with the water managers at the
irrigation schemes to discuss:

1 The general overview of the irrigation schemes paying particular attention to the water infrastructure

in place and canal system layout (presented in Chapter 1 of the current report)
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1 The proposed Irri-Drop conceptual framework focusing on the target water loss types and how they
can possibly be measured (reported in Chapters 4 and 6 of the current report)
1 Selection of representative canals whose state was to be assessed

Note that it was not possible to visit the entire canal network due to time constraints, hence, the need to select
the representative canals. The selection of the canals to tour were made jointly with the water managers. Visits
to the irrigation schemes and tours of the canals offered opportunities for the project team to familiarize with
the irrigation schemes. It is important to highlight that visits coincided with the peak irrigation season and
physical observations could not be done with canals in full flow. The tours were rescheduled to May and June
2020, when the canals had dry windows due to scheduled maintenance and rehabilitation activities. Few water
managers accompanied the project team on the tours during that period. The information collected from
literature and during the tours included the following:

1 Length of conveyance systems (reported in Chapter 1 of the current report)

1 Number of irrigators (reported in Chapter 1 of the current report)

1 Water delivery points (reported in Chapter 1 of the current report)

1 Scheduled area (reported in Chapters 1 and 6 of the current report)

1 Water allocation (reported in Chapter 1 of the current report)

The condition state of the infrastructure was qualitative and subjective. The participants on the tour had to
indicate whether thought the infrastructure was in very good, good, acceptable, bad or very bad condition.
Very good condition meant that the infrastructure was in perfect functional state, while very bad meant
immediate rehabilitation was needed because its condition had deteriorated to a dysfunctional state. When
differences in opinion occurred, consensus was sought. The decision on condition state of the infrastructure
was guided by the prevalence of the following:

Holes, cracks and collapsing of the canal walls

Wear of the canal walls and bed

Wear of sluice gates and existence of leakages

Wear of flumes and water depth measuring devices

Gaping at joints of blocks used to construct the canals

Silt, trash, and stones on the canal bed

Trees and grass in or on edges of canals

E I

According to Akkuzu et al. (2007), selection of canals should consider the following guides:
9 flow should be the normal operating condition of the canal
1 preferred measurement method should not cause change in water level
1 nodisruption/ change of cross-sectional geometry occurs during measurement and flow depth should
be sufficient for measurement

The following were discussed with the water managers at the irrigation schemes to guide selection of the
canals.
1 Characteristics of the main, secondary, tertiary and other canal levels selected in terms of:
o total length
cross-sectional properties
longitudinal slope
number of abstraction points
control and measurement devices installed
lining and lining materials used
main soil types along the canals
age and level of deterioration and/or damage
vegetation growth and sedimentation in canals
1 Zones of the canal levels
o0 since discharge decreases in downstream direction, canals are divided into upper (nearest to
water source), middle and low (furthest from water source) sections
1 Selecting canals
o if irrigation system consists of more than one main canal, the main canal supplying the main
block or group of farmers is selected
o0 atleast three secondary canals are selected from the main canal: one from the upper, middle
and lower zone
o0 atleast three tertiary canals are selected from each selected secondary canal, i.e. one in the
upper, middle and lower zone

O O0Oo0Oo0O0OOo0Oo

o
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(@)

equal numbers of canals are selected for the zones at each network level
0 selected canals should be good representatives of the network in terms of variability in:
A shapes and cross-sectional geometry
A age and condition
A flow control and flow measurement devices
A canal reaches lengths (lengths of the same order are preferred)
A number of abstraction points spanned by sections (keep number of abstraction points
to a minimum)
0 canals to be selected should be in current use by the WAS program and with historical data
available, i.e. flow measurement devices need to be in place
0 canals to be selected should exhibit potential for the existence of many water loss types

3.3 Results

3.3.1 Selected canals

The selected canal sections are highlighted in the figures presented in Chapter 1 of the current report. They
are described in the current section.

3.3.1.1 Vaalharts Irrigation Scheme

Main canal

The selected main canal is on the right bank. This is the same main canal that supplies water to Taung Irrigation
Scheme. It is important to point that the zoning adopted in the current project apply within Vaalharts Irrigation
Scheme only and was done to facilitate selection of secondary canals.

Secondary canals
One secondary canal was selected from each of the three main canal zones (upper, middle and lower). Flow
into the secondary canals is controlled by manually operated sluice gates and all the secondary canals are
equipped with flumes at the inlet point. The inlets of the secondary canals are permanently equipped with
flumes. The selected secondary canals (known as feeder canals at the irrigation scheme) are:

1 TVV4 (upper)

TVV10 (middle)

T TVV15 (lower)

Tertiary canals
Three tertiary canals were selected on each secondary canal (upper, middle and lower). Flow into these tertiary
canals is controlled by means of manually operated sluice gates. The inlets of these canals are also
permanently equipped with flumes. These tertiary canals are known as community canals at irrigation scheme
level. The selected tertiary canals are:
1T Tvv4:
0 TVVAC (upper)
o TVV4E (middle)
0 TVWVAG (lower)
T TVVloO:
o TVVI1OE (upper)
o TVVI1O0H (middle)
o TVVI1ON (lower)
1 TVvVils:
o TVVI15D (upper)
0 TVVI15H (middle)
o TVV15P (lower)
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3.3.1.2 Loskop Irrigation Scheme

Main canal
The selected main canal is on the left bank.

Secondary canals
Flow into the secondary canals is controlled by manually operated sluice gates and all the secondary canals
are permanently equipped with flumes at the inlet points. However, electronic loggers are now in use to collect
flow data. The three secondary canals, also known as feeder canals at irrigation scheme level, are:

1 TK141 (upper)

1 TK214 (middle)

1 TK240 (lower)

Tertiary canals
The tertiary canals are also known as community canals at the irrigation scheme. However, it is point to
highlight that the tertiary canal level at Loskop is not as clear as at Vaalharts Irrigation, where all farms get
water through community canals. Some farms at Loskop Irrigation get their water supply directly from what is
referred as secondary canals in the current report. Nevertheless, flow into these tertiary canals is also
controlled by means of manually operated sluice gates. The selected tertiary canals are:
I TK141: there are no tertiary canals present on this secondary canal; hence, three reaches were
selected as follows:
o0 F6-F10 (upper)
0o F14-F16 (middle)
o F22-F23 (lower)
1 TK214: there are also no tertiary canals present on this secondary canal; hence, the three selected
reaches are defined by names of the adjacent farms as follows:
o E9-E11 (upper)
o E26-E28 (middle)
o E31-E33 (lower)
T TK240:
0 TK240A (upper)
The tertiary canal is branched and the selected branches were identified by names of adjacent
farms as follows:
A H59-H60 (upper)
A H63-H65 (middle)
A H66-H68 (lower)
0 TK240D (middle)
The tertiary canal is also branched and the two selected branches were identified by adjacent
farm names as follows:
A H45-H46,
A section to Marble Hall
1 TK240G (lower):
o H75 (upper)
0 H8-H9 (middle)
o H14 (lower)

The table below presents the primary properties of the selected canal sections as observed during the field
tours. It is important to indicate that all the canal sections assessed were concrete lined. Note that the
abbreviations used here are not standard and may not be accepted in some quarters. They are only meant for
the current report and they are described as follows:

L = reach length (measured in m)

Tw = top width of canal section (measured in m)

Bw = bottom width of canal section (measured in m)

D = depth of canal section (measured in m)

St = length of sloping canal side wall (m)

P = wetted perimeter when canal is 100% full (measured in m)

=4 =4 =8 -8 -1

20



The state of irrigation water losses and measures to improve water use efficiency on selected irrigation schemes

TABLE 3.1 Dimensions of the selected canal sections at Loskop and Vaalharts Irrigation Schemes

Irrigation L Tw Bw D S, P

Scheme Canal type  Name Reach  Shape M

Vaalharts Main Upper  Trapezium 5050 10.30 5.80 3.00 4.40 14.60
Secondary TVV4 Upper  Parabola 950 1.65 1.05 2.65
Tertiary TVVv4aC Upper  Parabola 540 1.08 0.35 1.43
Tertiary TVVv4aC Middle  Parabola 880 0.93 0.28 1.18
Tertiary TVVv4aC Lowe Parabola 840 0.90 0.23 1.10
Secondary TVV4 Middle  Parabola 700 1.48 0.95 2.50
Tertiary TVVAE Upper  Parabola 600 1.10 0.40 1.50
Tertiary TVVAE Middle  Parabola 610 1.08 0.35 1.45
Tertiary TVVAE Lower Parabola 580 1.08 0.35 1.45
Secondary TVV4 Lower Parabola 730 1.65 0.95 2.80
Tertiary TVVAG Upper  Parabola 830 1.15 0.45 1.65
Tertiary TVVAG Middle  Parabola 810 1.03 0.35 1.35
Tertiary TVVAG Lower Parabola 560 0.83 0.33 1.15
Main Middle  Trapezium 5000 8.98 4.00 2.60 4.00 12.00
Secondary TVV10 Upper  Parabola 2100 1.60 0.85 . 2.60
Tertiary TVV10E Upper Parabola 720 1.10 0.38 1.50
Tertiary TVV10E Middle Parabola 630 1.15 0.45 1.55
Tertiary TVV10E Lower Parabola 950 1.08 0.43 1.43
Secondary TVV10 Middle  Parabola 720 1.65 1.05 2.80
Tertiary TVV10H Upper U-shape 710 1.10 0.40 1.50
Tertiary TVV10H Middle U-shape 780 1.10 0.40 1.40
Tertiary TVV10OH Lower U-shape 770 0.93 0.35 1.15
Secondary TVV10 Lower Parabola 710 1.83 1.25 3.35
Tertiary TVVION Upper U-shape 760 1.08 0.45 1.45
Tertiary TVVION Middle U-shape 550 1.00 0.35 1.25
Tertiary TVVION Lower U-shape 550 1.00 0.35 1.30
Main Lower  Trapezium 4600 6.80 3.30 2.20 3.10 9.50
Secondary TVV15 Upper  Parabola 1290 1.65 1.05 2.70
Tertiary TVV15D Upper U-shape 1170 1.13 0.43 1.55
Tertiary TVV15D Middle U-shape 520 1.00 0.38 1.30
Tertiary TVV15D Lower U-shape 550 0.90 0.33 1.10
Secondary TVV15 Middle  Parabola 700 1.65 1.10 2.85
Tertiary TVV15H Upper U-shape 530 1.15 0.53 1.60
Tertiary TVV15H Middle U-shape 700 1.10 0.50 1.53
Tertiary TVV15H Lower U-shape 1030 1.00 0.40 1.33
Secondary TVV15 Lower Parabola 670 1.73 1.05 2.95
Tertiary TVV15P  Upper U-shape 910 1.25 0.55 1.75
Tertiary TVV15P Middle U-shape 270 1.30 0.63 1.85
Tertiary TVV15P  Lower  U-shape 540 1.10 0.48 1.45

