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PREFACE

The reason for wntmg thIS book IS the challenge to address a number of mterrelated ques
tIons I came across durmg my work m IrngatIOn

The first questIOn concerns design and operatIOn of IrrIgatIOn systems Dunng the la~t

15 years It became mcreasmgly clear that m many IrngatIOn scheme~ a large discrepancy eXists
between design assumptIOns and operatIOnal realIty Considerable efforts are made to reduce
this discrepancy by changmg or Improvmg the management envIronment The technology
however IS rarely exammed and mostly treated as a black box Although, admIttedly man
agement aspects are Important, one may ask

'Is management really the Cl u'( of II ngatlOn problems? Does not the
type of technology (the phySical canal sy:,tem with Its appurtenant
operatIOnal I equll ements) detelmme the management modalltws f01
use? Do we lIOt apply cosmetic smgely bv only trymg to ImplOve the
management enVironment without consldel mg the technology? Is It not
time to v.amme the lOot of the plOblem the deSign of llilgatwn sys
tems? '

Generally, IrrIgatIOn deSigns are mamly based on phySIcal cntena (hydraulIcs agronomy
engmeenng) When compared wIth the operatIonal realIty they fall short m terms of human
and mstItutIOnal aspects The followmg questIOns ause

Would It be possible to deSign m IgatlOn systems takmg llltO account
human and mstltutwnal aspects? If so, what would be the repel cus
swns Oil the type of technology ?'

Most IrngatIOn schemes have a perSIstent shortage of skilled operatIonal staff Combmed
wIth the complIcated and opaque water dIVIsIOn technology and operatIOnal procedures thiS
often leads to poor performance The present dnve for mcreasmg \'vater use efficiencIes III

view of mcreasmg shortages of water, Will result m even more complIcated technology and
operatIOn with subsequently poorer performance ThiS leads to the questIOn

'Ale these complzcated technologies and opelatwnal procedures n
alzstlc and leally necessary? Would It be possible to achleH bettel
performance by slmplzfymg the technology and opelatlOnal plOce
dures?'

XIIl



XIV

In the followmg chapters I have endeavored to address the<;e questIOns ThIS book IS not
a bluepnnt type of textbook but IS meant to create awareness m desIgners, planners, and <;tu
dents of IrngatIOn for them to make more balanced desIgn chOices for water diVIsIOn struc
tures I also hope It wIll contnbute to the ongomg debate m IrngatIOn

I am grateful to the Wagemngen Agncultural Umverslty for the arrangements made to
carry out thIS study and I am specIally thankful to my succes<;or Lmden Vmcent for takmg

over the heavy burden of the chaIr of IrngatIOn

I am mdebted to Ian Makm of the InternatIOnal Water Management Institute (IWMI),
Colombo and K Sanmuganathan of Hydrauhc Research, Walhngford, UK for their substan
tive contnbution to the fmal text Thanks are also due to Damel Renault of IWMI, Eugene
Dahmen of the InternatIOnal Institute for HydraulIc and Environmental Engmeenng (IHE) m
Delft and Geert Diemer and Bert de Jager of the Department of Irngation and SoIl and Water
ConservatIOn m Wagenmgen Their valuable comments on the draft manu<;cnpt were most
welcome

Fmally, lowe thanks to Trudy Frenks for typmg thiS last handwntten book of the de
partment

Lucas Horst
1998
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PART I

Introduction

To understand today's 111lgatlOn problems, It lS neceSSaly to go

back m hlstory to examme the O1lgm and development of
lrngatlOn In chapter 1 the development through the twentzeth
centwy lS presented m broad outlme

After thls settmg, the scope, hmltatlOns, and structure of thls
book are dealt wlth m chapte1 2 Also m thls chapte1 the 1ea
SOlllng fm the focus on water dlVlSlOn Sf1 uctwes lS explamed

PreviouS Page Blank



CHAPTER 1

mSTORICAL AND INTRODUCTORY NOTES

1 1 Flrst Half of the Twenheth Century A Balanced Development

At the begmmng of thIS century, IrngatIon desIgn was very much empmcally determmed, based
on prevIOus expenences mother Irngated areas ThIS was the tIme when colomal powers (es
pecially the BntIsh, Dutch, and French) and the Umted States started to buIld large scale Irn
gatIon projects Dunng the course of the fIrst half of thIS century IrrIgatIOn system desIgn
became more and more supported by sCIentIfIcally developed hydraulIc pnnclples and theo
nes Although these basIc hydraulIc pnnciples became globally accepted and standardIzed,

the actual desIgn of IrngatIon systems developed dIfferently from country to country Vanous
technology 'schools' emerged, notably the BntIsh, Dutch, French, and Amencan schools Most
of these technologIes had m common fIrmly dIscIplIned centralIzed management, open canal
systems, and manually or mechamcallyl operated hydraulIc structures for flow regulatIOn and
measurement 2 Some typIcal technology examples of dIfferent 'schools are

