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Abstract

Water management on the extensive canal imigation sy$1ems that supply the major
parts of the waorld's imrigated acreage is difficult, This difficully and the poor warer-
use efficiency arising from it can be shown to be eaused by poor design practice. A
method s presented which is intended to allow designers. to cvaluate the
manageahility of water supply stemming from their designs.  Altematively the
method can be used by managers as part of & process of action research mimed at
improving water control, Case studies on two irigation systems in Swaziland are
used to demonstrate the method of analysis.
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1 [Introduction

This paper is concerned with water supply comirol as a critical aspect of irrigation
desipn.  Water supply control is defined as the designed-in ability o regulate the
supply of water over time over a canal of rotation command unit so that the irrigation
need of the command unit at peak crop demand is met without excessive wastage.
The term “designed-in” implies that the system is operated with an esse of
management concomitant with performancs gims and level of operator activity.
Design  architecture and operation is examined; a concept that embodies 8
combination of irrigation system infrastructure (gate/head control technology), syslem
configuration (layouts, sreas and groupings of fields into rotational units) and design
operational procedures (.2, allocation of supply within or between rotationdl uniis):
Interest in interactions between irrigation design and manigement has been
growing since the mid 1980's when this topic was adopted by [IMI as one of its core
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research themes [1][2]. During that time various researchers have highlighted the

need and support for the diagnosis and action research of systems [3][4][5]. In the

last few years the Taternational Program for Technology Research in Irrigation and

Drainage (IPTRID} [6] has been set up to promote such research. Other recent work

has identified water control as being central to general irigation performance [7]18],

Mevertheless, these initiatives have pot gained the momentum that other reforms in

irrigation practics have achieved, such as irrigation management transfer.. The faiture

to pursue technological reform alongside management reform may be attributed to:

» An scceptance by operators of the “as-built” design as complete and unchangeshle
together with restricted knowledge dbout options for irmigation design stomming
from a lack of suitable training or forum for exchange of “working™ experisnce,

s The lack of funding/procedures/support for on-going diagnosis and action research
of operation and water control design.

e A low number of suitable studies andfor publication of results and methods.

A lack of experience in operating schemes by irrigation engineers involved in

design feeding throuph to improved innovation of design.

An institutional reliance on one particular school of design.

The lack of inclusion of design eriteria in bid/proposal and contract evaluation.

Complex interference of other factors affecting performance siich as field design.

Difficulty of comparizon hetween schemes by clients (farmers and operators).

Conflicts within the imigation profession regarding appropriate design.
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2 Method of analysis of water supply control

Work on two irrigation schemes in Swaziland indicated thet water supply contro] in
rotational supply systems could be characienised on the basis of seven interrelated
factors or categories. These are presented in Table 1, The first two, discharge-supply
mateh (DSM) and gate discharge (GD) are measures of design sizing and may be used
to investigate design spproximations [2](9].  The next four head control (HC),
discharpe measurement (DM, discharge adjustment (DA} and leeder compatibility
{FC), refleet technology choics, the type of design, the amount of manual operation
and 10 some degrec robustness of design.  The lasi, rowtion integrity (RI), iz a
reflection of both system desipn and design operational procedure.  The
charactetisation method is applied to individual rotational wnits - termed here
“lapdstream groups” - 3l the lertiary level, A leadstream (or main d”eau) is the supply
of water which cycles around the fields belonging to the rotational umif,

The proposed characterisation method does not afempt 10 quantify: the design or
ita effect on performance. Meither does the method recommend that any one design is
optimal. Rather, it allows operators to review water supply control and reflect on
whether their activities and performance may be influenced by its design. It also
should be noted that this method represents a conceptual framework for an extended
rescarch project, and that it is subject to further refinement.