Loskop Main Upper  Trapezium 5000 7.20 4.20 2.10 2.40 9.00
Secondary TK141 Upper  Trapezium 4100 1.30 0.40 0.65 0.73 1.85
Secondary TK141 Middle  Trapezium 3000 1.35 0.55 0.60 0.75 2.05
Secondary TK141 Lower  Trapezium 3200 1.40 0.48 0.60 0.78 2.03
Main Middle  Trapezium 5000 6.10 3.45 1.90 2.30 8.05
Secondary TK214 Upper  Trapezium 930 1.60 0.55 0.73 0.85 2.25
Secondary TK214 Middle  Trapezium 2370 1.65 0.63 0.68 0.88 2.38
Secondary TK214 Lower  Trapezium 980 0.80 0.20 0.40 0.45 1.10
Main Lower  Trapezium 5000 3.10 2.85 1.60 1.90 6.65
Secondary TK240 Upper  Trapezium 2110 2.30 0.80 1.13 1.45 3.70
Secondary TK240 Middle  Trapezium 2840 2.00 0.68 0.85 1.10 2.88
Secondary TK240 Lower  Trapezium 3690 1.85 0.63 0.85 1.00 2.63
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TABLE 3.2 Condition of the selected canal sections at Loskop and Vaalharts Irrigation Schemes

Irrigation Scheme  Canal type Name Reach Shape Condition state

Vaalharts Main Upper Trapezium Acceptable
Secondary TVV4 Upper Parabola Good
Tertiary TVVv4aC Upper Parabola Bad
Tertiary TVV4aC Middle Parabola Bad
Tertiary TVV4C Lowe Parabola Bad
Secondary TVV4 Middle Parabola Good
Tertiary TVVAE Upper Parabola Good
Tertiary TVVAE Middle Parabola Bad
Tertiary TVVAE Lower Parabola Very bad
Secondary TVV4 Lower Parabola Good
Tertiary TVVAG Upper Parabola Bad
Tertiary TVVA4G Middle Parabola Bad
Tertiary TVVAG Lower Parabola Very bad
Main Middle Trapezium Bad
Secondary TVV10 Upper Parabola Good
Tertiary TVV10E Upper Parabola Good
Tertiary TVV10E Middle Parabola Good
Tertiary TVV10E Lower Parabola Bad
Secondary TVV10 Middle Parabola Good
Tertiary TVV10H Upper U-shape Bad
Tertiary TVV10H Middle U-shape Bad
Tertiary TVV10H Lower U-shape Very bad
Secondary TVV10 Lower Parabola Acceptable
Tertiary TVV1ON Upper U-shape Bad
Tertiary TVV1ON Middle U-shape Bad
Tertiary TVV1ON Lower U-shape Bad
Main Lower Trapezium Bad
Secondary TVV15 Upper Parabola Good
Tertiary TVV15D Upper U-shape Good
Tertiary TVV15D Middle U-shape Bad
Tertiary TVV15D Lower U-shape Bad
Secondary TVV15 Middle Parabola Good
Tertiary TVV15H Upper U-shape Good
Tertiary TVV15H Middle U-shape Good
Tertiary TVV15H Lower U-shape Bad
Secondary TVV15 Lower Parabola Good
Tertiary TVV15P Upper U-shape Bad
Tertiary TVV15P Middle U-shape Very bad
Tertiary TVV15P Lower U-shape Very bad

Loskop Main Upper Trapezium Good
Secondary TK141 Upper Trapezium Good
Secondary TK141 Middle Trapezium Good
Secondary TK141 Lower Trapezium Bad
Main Middle Trapezium Good
Secondary TK214 Upper Trapezium Good
Secondary TK214 Middle Trapezium Good
Secondary TK214 Lower Trapezium Good
Main Lower Trapezium Good
Secondary TK240 Upper Trapezium Good
Secondary TK240 Middle Trapezium Good
Secondary TK240 Lower Trapezium Bad

3.4 Discussion

The table on dimensional properties of the canal sections observed show a very wide variability in size within
the same canal type an across the different canal types. However, there was a general decrease of size in
downstream direction (Table 3.1). For instance, the main canal at Vaalharts Irrigation Scheme showed a
general decrease in cross-sectional area in the downstream direction. The top width (Tw) decreased from
10.30 m in the upper reach to 8.98 m in the mid reach and finally to 6.80 m in the lower reach, while the bottom
width (Bw), decreased from 5.80 to 4.00 and 3.30 m, respectively. Depth followed a similar trend with values
of 3.00, 2.60 and 2.20 m, respectively. All the other canals at the irrigation scheme followed a similar trend;
however, the bottom widths and length of sloping canal side walls (S.) could not be established at some of the
canals, especially those with parabolic or U-shapes. The same trend of a decrease in canal size in the
downstream direction was also observed at Loskop Irrigation Scheme, where the main canal top width
decreased from 7.20 m in the upper reach to 6.10 m in the mid reach and 3.10 m in the lower reach. However,
the other canal types at this irrigation scheme did not follow the same pattern with some canals showing greater
sizes around the mind reach while others exhibited greater sizes in the lower reaches.
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The general decrease in canal sizes was anticipated because the amount of water to be transmitted generally
decrease with the area commanded. It follows that less and less water needs to be transmitted as the tail end
of a canal is approached. However, other factors may influence a deviation from this rule. For example, a
change in the gradient of canal bed may change the flow velocity as a result steeper gradients may
economically require smaller canal sections where those areas where flow is sluggish may require bigger
sizes. This may explain the observations made at Loskop Irrigation Scheme. However, it is important to indicate
that the project did not assess the slope gradients of the canal beds.

Although consensus on the condition state of the canals and associated infrastructure was always sought
among the participating, it was not possible to consistently keep the same people doing the exercise at an
irrigation scheme and across irrigation schemes. Therefore, inconsistencies could not be avoided. However,
the results showed a general tendency for the condition to deteriorate in a downstream direction (Table 3.2),
especially at Vaalharts Irrigation Scheme. The main canal deteriorated from an acceptable condition in the
upper reach to a bad condition in the mid and lower reaches. The secondary and tertiary canals showed a
similar trend at the same irrigation scheme. It was interesting to note the very bad conditions in the lower
reaches of some tertiary canals. Loskop Irrigation Scheme did not show much variability in terms of
conveyance infrastructure condition. The condition of the infrastructure was generally rated good. The lower
parts of two secondary canals were rated bad.

A close look at the condition assessment criteria used by the project suggests the condition state is closely
linked to the general maintenance of the infrastructure. While the Irri-Drop Report framework is intended for
those parts of the conveyance infrastructure which are managed by the irrigation scheme (water user
association, irrigation board or government water scheme), the current exercise overlapped onto tertiary canals
which managed by the water users (irrigators) themselves. The level of management and amount of resources
put into the care and maintenance of the infrastructure differ significantly between the farmers and the
irrigators. The situation at Vaalharts Irrigation Scheme suggests poorer farmer management of the
infrastructure than the irrigation scheme management. However, it is still important to indicate that the main
canal condition at Vaalharts Irrigation Scheme was not in a good condition despite its management falling
under the auspices of the irrigation scheme.

3.5 Conclusions

The insights gained from the review of available literature about Vaalharts and Loskop irrigation schemes and
visits to the same were important to the development of the Irri-Drop Report framework. The Irri-Drop Report
framework developed by the project had to take cognisance of the insight gained that irrigation schemes are
unique and are operated differently. Another conclusion is the need for a non-subjective and unambiguous
means of collecting and analysing data on the condition state of irrigation infrastructure for consistency.
Seeking consensus all the time can be arduous and costly in certain circumstances.
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CHAPTER4: COMPONENTS OF WATER LOSSES:S
CANALS AT VAALHARTS & LOSKOP |
SCHEMES

4.1 Introduction

The efficiency of a water delivery system is determined through the water losses that occur during its operation.
The losses are a result of environmental and operational factors, and structural weaknesses of the canal. A
water delivery network will always incur water. Therefore, the objective of an efficient water delivery system
for an irrigation scheme is to deliver the correct volume of water to the right place and at the right time with
minimum losses within the constraints of the system. The total water loss is calculated as the difference
between water released and delivered after accounting for the water abstracted between the inlet and outlet
points. At most irrigation schemes in South Africa, water released into canal networks is accurately measured
using electronic data loggers. Non-agricultural abstractions on the canal network (e.g. for municipal,
household, mine, and school uses) are through metered facilities, hence, the flow measurements are generally
accurate. However, the same cannot be said of the farm gates, where the flumes have worn out over time and
the flow depth measuring devices missing in some cases. In the absence of reliable measurement devices at
the farm gates, water delivery is simply equated to the amount of water ordered by the farmers. This
assumption favours the farmers because they always push to receive at least the amount of water they ordered
and not less. There are also discords in recording water abstractions from the canal networks because farmers
order their water on weekly bases, while the non-agricultural users are billed on a monthly basis.