•

•

•

•

the BntIsh school on the IndIan contment development of the regIme theory mduced

by sIlt-laden nvers, extenSIVe IrngatIOn to combat famme resultmg m dIvIsIOn of
scarcIty by proportIOnal outlets

the Dutch school the development of the RomIJn weIr meetmg the reqUIrements of

vested sugar mterests

the French school development of an automated system to dIstnbute scarce water m
dry areas (N-Afnca)

the Amencan school development of the Constant Head Onfice as a dlstnbutIOn
cum measurmg structure for large farms

lDunng the latter part of the colomal penod the French began to develop automatic float actuated water
level control systems m the MedIterranean area

2The need for flow control mIght possIbly be explamed by vested mterests of colomal powers to assure
water supply for export crops (l1ke the sugar cultivatIOn m IndoneSIa) by engmeenng perceptIOns on
effiCIenCIes and the urge to control narure as developed m the Industnal Revolution or by a combma
hon of both

3
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Whatever the underlymg objectIves and JustIfIcatIOn for these technologIes mIght have
been, they were developed to be consIstent wIth the phySIcal and SOCIOeconomIC envuonment
ThIS balanced development was made pOSSIble because plannmg, desIgn, constructIon, op
eratIOn, and mamtenance were concentrated m one mlmstry accountabIlIty was hIgh and a
dIrect feedback took place from operatIon to planmng and deSIgn As a result, technology
developed m balance WIth the management capabIlIty It should be noted that dunng that same
penod the agrIcultural deSIgn parameters (crop water reqUIrements) remamed largely based

on empmcal fIgures

1 2 Mid-Century Dlsruptwn

The IrrIgatIOn enVironment changed dramatically as a result of the Second World War, wars

of mdependence, and subsequent decolomzatIOn of a large number of countnes where Irnga

tIOn IS Important These events left many countnes WIth deterIorated lfflgatlon systems, a lack

of funds for operatIOn and mamtenance and a shortage of skIlled personnel Trammg faCIlI
tIes were scarce and, furthermore, tramed techmcal personnel were underpaId and often at

tracted by the emergmg pnvate sector, better salarIes and prospects of Jobs m towns mstead

of m rural areas
Moreover, urged by the need for mcreased food productIOn, many countrIes embarked

on large-scale expanSIOn of theu Irngable areas ThIS led to a demand for more and better

qualIfIed staff ThIS demand was often augmented by mcreasmg mterventIons m the lowest

levels of the IrngatIon systems (e g , Command Area Development Programmes m IndIa) All
these factors contrIbuted, and are still cOlltllbutmg to a SItuatIOn m whIch It IS extremely dIf

fIcult to establIsh a management mfrastructure manned by staff ~ufflclent m terms of techm

cal SkIll as well as of numbers
Generally, the hIgher the level of technology adopted, the hIgher the level of manage

ment capabIlIty needed to operate the system As we have seen, dUrIng the fIrst half of thIS
century, a balanced development of IrngatIOn technology took place, hand m hand WIth a
compatIble management capabIlIty ThIS IS sketched m the left part of fIgure 1 1 3

The dIsruptIOn dUrIng the mIddle of thIS century resulted m a kmk m the management
curve At that pomt two optIOns lay open (see fIgure 1 1) adapt the level of technology to the

level of management capabIlIty (arrow a), or mcrease the management capabIlIty to cope WIth

the gIVen technology (arrow b)
Clearly dUrIng the last 40 years the level of technology has been rIgIdly mallltamed In

spIte of all efforts, however, the level of management capabIlIty has seldom approached the

level of technology over the expanded Irngated area, leavlllg a perSIstent gap between the level

of technology and the level of management capabIlIty
In lIght of thIS, when consldenng the actiVIties of natIOnal, mternatIOnal and bIlateral

agenCIes m the fIeld of ungatlon development m the thIrd world dUrIng the last three to four

decades, It IS remarkable that technology has seldom been questIoned ActiVItIes have been

concentrated on new projects employmg the same technology, or on rehabIlItatIOn of old

projects that could better be deSCrIbed as 'restorIng the colomal systems, and on unsuccess

3See also Horst 1990
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FLgure 11 Technology and management capabzllty development (cf Horst 1990)

...-- Level of technology

...-- Level of management capability

Computer gUided

Automatic

Gradually adJustable
\ /b./

Open /' / \XClosed

/
./'

~ProportIOnal diVIsion

Flooding / Time

Pre colonial Colomal Post colomal

ful attempts to upgrade the management capabilIty to the level reqUIred for thiS technology
Also remarkable is the fact that untIl today irrIgatIOn research has contmued to focus mamly
on mcreased productIOn and water effiCiency Little has been done on questIOns ansmg from
a change from one agncultural and SOCial settIllg (colomal) to another (Illdependent), and the
impact of thiS change on deSign, management, and the SOCial and organizatIonal aspects of
IrngatIOn