2.1 Specific demand - supply match (DSM)

The demand-supply match (DSM) measures two aspects of design; al the: gate size
which gives a dischatge at its maxitum setting and b) whether the canal is the carrect
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Table |. Charscterisation of irrigation water supply contrel for rotated flow in

tertiary canals.
Category  Cotegory of Catzpory  Clasaifscation of subtype Subilype Mumher
number 'nﬂguim COnERe oodle Code Cade
1 Specific denznd - DEM Mo swiblyped. Demand by dromodule and specific
supply match supply are caloulabed, Specitic supply is
[For whale group) enpreased o2 a fraction of dematd hydromedule
2 Cate discharge Go Mosubtypes, Gate discharges ore expressed
(Each paie is deseribed) & 4 fraction of the maximum discharge found
Ml discharge = 10
3 Head cotrol HC Omited [¥] |
{Fuch gate is described) Trregular 1 2
Manual - sctive hA 3
Manual - passive MP 4
Autimatic A 5
4 Dischargs (R Cimitied 2] I
mesasurem e Irregubar 1 2
{Each gate is described) Bdunual - active Ml |
Blanual - passive M 4
Aubmmntic A 5
5 Discharge [E 5 lrregular 1 |
adjusment bdnnmal - active (IES P
{Each gate 15 descrabed ) Mlanmal - PHISTYE o1 i
Fixed F 4
Autamatic A -
& Feeder compagibility PC o subtypes. Sex separiie method for scoring
(For whioke group) beswenn | and 5 [Table 2}
7 Roiation integrity Rl Reodation indsgrity poar [3 1
{For whide graup] Rosation integrity medium il x
Buosatbon ingepriny good 5] 3

size to camry. the required discharge. The terms specific demand and specific supply
are used because crop water demand and canal supply can be more accurately

compared when both are expressed in litres/second'hectare (Vsectha). Volume-based

supply should be recaleulated to a flow over time. DEM is caleulated in three sieps:

Step 1. Specific demand (which is also known as the hydromodule) is the
irrigation need of the command area ot peak demand expressed in I'sectha. The
specific demand can be seen a5 the inverse of the water duty. A weighted average
demand can be calewlated if fields within the rotation unit have very different water

requirements.
Step 2. Specific supply is caleulated in Vsecha by dividing the maximum flow:

supplying the tertiary command unit in litres/sccond by its area in hectares. The flow
iz at the crop level by adjusting for teniary canal and field losses, If the flow iz nof

currently measured then Mow measurement is necessary. 1f tertiary canal flows within
a leadstream growp are different, a weighted specific supply should be calculated.

Step 3. The demand-supply match is caleulated by dividing the specific supply by
the specific demand. If the specific supply matches the demand, the match is equal to

or close to 1.0, An over- or under-supply gives a DSM greater or less than 1.0,
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2.2 Gate discharge (GIY)

This is & measure of the uniformity of flows in the canals supplying fields, Operators
may wish to have uniform flows so as to not create bottlenecks, or to enhance visible
equity of supply between leadstream groups. Gate discharge is expressed as a
fraction of the maximum fiow supplying fields in the group.

2.3 Head control (HC)

This is an expression of the local contral of the level of water which regulates the
dizcharpe through the imigation gate. Head conteol provides for a head difference
between upstream and downstream water levels at the gate which gives stable flows,
Mo distingtion is made here between upsiream and downstream fevel control in the
conveyance candl (see feeder compatibility). Five main types have been identified;

i
i

2

Omitted (0, 1. Head control is effectively remote or absent in design.

Irregular (I, 2). The structure is faulty or broken, or water in the offtaking canal
hacks up and interferes with the upstream water level,

Manual-active (MA, 3). Manual adjustment is used. An example is the constant
head orifice (CHO) gate which includes & head-controlling gate that needs frequent
adjustment and is difficult to operate accurately [7].

. Manual-passive {MP, 4), Mo manual input is required within cerain flow limits

otherwise input is minimal. Examples are composito-weir cross regulators [7].

. Automatic (A, 5). No manual input is required over a wide range of flows. Two

examples are optimally designed long-cilled weirs and electrically operated gates.

2.4 Discharge measurcmeni (D)
This is & measure with which the sase and accuracy of discharge measurement takes
place, 1t can be chamcterised in one of the five following ways:

1.
2.
3
4.

b

Omitted {0, 1). Absent in design.

Irragular (1, 2), Strocture iz broken, missing, incorrectly constructed or inaccurale.

Manual-active (MA. 3). Measurement requires manual recording, Examples
inciude stick-gauged flumes, weirs and orifice gales.

Manual-passive (MP, 4). Measurement is designed-in and hidden from gate
opetator as in module gates (g, of the neyrpic or nevriec design).

Autormatic (A, 5). Flow measurement is recorded automatically {z.g. via float and
sensor flow ganging and radio-telemeatry ).