Three water loss types are known to occur from open channels, namely: seepage, leakage and evaporation.
Additional losses occur from human managed channels operational losses. Although all canals at major South
African irrigation schemes are concrete lined, seepage loss through the lining is inevitable and it varies with
guality, density and thickness of the lining, age of the concrete, and water pressure (which a function of water
depth). Seepage loss from canals is quantified using the inflow-outflow, ponding, seepage meter, and unsteady
flow simulation methods. However, these methods are only applicable in laboratory experiments or isolated
control volumes in a canal network. The inflow-outflow method is a water balance approach where the
difference between water flowing into and out of a section of a canal is treated as seepage loss after accounting
for abstractions, leakages and evaporation. Abstractions can be accounted for through accurate
measurements at the offtake points. Leakage occurs at various points throughout a canal network, e.g. joints
between concrete slabs of canal lining, slabs that have shifted, cracks in the canal lining materials, and sluices.
There is no practical way of determining leakage only from a canal network in normal operation using this
method, hence seepage and leakage are considered jointly.

On the other hand, the ponding method of determining seepage involves sealing off at the inflow and outflow
sides to isolate a canal section from the entire canal network. The water level of the isolated section is then
monitored over time to determine the volume that is lost from the control volume. An evaporation pan is used
to quantify the evaporation volume over the same period. A simple mass balance calculation is then used to
calculate the seepage loss through the wetted area of the section. It is worth mentioning that this method will
also include the leakage loss that occurs through any joints in the selected section if any. Therefore, seepage
and leakage losses can also not be separated from each other. The only advantage of this method is that it
will indicate the water loss in the section, but this cannot be applied throughout an entire canal network due to
variability of canal lining and other factors. The seepage meter is used to quantify local seepage loss through
a canal lining. The meter consists of a cylindrical cup attached to a bag filled with water by means of a plastic
tube. The cup is attached to the canal wall or bed and the bag is left floating. The change in floating bag water
volume is measured over a certain period to determine the seepage loss for that specific area. It is obvious
this method cannot practically be applied to the entire canal network. In short, it is impossible to differentiate
leakage from seepage on a canal network scale and for that reason the two are considered jointly.

Evaporation loss is water lost through the free surface of the canal water. It is theoretically possible to estimate
evaporation losses from the free water surfaces using evaporation pan data. However, unlike in evaporation
pans, canal water surface area is a function of water depth, which varies with flow rate in the canal. Factors
such as temperature, humidity, rainfall, and wind need also to be considered. There is also the issue of
changing microclimates across a canal network, which calls for a weather station for each microclimate. All
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these factors make it economically impractical to quantify evaporation losses accurately for a canal network.
The best alternative is, perhaps, to use a calibrated unsteady flow simulation model (described in Methodology
section of the current chapter).

Operational water losses are attributed to how the canal network is managed. During distribution of water
through a canal network, for example, there are various sluice gates that need to be opened, adjusted, or
closed at certain times for water released to reach its intended destination on time. These sluices are operated
manually in South Africa. A water bailiff uses a distribution sheet, which indicates when and which sluice to
open by how much. If these sluices are adjusted too early or too late, water is potentially lost. It is accepted
that water bailiffs cannot operate the same sluice continuously and the water bailiffs cannot adjust all sluices
in the system every minute or even every hour. This is how operational water losses occur. Theoretically, the
more frequently the sluices are adjusted, the lower the operational losses will be, which is demonstrated
through the use of a Water Release module in the Water Administration System program (described in
Methodology section of the current chapter). Operational losses also include any loss due to mistakes on the
administrative side of the irrigation scheme. It is theoretically possible to quantify the operational losses of a
canal system due to incorrect sluice settings. The opening and closing times of the abstractions and the flow
rates will need to be recorded. This will require loggers to be installed at every abstraction point in the canal
network, which is not economically feasible in the current circumstances. The current chapter aimed at
separating the major water loss types from canal water loss data published by the Water Administration
System. The relevance of this is to be able to determine how much each component contributes to the total
loss.

4.2 Methodology

The major canal water loss components have been identified as: seepage, leakage, evaporation, and
operational. However, most of these water loss components are either impractical or impossible to quantify as
individuals or at canal network level. The Water Administration System (WAS), therefore, does not separate
them and reports them as a global loss for the canal network. WAS uses the Water Use Efficiency Accounting
Report (WUEAR) to determine the canal network efficiency. The current chapter obtained data for Vaalharts
and Loskop irrigation schemes from WAS and used it to generate WUEAR for the periods 2019/2020 and
2020/2021 to show either an improvement or decline in the efficiency of the systems.

4.2.1 Water release module

As already alluded to, the only way to come close to quantifying the water losses (except operational loss) is
to use a calibrated unsteady flow simulation model for the canal network because water flow in most irrigation
canals is naturally unsteady and non-uniform. The WAS has a water release module, which can simulate the
evaporation and seepage losses. The basis for this module is to divide the canal network into sections or
reaches as seen in Figure 4.1. A reach is section of a canal network between one outflow point and the next.
These reaches are then defined and modelled.
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Dam

= L >l

FIGURE 4.1 Water Release Module concept ual diagram

The water release module can be used to:
1 Minimize distribution losses on canal networks and in river systems.
1 Calculate water releases for the main canal and all its branches allowing for lag times and water losses
such as seepage and evaporation.

A schematic layout of the total canal network is captured with details such as the cross-sectional properties
(Figure 4.2), position of sluices or pumps, canal slope, measuring structures and canal capacities. Every reach
can be analysed and calibrated on its own with a built-in p r o p e catculatos Global changes to the canal
are simplified by means of a built-in tool.
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FIGURE 4.2 Types of canal cross -sections

Discharges are converted to the corresponding measuring plate readings where needed. Water release
graphs, calculated with different settings, can be superimposed for comparison purposes. The seepage losses
are calculated using the following equation:

‘||--—+H|-I—=|”|=|'i!,—-> U 2l sid M EIEFRE

O <y » Equation 1

Where I/s per 1000 m? are litres per second per 1000 m? of the wetted area of the canal in contact with the
water
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The seepage rate of concrete lined canal has been estimated to be 0.35 to 1.9 I/s per 1000 m? (Reid, et al.,
1986). In addition to length, a section of a canal is also defined by its cross-sectional parameters, as shown in
Figure 4.3. For example, the wetted perimeter is the perimeter of the cross-section that is in contact with the
water in the canal.
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L] < - J [ 2]

FIGURE 4.3 Canal cross -section diagram
The evaporation losses are calculated using the following equation:
DLONET OOWEZHO@ Qp manm YQEDQEWA w6 N6 QA Equation 2

Where Evap rate is the evaporation rate, and I/s per 1000 m? are litres per second per 1000 m? of the free
water surface.

According to Reid et al. (1986), the evaporation loss is close to 0.3% of the total flowrate. This percentage is
independent of the exposed surface area of the water and can, therefore, not be applied to the entire network.
The simulation can only estimate the evaporation losses based on a generalized evaporation rate. The basic
idea behind the simulation module is to solve the problem for a single reach. Starting at the end of each branch
of the network each reach is simulated and added to the next one until the simulation reaches the dam. This
is illustrated in Figure 4.4.
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The results are then displayed in the form of hydrographs for each outlet in the network. An example of the
total results can be seen in the hydrograph in Figure 4.5.

] Release results - o
Sernt [@@eraph @ Hep
Channel EHK - 26 I? ‘ {Mon) 17 Nov 2014 to (Tue) 02 Dec 2014 10

Geah | Release data | Info |
(Mon) 17 Nov 2014 to (Tue) 02 Dec 2014: 636 462 m3

@ (m3hour)

1714 181114 211114 231114 281114 2ZTHn4 281114 D1M2M4
00:00 00:00 00:00 o0:00 00:00 o000 00:00 o000
Date & Time

FIGURE 4.5 Hydrograph 1 Simulation results
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The hydrograph shows a filled in multi-coloured graph and a simple line graph over that. The line represents
the summation of the water orders in the system and the times at which they are supposed to arrive at the
far mer s & snulli-coboered graph tegresents the same graph as the single line, but with travel times
and losses added to it. This means that the difference in volume between the two graphs is the evaporation
and seepage losses. Figure 4.5 represents a very unrealistic water release for the network because it is
impossible to control the sluice settings to this level of accuracy. As discussed in operational losses, the water
distribution settings are adjusted to match a more practical distribution schedule with larger intervals, as seen
in Figure 4.6.

] Release results - oIEl
erint [@RGraph @) Help

Channel |SHK -

Graph IRel:ase data | Info |

(Mon) 17 Nov 2014 to (Tue) 02 Dec 2014: 767 213 m3

3500

Q (m3Mhour)

171114
00:00

19111714
0000

2111114
00:00

231114
00:00

251114
00:00

2TNIN4
00:00

291114
00:00

Date & Time

FIGURE 4.6 Hydrograph T Refined simulation results

The added difference between the two graphs represents the necessary operational losses that need to be
added for enough water to arrive at the farmersbd
during operation, which would also add to operational losses.

The water release module requires a lot of data to setup the network model and initialize the simulation. This
method is also overly complicated for most irrigation schemes and requires qualified input and calibration to
function properly. This data and expertise are unavailable for Loskop and Vaalharts irrigation schemes and
outside the scope of the present project.

4.2.2 Mass Water Balance Method

The best and most practical method to quantify the total water loss on a canal network is the mass water
balance method. This requires inflow data and the total water volume used by the scheme. The difference is
the total water loss, which represents evaporation, seepage and leakage, and operational water losses.

This is all that is needed (excluding canal maintenance) to manage and reduce the total water loss in a canal
system. Water loss due to evaporation is outside the control of an irrigation scheme. If a canal system is
maintained properly then there is also little a scheme can do to reduce seepage and leakage losses.
Operational losses are the only other loss that a scheme can try and reduce. Setting an initial benchmark and
tracking the total water loss on a monthly basis is an excellent tool to measure whether a scheme is successful
in reducing or maintaining their water losses. The WAS uses the WUEAR that has been specified by the
Department of Water and Sanitation (DWS) to calculate and report the water usage and total loss of an
irrigation scheme monthly. All the necessary data is readily available in the WAS database to generate a report
for the Loskop and Vaalharts irrigation schemes.
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4.2.3 Water Use Efficiency Accounting Report (WUEAR)

The WUEAR for Loskop and Vaalharts irrigation schemes for the current chapter were generated using the
data collected for the water year of 2019/2020. It is important to note that a water year is different from a
calendar year. The water years for Vaalharts and Loskop start in April and May respectively. The data was
collected using a Cello data logger connected to an electronic probe that is installed in a stilling basin next to
the measuring structure. The probe measures the flow depth which is converted to a flow rate using a
corresponding discharge table. The data logger used for Loskop can be seen in Figure 4.7.