Another problem arose wIth the rehabilItatIon of old projects and constructIOn of new
ones BIlateral and multIlateral donors and consultants came to the fore to assist III these de
velopment efforts Many donors stipulated that foreign consultants were to be Illvolved III the
planmng, desIgn, and superviSIOn of construction These consultants came from different parts
of the world WIth different IrngatIon technologies and tradItIOns Each of them was educated
and (if old enough) expenenced III one of the diStIllCt irrIgatIOn schools 4 OWIllg to the weak
positIOn of the natIOnal irrIgatIOn departments m terms of expenence III planmng and deSign
and the domIllant role of the donor agenCIes, the consultants were able to deCide on the tech
nology to be adopted, that is to 'sell' or impose theIr own technology In other words, the

4The Bntlsh Dutch French and the US schools remamed for many years the most Important m the
mternatIOnal Irngatlon development scene (cf Jones 1995) Furthermore, most of the IrngatIOn students
from developmg countnes were tramed overseas m one of these schools
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country of ongm of the consultant determmed the type of technology, and not the compat
IbIlIty wIth the local phySIcal and SOCIOeconomIC enVIronment 5

Furthermore, It should be noted that water dIVISIOn structures as 'mvented' m the fIrst
half of thIS century have hardly changed untIl now 6

In spIte of efforts to treat these structures unIversally (e g , FAO 1975, Bos ed 1978)
consultants from the four earlIer-mentIOned schools contmued to promote 'theIr' own tech
nology ThIS SItuatIon remamed unchanged for many years because there were only a few
mternatIonal donors and a few reputed consultmg firms In such a SItuatIon one could not
expect cntIcal VOIces from consultants Moreover, consultants were seldom confronted WIth
the operatIOnal problems of the schemes they deSIgned

Even m cases where technology was adopted where It came from (e g , the BntIsh m IndIa

or the Dutch m IndoneSIa), the management enVIronment had changed the centralIzed con
trol of water dlstnbutIon by stnct disciplIne made place for a more loose bureaucratIc man
agement system Also social (VIllage) structures changed, creatmg dIfferent relatIOnshIps be
tween the farmer and the lITIgatIon agency

Returnmg to the agncultural parameters of the deSign, It was only m the middle of thIS
century that SCIentIfIC research on SOlI-water plant relatIOnshIps started (mamly m the US)
ThIS productlOn-dnven research was based on the optImIZatIOn of yields and water use effi

CIenCieS and resulted m the abIlIty to determme crop water reqUirements WIth greater accu
racy at vanous growth stages and under dIfferent clImatIc and SOlI condItIons (see FAO 1977,
1979) ThIS development enabled deSIgners/planners to better assess reqUired canal capacI
tIes, Irngable areas, reqUired reserVOIr volumes, etc, on the baSIS of assumed croppmg pat
terns On the other hand, thiS more refmed determmatIon of crop water reqUirements led to
more refmed IrrIgatIon schedulIng and subsequently to complIcated operatIons and heavy
demand on the numbers and skills of personnel ThIS was augmented by the mtroductlOn of

hIgh yleldmg vanetIes (HYV) of crops requmng a stncter water management than tradItIonal
vanetles The mcreasmg knowledge of IrrIgatIOn agronomy also led to an mcreased dIchotomy
between agronomists and engmeers Where a good deSIgn should be based on a dialogue be

tween the two, thIS IS seldom the case Each IS focused on hIS or her own fIeld the plant at
plot level by the agronomist and the mam canal system by the engmeer Both assume, how
ever, that once the project IS completed, there wIll be suffiCIent tramed staff for operatIon and
mamtenance

5ThIS situation occured In many developing countnes Extreme examples are Nepal (Pradhan 1996)
IndoneSia (Horst 1996a) and Senegal (Scheer 1996) The PhilIppines IS an exception due to the domi
nance of the US In terms of development assistance after the 1960s Here the USBR (Umted States
Bureau of ReclamatIOn) standards were ngldly adhered to Also deSign standards In India remained
unaltered due to late donor Involvement

6Technology development mainly took place In automatIOn In recent decades further advances have
been made In automatic systems and today systems based on automatic and remote control computer
models advanced commumcatlOn systems mIcro processors etc are In use mainly m the Umted States
and France ThIS development of automatIc systems has drastically reduced the numbers of staff re
qUIred and at the same tIme has drastIcally mcreased the skill of the staff reqUired to operate and mam
tam these systems IntroductIOn of thiS technology III other countnes (e g IndoneSia Thailand) has
not been very successful
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Summanzmg, the dIsruptIOn m the mIddle of thIS century and the large-scale expansIOn

of Irngable area have caused persIstent shortages of capable staff IntroductIOn of technolo
gIes mcompatIble WIth the local envrronment, together wIth the tendency for more complI
cated operational procedures has led to even greater staffing problems

1 3 Problems and SolutlOns

As a result of the sItuatIOn outlIned above, IrngatIOn has been haunted for decades by a mul
tItude of problems low performance, low water use effiCienCIeS, conflIcts between farmers
and management, farmers mterfenng wIth operation, damagmg structures and makmg Ille
gal offtakes, and corruptIOn, etc

