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FOREWORD
by
Dr Gerhard Backeberg
Executive Manager: Water Utilisation in Agriculture
Water Research Commission
The Water Research Commission (WRC) has invested in research and
development to increase the efficiency of irrigation water use over many years.
This refers in particular to efficient water use at the irrigation scheme, farm
and field level. Effective practices include accurate estimation of crop water
use, regular water metering, correct irrigation scheduling and selection of
appropriate technologies for water application. At the irrigation scheme level,
efficiency gains directly lead to water savings on condition that water use
entitlements are complied with. In other words, water savings at the scale of
irrigation schemes are available for additional allocations within or outside
of irrigated agriculture.
The Water Administration System (WAS) is an integrated information
system which has been developed and applied in South Africa, mainly with
funding by the WRC over the last 25 years. WAS is truly an innovation which
has progressed through the stages of research to technology exchange and
then to practical implementation to increase profits. The implementation of
WAS has been internationally recognised through awards by the International
Commission on Irrigation and Drainage (ICID), for the innovative approach
to achieve irrigation water savings. This innovation has successfully reduced
irrigation water losses and by implication increased water savings, in river
and canal conveyance networks. WAS is currently implemented on irrigation
schemes covering a total area of about 167 000 ha. Significant additional
water savings are therefore possible in future, through better water loss control in canal conveyance systems for water supply to irrigation schemes with
potential expansion to an estimated area of 550 000 ha in South Africa. The
requirements to achieve this are installation of water measuring devices and
training of water control officers for the implementation of WAS. The WAS
program is specifically designed to assist staff of Water User Associations
(WUAs) or Irrigation Boards (IBs) to support the improvement of irrigation
water management.
The main aim during the development of the WAS management program
was to minimise water losses for irrigation schemes that operate on the demand system and that distribute water through river, canal and pipeline
networks. The main benefits of using the WAS program are as follows: The
minimising of water distribution losses; the improved control of water distribution and usage per farmer; the management of date and time related
i

flow data collected from electronic loggers or mechanical chart recorders; the
availability of an extensive list of water reports on a farm and scheme level;
the increased productivity of scheme management staff; an integrated accounting system that improves debit management; and the improvement of
the overall water management on irrigation schemes.
WAS makes use of nine modules: the administration, water order, water
release, crop water use, measured data, water report, dam information, bulk
SMS and water account modules. These modules are fully integrated, making it possible to cross-reference relevant data and information. WAS also
promotes efficient water use at the farm level by enabling water supply of the
required volume at the requested time. It has been practically demonstrated
that the average water losses in river and canal conveyance systems of between 40% and 50% can be reduced to about 25%. On irrigation schemes
such as for example Loskop in Mpumalanga province and Lower Olifants
River in Western Cape province, this level of water saving has consistently
been achieved over many years. Substantial annual reductions in water losses
have also recently been recorded on the Vaalharts irrigation scheme, which
is acknowledged as the biggest scheme in South Africa. The water managers
of all other WUAs or IBs interested in training to install and implement
the WAS approach to integrated water management on irrigation schemes,
should study all the modules of WAS and the training material for installation, operation and maintenance of WAS. This will certainly contribute
to reduction in irrigation water losses, better control over receipt of water
user charges and general improvement of all aspects of management of an
irrigation scheme.
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Deployment sites

Figure 1.1: WAS deployment sites
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Figure 1.2: WAS deployment sites scheduled areas & quotas
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Water Administration System

Figure 2.1: WAS main screen

Introduction
The Water Administration System (WAS) is an integrated management tool
for irrigation schemes that delivers water on demand through canal networks,
pipelines and rivers. WAS is used for water distribution management and
for the calculation of canal and dam operating procedures for a given downstream demand.
WAS uses an open source database called Firebird (SQL-based) as the
underlying database. Firebird is a relational database management system
(RDBMS) that provides rapid transaction processing and data sharing in a
single- or multi-user environment.
The WAS program is currently in use at all the major irrigation schemes
and a number of smaller irrigation boards throughout South Africa.

Application areas
WAS is an integrated database driven system with many water management
capabilities. WAS can be implemented in a small water office that manages
a few abstractions and measuring stations up to a CMA level that manages thousands of abstractions and measuring stations. WAS is used for the
efficient administration of:
 Address information.
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 Scheduled areas.
 Water quota allocations.
 Water delivered through pressure-regulated sluice gates, measuring structures and water meters.
 Water distribution sheets.
 Water use efficiency reports.
 Water transfers between users (automatic and manually).
 Water use calculations for planted areas based on crop water use data.
 Date and time related flow data collected from electronic loggers or
mechanical chart recorders.
 Discharge tables (DT) to do conversions between water depth and flow
rate for measuring structures or vice versa.
 List of rateable areas (LRA) information.
 Calculation of scheme water balances.
 Dam information time series including dam levels, dam capacities, dam
surface areas, dam spilling, rainfall, evaporation, inflows and outflows.
 Calculation of water releases for water distribution through canal networks, pipelines and rivers taking lag times, evaporation and seepage
into account.
 Billing system that links to water use information.
 E-mail invoices in pdf format.
 Flexible tariff sets based on water usage, a flat rate or scheduled area.
 Images and photos that can be linked to different types of information
in the database.
 Bulk SMS system.
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Benefits
The WAS program saves all information in a Firebird (SQL) database that
can be installed on a single PC or on a server for use over a network. This
makes it possible for the manager, accounts personnel and water office personnel to access the database from PC’s in their own offices. There is no
limitation on the number of PC’s that can be linked to the database.
What makes the WAS program unique is the fact that it is an integrated
system that includes the water allocations, water use, water distribution,
water measurement, crop water use, billing information and a bulk SMS
system. WAS will generate monthly invoices automatically using water usage
or scheduled areas information captured in the database.
Different user names and passwords can be used to control access to
certain information in the database. The main benefits of using the WAS
information system is as follows:
 Minimising of water distribution losses.
 Improved control of water orders, releases, distribution and usage per
farmer.
 Management of date and time related flow data collected from electronic loggers or mechanical chart recorders.
 Availability of an extensive list of water reports on a farm and scheme
level.
 Increased productivity of scheme management personnel.
 Reliance on an integrated accounting system that improves debit management.
 Improvement of the overall water management on irrigation schemes.