FIGURE 4.7 Cello data logger at left bank inflow for Loskop irrigation scheme

The data is recorded every 12 and 15 minutes for Loskop and Vaalharts, respectively. The data is then
transmitted to the Zednet platform, where WAS is then able to download and import this data into its database.

WAS uses the measuring structureds discharge?dh,atiche t o ¢
can then be used to calculate the volume (m?3) of water that is released into the canal. The water used is

captured using the water order module. This includes water order forms and meter readings. This is used to

generate the WUEAR, and graphs as seen in in the respective sections for each irrigation scheme. The total

water loss is shown as non-revenue water in the WUEAR tables.

4.2.4 Selected canals

The selected canals are shown on Figures 1.2 and 1.3 presented in Chapter 1 and described in Chapter 3 of
the current report. However, canal details are presented again for the benefit of the readers. The canals
selected at Vaalharts Irrigation Scheme are:
T Main canal
1 Secondary canal TVV4
0 Tertiary canal C
0 Tertiary canal E
0 Tertiary canal G
1 Secondary canal TVV10
0 Tertiary canal E
0 Tertiary canal H
0 Tertiary canal N
1 Secondary canal TVV15
o Tertiary canal D
o0 Tertiary canal H
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o Tertiary canal P

The canals selected at Loskop Irrigation Scheme are:
1 Main canal
1 Secondary canal TK141
o0 Tertiary canal F6-F10
0 Tertiary canal F14-F16
0 Tertiary canal F22-F23
1 Secondary canal TK214
0 Tertiary canal E9-E11
o Tertiary canal E26-E28
0 Tertiary canal E31-E33
1 Secondary canal TK240A
0 Tertiary canal H59-H60
0 Tertiary canal H63-H65
0 Tertiary canal H66-H68
1 Secondary Canal 240D
0 Tertiary canal H45-H46
0 section to Marble Hall
1 Secondary canal 240G
0 Tertiary canal H75
o Tertiary canal H8-9
o Tertiary canal H14

At the time of the project, these canals did not have data loggers. It is important to reiterate that the Water
Administration System is a computer-based program that makes use of data collected by electronic loggers.
However, the program can also accept water order data, which is generated by farmers through water bailiffs.
Only the main canals were equipped with electronic data loggers (Figure 4.8) and is the main reason why
global water losses at irrigation schemes are computed as the difference between water released and water
ordered after accounting for non-agricultural water abstractions.

< -

R

FIGURE 4.8 Vaalharts main inflow and measuring point
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4.3 Results

4.3.1 Water Use Efficiency Accounting Report (WUEAR)

The WUEAR for Loskop and Vaalharts irrigation schemes was generated using the data collected for the water

year 2020/2021. The water year is different from a calendar year in that the water years for Vaalharts and

Loskop start in April and May, respectively. The input data was collected using a Cello data logger connected

to an electronic probe that is installed in a stilling basin next to the measuring structure (Figure 4.7). The probe

measures the flow depth which is converted to a flow rate using a corresponding discharge table. The data is

recorded every 12 and 15 minutes for Loskop and Vaalharts, respectively. The data is then transmitted to the

Zednet platform, where WAS is then able to download and import this data into its database. WAS uses the

measur i ng structureds discharge tabl e t o¥hgwhichvcarrthenltehe f 1 o
used to calculate the volume (m?3) of water that is released into the canal.

The water used is captured using the water order module, which includes water order forms and meter
readings. Remember that it is assumed that what farmers ordered is what was delivered. Under the prevailing
circumstances during the time of the project, it was impractical to manually measure water abstraction from
the canal network by each farmer individually. There are pressure regulated sluices at each of the extraction
points and there are flumes at some of them, typically a 1FT Parshall. The sluices are calibrated so that they
deliver water at certain flowrates based on the settings of the sluices. The flumes can be used to verify this but
not necessarily to measure the volume delivered.

The WUEAR generated using information for the water years 2019/2020 and 2020/2021 are presented in the
next sections for Vaalharts and Loskop irrigation schemes.

4.3.1.1 Vaalharts WUA

The water year starts in April. Water input data was collected at the measuring station equipped with an
electronic logger on the main canal inflow (C9H018). The discharge curve used for processing the data
collected for the crump weir is shown in Figure 4.9.

Discharge table: COH018
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FIGURE 4.9 Vaalharts WUA T main inflow discharge curve C9HO018

The summary WUEAR for Vaalharts Irrigation scheme during the water year 2019/2020 is shown in Table 4.1.

TABLE 4.1 Vaalharts T WUEAR 2019/2020
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(x1000m>) %

Revenue Billed Billed Billed Total |System| Non- Alloc Alloc Non-
Year |Mnth water: metered: metered: unmetered: |Downstream|Other | water | input |revenue used avail |revenue Used |Avail

Agriculture |Industrial |Municipality| Household used |volume| water water
2019 | Apr 1542 10 1182 36 5181 | 1431 9383 | 17731 8348 2742 281518 47.08| 1.0| 99.0
2019 | May 5263 6 1685 45 4078 | 7657| 18733| 21182 2449 9712 | 274548 11.56| 3.4| 96.6
2019 | Jun 11177 13 966 36 5156 41| 17389| 21544 4155 21%10| 262350 19.29| 7.7| 92.3
2019 | Jul 7357 10 1221 36 6432 22| 156078| 19251 4173 30520 | 253740 21.68|10.7| 89.3
2019 | Aug 21223 12 1317 45 8981 47| 31624| 39791 8167 53118| 231142 20.52|18.7| 81.3
2019 | Sep 25507 22 1221 36 9931 43| 36760| 43899 7138 79912 | 204348 16.26|28.1| 71.9
2019 | Oct 41458 22 1603 45 15661 65| 58853 | 71970 13116| 123060 | 161200 18.23|43.3| 56.7
2019 | Nov 22764 44 1518 36 8470 43| 32874| 38649 5774 147429 136831 14.94|51.9]| 48.1
2019 | Dec 26832 40 1017 36 9521 104 | 37549| 45336 7786 | 175421| 108839 17.18|61.7| 38.3
2020 | Jan 24068 49 1297 45 9430 40| 34928 | 44141 9213 | 200875 83385 20.87|70.7| 29.3
2020 | Feb 11610 19 1393 36 10109 25| 23191| 24654 1463 ( 213921 70339 5.93(75.3| 24.7
2020 | Mar 17334 25 1096 36 5042 99| 23632| 33737 10105| 232475 51785 29.95|81.8]| 18.2
Totals 135 272 15516 468 97992 9617 339994 421885 81887 1291095 2128025 19.41 81.8 18.2

Figure 4.10 shows the monthly water volumes released (red) compared against corresponding the water
volumes delivered (blue).

Volume (x1000 m3)
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FIGURE 4.10 Vaalharts T Water released & delivere d 2019/2020

Figure 4.11 shows the volumetric monthly water losses only for the water year 2019/2020.

Loss (x1000 m3)

Months
FIGURE 4.11 Vaalharts T Monthly loss (m ) 2019/2020

Figure 4.12 shows the monthly water loss percentages for the water year 2019/2020.
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FIGURE 4.12 Vaalharts i Monthly loss (%) 2019/2020

Table 4.2 is the WUEAR for Vaalharts WUA during the water year 2020/2021.

TABLE 4.2 Vaalharts T WUEAR 2020/2021

(x1000m°) %

Revenue Billed Billed Billed Total |System| Non- alloc | Alloc Non-
Year |Mnth water: metered: metered: unmetered: |Downstream|Other | water | input |revenue used avail |TEvenue Used | Avail

Agriculture |Industrial |Municipality | Household used |volume| water water
2020 | Apr 2544 8 1230 45 7334 13| 11174 16067 4893 3795| 280370 30.45| 1.3| 98.7
2020 | May 3676 6 1833 36 3400 43 8194 10896 2702 8553 | 275612 24.8| 3.0 97.0
2020 | Jun 10371 213 899 36 11829 79| 23427 26112 2685 20116 | 264049 10.28| 7.1| 92.9
2020 | Jul 10765 -189 891 45 12290 79| 23881 27239 3358 31663 | 252502 12.33|11.1| 88.9
2020 | Aug 14875 5 1197 36 9921 lel| 26135| 32332 6197 47841 | 236324 19.17|16.8| 83.2
2020 | Sep 22356 7 1116 36 10135 112| 33762 47818 14656 71432 212733 29.39|25.1| 74.9
2020 | Oct 38165 25 991 45 17931 180| 57337| 71429 14092| 110793| 173372 19.73|39.0| 61.0
2020 | Nov 13798 37 1157 36 10052 76| 25155| 28031 2875| 125861 158304 10.26|44.3| 55.7
2020 | Dec 18376 37 927 45 12314 95| 31794 37605 5811| 145297| 138868 15.45|51.1| 48.9
2021 | Jan 4696 13 953 36 5569 22| 11289 11782 494| 150981 133184 4.18|53.1| 46.9
2021 | Feb 8752 7 946 36 7618 94| 17452| 21593 4141\ 160779 | 123386 19.18|56.6| 43.4
2021 | Mar 15917 7 1080 36 7642 112| 24794 31127 6334| 177895| 106270 20.35|62.6| 37.4
Totals 164291 176 12420 468 116035 1006 294394 3626031 67638 1055006 2354974 18.68 62.6 37.4

The graph in Figure 4.13 shows the monthly water volumes released (red) compared against the
corresponding water volumes delivered (blue). Looking at this graph shows that the demand for water starts
low in April and rises to a peak in October. After that it drops and varies until March. Comparing the released
against the delivered, the relative difference each month is kept almost the same. The only exception being

the months of September and October, which is also the months with the highest demand.
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Figure 4.14 shows the volumetric monthly water losses only for the water year 2020/2021.
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FIGURE 4.14 Vaalharts 1 Monthly loss (m %) 2020/2021