2.5 Discharge adjustment (DA)

Discharge adjustment may not be necessary in all schemes depending on intended
operation.  Five classes have heen identified. Note that there is no “absent or
omitled” class since this would fall into the fixed class which requires no manual

1
2,

Trregular (I, 2). The gate is broken, missing or incorrectly constructed,
Manual-active (MA, 2). Gates arc adjusted manually but can be set &t
continsoushy variable openings. Examples are sluice gates and adjustable flow
dividers.

. Manual-passive (MP, 5). Gates are adjusted manually but have easily discernible

gettings such as on-off or two or three settings piving stepped flow ratcs.
Examples mmmh_mwﬂnnemtwshmmﬂmﬁwmwuﬁ.
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4. Fixed (F.4). Here manual input is reduced further as pates do not need opening at
all: Examples are fixed flow dividers.

5 Automatic (A, 5). The pates are adjusted by automatic, hyvdraulicfelectrical, or
possibly computer controlled means.

2.6 Feeder compatibility (FC)
Feeder compatibility describes how well the upstream canal delivery system is
designed so as to complement the tertiary tumout design and requirements.  The
abjective of feader compatibility is the accurate delivery of flow for the tumouts
which is congruent with the cumulative and changing demands of the leadstream
groups. Table 2 shows the scoring system based on four main aspects of feeder
compatibility:

1. Measured fow may enhance the accuracy of supply of water in the secondary
system for tertiary tuenowts. There are thres main subtypes; absent or broken;
manually measured (e.g. a flume); or automatically measured (e.p. 2 modular
pate).

2. Flow fluctuations at the head of secondary canals may lead 1o flow variations in
offiaking turnouts. The degree to which these variations are dampened is scored
accordingly; absent or broken technology; technology that pives non-steady
flows {e.g. manually-cperated sluice gates); and technology that gives steady
flow such as long-cilled weirs in the main canal.

3. Responsiveness of supply refers to the design of the secondary canal gate to
adjust to changing downstream demand, The three main types are absent, manual
or automatic (e.g. hydraulically-operated gates sensitive o downstream watér
levels).

4, Accuracy of supply. Having investigated the flow or range of fMlows, it is then
possible to check whether the supplving canal delivers the correct flow for the
combined demuond of the leadstréam groups. This should be done at peak
dermand.

Tahle 2. Scoring svatem for feeder compatibility (starting score = 1)

Aspect of feeder compaiibility Classification of subiype Soore
Measured Hoaw Absent or broken Add o
Marually measmed Add 0.5
Auoenatically messusnd Add 1.0
Fhaw fluctuilon Absent ar broken Addd )
Monesteady Add L5
Stepdy Add 1.0
Hesponsiveness af supply Abasent or brokem Addd
lanual Add Q.5
Auienatic Add 1.0
Agcursey of supply =254 difference in required supply Al 4k
10-25% differenics in required supply Audd 3
<1 0% difference in required supply Add 1.0

2.7 Rotation integrity (RI)
This reflects the manner in which the cyeling of the leadstream around the group’s
fields are adhered 1o, As it is not casy 1o calculate an securate measune of the rotation

Analvsis of irrigarion warer corirol 171

integrity, three broed classes are sugpested:

I. Poor (P, 1). Within the secondary command unit, fields are not aligned to
individual tertiary leadstream groups. Water is ¢veled in no discernible partem,
frequently o fields on a driest-basis first. Thiz type of operation makes the area
and specific supply of the leadstream group extremely difficult to determine.

2. Medium (M, 2). Water often circulaes in a discemible pattern but occasionally
lendstreams are transferred between growps (due to driest-first imigation) leading
to & broken totation. The area and thus specific supply are not knowi with
CETIHEnTY.

3. Good (G, 3) Lendstreams are circulated only within their respective groups.
Irrigation is scheduled to fields within the leadstream group on driest-ficst basis,
and a clear rotation of delivery is discernible. This allows the specific supply to
he easily calcnlated since the area of the lesdstream group 15 knovm.