Water savings
Many years of research went into the development of the WAS program with
its main aim to minimize water losses on irrigation schemes. Field measurements indicated water savings between 10 to 20% on implementing the water
8

release module of the WAS program alone. Big water loss reduction on an
irrigation scheme points towards previous bad water management practices
and this is a very sensitive issue on irrigation schemes in South Africa. The
WAS program is therefore implemented systematically without publishing
any water loss improvements.
The different modules of the WAS program can be implemented partially
or as a whole, depending on the requirements of a specific scheme. It makes
therefore sense to implement the modules that makes the biggest difference
first.
It is also important to emphasize that a computerised water management
system like the WAS program prevents human errors that can lead to potentially huge water losses. Feedback from WAS users at training courses
indicates that after converting, it is considered impossible to manage irrigation schemes without the use of the WAS program.

9
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Chapter 3
Modules
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3.1

Modules

WAS makes use of nine modules which are fully integrated, making it possible
to cross-reference relevant data and information. These modules can be
implemented partially or as a whole, depending on the requirements of the
user. The nine modules are:

Figure 3.1: WAS modules
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3.2

Administration module

This module is used to administer the details of all water users on an irrigation scheme. The administration module is the core module and need to
be implemented before any of the other modules. Most of the information in
the database can be exported to Microsoft Excel.

Figure 3.2: Users main form & capturing screen
Information managed by this module includes:
 Scheme setup
 User information
 Water use type of each user which includes agriculture, municipal,
house/livestock, industrial, tail-end and other
 Master users
 Extensions of master users

13

 User aliases
 Address and contact details including postal, owner and tenant information
 List of ratable areas (LRA)
 List of registered entities (e.g. Close Corporation, PTY (LTD), Trust
etc.) and entity members
 Scheduled areas
 Water years
 Water wards
 Election wards
 Notes and reminders
 Cut-off list
 Images/photos
 Household meters
 Household and livestock pipes installed on canals
 Industrial water quotas
 Maximum abstraction rights (MAR’s)

14

3.3

Water order module

Water distribution on demand on an irrigation scheme or river system is
driven by the capturing and processing of water orders. Once water orders
have been captured in the WAS database everything else is generated or
processed by the computer automatically. The water order module manages
water orders from canal networks, pipelines and rivers and it keeps track
of water usage, water transfers between users and water quota available for
individual users. Controls are in place in WAS preventing the accidental
exceeding of allocated water quotas.
Manual water transfers are possible between water users. Automatic
water transfers are possible between a master user and an unlimited number
of extensions that is linked to the specific master user.
The WAS operates on a time scale of 52 weeks within a given water year.
A weekly time table is generated automatically for a given water year and
user specified starting date. Water orders can be captured in three different
ways which includes:
 Standard water orders used by the Department of Water Affairs and a
few irrigation boards and water user associations. This water ordering
method provides for original orders, additional orders and cancellation
of water.
 Water orders based on a flow rate and duration.
 Meter readings that can be captured on a weekly basis. The end reading
of the previous week is automatically transferred to the start reading
of the current week.

The water order module also has extensive water reporting capabilities
such as:
 Water balance sheet per abstraction.
 Water balance report that summarises the water usage per abstraction
and all the abstractions per farmer.
 Master user water usage summary report.

15

Figure 3.3: Standard water order form
 Water transfers report.
 Water use efficiency accounting reports (WUEAR) per week or month.
 Water distribution sheets.

Most of the water reports have extensive find, sort and filtering functionality.

16

Figure 3.4: Flow rate and duration water order form

Figure 3.5: Meter readings capturing form
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3.4

Measured data module

The Measured data module is used to capture/archive time series data from
flow measuring stations into the WAS database. There is no limitation on
the number of measuring stations that can be captured. The time series
record includes the station id, date & time, flow depth and flow rate.

Figure 3.6: Measuring station
The data sources can be from mechanical chart recorders, electronic data
loggers and measuring plate readings. Measured water levels are automatically converted to flow rates by means of a discharge table for the specific
measuring station. The module has the following functionality:
 Integrated discharge tables that are used to convert water levels to
discharges and vice versa.
 Importing of data with various formats.
 Use flexible units for water levels and flow rates which include mm, m,
m3 /s and m3 /hour.
 Export data to Microsoft Excel.