Looking at the loss percentages for each month in Figure 4.15, the lowest efficiency was in April. This is also
one of the months with the lowest demand for water, but the actual water volume lost is not that high relative
to the other months. The totals for the water year show that Vaalharts WUA achieved a very good system
efficiency of 81.3%.
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FIGURE 4.15 Vaalharts T Monthly loss (%) 2020/2021

4.3.1.2 Loskop IB

At the time of compiling this report the canals had measuring structures with no flowrate measuring equipment,
such as electronic loggers. Input data was collected from a 12 feet Parshall flume at the inflow of the left bank
main canal (Figure 4.16).
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FIGURE 4.16 Lft bank main canal inflow

The water year starts in May. The input data was collected from the left bank main canal inflow as shown in

Figure 4.16. The discharge curve in Figure 4.17 was used to process the data.

harge table: 12FT
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FIGURE 4.17 Loskop 1 Left bank inflow discharge table 12

FT Parshall

The summary WUEAR for Loskop Irrigation scheme during the water year 2019/2020 is shown in Table 4.3.
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TABLE 4.3 Loskop T Left bank WUEAR 2019/2020

(x1000m3) %

Revenue Billed Billed Billed Total System| Non- Alloc | Alloc Non-
Year |Mnth water: metered: metered: unmetered: [Downstream |Other | water | input [revenue used | avajl |FEvenue Used |Avail

Agriculture |Industrial ([Municipality | Household used [volume | water water
2019 | May 4993 98 4] 15 Q (2] 51606 7291 2185 5091 (124618 29.97( 3.9| 96.1
2019 Jun 4715 67 5] 12 9 /] 4794 5771 976 9873119836 16.93( 7.6| 92.4
2019 Jul 6868 93 1) 12 9 Q 6973 9386 2413 | 16834|112875 25.71(13.0| 87.0
2019 | Aug 11857 131 (5] 15 2] @| 12003| 15831 3827 | 28822|160887 24.18(22.2| 77.8
2019 | Sep 12784 93 %) 12 9 9| 12890| 16925 4036 | 41699| 88010 23.84(32.1| 67.9
2019 | Oct 14520 118 5] 15 9 @| 14653| 19657 5004 | 56337| 73372 25.46(43.4| 56.6
2019 | Nov 7449 70 aQ 12 Q 4] 7531 1ee89 2557 | 63856| 65853 25.35(49.2| 50.8
2019 | Dec 6571 86 ) 12 Q (4] 6670 9473 2803 | 70514| 59196 29.59(54.4| 45.6
2020 | Jan 6764 100 5] 15 9 (/] 6880 9232 2352 | 77378| 52331 25.48(59.7| 40.3
2020 | Feb 7676 88 5] 12 9 (%] 7776| 10714 2938 | 85142| 44567 27.42(65.6| 34.4
2020 | Mar 10066 96 (5] 12 2] @| 10174 13590 3416 | 95304| 34405 25.14(73.5| 26.5
2020 | Apr 7428 86 5] 12 9 /] 7526 9678 2152102819 | 26891 22.24(79.3| 20.7
Totals 101691 1126 [} 156 (-] @ 102976 137637 34659 653669 902841 25.18 79.3 20.7

Figure 4.18 shows the monthly water volumes released (red) compared against corresponding the water
volumes delivered (blue).
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FIGURE 4.18 Loskop T Water released & delivered 2019/2020

Figure 4.19 shows the volumetric monthly water losses only for the water year 2019/2020.
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FIGURE 4.19 Loskop T Monthly loss (m ) 2019/2020

Figure 4.20 shows the monthly water loss percentages for the water year 2019/2020.
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Loss (%)

Months
FIGURE 4.20 Loskop T Monthly loss (%) 2019/2020

Table 4.4 is the WUEAR for Loskop IB during the water year 2020/2021.

TABLE 4.4 Loskop T Left bank WUEAR 2020/2021

(x1080m>) %

Revenue Billed Billed Billed Total |System| Non- Alloc | Alloc Non-
Year [Mnth water: metered: metered: unmetered: | Downstream|Other| water | input |revenue N revenue |Used |Avail

Agriculture | Industrial |Municipality| Household used |volume| water e || e water
2020 | May 4390 98 5} 12 4] (5} 4500 6914 2414 4488 |108378 34.91| 4.0 96.0
2020 | Jun 4571 99 5} 12 4] 5} 4682 5942 1260 9158| 103708 21.2| 8.1 91.9
2020 | Jul 7205 95 4] 15 Qo 4] 7316 10119 2803 16459| 96407 27.7(14.6| 85.4
2020 | Aug 8922 86 [} 12 (4] (5} 9020 | 11426 2406 | 25466| 87399 21.06|22.6( 77.4
2020 | Sep 11537 92 5} 12 4] 0| 1le41| 15602 3962| 37@95| 75771 25.39|32.9( 67.1
2020 | Oct 10514 S0 4] 15 Q@ 0| 10626| 14674 4048 47705| 65160 27.59|42.3| 57.7
2020 | Nov 7604 83 [} 12 (4] (5} 7700 9975 2276| 55392| 57473 22.81)49.1| 50.9
2020 | Dec 12818 106 5} 15 4] 0| 12940 17084 4144 68317| 44548 24.26|60.5| 39.5
2021 Jan 10048 87 4] 12 Qo 0 10147 | 13697 3550 ( 78452| 34413 25.92|69.5| 30.5
2021 | Feb 5983 37 [} 12 (4] (5} 6032 8517 2485| 84472| 28393 29.18|74.8| 25.2
2021 | Mar 8869 86 5} 12 4] [} 8967 | 11986 3019| 93427| 19438 25.19|82.8|( 17.2
2021 | Apr 12285 122 4] 15 Q@ 0 12422| 15645 3222 (105834 7031 20.6(93.8 6.2
Totals 1e4746 less e 156 (] @ 185993 141581 35589 626265 728119 25.14 93.8 6.2

Figure 4.21 shows the monthly water volumes released (red) compared against the water volumes delivered
(blue). This shows three peaks in water demand. September, December, and April. However, the comparison
later in the report will show that this is not the case every water year.
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FIGURE 4.21 Loskop i Water released & delivered 2020/2021
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That can also be seen in Figure 4.22 which shows the volumetric monthly water losses for the water year.

Loss (x1000 m3)
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FIGURE 4.22 Loskop 1 Monthly loss (m 2) 2020/2021

Figure 4.23 shows the monthly water losses in terms of percent. The monthly percentage loss graph shows
that Loskop keeps the efficiency of their system relatively constant between 70a and 80%; however, the month

of May appears to be an outlier with water losses of about 35%. The average for Loskop IB during that year
was a good system efficiency of 74.86%.
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FIGURE 4.23 Loskop i Monthly loss (%) 2020/2021

4.3.1.3 Comparisons

Vaalharts WUA

A comparison of the water releases at Vaalharts WUA for the water years 2019/2020 and 2020/2021 is made
in Figure 4.24.
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FIGURE 4.24 Vaalharts released comparison

The first thing to notice is that the general pattern of water released into the system remained the same
between the two water years. The demand for water rises from April until the peak in October. Then it lowers
again until the start of the next water year. The biggest differences in water releases between the two water
years are in May and in January. In both months the water released into the system dropped a lot in the water
year 2020/2021.

A comparison of the water delivered at Vaalharts WUA for the water years 2019/2020 and 2020/2021 is made

in Figure 4.25.
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FIGURE 4.25 Vaalharts deliver ed comparison

Figure 4.25 shows that the pattern of monthly water delivered between the two water years is also very similar.
The big differences are also in the months of May and January. The water losses are compared in Figure 4.26.
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FIGURE 4.26 Vaalharts loss comparison

A comparison of the water losses shows that there is no discernible pattern between the two water years. The
highest losses do not always occur in the months of highest demand.

The total water released and losses over the two water years are compared in Table 4.5. The totals of
2020/2021 are lower than the previous year. The percentage loss is lower, but the total water demand was
lower as well. In terms of efficiency, there was an improvement of 0.7%.

TABLE 4.5 Vaalharts total results comparison

Totals 2019/2020 2020/2021
Released (m?) 421 885 000 362 031 000
Delivered (m?) 339 994 000 294 394 000
Loss (m?3) 81 887 000 67 638 000
Loss (%) 19.4 18.7
Loskop IB
Figure 4.27 compares the water release at Loskop Irrigation Board during the water years 2019/2020 and
2020/2021.
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FIGURE 4.27 Loskop released comparison

The pattern of water released into the system for the water years of 2019/2020 and 2020/2021 is generally the
same. The biggest differences were in December and April, where the released water volume for 2020/2021
is a lot higher than the previous year. The water deliveries for the water years 2019/2020 and 2020/2021 are
compared in Figure 4.28. The figure shows that the water delivered over the two water years closely follow the
same pattern.
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FIGURE 4.28 Loskop deliver ed comparison

The water losses are compared in Figure 4.29. The figure shows a steadier water loss pattern between the
two water years than at Vaalharts WUA. In this case the losses also closely follow the pattern of both the
released and used water volumes.
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FIGURE 4.29 Loskop loss comparison

The total water released and losses over the two water years are compared in Table 4.6. The totals of
2020/2021 are higher than the previous year. The percentage loss is lower, but the total water demand was
lower as well. In terms of efficiency, there was an improvement of 0.1%.

TABLE 4.6 Loskop total resul ts comparison

Totals 2019/2020 2020/2021
Released (m?) 137 637 000 141 581 000
Delivered (m?) 102 976 000 105 993 000
Loss (m?) 34 659 000 35 589 000
Loss % 25.2 25.1

4.4 Discussion

While the major canal water loss types are known in theory, it is very difficult to disaggregate them when it
comes to actual measurements in the field under normal canal operations. Therefore, the only practical way
to report water losses from a canal section is to account for the total water losses as a whole without trying to
separate them, especially seepage and leakage. It is also not economically easy to account for water losses
from different subareas of a canal network because all abstraction points would need to be equipped with
measurement devices. The only practical method for now is to use a mass water balance approach to quantify
global (total) water loss on an irrigation scheme. This has a number of advantages that include the fact that it

43



The state of irrigation water losses and measures to improve water use efficiency on selected irrigation schemes

is simple and practical to implement on canal network or any subarea of the network, and it is also economically
feasible. However, accurate measurements or estimation of water inflow into and outflow from the canal
network or section of the network cannot be negotiated. Setting an initial benchmark for an irrigation and
tracking the total water loss is an excellent tool to measure whether a scheme is successful in reducing or
maintaining their water losses.