Before the end of the seventies, IrngatIOn was conSIdered a techmcal matter and there
fore techmcal solutions were proposed for example, Improved water applIcatIOn methods,
mcreasmg the densIty of the canal system (tertiary umt development), and techmcal trammg

of farmers, operators, and extensIOn workers
Dunng the last 20 years however, a growmg awareness has emerged that IrngatIOn should

not be looked at as a purely techmcal matter, but that human and mstItutIOnal aspects play at

least as large a role III the many problems encountered IrngatIOn was VIewed as a
multIdIscIplInary or mterdIsciplInary Issue,? leadmg to conSIderable research effort notably
by SOCIal sCIentists New research tOpICS were addressed such as processes of margmalIzatIOn
and dIfferentiation m rrngatIOn schemes, access to water m relatIOn to power structures, so
cIal mterfaces between farmers and management, mstItutIOnal aspects, corruptIOn m water
dIstnbutIOn practIces, and others The results of these actiVIties were Important m terms of
gammg a better understandmg of the complex and mterdiscIplmary nature of IrngatIOn 8

From thIS change of paradIgm from a techmcal to a multIdiscIplmary and mterdisciplI
nary approach emerged a focus on management whIch took shape by the establIshment of the
International IrngatIOn Management Institute (IIMI) m 1984 Much of IIMI's work compnsed
mstItutIOnal reforms, performance studIes, orgamzatIOn of farmers (water user groups) and
tralllmg, whIle m recent years the transfer of management to farmers came to the fore Most
of these actiVIties have one thmg m common a search for solutIOns by changmg or Improv
mg the management envzronment

In thIs search the IrngatIOn technology, the desIgn, and underlymg operational pnnciples
of IrngatlOn systems were often treated as a black box and rarely questIOned Seldom was the
lllterrelatlOn between technology and human and lllstItutlOnal aspects conSIdered 9

Not surpnslllgly few of the research results III themselves Important are reflected III

present day desIgn standards and manuals Indeed, III the meantime, desIgners contIllued to

71111S InterdISCIplInary nature of IrrIgatIOn has already been noted by Cornell UnIversity In the 1970s
typIfyIng IrrIgatIOn as a SOCIO technIcal UnIt (Barker Coward and LevIne 1984)

8These results however had little Impact on actual skewed power relationships where vested mterests
and political unwillingness prevent change

9Although an ASian RegIonal SympOSIUm was held m Sn Lanka In 1987 dealing With deSIgn manage
ment Issues perusal of the proceedIngs reveals very little on design Issues
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desIgn accordmg to standards often datmg back to decades If not to colomal tImes Further
more, desIgners are seldom confronted wIth the way m WhICh theIr desIgned systems are
workmg m realIty ThIS IS because proper momtonng has rarely been carned out and deSIgn
ers have left the country (foreIgn consultants) or have been transferred Many of them work
WIth one-sIded deSIgn standards WIth lIttle relevance to the operatIOnal realIty Not unexpect
edly recent studIes (IIMI 1989, Burns 1993 Plusquellec, Burt, and Wolter 1994) reveal the
dIscrepancy between deSIgn assumptIOns and operatIOnal realIty, espeCIally for the wIdely used
manually or mechamcally regulated systems

Here It IS argued that the focus on management and at the same tIme the neglect of atten
tIOn to deSIgn Issues WIll not reduce thIS dIscrepancy On the contrary, It IS surmIsed that thIS

leads to cosmetIc surgery as long as the mgramed deSIgn practIces and the deSIgn-manage

ment relatIonshIp are left untouched 10 Furthermore, It WIll probably not fIll the gap between

technology levels and management capabIhtIes as dIscussed m the prevIOus sectIOn 11

lODunng the last decade two exceptions to the neglect of deSIgn Issues have been observed In the fust
place the concept of structured ungatIOn was Introduced In IndIa by the World Bank funded NatIOnal
Water Management Plan (cf World Bank 1986 Shanan 1992) ThIS concept InspIred by the IrrIgatIOn
technology used In the Punjab contaInS drastic SImplIfIcatIOns when compared WIth usual deSIgns A
second development has been the IncreasIng pressure to search for solutIOns In terms of modermzatIOn
and automatIOn Both concepts relInqUIsh the manually adjustable systems and try to find solutIOns by
techmcal measures Both of them WIll be dealt WIth In later chapters

llMuch of the SItuatIOn sketched In thIS sectIOn can be explaIned by what Chambers calls normal pro
fessIOnalism (Normal profeSSIOnalism IS the thinking, values methods and behaVIOur dominant In a
profeSSIOn Chambers 1988, p 68) Iromcally where the monodiscIplmary techmcal approach by engi
neers was (nghtly) cntIcized some 20 years ago the same profeSSIOnal biases In the SOCIal SCIences
came to the fore afterwards



CHAPTER 2

DELINEATION OF THE CONTENTS

2 1 Pomts of Departure

Clearly, from the prevIOus chapter It appears there IS a need for reconsidenng desIgn of un
gatIon systems m terms of cntena and assumptIons These cntena and assumptions should
not only compnse agronomIc, hydraulIc, and CIVl1 engmeenng parameters but also operatIOnal
ones the human and mstItutIOnal aspects In thIS book It IS endeavored to reVIew conventIOnal
cntena and assumptIOns for system desIgn and to analyze them m the lIght of operatIOnal
use To thIs end, the followmg pomts of departure are proposed