18

 Calculation of volumes between user-specified dates.
 Capture inflows and outflows for river systems.
 Generate daily, weekly, monthly and annually abstraction data.
 Generate discharges for stations that are linked to an indicator site.
 Generate recession curves.
 Tools to add/subtract time series data.
 Integrates with the Reporting module including the Water Use Efficiency Accounting Reports (WUEAR).
 Display graphs for user-defined date and time ranges. The data of up
to five measuring stations can be displayed on a single graph.
 Digitize water levels from chart recorders.

Figure 3.7: Measured data capturing form
The WAS program has a Data copy toolbox which is used to manipulate
measuring station (time series) data in the following ways:
19

Figure 3.8: Measuring station data and graph forms
 Copy data from one measuring station to another. Stations concerned
must be specified as well as the date and time range for the data to be
copied. A multiplier can be used to multiply the data by a constant
value while copying. A constant can also be added or subtracted while
copying.
 Add the discharges of one measuring station to another. In this case a
third measuring station is used to save the result.
 Subtract the discharges of one measuring station from another. In this
case a third measuring station is used to save the result.

This data copying utility is very useful when there is a need to split a
hydrograph into two separate hydrographs at the confluence of two rivers.
The release calculation in the WAS starts at the end of a canal network
or river system and will migrate from reach to reach up to the source or
confluence of two rivers or channels. The resulting hydrograph can then be
divided with the copying utility. The resulting hydrographs can be used
as input for the release calculation of the two upstream legs which is done
separately.

20

Figure 3.9: Data copy toolbox form use to add/subtract time series data

21

3.5

Water release module

The Water release module links with the Water administration and Water
order modules and it is used to:
 Minimise water distribution losses on canal networks and in river systems.
 Calculate water releases for the main canal including all branches allowing for lag times and water losses such as seepage and evaporation.
 Determine operational procedures for a dam with varying downstream
inflows and abstractions in a river allowing for lag times, accruals and
water losses such as seepage and evaporation.

A schematic layout of the total canal network or river system is captured with details such as the cross-sectional properties, position of sluices
or pumps, canal/river slope, measuring structures and canal capacities. Every reach can be analysed and calibrated on its own and global changes to
the canal or river data are simplified by means of built in tools.
The module has the following functionality:
 Calculate water releases on a weekly or two weekly basis. Water distribution on canal networks is normally done on a weekly basis and river
system calculations are done on a two weekly basis.
 Discharges are converted to the corresponding measuring plate readings
where needed.
 Calculated water releases can be viewed on screen or printed.
 Graphical output of all inflows, outflows can be viewed on the screen
or printed.
 Water release graphs, calculated with different settings, can be superimposed for comparison purposes.
 Handles any type of cross-section including:
 Rectangular

22

Figure 3.10: Calculate release form
 Trapezoidal
 Parabolic
 Parabolic sides with a flat bottom
 Circular
 User defined sections using XY-coordinates (used for river crosssections)

Release calculation procedure
The release calculation procedure starts at the end of the last reach in the
main canal or river. From there it will move back towards the source processing every reach by adding the abstraction and losses and calculate the
lag time for the specific reach. If it encounters a branch the solution is temporarily saved. The procedure is repeated for the branch, the saved solution
is added and the procedure continues its path back to the source. A flow
diagram of the water release calculation procedure is shown in Figure 3.11
The solution handles branches on branches up to 6 levels deep. The
operator can also specify any number of arbitrary points on the canal or river
where the solution must be saved for later viewing. There is no limitation
on the number of reaches that can be included.
23

Calculation of lag times
The lag time in a reach is calculated with the following equation:
Lag time =

Reach length
Average velocity

Calculation of seepage losses
The seepage loss in a reach is calculated using:
Seepage = Seepage rate × Reach length × W etted perimeter
The seepage rate is specified in l/s per 1000m2 wetted area.

Calculation of evaporation losses
The evaporation loss in a reach is calculated using:
Evaporation = Evaporation rate × Reach length × W ater surf ace width
The evaporation rate is specified in mm/day.

24

Figure 3.11: Water release calculation procedure
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Figure 3.12: Sum of water orders compared to calculated release over a two
week period
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3.6

Dam information module

Purpose
This module manages and archives dam information time series data including:
 Dam capacities
 Water levels
 Volumes
 Dam surface areas
 Evaporation
 Rainfall
 Inflows
 Outflows
 Spillage

Where possible, all values can be displayed on a graph. There is no
limitation to the number of dams that can be captured and monitored.
Use the Dam info-button to open the Dams form from the WAS main
form as shown in Figure 3.13.

Buttons
 Insert: Insert a new record.
 Edit: Edit the current record.
 Delete: Delete the current record.
 Find: Find a record using the Dam field.
 Print: Print the dams table.

27

Figure 3.13: Dam information

 Data: Open the Dam levels & Capacities table.
 Capacity: Open the Dam capacity table.
 Area: Open the Dam surface area table.
 Spill: Open the Dam spillway table.
 Dam LU: Open the Dam lookup table.
 Image: Open the Images form. Any number of images can be linked
to a dam record.
 Help: Open a drop-down menu with the following options:
 Dam information
 Dam levels and related data
 Dam capacity table
 Dam surface area table
 Dam spillway table

Fields
Click on the Insert- or Edit-buttons to insert a new record or to update an
existing record. The dialog box shown in Figure 3.14 will open.
 Dam: Name of the dam.

28

Figure 3.14: Dam information capturing screen
 Capacity (M m3 ): Dam capacity in million m3 .
 Buffer (M m3 ): Buffer storage in million m3 .
 Volume units: Units of volume which include
 M m3
 m3
 Scheme: Name of the scheme.
 Image id: Image id linked to the current record.