Computerised technology dictates that electronic loggers be installed at all inlet and abstraction positions to
accurately quantify the water flow there. The costs of such a campaign are prohibitive. Therefore, the best way
is to account for a global water loss for an irrigation. This global loss is a simple total of all the water loss types
for the entire canal network. The global water loss can be estimated more accurately with accurate
measurements of water deliveries at the farm gates. The flumes at the farm gates are currently not used
because many of them have deteriorated and measurements not accurate, which is precisely the reason the
current project has to rely on water orders for water deliveries.

While the Irri-Drop Report will compare the water delivery performance of different irrigation schemes, it is
important to always remember that these irrigation schemes are different in many ways. Therefore, the
implications of the observations will always differ. For example, a comparison of the water loss results shows
that the percentage losses are close to each other between the Vaalharts and Loskop irrigation schemes, but
the volumetric water losses are hugely different. The 2019/2020 annual water loss of 81 887 000 m? is almost
three times that of Loskop (34 659 000 m?) over the same period. This makes sense, because Vaalharts is a
much larger irrigation scheme tan Loskop. The capacity, length and age of canals also differ between irrigation
schemes, which is also good reason why caution is needed in comparing irrigation schemes. In addition, water
is managed differently at different irrigation schemes. For example, water bailiffs at Vaalharts only control the
sluices up to the community sluice, beyond that it is the responsibility of the representative farmers. On the
other hand, water bailiffs at Loskop are responsible for operating all the sluices in the system. Sluice settings
are typically done once a day at Loskop compared to multiple settings for major sluices at Vaalharts. This has
an impact on the operational losses.

4.5 Conclusions

Based on currently available knowledge and technology, it is not feasible to quantitively disaggregate the
different water loss types occurring on canal networks in South Africa when the canals are in normal operation.
Therefore, seepage, leakage, evaporation and other loss types are estimated together and the resultant total
loss is referred to as the global water loss. It is also currently not economically practical to establish global
water losses for different canal network subareas due to limited numbers of gauging stations at the irrigation
schemes. Hence, the current approach is to estimate global losses for entre canal networks because there is
always a reliable measuring device at the headwork of the main canal and what the water users order is
assumed to be what is delivered to them. There is an urgent need to address this information gap for better
accounting of water deliveries to farmers. Nevertheless, establishment of more gauging stations at strategic
positions of the canal networks is still important because the best and less financially stressing way to minimize
water losses from canal networks is to identify problem areas and take remedial actions, which is only possible
with a dense network of gauging stations.
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CHAPTERS5: ONLI NE PLATFORM FOR REPOF
CONWEANCE EFFI CI ENCIES OF CANAL
VAALHARTS & LOSKOP | RRI GATI ON

5.1 Introduction

One of the requirements of the Department of Water and Sanitation (DWS) on the Irri-Drop Report is that it
needs to be published regularly online in line with technological developments in the country and the world
over. Primarily, the Irri-Drop Report is expected to publish water release and delivery data from irrigation
schemes, and ultimately the delivery efficiencies. Naturally, the online platform is expected to be more
interactive than the Water Administration Systems (www.wateradmin.co.za) whose data was utilized in the
development of the Irri-Drop Report framework. It is also expected to store and display a summary of monthly
reports for various irrigation schemes using the Water Administration System (WAS).

The Irri-Drop Report framework has seven components (Chapter 6 of the current report). Therefore,
assessment of a fully Irri-Drop Report ready irrigation scheme expects seven indices to be generated in
addition to the overall Irri-Drop Index for that irrigation scheme. Therefore, the online platform for reporting
conveyance efficiencies of canal systems needs to have the capacity to handle a big amount of data. It is
important to indicate that the project managed to develop the Water Balance Report (see Chapter 6 of the
current report) only out of the seven components of the Irri-Drop Report framework. Note that the water use
and loss reporting format requested by DWS is a water balance showing the input water amounts and the
deliveries made over a specified period for each irrigation. Therefore, the online platform was developed to
handle the Water Balance Report component; however, additional space shall be created as the other
components get ready for implementation.

The aim of the exercise reported in this chapter was to develop an online platform for reporting conveyance
efficiencies of canal systems at Vaalharts and Loskop irrigation schemes. Note that Vaalharts and Loskop
irrigation schemes are only test sites; the platform is intended for use to report for all the irrigation schemes in
South Africa. The current chapter elaborates on the main features of the online platform; however, Chapter 7
of the current report give a step by step guide on how to navigate through the platform. They guidelines were
used as training material for the water managers who attended the capacity development training hosted by
the project team.

5.2 Methodology

Development of the platform was an iterative process where changes were appended each time new insights
and requirements emerged. This is anticipated to continue as long as the Irri-Drop Report framework remains
in developmental process because there will be need to incorporate the other components in addition to the
one under current focus (reporting water release, delivery, and losses). The current platform was created by
upgrading the existing Water Administration System. The upgrading was necessary due to a need to include
new variables consistent with the expectations of Irri-Drop Report framework (see Chapter 6 of the current
report) as well as new developments in technology. There were consultations with water managers from
Vaalharts and Loskop irrigation scheme water managers, and those from their neighbouring irrigations, on
their capacity requirements with regard to handling data for uploading onto online systems as well as on their
expert input on some variables of interest to the development of the online platform.

5.3 Results

A platform for reporting water releases, deliveries and losses at Vaalharts and Loskop irrigation schemes was
developed by integrating the Water Administration System, which has been reporting on water releases and
uses for a while. The fact that water losses are also reported means the canal efficiencies are also generated.
The key attributes of the platform are described in reasonable detail in the following sections.
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5.3.1 Website map

Perhaps one of the most important to know right from start is the kind of reports the platform is capable of
generating. As shown in Figure 5.1, monthly and annual water delivery and loss reports at the level of an
irrigation scheme. This cascades to summary tables of water releases, deliveries and losses at national level.
Corresponding graphs are also generated to make analysis easier. There is a list of participating irrigation
schemes on the platform and the water release and delivery data is uploaded against a specific irrigation
scheme. Details of each irrigation scheme are captured at the beginning.

Irrigation
scheme list

Individual

National
scheme

Monthly Yearly Summary: ST
water water Water loss ranhs
use/loss use/loss table grap

FIGURE 5.1 Web-Site map

5.3.2 Information flow

Figure 5.2 displays how information is transferred from the possible different sources. All the information
uploaded is processed and made accessible through the monthly report. The water delivery and loss reports
are uploaded to the Internet as well as to the iScheme database, which generates the WUEAR History table
for each scheme and the summary table and graphs. All these are then uploaded to the Internet. After the data
has been uploaded, it is automatically made available on the monthly report.

Irrigation
scheme list

Individual

Summar
scheme Y

History: Yearly
WUEAR Water jitatenioss Graphs
table
Use/Loss

FIGURE 5.2 Information flow chart
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5.3.3 Irrigation scheme list

This is the main landing page of the monthly report online platform (Figure 5.3). It shows a list of all the
participating irrigation schemes. The list is automatically updated based on the data that is available on the
online platform. This means that whenever an irrigation scheme uploads their reports for the first time, they

are added to the list.

Irrigation Schemes

Filter:| |

Scheme 1

e WUEAR
e History: Yearly Water Use/Loss

Scheme 2

e WUEAR
e History: Yearly Water Use/Loss

Summary

e Water loss table
e Graphs

FIGURE 5.3 Irrigation scheme list

©

Irrigation Schemes

Filter‘:lscheme 2 |

Scheme 2

e WUEAR
e History: Yearly Water Use/Loss

Summary

e Water loss table
e Graphs

FIGURE 5.4 Irrigation scheme list T filtered
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53.3.1

=A = =a =4

=a =4

534

Features

Home: Returns the user to the irrigation scheme list

Filter: Allows the user to filter the list to show scheme names that contain the specified text. An
example of this can be seen in Figure 5.4.

WUEAR:Li nk to corresponccirapgtpage.hemebds WUEA

History: Yearly water delivery/loss: Link to a summary of all the uploaded WUEAR reports of the
corresponding schemes

Water loss table: Link to a summary table of all schemes as uploaded using iScheme

Graphs: Link to summary graphs comparing certain aspects of all the schemes as uploaded using
iScheme

WUEAR

The WUEAR (Table 5.1) shows an overview of the water delivery, loss and balance of an irrigation scheme on a
monthly basis. This web page displays these reports according to the scheme specific reports selected and
the water year. The available options are updated dynamically based on what the irrigation scheme uploads.
Note that the Water Balance Report (WBR) elaborated in Chapter 6 of the current report is very much the
same as WUEAR.

534.1

f
f
f

Scheme 1 WUEAR

Features

Home: Returns the user to the irrigation scheme list
Report: Select the different reports uploaded by the irrigation scheme.
Water year: Select the water year of the report to display

TABLE 5.1 WUEAR

©

Reportifmin v
Water year:i|i/iwv
(x1000m°) %
Revenue Billed Billed Billed Total |System| Non- alloc | A110c | Non-
Year |[Mnth water: metered: metered: unmetered: |Downstream|Other | water | input |revenue used | avail |"evenue Used [Avail
Agriculture|Industrial [Municipality| Household used |volume| water water

2 Jun 4189 73 e 31 e ) 4293 6105 1811 9040|120678| 29.68| 7.8| 93.e

2 Jul 5646 73 e 31 e 0 5750 7805 2055 14777(114932 26.33[11.4| 88.6

2 Aug 10774 1e6 e 46 e 8| 10925| 15059 4134| 25687 104022 27.45/19.8| 80.2

2 Sep 12136 107 e 37 e o] 1228e| 16225 3045) 37955| 91754 24.31129.3]| 70.7

2 Oct 11657 1e7 e 46 e 0| 11818 15973 4163| 49750| 79960 26.06|38.4| 61.6

2 Nov 10089 96 Q 34 e o] 18219 1355@ 3331| 59956| 69753 24.58(46.2| 53.8

2 Dec 9843 11e e 28 ) 2 9081| 1353 3522] 69925| 59784 26.08)|53.9| 46.1

3 Jan 7565 97 e 4ae e ] 7702 10655 2953| 77612| 52097 27.71|59.8| 40.2

3 Feb 7661 100 e 37 e e 7798| 10465 2667| 85398| 44312 25.48165.8( 34.2

3 Mar 10273 74 Q 37 e ©| 1e384| 13720 3337| 95769| 33948 24.31|73.8| 26.2

3 Apr 5099 82 ] 35 e e 5207 6791 1583| 100964 | 28745 23.32|77.8| 22.2

3 May @ e @ e e ] e e 9] 100964| 28745 8.8177.8| 22.2

Totals 94923 1025 ) 402 0 @ 727797 129851 33501 727797 828714 12.12 77.8 22.2

5.3.4.2 Fields
1 Year: The actual year within the specific water year. This is automatically generated using the weekly

= =4

timetable.