•

•

•

An IrngatIOn system IS not a black box, but determmes by ItS desIgn (physIcal shape

and operatIOnal reqUIrements) the mstItutIOnal and human modalIties for use

An IrngatIon system therefore should not only be desIgned on the baSIS of agronomIc,

hydraulIc, and CIvl1 engmeenng cntena but also on human and mstItutIonal ones

DesIgn should not be a pnon 'modern' but should reflect the local SItuatIOn

By broademng the conventIOnal cntena and assumptIOns wIth operatIOnal aspects, sev
eral questIOns emerge

•

•

•

•

•

•

•

What are the staff reqUIrements for a certam type of system m terms of numbers and

skills?

Are these reqUIrements realIstIc, gIVen the local SItuatIOn?

How transparent IS the system for farmers to understand the way water IS dIVIded?

Are the operatIOnal procedures needed for that type of technology transparent?

Is the system hydraulIcally stable m order to ease operatIOn?

Are measurements reqUIred?

Does the system render eqUItable dIstnbutIon of water?

9
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• Are the structures easy to tamper wIth and do they gIve opportumtIes for corruptIOn?

These and other questIOns wIll feature In the folloWIng chapters

2 2 The Focus on Water D1Vlswn Technology

The techmcal Infrastructure of an IrrIgatIon scheme compnses a large number of cIvIl engI
neenng works rangIng from the actual IrrIgatIOn and draInage systems to roads, bndges, buIld
Ings, etc Of all these works the IrrIgation system forms the crux of the scheme the system
of canals and structures to convey, regulate, and dIvide the water and to delIver It to the users

Such a system can be divided Into two parts (see figure 2 1)

•

•

A conveyance part compnsIng canals and fIxed structures such as drops, culverts,

and escapes If well-desIgned, constructed, and -maIntaIned, these works wIll con
vey the water as planned They generally do not need to be operated

An operatzonal part those pOInts In the system where the water IS dIvIded, regulated,

and measured, Ie, the water divIsIOn structures

These water dlvislOn structures form the cruCial component of the ungatIOn system Theu
type and charactenstlcs largely determIne the operabIlIty and subsequently the manageabIlIty
of the system These structures may be sImple or complIcated to handle, they may be more or
less sophIsticated, they may be fragIle or sturdy, they may be flexIble or ngId, they may be
user-fnendly or user Incompatible Furthermore, theIr type and charactenstIcs largely deter
mIne whether centralIzed management IS necessary or whether decentralized management and

Flgure 2 1 System components

::: ::; ;,:d! Conveyance component

o DIVISion component
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farmers' participatIOn are possible The operatIOn and mamtenance of these structures account
for a very large part of the total management mput of a project 12

Furthermore, water divisIOn has a double connotatIOn a phySical as well as a human one

The phySical connotatIOn is based on flows e'ipressed m 1/s related to irrIgated areas, crop
pmg calendars, and crop water reqUirement The second connotatIOn relates to farmers' per
ceptIOns on how water, as a scarce resource, is allocated and distnbuted Water dIViSIOn struc
tures are, therefore, pOints of mterface where conflIcts of mterest between farmers and man
agement and between (groups of) farmers may take place These structures, therefore, form
the core of many of the problems encountered m irrIgatIOn

2 3 Lzmzfatwns

The contents of thiS book mamly concern the Issue of deSign cntena and assumptIOns for
agency-managed, smallholder, open canal, graVity IrrIgatIOn systems ThiS category of sys
terns excludes the typical flat deltaIC coastal areas that reqUire a dIfferent approach honzon
tal canals combmmg IrrIgation and dramage, IrrIgatIOn by pumpmg, etc, (d Bums 1993, Jones

1995)
Details on constructIOn and mechamcs are not covered Important as they are, they hardly

mfluence the chOice of structures Also the issue of mamtenance is not pursued speCifically
Dramage systems are not dealt With They are rrnphcitly assumed to be mcorporated m

scheme deSIgn They do not need much operatIOn and rarely contnbute to conflIcts between
farmers and management

2 4 Structure of the Book

Mter thIS mtroductlon the te'it is structured mto the followmg parts

PART n THE PHYSICAL SYSTEM

ThIS part deals WIth the baSIC pnnciples of Irngatlon systems and water dIVISIOn structures
Chapter 3 descnbes dIfferent types of systems, theIr boundary condItIOns, layout and compo
nents Chapter 4 presents the most commonly used types of water dIVISIOn structures WIth
theIr hydraulIc and operatIOnal charactent>tlcs

J?Consequently the questIOn How can a system best be managed? IS dIrectly related to the phySical/
techmcal IrrIgatIOn system It IS the planners and deSigners who determme thiS IrrIgatIOn system Hence
their chOIce of technology and deSIgn largely determmes the management optIOns
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PART III DESIGN AND PRACTICE