The Dam capacity table is opened using the Capacity-button on the Dams
form as shown in Figure 3.15.
The Dam surface area table is opened using the Area-button on the Dams
form as shown in Figure 3.16.
The Dam spillway table is opened using the Spill-button on the Dams
form as shown in Figure 3.17.
The Dam levels & Capacities table is opened using the Data-button on
the Dams form as shown in Figure 3.18. The user can also double-click on
the specific dam record to open the form.
Use the Graph-button, where available, to draw the respective graph on
the different forms. The Dam capacity graph is shown in Figure 3.19.

29

Figure 3.15: Dam capacity table

30

Figure 3.16: Dam surface area table

31

Figure 3.17: Dam spillway table

Figure 3.18: Dam levels & Capacities table

32

Figure 3.19: Dam capacity graph
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3.7

Crop water use module

The main function of the Crop water use module is to calculate the water
required for a specified period for all planted crops based on the plant date,
area planted and the crop water use information. The generated water use
for the specified periods can be used to estimate the water demands needed
for the water release calculations and for water use forecasting.

Figure 3.20: Crop water use & planted areas
A crop water use graph is needed for each crop and it can be compiled with
any available crop growth model. The crop yield (ton/ha) can be captured
at the end of a growing season which is used to calculate the total yield (ton)
and the yield in (g/m3 ). A summary of water used for a specified period can
easily be generated per crop type as shown in Figure 3.21.
Results from the Orange Riet River Water User Association (ORWUA)
in South Africa showed that there is an excellent correlation between the
bulk water delivered to the scheme and the total water usage calculated by
the Crop water use module.
34

Crops & planted Areas
The Crops & planted areas form, as shown in Figure 3.20 is used to capture
information on irrigated land areas per user. A Land-id must be specified
and there is no limit to the number of lands that can be linked per user.
The following information is captured on the Crops & planted areas form:
 User: This is the unique number or reference number identifying a
specific user.
 Land-id: A numerical number which is used to identify the specific
land.
 Area (ha): The size of the planted area in hectares.
 Plant date: The planting date of the specific crop.
 Crop name: The crop name which is selected from a list on a dropdown box on the capturing screen.
 Volume (m3 ): The calculated volume for the specified period using
the planted area and the crop water use information.
 Yield (t/ha): The crop yield that is captured at the end of the growing
season.
 Total yield (ton): The total yield is automatically calculated by
multiplying the planted area (ha) with the crop yield (t/ha).
 Yield (g/m3 ): The yield in g/m3 is automatically calculated using
the following equation:

Y ield (g/m3 ) =

T otal yield (ton) × 100 000
Crop water use (m3 ) × P lanted area (ha)

 Water ward: The water ward that is linked to the specific user. The
Ward drop-down box can be used to filter the data according to the
selected ward.

35

Figure 3.21: Crops & planted areas summary

3.8

Crops & Crop water use

The Crops & Crop water use form, as shown in Figure 3.22, is accessed
through the Crops-button on the Crops & planted areas form. This form is
used to capture and maintain the list of available crops and their crop water
use information. Each crop is linked to a specific crop group that can be used
to filter the records according to the selected crop Group. The information
needed is the days after planting (DAP) and the corresponding water use per
day (mm/day). There is no limitation on the number of records that can be
captured to describe the crop water use graph.

36

Figure 3.22: Crops & crop water use form

Figure 3.23: Crop water use graph
37

3.9

Accounts module

This module links with the administration, water order and Bulk SMS modules and administers all water accounts for an irrigation scheme.

Figure 3.24: Debtors main form
The water accounts module is a full debit system that includes the following functionality:
 Monthly invoices based on scheduled areas or actual water use.
 Automated month end procedure.
 User defined notes can be added to invoices to communicate information to users.
 An extensive range of sort and filtering options simplifies account queries.
 Automatic processing of recurring monthly journals.
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 Automatic generation of multiple payments from a single user based
on the age analysis.
 Reverse current transaction function.
 Single and multiple computer receipts.
 Single and multiple hand receipts.
 Hand journals.
 Automatic generation of single or multiple hand journals based on
scheduled areas.
 Monthly reports.
 Reconciliation reports.
 Current age analysis and month end age analysis including current, 30
days, 60 days, 90 days and 120+ days outstanding totals.
 Audit trail reports.
 Flexible accounts setup.
 Unlimited number of user-defined tariff sets that can be linked to any
user.
 E-mail invoices in *.pdf format.
 Export all financial transactions to Microsoft Excel.
 The bulk SMS module integrates with the accounting model and user
specific account information can be send to a user by means of SMS’s.