Month: The corresponding month within the actual year. This is automatically generated using the
weekly timetable.

Revenue water: Agriculture: Water used for agriculture for the specific month

Billed metered: Industrial: Industrial water used for the specific month
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= =4

= =4

=a =4 =9

f
f

Billed metered: Municipality: Water used by municipalities for the specific month

Billed unmetered: Household: Household water used for the specific month. Household pipes with
a corresponding pipe diameter are captured for each water user. A fixed delivery volume in m3/year is
captured for each pipe diameter. This volume is converted to an average monthly volume, which is
used to generate the WUEA report. The total household volume for a given water year is divided by
52 to convert it to a weekly volume, which is then translated to a monthly volume.

Downstream: Water volume that is released for a specific user downstream of the scheme

Other: Other water use for the specific month that does not belong to any of the previous water usage
types

Total water delivered: Total water used per month which is the sum of all the different water usage
types

System input volume: The total water released per month into the system The recommended method
of data capture for water released is electronic loggers that upload the data to the Internet
Non-revenue water: This is calculated by subtracting the total water used from the total water
released per month

Alloc used: Total water allocation used for the specific month

Alloc avail: Water allocation available for the specific month

% Non-revenue water : The % loss per month is calculated automatically using the following equation:

gl o LA hid ) & LE KX e Equation 3
T <m"mT 'm"

% Used: Water allocation used calculated as a percentage

% Avail: Water allocation available calculated as a percentage

Using the report ID and setup, the information in the report uploaded to the online platform can be divided into
subarea reports. The canal network can be divided into as many subareas as required; however, loggers need
to be installed to collect data on these sections, which can be expensive.

535

History: Annual water delivery /loss

This page summarizes all the WUEAR reports that have been uploaded by an irrigation scheme according to
a calendar year. This report is generated and uploaded through iScheme. It displays both a table and a graph
overview of the historical information.

WUEAR History

TABLE 5.2 WUEAR history

o

Report:[main

(x1000m>) %

Revenue Billed Billed Billed Total |System| Non- Non-
Year water: metered: metered: unmetered: |Downstream|Other | water | input |revenue |revenue
Agriculture |Industrial [Municipality | Household used |volume| water | water
0 77668 874 Q 245 e @ 78786(102359| 23573| 23.e3
77235 1161 e 437 e 8| 78829(132857 54028 40.67
2 91667 1160 (] 474 e 9| 93297(125156| 31859| 25.46

0 0 0 0 0 0 0 0 2
ota 46 0 9 D b D D 09 b0 9460 8 |
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Legend

Water volume (x1000m3)

e 1
Years

FIGURE 5.5 WUEAR history graph

5.3.5.1 Features

1 Home: Returns the user to the irrigation scheme list.

1 Report: Select the different reports available to the specific scheme.

1 Graph: The graph (e.g. Figure 5.5) shows a comparison of different years of data that has been
uploaded. Each bar represents the release (System input volume) for that year. The bars themselves
are comprised of non-revenue water and total water delivered.

5.3.5.2 Fields

I Year: The calendar year within which the information is summarized

1 Revenue water: Agriculture: Water used for agriculture for the specific year

9 Billed metered: Industrial: Industrial water used for the specific year

1 Billed metered: Municipality: Water used by municipalities for the specific year

91 Billed unmetered: Household: Household water used for the specific year

1 Downstream: Water volume that is released for a specific user downstream of the scheme

I Other: Other water use for the specific year that does not belong to any of the previous water usage
types

1 Total water delivered: Total water used for the specific year, which is the sum of all the different water
usage types

1 System input volume: The total water released into the system for the specific year

1 Non-revenue water: This is calculated by subtracting the total water used from the total water

released for the specific year
1 % Non-revenue water: The % loss for the specific year is calculated using the following equation:

Tt wwwt Faw cm>u™

S Ea——— Equation 4

5.3.6  Water loss summary table

This page displays a table that summarizes information for different irrigation schemes with different reports
per calendar year (in a format similar to Table 5.3).
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Scheme: Water loss summary
Year:[iv|
Irrigation : Scheduled |Allocation| Full quota | Avg e No of
scheme Region | .rea (ha) | (m3/ha) (m3) loss(%)| P€" |irrigators
mnth
Scheme 1 |Mpumalanga| 14,398 7,700 |11e,864,600| 3@ |5,000 586
Scheme 2 |North-West| 7,83 6,200 43,914,600 20 (4,000 867

5.3.6.1 Features

1 Home: Returns the user to the irrigation scheme list

91 Year: Filter the report according to a calendar year

1 Column titles: Clicking on the titles of each column sorts the table in a descending order according

to the column selected

5.3.6.2 Fields

1 Irrigation scheme: Name of irrigation scheme

1 Region: Name of province in South Africa where the irrigation scheme is located

1 Scheduled area (ha): Irrigation scheme scheduled area in hectares

1 Allocation (m3ha): Irrigation scheme quota allocation m? per hectare

1 Full quota (m3): Irrigation scheme maximum quota in m3

1 Avg loss %: Average water loss for the irrigation scheme as a percentage (calculated by iScheme for

the specified calendar year)

1 Loss per month (m?3): Average water loss per month for the specified calendar year

1 No of irrigators: Number of irrigators for the irrigation scheme
5.3.7 Graphs

This page displays summary graphs for the irrigation schemes in the list. The data does not have a year filter
and only displays the latest information uploaded. Example graphs of the following are displayed:

=A =8 =8 -8 -4

53.7.1

=a =4

Full quota allocation (Mm?3)
Quota (m3/ha)

Scheduled area (ha)
Average monthly loss (m?3)
Average loss (%)

Features

Home: Returns the user to the irrigation scheme list
Graph: Select the type of graph to be displayed
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S.l;ill"‘mé‘r‘y : Graphs

Graph :[Scheduled areas (hs v

FIGURE 5.6 Example grapﬁ

©

Summary: Graphs
Graph: 350 i

FIGURE 5.7 Full quota allocation (Mm %)

52



The state of irrigation water losses and measures to improve water use efficiency on selected irrigation schemes

Summary : Graphs

(T e e—)

FIGURE 5.8 Quota (m ¥ha)

o

Sunmary. Gr'aphs

Graph :[Scheduled areas (ha

FIGURE 5.9 Scheduled area (ha)
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o

Summary: Graphs
Graph : (Average loss (3 v)

Schemes

a 5 1@ 15 3 35 48 45

Average loss (%)

FIGURE 5.10 Average loss (%)

5.4 Discussion

An online platform for reporting water releases, deliveries, and losses for canal networks at South African
irrigation schemes was developed. This platform is the foundation of the Irri-Drop Report framework , which
will in future report on the same and the readiness of the irrigation schemes to deal with factors contributing to
high water losses from their canal networks. The online platform will be expanded in due course to
accommodate other components of the Irri-Drop Report framework (see Chapter 6 of the current report). The
platform developed is capable of handling an unlimited number of subareas of a canal at an irrigation scheme
provided adequate electronic data loggers are procured and installed at appropriate inflow and outflow
positions on the canal network. Like other computer-based programs, the quality of the output from the online
platform depends on the quality of the input data. It is also important to have realistic expectations of the online
platform as it is not feasible to get some of the information that might be of interest. For example, it is not
possible to get reports on disaggregated water loss types for the different subareas of a canal network due to
several reasons.

While the major canal water loss components are theoretically known and enumerated as seepage, leakage,
evaporation and operational, it is not practical to quantify them in the field. Seepage rates at specific points on
a canal network can be measured; however, it is impractical to apply that on the entire canal network. The
seepage measurements cannot be determined over a canal network. It is also impossible to measure leakage
losses through the canal wall and cracks and joints on a canal network. It is theoretically possible to estimate
evaporation losses from a canal surface, but it is impossible to accurately do so for a canal network, because
of many factors, e.g. temperature, humidity, rainfall and wind speed, that vary with microclimate need to be
considered. Theoretically, operational water losses of a canal system can be quantified by recording the
opening and closing times and flow rates at all water abstraction points; however, water bailiffs cannot be
expected to do the recordings and flow measurements accurately and consistently. Installation of electronic
data loggers at every abstraction point in the canal network can remove the need for the error prone water
bailiffs. However, electronic loggers are expensive devices which makes it economically impractical. In
addition, the electronic loggers would need to be protected against thefts and vandalism.

Faced with these challenges, the best practical way to quantify water losses on a canal network is the mass
balance approach, where the sum of the inflows, outflows and abstractions from the canal network are
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quantified. The difference between the inflows and outflows after accounting for the abstractions give the global
or total water loss for that particular canal network. The global water loss is a sum of seepage, leakage,
evaporation, operational and other losses. While the bills for the metered abstraction points are accurate, the
same cannot be said of water delivery to farmers who have flumes at their abstraction points. Most of the
flumes are old and have suffered significant wear over the years. Moreover, depth measurement plates/staves
are missing at some points. Therefore, the only feasible way of estimating water delivery to farmers is to
assume what they order is what they get. However, chances are that water deliveries are always
underestimated because the farmers will always ensure they get what they ordered as a minimum.