Seoring of water supply contral may be difficult in some schemes, and in cases
may have to be omitted, Furthermore, scores could be estimated between whole
numbers for systems that do not fll easily into the above named elasses,

3 Characterisation of two irvigation systems - case studies from Swaziland

Two tertiary systems from neighbouning irtigation systems (MSCo and I'VSIS) in
Swaziland were analysed with the method. Table 3 gives the results of analysis and
Figures | and 2 are the characterization dingrams for MSCo and I'YSIS respectively,
The supply for the MSCo command area closcly matches the irrigation demand
(DSM = 96%) whereas the [YSIS rotation unit is oversupplied (135%). There is
variahility in pate discharge for MSCo (GD = | and 0.86) but uniformity for the
I¥YSIS proup. The score for all head control structures at TYSIS is 4 (all are long-
cilled weirs) but broken and imepularly constructed weirs at MSCo scored 2. AL
MSCo, DM scored 3 in one canal {a cut-throat flume was present) but zero for the
ather. For [YSIS, DM = 4, reflecting the use of neyrpic modular gates.  Diischarpe
adjustment for MSCo scored 2, reflecting orifice gates, but DA = 3 at [Y5]S since
flows are chosen in three steps; 0, 60 and 120 lsec. For both 1YSIS and MECo,
feeder compatibility scored 4.25 which originated from a starting score of 10, + 1.0
For autamatically measured flow st the head of the secondary canal (nevrpic gates and
flow recorders), + 0,73 for flow fluctuation (corrections to gates on main. canal
required about three times a day ), +0.5 for manual adjustment of neyrpic gates/orifice
pate at head of secondary canal, and +1.0 for accuracy of supply since in both cases
the secomdary canal tuemout wes aceurately sized within 10% of the maximum
demand flow, For both systems. rotation integrity scored 2 because leadstreams were
sometimes mixed between rotalion units.

The analysis provides avenuss of diagnosis of manageahility of water supply, and
of means by which water control may be improved.  Thus, managers at IYSIS may
wigh to evaluate whether the medium-scoted rotation integrity is a reflection of the
lafpe DSM in one group and the need to move water hetween leadstream groups on
the 29 secondary canal due to & resulting imbalanee of supply hetween the proups,

If necessary, it wounld be possible to re-size the nerypic gates to deliver the correct
flow. Managers operating the example MSCo leadstream group may wish to
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investigate whether discrepancies in gate discharge between the two gates involved
and the need for manual measurement of Mow are leading to an unaccepiable loss of
water control.  From there, managers may decide to correet the problem either via
changes o gate technology or via more stringent gate-operafor management

Table 3. Analysis of water supply control within leadstream groups MSCo and VSIS

Categary numhber 1 2 3 4 ] £ 9
Specific  Specific DSM o Crabe e HC DM DA Fr Il
demamd  suapply discharge
(Vaha)  (l*stha) {lisee)

MSCo - Leadstream group, fiebds 20172+3 & 200/4+5 (area = 30.3 ha)

ale 1 1392 1.824 0.5 59 104 2 1 2 425 2

Gue 2 1492 1,824 a8 91 nae 2 I 2 425 2

1518 - Lesdstream group, fiekds STR0-22 & S%14E (orea = 46.% ha)

Gale | 1,892 2,558 1.35 14 [ | 4 3 424 2

Ginie 2 (L] 2,558 135 124 140 4 i 3 4.25 2

Ciate 3 1L.A92 2.558 135 1241 1 4 4 1 425 2
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Fig. 1. Characterisation diagram of water supply control for MSCo leadstream group
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Fig. 2. Characterisation diageam of water supply control for TYSIS leadstream group
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4  Conclusions - policy implications

[rrigated agriculture is the major category of demand for water in many countries and
is widely eriticised for its profligacy in water use. In any individual scheme therefore,
the operational policy must be to deliver adequate supplies (o all users at the highest
attainable level of efficiency. However, imrigation managers are confronted by the
trade-off that generally exists between equity and efficiency because of the inadequate
level of contral aver water distribution that is desipned into the system, Real progress
with improving water control in irrigation will be achieved only if Mmanagement
reforms and technological reforms receive equal recognition and aftention. Provision
of manageable imigation infrestructure requires & better understanding of the
interactions between design and manapement. The policy of separating the process of
“design” from the process of “operation™ serves to exacerbate the problem. Ohjective
methods of assessing both design and “manageability™ of water supply contrel will
contribute to closing the gap between policy and practice.
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