39

Figure 3.25: Reconciliation report
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HARTBEESPOORT BESPROEIINGSRAAD
POSBUS 1049, BRITS, 0250
Tel: (012) 252 2027, Faks: (012) 252 2028

MAANDSTAAT
BELASTINGFAKTUUR

KLEIN EDEN BOERDERY (1063,W38C/14)
POSBUS 26
BRITS
0250

DATUM:
05/09/2013
STAAT Nr:
308334
BTW Nr:
4290176389
KLIENT BTW Nr:
MAAND:
September
VERW Nr:
1063

(GED 1021 HARTBEESPOORT B410 JQ)
PERIODE:

DATUM

05/09/2013
05/09/2013
05/09/2013
05/09/2013
05/09/2013

44

VOLUME: 0 m3
INGELYS (ha)

KWOTA (m3)

BALANS (m3)

EKSTRA BALANS (m3)

10.30

63860

17140

0

DOK Nr

BESKRYWING

RJ116348
RF292904
RF292904
RF292904
RF292904

SALDO OORGEBRING
RENTE
WATER: BESPR
WRL: BESPR
WATERHULPBRONBESTUURSHEFFING
BTW (14%)

DEBIET

KREDIET

R 7 256.41
R 38.40
R 1 038.55
R 4.53
R 356.17
R 195.90

120+ Dae

90-120 Dae

60-90 Dae

30-60 Dae

LOPEND

VERSKULDIG

R 2 389.21

R 1 616.90

R 1 627.84

R 1 622.46

R 1 633.55

R 8 889.96

BETALINGSADVIES
VERW Nr

WYK

TIPE

DATUM BETAALBAAR

1063

WYK 5

Irrig mnth

05/10/2013

ABSA, ACCOUNT: 640 179 384, BRANCH: 632-005

Figure 3.26: Example of a printed invoice
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VERSKULDIG
R 8 889.96

3.10

Report module

The Report module integrates with all the other modules and includes an
extensive range of water, financial reports and graphs including the following:
 User information
 Address information
 Scheduled areas
 List of Ratable Areas (LRA)
 Registered entities and entity members
 Household and livestock pipes on canals
 Maximum abstraction right (MAR)
 Water orders
 Meter readings
 Water transfers
 Water cut-off list
 Weekly time table
 6 and 12 Hourly distribution sheets
 Water balance reports
 Water balance sheets
 Monthly water usage summary
 Measured data
 Water Use Efficiency Accounting Reports (weekly and monthly)
 Channel network detail

42

 Crops and areas planted
 Dam information including levels, volumes, surface area, evaporation,
rainfall, inflows, outflows and spillage
 Tariffs and tariff sets
 Industrial water quotas and tariffs
 Monthly financial reports
 Financial reconciliation reports
 Audit trail reports
 Current age analysis and month end age analysis including current, 30
days, 60 days, 90 days and 120+ days outstanding totals

43

3.11

Bulk SMS module

This module is used to generate and send SMS’s to users containing information in the WAS database. Apart from single SMS’s that can be captured
manually, templates can be created which can be used repeatedly to generate
bulk SMS’s for specific target groups. A range of filters, groups and flags are
available to manipulate the list of SMS’s to be sent. A maximum of five
cell phone numbers captured as part of the address information are used by
default. The user can choose to receive an SMS in English or Afrikaans and
the preferred language setting can be changed in the user setup information.

Figure 3.27: SMS generation options
SMS’s can be generated using a number of different options as shown in
Figure 3.28 below.

Templates with embedded keywords
A total number of 70 keywords are available which can be used to embed
into an SMS-template. There is no limitation to the number of templates
44

Figure 3.28: SMS generation options
that can be created. The keywords are place holders of information that is
automatically extracted from the WAS database and inserted into a SMS.
Fixed templates include notifications of water ordered and outstanding debit
accounting balances that links to selected time periods on the age analysis.
 <WEEK>: Default week selected.
 <DATE>: Current date.
 <USERID>: User id.
 <WATERYEAR>: Default water year selected.
 <INITIALS & SURNAME>: Initials and surname.
 <ADDRESS LINE1>: Address line 1.
 <ADDRESS LINE2>: Address line 2.
 <ADDRESS LINE3>: Address line 3.
 <ADDRESS STAD>: City.
 <ADDRESS POSKODE>: Postal code.
 <ADDRESS TELNR>: Telephone number.
 <ADDRESS FAXNR>: Fax number.
 <ADDRESS EMAIL>: E-mail.
 <WATERWARD>: Water ward.
 <ELECTIONWARD>: Election ward.
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 <QUOTA M3/HA>: Quota allocation in m3 /ha.
 <MAR>: Maximum abstraction right (m3 /hour).
 <MAR WEEK>: Maximum abstraction flow rate (m3 /hour) for the
specific week.
 <CANAL HA>: Scheduled area (ha) from canal.
 <RIVER HA>: Scheduled area (ha) from river.
 <TOTAL HA>: Total scheduled area (ha).
 <INDUSTRIAL QUOTA>: Industrial quota allocation (m3 ).
 <INDUSTRIAL FREE>: Free industrial volume (m3 ).
 <WINTER M3>: Winter volume allocated (m3 ).
 <SUMMER M3>: Summer volume allocated (m3 ).
 <OTHER M3>: Other volume allocated (m3 ).
 <QUOTA TOTAL>: Quota water allocated (m3 ).
 <QUOTA USED>: Quota water used (m3 ).
 <QUOTA AVAIL>: Quota water available (m3 ).
 <QUOTA %USED>: Percentage of quota water used.
 <QUOTA %AVAIL>: Percentage of quota water available.
 <EXTRA TOTAL>: Extra water allocated (m3 ).
 <EXTRA USED>: Extra water used (m3 ).
 <EXTRA AVAIL>: Extra water available (m3 ).
 <EXTRA %USED>: Percentage of extra water used.
 <EXTRA %AVAIL>: Percentage of extra water available.
 <SURPLUS TOTAL>: Surplus water allocated (m3 ).
 <SURPLUS USED>: Surplus water used (m3 ).
 <SURPLUS AVAIL>: Surplus water available (m3 ).
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 <SURPLUS %USED>: Percentage of surplus water used.
 <SURPLUS %AVAIL>: Percentage of surplus water available.
 <FLEXI TOTAL>: Flexi water allocated (m3 ).
 <FLEXI USED>: Flexi water used (m3 ).
 <FLEXI AVAIL>: Flexi water available (m3 ).
 <FLEXI %USED>: Percentage of flexi water used.
 <FLEXI %AVAIL>: Percentage of flexi water available.
 <ORIG Q M3>: Original quota water ordered (m3 ).
 <ADD Q M3>: Additional quota water ordered (m3 ).
 <CANCEL Q M3>: Quota water cancelled (m3 ).
 <METER Q M3>: Quota water used from meter readings (m3 ).
 <ORIG E M3>: Original extra water ordered (m3 ).
 <ADD E M3>: Additional extra water ordered (m3 ).
 <CANCEL E M3>: Extra water cancelled (m3 ).
 <METER E M3>: Extra water used from meter readings (m3 ).
 <ORIG S M3>: Original surplus water ordered (m3 ).
 <ADD S M3>: Additional surplus water ordered (m3 ).
 <CANCEL S M3>: Surplus water cancelled (m3 ).
 <METER S M3>: Surplus water used from meter readings (m3 ).
 <ORIG F M3>: Original flexi water ordered (m3 ).
 <ADD F M3>: Additional flexi water ordered (m3 ).
 <CANCEL F M3>: Flexi water cancelled (m3 ).
 <METER F M3>: Flexi water used from meter readings (m3 ).
 <DOMESTICMETER>: Domestic water volume (m3 ).
 <TRANSFER FROM>: Volume transferred from (m3 ).
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 <TRANSFER TO>: Volume transferred to (m3 ).
 <BALANCE 120+>: 120+ days outstanding balance.
 <BALANCE 90>: 90 days outstanding balance.
 <BALANCE 60>: 60 days outstanding balance.
 <BALANCE 30>: 30 days outstanding balance.
 <BALANCE H>: Current outstanding balance.
 <BALANCE TOT>: Total outstanding balance.