An Important parameter m system desIgn IS the Water DelIvery Schedule (WDS) or the way
water IS delIvered to the tertIary umt (smallest subumt In a scheme l3 , see SectIOn 32) Con
ventIOnally thIS WDS IS denved from a number of desIgn chOIces and assumptIons both at
fIeld level (croppmg calendar fIeld IrngatIOn methods, farm delIvery methods) and at system
level (types of allocatIon and delIvery) DIfferent desIgn chOIces and assumptIons lead to dIf
ferent WDSs (chapter 5) Each WDS has ItS own matchIng type of system m terms of water

dlVlsIOn structures (chapter 6)
When analyzIng the dIfferent types of systems In the lIght of operatIOnal consequences

(chapter 7), the shortcomIngs of the conventIOnal desIgn method are made explIcIt These of

ten lay m the omISSIOn of human and mstItutIonal factors The resultmg dIscrepancIes be

tween desIgn assumptIOns and operatIonal realIty are Illustrated m chapter 8 ConclUSIOns are

drawn m chapter 9

PART IV OPTIONS FOR CHANGE

On the baSIS of the analyses of Part III, possIble optIons for change (changes In desIgn pro

cess, management and technology) are dIscussed m chapter 10 One of the optIOns "sImplIfI
catIOn of water delIvery" IS further InvestIgated m chapter 11 and another "mtermedlate res

erVOIrs" m chapter 12 FInally some concludmg remarks and afterthoughts are presented In

chapter 13

13Although In some countnes (e g IndoneSIa) quartenary umts are m use they have httle bearmg on
the pnnclples of the WDS and Will not be dealt With further



PART II

The PhysIcal System

Thls part conslsts of an mtroductwn to the physlcal features of
the book's mam subject The lrngatwn system (chapter 3) and
ltS water dlvlswn sh uctwes (chaptel 4) These two chapters are
mcluded for the sake of completeness They may be sklpped by
readers conversant wzth the subject



CHAPTER 3

IRRIGATION SYSTEMS

31 IntroductlOn

An IrngatIOn system mIght be defmed as the physIcal mfrastructure needed to capture, trans

port, and dlstnbute water to (groups of) farms Any Irngatlon system IS conceIved wlthm lo
cal physIcal and orgamzatIonal boundary condItIons and IS, therefore, sItuatIOn-specIfIc Nev

ertheless, general observatIOns can be made on dIfferent types of systems as presented m the

followmg sectIOns

3 2 Types of Systems

IrngatIon systems need to be looked at from physIcal, operatIOnal, and orgamzatIOnal pomts
of VIew 14

The physlcal shape of an IrngatIOn system often depends on topography, avaIlabIlIty of
water and sUItable SOlIs, as well as on project objectIves (e g, mtenslVe or extensIve Irnga

tIon) The canal system can be m the form of closed condUIts (pIpes below or above ground
surface), elevated flumes or earthen lIned or unlIned canals ThIS book deals mamly WIth open
canal systems, representmg large parts of the smallholder Irngated areas m the world

From an operatwnal pomt of VIew, flows m canals can eIther be mtermlttent or contmu

ous When rotatIOn between canals IS practIced the flows are often eIther Full Supply or zero
In other cases, flows are regulated to accommodate varymg demands Clearly, a WIde range
of chOIces IS aVailable to the deSIgner, each of them havmg consequences on the reqUIred tech
nology the operabIlIty, and the way m whIch farmers wIll receIve theIr water

Each IrngatIOn system reqUIres some form of orgamzatlOn to allocate and dIstnbute the
water and to perform the necessary mamtenance The orgamzatIOn can be centralIZed or de
centralIZed, agency- or farmer-managed or some hybnd form (e g , Jomt management) An
other claSSIficatIOn IS (cf Huppert 1989)

• agency-managed-dlctated water IS delIvered accordmg to reqUIrements as deter

mmed by an IrngatIOn agency

140ther typologIes such as upstream and downstream control systems, structured and unstructured sys
terns and fleXIble and mflexible systems WIll be dIscussed later

Previous Page BlaDI~
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•

•

agency-managed-as a serVIce water IS delIvered by the agency accordmg to farm

ers' wIshes

farmer-managed

In terms of management of water, the system can be dIVIded mto

•

•

major system mam and secondary canals up to the tertiary offtake

mmor system or tertIary umt (furS served by the major system through the tertiary

offtake

Usually, the water m the mmor system IS handled by the farmers and m the major system

by the agency Agam the type of orgamzatIon should be compatIble WIth the technology of

the system ItS layout, ItS water dIVISIOn structures, and ItS operatIOn

33 Layout

A canal system can be laId out followmg two dIfferent prIncIples

•

•

bifurcatmg systems

hIerarchIcal systems

In a bifurcating system the water IS dIVIded among two or three large groups of farmers,

subdIVided agam mto two to three smaller groups etc (see fIgure 3 1)