5.5 Conclusions

The online platform developed is capable of reporting on water release, delivery and loss for individual irrigation
schemes that are enlisted and also have the capacity to provide a summary for all the irrigation schemes on
the list. This platform provides the infrastructure for a dynamic and automated monthly reporting system. It
allows individual irrigation schemes to upload their own data. It also allows new irrigation schemes to be added
to the list automatically. The water release data come from electronic data loggers installed on the main canals
at the participating irrigation schemes; however, the state of water delivery and loss information displayed on
the online platform depends on the frequency at which each irrigation schemes upload their data (such as
water orders). The platform has no limitations when it comes to reporting on global water losses. The limitations
are based on data availability (such as more detailed quantification of losses at the irrigation scheme level),
which is largely a function of the incapacity of current technology.
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CHAPTERG6: THE I|-IRROP FRAMEWORK

6.1 Introduction

South Africa is a water scarce country facing a possible 17% water deficit by the year 2030 (WWF, 2017). In
order to avert the disaster, measures to reduce the demand for water and to reduce wastages and pollution
are needed in all water using sectors. Incentivised strategies to encourage higher water efficiencies have been
found promising in wastewater and domestic water management systems of municipalities, where the Green-
Drop Report, and Blue-Drop Report and in recent year the No-Drop Report, are used respectively. They have
been utilized to evaluate and rate the performance of municipalities in terms of water use efficiency (WUE).
Water deliveries and wastages are accounted for and the readiness of the municipalities to deal with water
losses and other forms of wastage are also assessed. The assessment process can generate indices at two
main levels, i.e. the municipality as an entity is the highest level and below it is the level of factors which are
assessed during the evaluation process. Many socio-economic and technical factors are evaluated and an
index is generated for each of them. The same factors are evaluated at all participating municipalities for
uniformity which enables comparisons to be made across the municipalities. However, not all the factors may
feature at some municipalities. The outcome indices for the factors at each municipality are combined into one
index for the entity. More details about these frameworks are available in literature. What is important to note
is that the indices generated are quantitative values depicting the level of performance. The entity indices are
regarded the measures of WUE at the participating municipalities. These WUE indices are used to monitor
progress in terms of meeting water management targets and for comparing performance levels of the
participating municipalities in a transparent manner.

The Department of Water and Sanitation (DWS) of the Republic of South Africa made a call for a framework,
similar to the Green-Drop, Blue-Drop and No-Drop Reports highlighted above, to be used for evaluating and
rating the water use performance of irrigation schemes in the country. It is important to note that irrigation
schemes consume the bulk of the water used in South Africa, but they also happen to be the worst culprits in
terms of wastages of water. The request was for a tool that enable the evaluation and rating of water
conveyance efficiency by the conveyance infrastructure at the irrigation schemes. The framework is also
expected to evaluate how prepared the irrigation schemes are in terms of dealing with wastages of water. The
name of the framework is Irri-Drop Report, and the framework mirrors the No-Drop Report. Therefore, the Irri-
Drop Report also have several components (protocols and procedures for analysing factors) which generate
indices for factors that are analysed. The outcomes of the components are also combined to generate an index
for anirrigation scheme. Itis important to mention that the indices are results of combining relative contributions
from the factors and/or subfactors which are analysed. The Irri-Drop Report is also intended for use to explore
opportunities to identify areas and subareas within the water conveyance infrastructure network and general
water management plans that require improvement to achieve intended water conveyance efficiency (WCE)
targets.

Therefore, the broad objective of the current project was to develop a general framework for evaluating the
state of water losses and measures to improve water use efficiency on selected irrigation schemes of South
Africa. This framework is what is referred to as the Irri-Drop Report in the current report. The Iri-Drop Report
aims to provide the means for rating and comparing the performance of South African irrigation schemes in
terms of water delivery and readiness to deal with water losses from the conveyance infrastructure.

6.2 Methodology

A series of meetings took place to discuss the Irri-Drop Report framework. The first meeting was for the project
team members on 13" May 2019, at the ARC Silverton Campus offices. The second meeting was for the
project team and selected members of staff from the Department of Water and Sanitation which took place on
20" May 2019 at the NB Systems offices in Montana Park, Pretoria. These were followed by project team visits
to meet water managers at Vaalharts Water User Association (VWUA) and Loskop Irrigation Board (LIB) on
13" and 20" February 2020, respectively. The meetings with water managers at VWUA and LIB also discussed
the general outlines of the respective irrigation schemes paying particular attention on the water infrastructure
in place and canal network layout. More water managers were met during an online training session hosted
by NB Systems for the irrigation schemes on 19t August 2021. At all these meetings, the concept for the Irri-
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Drop Report framework was discussed; the discussions precipitated around the different water loss types from
canals and how to practically quantify each one of them. Issues on assessing the readiness of irrigation
schemes to deal with water losses were generally given lesser importance. In addition to these meetings, the
project team also reviewed available literature relating to water loss measurements at irrigation schemes in
South Africa and beyond. Particular focus was on the literature that dealt with assessment frameworks for
WUE at irrigation schemes. Many ideas were generated during the meetings and a few frameworks were
encountered in the literature. The project team settled for ideas that mirrored the No-Drop Report, in line with
the request by DWS, which was also in use at municipalities within the country. It is also important to note the
Water Administration System (WAS) is the only tool available for assessing WUE in South African irrigation
schemes; hence, it was the only source available source of data for the Irri-Drop Report framework.

6.3 Results

The Irri-Drop Report is a set of components which are used to evaluate and rate the performance of irrigation
schemes (i.e. WUA: Water User Associations, IB: Irrigation Boards and/or GWS: Government Water Schemes)
in terms of efficiency in delivering water for irrigation purposes. Each component consists of several factors
which are assessed in order to generate an index for the component. The factors may have their own
subfactors; therefore, assessment will cascade to the lowest feasible level. The resultant index for a
component is a result of weighted contributions by the factors (and subfactors, where applicable). Overlaps
may exist in terms of factors (and/or subfactors) occurring in more than one component in the Irri-Drop Report
framework, but assessment shall still be done at the level of individual components to generate performance
indices according to each component. The individual component indices constitute inputs to the Irri-Drop
Report framework, which then generate the Irri-Drop Report Index for a WUA, IB or GWS. The component
contributions to the Irri-Drop Report Index are also weighted to reflect their relative influence on the index.
Weighting is a very important step because factors do not exert similar levels of influence to the component
index, neither do components exert similar levels of influence to the Irri-Drop Report Index.

Water conveyance efficiency is the main pillar of the Irri-Drop Report framework; hence, it is important to
ensure that accounting for irrigation water withdrawal, usage and losses, and how the framework defines
irrigation water use efficiency are in sync with internationally accepted standards. Figure 6.1 shows the
framework for accounting for irrigation water withdrawal, use and losses developed by Perry (2007), which
was endorsed by the International Commission on Irrigation and Drainage (ICID). The water balance approach
to defining irrigation water use efficiency is illustrated in Figure 6.2. However, it is important to note that the
Irri-Drop Report is only concerned with the water conveyance system. Therefore, the intended target of the
water delivery for the Irri-Drop Report is the farm gate where water enters the farm and not the crop water use.

6.3.1 The Irri -Drop Report conceptual framework

Seven components were identified for the Irri-Drop Report framework through a survey of available literature
and consultations of stakeholders as important for the Irri-Drop Report, namely Water balance Report, Water
management Plan, Condition Assessment Report, Technical Competency Report, Budgeting Report, and
Credibility and Regulation Enforcement Report. Therefore, the Irri-Drop Report Index is a function of the indices
of these components. The components are assessed independent of each other and then their indices are
combined into one Irri-Drop Report Index for the irrigation scheme over a specific monitoring period. The
component contributions are weighted to reflect the importance of each one of them to the Irri-Drop Report
Index. This is important because, as already alluded to, the components do not wield similar influence on the
Irri-Drop Report Index. Each component has its own factors and subfactors which are assessed to generate
the component index. The factor and subfactor contributions to the component index are also weighted. Figure
6.3 is a roadmap conceptual framework for the Irri-Drop Report. The seven components to be assessed. Some
of the important factors to be assessed for each component are also presented. The ultimate output of the
component assessments is the Irri-Drop Report Index as shown in the figure. Greater detail of the factors and
subfactors to be assessed and weighted will be imbedded in the Irri-Drop Report model. The information flow
diagram for the framework shall be provided when all the components and their interrelationships are fully
developed.
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FIGURE 6.1 Withdrawal for Irrigation use

Defining efficient use of irrigation water:
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FIGURE 6.2 Defining efficient use of water
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Irri-drop framework
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FIGURE 6.3 Roadmap to the Irri-drop Report conceptual framework

6.3.2 Requirements for the Irri-Drop Report framework

A review of the available literature on similar frameworks used in South Africa (i.e. the Green-Drop, Blue-Drop,
and No-Drop Reports) gave rise to the list of components (often referred to as requirements or assessment
criteria in those frameworks). However, the Irri-Drop Report mirrors the No Drop Report more than it does to
the other two frameworks; as a result, the components were largely adapted from the No-Drop Report (DWS,
2015; 2014; DWA, 2011; 2010). The components adopted for the roadmap to the Irri-Drop Report conceptual
framework are:

Water Balance Report (WBR)

Water Management Plan (WMP)

Maintenance Plan (ManPlan)

Condition Assessment Report (ConAs)

Technical Competency Report (TechCom)

Budgeting Report (BudgetA)

Credibility and Regulation Enforcement Report (CredReg)

E

The acronyms used here are for the purposes of the current report and may not be applicable elsewhere.
These components are analysed at the level of their factors, and subfactors where necessary. While these
components were identified, more work still need to be done on all but one of them (the Water Balance Report
Component). It can, however, be hastily mentioned that while all the components are important to generate
the Irri-Drop index, irrigation schemes do not need to wait until all of them are ready to start implementing the
Irri-Drop Report framework. Nevertheless, the Water Balance Report (WBR) is the minimum requirement
without which the Irri-Drop Report framework cannot be implemented at an irrigation scheme. The Irri-Drop
Report framework components are described briefly in the following sections.

6.3.2.1 Water Balance Report (WBR)

This is perhaps the most important component of the Irri-Drop Report framework. The WBR component
measures water released into canal networks and the amount that is delivered to the farms. Therefore, it is
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