Figure 3.29: An example of a SMS-template with embedded keywords

External list
An external list can be created for contacts that are not included in the
WAS database. The manipulation of this list is very flexible in terms of its
flagging, searching and grouping functionality.
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Figure 3.30: SMS external list form
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3.12

SMS external list

The SMS External list form is used to capture a list of names and cell phone
numbers that are not included in the user information. The list includes
people or businesses that the scheme would like to communicate with through
the use of SMS’s. The list of names can be divided into different groups and
filtered according to records that are flagged or that belong to a specific
group.
To open the SMS External list form (Figure 3.31) select from the WAS
main screen Input|User information|SMS External list as shown below.

Fields
 Surname
 Name
 Description: Any description if necessary.
 Cell no: Cell phone number without any special characters. Spaces
are allowed.
 Group: SMS group that is selected from a user defined list.
 Language: Preferred language which include:
 English
 Afrikaans
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Figure 3.31: SMS external list
 Flag: Flag fields by using the spacebar and then use the Filter on
flags checkbox to display only the flagged records. SMS’s can then be
generated for all the flagged records.

Buttons

 Insert: Insert a new record.
 Edit: Edit an existing record.
 Delete: Delete the current record.
 Print: Print the SMS External list report.
 Show all: Reset the filters to show all the records.
 Flags: Open a drop-down menu with the following options:
 Set all flags
 Clear all flags
 Help: Display this help file.
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Filters

 Sort: Sorting order including:
 Surname
 Description
 Search: Filter the records, where the fields below, contain the specified
search string. Use the X-button to clear the search string.
 Surname
 Name
 Description
 Cell no
 Group: Filter records on the specified Group. Use the speed button
to open the Lookups form that is used to manage the list of groups.
 Filter on flags: Filter on all flagged records.
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A.1

WATSAVE award 2006

Figure A.1: International Commission on Irrigation and Drainage (ICID):
WatSave Awards
The annual ICID WatSave Awards recognise outstanding contributions
to Water Savings and Water Conservation in agriculture thereby enhancing
the beneficial and sustainable use of the critical resource.
The awards are made in respect of actual realised water savings and not
just for promising research results or ideas. This has been made possible by
consistent investment in research and development over 25 years by mainly
the Water Research Commission (WRC).

SA irrigation innovation scoops international award (Press
release 2006)
The developer of a uniquely South African water administration system,
which has increased the productivity of water use in irrigation agriculture,
has won a sought-after international accolade.
Dr Nico Benadé was recently awarded the International Commission on
Irrigation and Drainage’s (ICID’s) Innovative Water Management Award
for the Water Administration System (WAS) at a ceremony held in Kuala
Lumpur in September 2006. This is the first time a South African has scooped
the award in this category.
Productivity of water use in irrigated agriculture remains a contentious
issue, and pressure is increasingly being placed on irrigation farmers to reduce their water use in the wake of limited water resources and competing
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demands from domestic and industrial uses. To provide irrigation schemes
with decision support for efficient water management, the WAS was developed with funding from the WRC.