Figure 3 1 Bifurcating system

1Spor smallholder IrrIgatIOn the tertIary Ulllt (sometimes called mmor Ulllt service Ulllt, or chak) IS the
smallest Ulllt m the system comprIsmg several farmers who are supposed to diVIde the tertiary flow
among themselves ThiS IS contrary to large holder IrrIgatIon as for example III the U S where the farms
are mdlvldually connected to the mam system
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ThIS layout IS often followed m tradItional IrngatIOn, where the water IS dIvIded m fIxed
proportIOns At each bIfurcation pomt the groups served by the dIvIded flows have equal
10catIOnai posItions A top-taIl end dIfferentiatIOn hardly eXIsts

The hlerarchlcal system IS mostly adopted m modern lfngatIOn projects The water IS
dIstnbuted to large (secondary) blocks, and subdIvIded mto smaller (tertiary) umts (see fIg
ure32)

Such a compact layout generally results m lower costs per hectare due to shorter lengths
of lfngatIOn and dramage canals and roads per umt Irngated area On the other hand, the large
number of offtakes (e g , along a secondary canal there may be often 10-20 tertiary offtakes),
and the large dIstances between top- and taIl-end umts may lead to dIstnbutIOn problems The
10catIonai unequal posItion of these umts may render unequal access to water

Fmally, It should be noted that the desIgner has a large degree of freedom to trace the
canals somewhere between the two extremes of a plate of spaghettI" by exactly followmg
the contour hnes and "chequers" followmg a gnd system

FlgUle 32 Hlerarchlcal system

Main canal

Secondary
canal

~

Tertiary
canal

34 Falmers'Dependency on the System

In contrast wIth other mfrastructure systems, IrngatIOn IS charactenzed by the strong depen
dency of the user on the system Users of most mfrastructure such as dramage, roads, water
supply, electncity systems, etc, can make use of the system whenever they hke In most cases,
the IrngatIOn user, however, IS dependent on the IrngatIon system m regard to tImmg and
quantity 16

16AgaIn contrary to other Infrastructure systems the dependency on lrngatIOn water constItutes often a
matter of sheer SurVIval Furthermore, In many parts of the world farmers are pressured to grow certaIn
crops In other words, they are not free to use the water as they WIsh
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This dependency occurs at two levels resultmg from subdividIng the irrIgatIOn system
Into mInor and major systems

In the mmor system (tertiary Ulllt), the group of farmers orgalllzes the water distnbutIOn
among themselves Here the mdividual farmer is dependent on the Internal orgalllzatIOn of
water divisIOn and his relatIOnship with the other farmers withIn the tertiary Ulllt (see fig
ure 3 3) Power structures and collusIOn mIght Influence accesslblhty to water

Flgure 3 3 Dependency wlthzn the mznor system

~

On the other hand, the group of farmers as a whole, wlthm the tertiary Ulllt, is dependent
on the operatIOn of the major system-that part of the system supplyIng the water to the ter
tiary UllltS (see figure 3 4) Access to water might be mfluenced by the locatIOn of the Ulllt m
the system (top tal! end) and also by pohtlcal connectIOns (cf Molhnga forthcommg, Van der
Zaag 1992 a)

Flgure 3 4 DependenC} on the maJm system



CHAPTER 4

WATER DIVISION STRUCTURES

41 Introductwn

In thIS chapter, the most common types of water dIvIsIon structures are dIscussed m terms of
general hydrauhc charactenstIcs and operatIonal ImplIcatIOns For detaIls on hydrauhcs and
constructIOn the reader IS referred to handbooks and desIgn manuals (cf Bos ed 1978, FAO
1975)

42 Types of Bifurcations

BIfurcatIOns could, m pnnciple, be dIvIded mto

•

•

DlVlSlOn Bifurcatmg canals wIth capacIties of the same order of magmtude and the

same functIOn ill the system (e g , lateral canals bifurcatmg mto two sub-laterals, figure
41)

Offtakes Smaller, lower-order canals branchmg off from larger ones Here the func

tIon of the offtakmg canal dIffers from the ongomg one (fIgure 4 2)

Flgure 4 1 DlVlslOn

19
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Flgure 4 2 Offtake

At the pomt of bifurcatIOn the divIsIOn of water IS realized by hydraulic structures In

case of a free offtake (see figure 43), the flow through the offtake structure will change with

different water levels m the parent canal As Will be discussed later m this chapter, the rate of
change depends on the shape of the offtake structure

Flgure 43 F,ee offtake

---t~~ Offtake structure

A free offtake IS usually only acceptable when the upstream water level remams con
stant (For mstance, III the Punjab systems III North India and PakIstan where the flow m the

distrIbutary canals IS eIther Full Supply or zero - see Section 63)

WIth changmg flows and subsequently changmg water levels m the parent canal, there IS

often a need for water level control m order to create suffIcIent head for the offtake structure
and to aVOid frequent resettmg of the offtake gate ThIS control can be achIeved by a check

structure or cross regulator m the parent canal (figure 44)