Figure A.2: Innovative Water Management Award for the development and
implementation of the WAS – Dr Nico Benadé (South Africa)
Over the last 20 years, Benadé, who is a civil engineer and programmer,
has led four research projects to develop and test the WAS, a decision-support
program for use by water user associations on irrigation schemes in managing
their water accounts and their water supply to clients through rivers, canal
networks and pipelines. Through Dr Benadé’s commitment, the practical
application of the system has also been ensured.
”This system is a prime example of taking the innovative process through
the full cycle - from research to practical application to exploitation of its
commercial potential,” comments Dr Gerhard Backeberg, Director: Water
Utilisation in Agriculture at WRC, who nominated Dr Benadé for the award.
”The gratification attached to the ICID Award is the international recognition of an innovation which is truly South African.”
According to Dr Backeberg, there are no viable alternative approaches
available in South Africa at present to enable water savings through im55

proved water management of river, canal and pipeline networks on irrigation
schemes.
WAS uses five modules: the Administration module, Water Request, Water Release, Crop Water Use and Water Accounts module. According to
Dr Benadé, these modules are fully integrated, making it possible to crossreference relevant data and information.
The system can be implemented in a small water office that manages
a few abstractions and measuring stations up to a catchment management
level with thousands of abstraction points and measuring stations. It can
be installed on a single PC or on a server for use over a network. Among
its many capabilities, WAS calculates water releases from rivers and canal
networks, taking lag times and various water losses into account.
Among others, it offers enhanced financial control while helping to reduce water losses. By enabling water supply of the required volume at the
requested time, implementation of WAS also promotes efficient water use at
farm level. It generates monthly invoices automatically using water usage
and scheduled areas information captured in the database.
Largely as a result of Dr Benadé’s efforts, the WAS is now being implemented on irrigation schemes with a total area of 142 843 ha, which is almost
28% of the irrigated area of South Africa serviced by water user associations
(formerly government water schemes and irrigation boards). This includes
about 9 500 farms. In some schemes, WAS has been operational for the last
15 years, with great effect.
”Each irrigation scheme is different, with its own unique requirements,”
notes Dr Benadé. For this reason, the system is adaptable to fulfil each user
needs, with continuous improvements and adaptations ensuring its relevance.
”The research work and technology transfer actions undertaken for WAS
proves that developing is an on-going process, which has to be responsive to
the requirements of water managers and irrigators,” adds Dr Backeberg.
Field measurements have shown that losses at these schemes have been
reduced by 10 to 20% through improved water releases in canals and rivers.
With an average water allocation of 8 147 m3 per hectare and average losses
of 20%, this amounts to an average water saving of between 23 to 46 million
m3 of water per year.
In addition to water user associations, the system is also being used by
tri-national organisations such as the Komati Basin Water Authority to assist
with water management in the basin shared between South Africa, Swaziland
and Mozambique.
Training is offered to all end-users of the program, while Benadé has set up
a private company to provide services support. ”Feedback from WAS users
at training courses indicates that after converting, it is considered impossible
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to manage irrigation schemes without the use of the WAS program,” he says.
”At present, it is mainly the resistance to change by managers on irrigation
schemes and the capacity to provide support services, which constrains the
implementation of WAS to all irrigation schemes managed by water user
associations on a total potential area of about 520 000 ha.
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A.2

WATSAVE award 2010

International Commission on Irrigation and Drainage (ICID): WatSave Awards
The annual ICID WatSave Awards recognise outstanding
contributions to Water Savings and Water Conservation in
agriculture thereby enhancing the beneficial and sustainable use
of the critical resource
The awards are made in respect of actual realised water savings and not
just for promising research results or ideas. This has been made possible by
consistent investment in research and development over 25 years by mainly
the Water Research Commission (WRC).

Figure A.3: Kobus Harbron

Water Distribution Management at the Vaalharts Irrigation Scheme
of South Africa
Vaalharts is the largest irrigation scheme in South Africa having over 29 000
ha. Computerisation of the already well-developed manual water administration system using digitised and electronically imported flow data saved 17.5
million m3 in a single year. This is sufficient to irrigate 74 additional farms.
Mr. Kobus Harbron’s work on Water distribution management at Vaalharts
Water resulted in his receiving the ICID WatSave Innovative Water Management Award 2010. A strong presentation impressed the Panel of judges and
58

made it credible that this saving represents 5 % of the losses. Following is a
summary of the presentation:
Background
The Vaalharts irrigation scheme commissioned in 1930 is situated at the
Northern Cape provinces in South Africa. It serves 29,181 ha through around,
1900 abstraction points through pressure regulating sluices. The Vaalharts
Water User Association (Vaalharts Water) took over the scheme from the
Government in 2003. The scheme consists of a main canal (38.3 m3 /s) and
a network of canals covering a distance of more than 100 km.
The objectives of the water distribution management office at Vaalharts
Water is to supply the correct amount of water to the right place at the right
time with the minimum water loss within the limitations of the system, and
to inspect and maintain the canal network to prevent excessive water losses
due to bad maintenance. At Vaalharts Water this can be a very daunting
task, given the size of the scheme and the number of farmers that require
water on a weekly basis. To assist them in this task and to improve on their
service delivery to the irrigation farming community, they have decided to
replace their manual water distribution system with a computerized system
called the Water Administration System (WAS).
Manual system
The previous manual water distribution system had certain limitations that
cause excessive water losses that are difficult to prevent. As many people
are involved, the calculation errors commonly occur. Losses are unknown
factors which are estimated most of the time. Personnel changes have a
negative effect on water distribution management due to loss of information
and experience.
Computerized system
The computerised system in the form of the Water Administration System
(WAS) addressed the above mentioned problems of the manual water distribution system and improved the operations at Vaalharts Water. In the
computerized system water orders are captured directly into the computer
by water control officers, calculation errors are eliminated, water balances
are updated on a daily basis, volumes are now quantified on a weekly basis,
and not monthly as it were done in the past; water use efficiency reports are
generated automatically, water shortages on canals due to human error are
limited, canal leakages and breakages can easily be monitored due to fixed
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water losses, water control officers have more time for inspections, minor
repairs and time for attending clients.
Water savings
With the implementation of the WAS program Vaalharts Water managed to
decrease the losses from 32 % to 26.7 %. A 5 % saving, which is equivalent
to 17.5 million m3 , was therefore realized in the first year after implementing
the WAS program. This saving is the equivalent of: an additional 1920 ha
that could have been irrigated given the fact that the full water quota at
Vaalharts Water is 9,140 m3 /ha. Mr. Kobus Harbron can be contacted at
<kobus@vhwater.co.za>.

Figure A.4: Vice President Hon. Reinders receiving WatSave Innovative
Water Management Award 2010 on behalf of Mr. Kobus Harbron (South
Africa) from President Chandra Madramootoo
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Integrated information system for irrigation canal water management
Gerhard R Backeberg 1 and Nico Benadé 2,*

1 Water Research Commission, Private Bag X03, Gezina, 0031, Pretoria, South Africa
2 NB Systems, P O Box 1502, Sinoville, 0129, Pretoria, South Africa
*Corresponding and presenting author nico@nbsystems.co.za

Summary
The major challenge in South Africa is to achieve water savings by reducing
distribution losses on irrigation schemes. Innovative research has led to the
development and application of the Water Administration System (WAS).
It has been practically demonstrated that water losses can be substantially
reduced. The requirement for expanded implementation is investment in
water metering, information technology and training of water managers by
following a step-by-step manual.
Background
As is the case in many countries of the world, irrigated agriculture in South
Africa is under pressure to increase water use productivity. In particular,
one of the outputs of the Presidential Programme of Action (2010) requires
the reduction of water losses from distribution networks. For this purpose,
the National Planning Report (2011) states that water-saving and demandmanagement projects should be considered. The Department of Water Affairs (DWA) has formed a partnership with the Water Resources Group,
an influential public-private global network. One of the key areas of focus
is increasing water use efficiency in agriculture and reducing leakages from
distribution networks, including irrigation.
The Story
The Water Research Commission (WRC) has invested in research and development to increase the efficiency of irrigation water use. This refers in
general to efficient water use at the irrigation scheme, farm and field level.
In the case of irrigation schemes, efficiency gains directly result in water
savings, on condition that water use entitlements are complied with. The
Water Administration System (WAS) is an integrated information system
which has been developed and applied in South Africa over the last 25 years.
The main aim during the research and development of the WAS information system was to minimise water losses for irrigation schemes that operate
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on the demand system and that distribute water through river, canal and
pipeline networks. The WAS program is specifically designed to assist personnel of Water User Associations (WUAs) or Irrigation Boards (IBs) that
intend to improve the management of irrigation water. WAS makes use of
eight modules: the administration, water order, water release, crop water use,
measured data, water report, bulk SMS and water account modules. These
modules are fully integrated, making it possible to cross-reference relevant
data and information.
Analysis and commentary
Installation and operation of WAS has successfully reduced irrigation water
losses and by implication increased water savings in river and canal conveyance networks. The main benefits of using the WAS information system
is as follows:
 The minimising of water distribution losses.
 The improved control of water orders, releases, distribution and usage
per farmer.
 The management of date and time related flow data collected from
electronic loggers or mechanical chart recorders.
 The availability of an extensive list of water reports on a farm and
scheme level.
 The increased productivity of scheme management personnel.
 The reliance on an integrated accounting system that improves debit
management.
 The improvement of the overall water management on irrigation schemes.

WAS is currently implemented on irrigation schemes covering a total area
of about 143 000 ha and an average water allocation of 8 146 m3 per ha.
WAS also promotes efficient water use at the farm level by enabling water
supply of the required volume at the requested time. It has been practically
demonstrated that the average water losses in river and canal conveyance
systems of between 30% and 40% can be reduced to 18% and 25%.
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Lessons learned
On irrigation schemes where WAS has been applied and water distribution
losses reduced, water managers acknowledged that practices have to change
in order to improve results. This involved switching from a manual to a
computerised information system. The obstacle which had to be overcome
was “fear for the unknown” such as accurately determining the baseline of
current water distribution losses. The next obvious step was systematically
reducing the annual water losses. Skills development of water control officers,
specifically computer skills, was important. This empowered the water control officers to provide a better service to farmers. More time was available to
respond to problems indicated by data analysis of reports, such as physical
inspection of canals for leakage detection.
Conclusion
Significant additional water savings are possible through better water loss
control in canal conveyance systems for water supply to irrigation schemes
with potential expansion to an estimated area of 575 000 ha. The requirements to achieve this are investment in water measuring devices, information
technology and training of water control officers. Training material has now
been developed to support personnel of Water User Associations (WUAs) or
Irrigation Boards (IBs) in order to improve the water management on irrigation schemes. Approval by DWA for wide-scale implementation of WAS and
training with assistance of the step-by-step manual by WUAs is therefore
essential.
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