To reduce costs for the relatively expensive check structures, the solution of clustered
offtakes mIght be adopted (see fIgure 4 5)
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Flgwe 44 ContlOlled offtake

Control structure
~

.I

• Offtake structure

Flgure 45 Clustered offtakes

Irr?-=::J~~- ...==:::::;======~l======

43 Types of Structw es

A hydraulIc structure at a bIfurcatIon POInt In an IrngatIOn system can be used for one or
more of the follOWIng purposes

•

•

•

•

flow regulatIOn

controllIng upstream water levels

controllIng downstream water levels

measunng flows
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As wIll be dIscussed m the followmg, the sUItabIlity to meet these purposes depends on
the hydrauhc propertIes of these structures

A structure can further be claSSIfIed by dIfferent boundary condItiOns III terms of upstream
and downstream water levels

•

•

•

Modular changes III eIther upstream or downstream water levels do not affect the

flow rate In theory thIS SItuatiOn cannot eXIst In practIce, however, structures have
been developed approxImatmg a modular flow wIthm a hmIted range of upstream
water levels e g , stepwIse dIstnbutors such as the "Module a Masque" by NeyrpIc,
France, and the vanous types of modular outlets, developed m IndIa

Seml-modular the flow IS affected only by the upstream water level

Non modular the flow IS affected by both upstream and downstream water levels

Modular structures reqUIre no water level measurements TheIr dIscharges are determIned
by the shape of the structure The dIscharges of semI-modular structures can be obtaIned by
measunng the upstream water level Non-modular structures reqUIre measurements of both
upstream and downstream water levels In general, therefore, preference should be gIVen to
modular or semI modular structures 17 Moreover, downstream users can mampulate the flow
In case of a non-modular structure

Hydraulic structures mIght also be dIVIded Into (see fIgure 46)

• overflow structures

• undershot structures

Flgure 4 6 Overflow and undershot structures (h =head)

Undershot
non modular

Overflow
semi-modular

h

--~

17In many handbooks structures are dIVIded mto eIther modular or non modular reflectmg whether the
flow at the control sectIon IS crItical or not Here the Indlan-Paklstam claSSIficatIOn (modular semI
modular and non modular) IS followed because It better reflects the need for water level measurements
whIch constItute an Important part of the operatIOn
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Ovelflow structures

Overflow structures are normally used under semI-modular condItIons The general formula
IS

Q = chIS where Q = flow
c = constant
h = head

In tables 4 lA and B the most common types of overflow structures are presented wIth
then modular hmlts,18 sedIment passmg capacItIes, and apphcatlOn

Table 41A FIXed overflow struetwes (ef Bos ed 1978)

Type of structure Modular hmlt SedIment passrng ApphcatIon
capaCIty

Aum,~
05 08 Good Measurements

Broad crested weIr 04 095 Fair Water level control +

~
Measurements

StoPI0",~
04 095 Poor Water level control

~'kb"~
04 095 Poor Water level control

Sharp crested weIr Head Very poor Measurements

~
h + 005 m

~

'SA structure operates at Its modular hmlt, If the submergence ratIo IS such that the dIscharge IS Just on
the verge of bemg reduced because of the tall water level The submergence ratio can be expressed as
H,/H, where Hz IS the total downstream energy head over crest and H, IS the total upstream energy
head over crest (Bos ed 1978)
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Table 4 IB Adjustable overflow struetules (movable wellS ref Bos ed 1978])

Type of structure Modular
lImit

Roml]n weir 0 3

~

Sediment passmg
capacity

Dependmg on movable or fixed
undershot gate

ApplIcatIOn

Flow regulatIOn
+ Measurements

BU'Ch~
07 do do

Compared with flumes, the weIr type structure often has structural advantages (more
compact simpler constructIOn, cheaper) In case of sllt-carrymg water, however, flumes have
the advantage of higher Silt carrymg capacities Rectangular weirs could be broad, short, or
sharp crested The advantage of broad crested weIrS (and flumes) IS theIr small head loss (see
figure 47)

FlgUle 4 7 BlOad and sharp crested wellS

Ih tz

f'JJJJh)JJ""JJh)JJJmJJ1
JJJJl5JJ5S555JJ)Jjj;;;;;;;))J5J)J, ~j))""A;;"";;;"";;;"";;;"""'''''5m''''''''''',"'''';;;'''';;;;''''55J''''A5''J

II--L -----I
Broad crested weir

Q

'liFlh tz

----l:....':
* Depending on ratio h/L

See Bas 1978
Sharp crested weir

Q
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Undershot structures

These types of structure are generally used ill semI-modular as well as non-modular condI
tIons The onfice can be cIrcular or rectangular and fIXed as well as adjustable (gated) The
general formula IS

Q =c hO S where, Q =flow
c = constant
h = head

In tables 4 2 A, and B, and figure 4 8, the most common undershot structures as used 1ll

lfngatlOn are presented

Table 42A FIXed undershot structures (cf Bos ed 1978)

Type of structure

FIXed outlet

StepWise dIstnbutor

~

Modular
lImIt

Vanable

06

SedIment-passmg
capacIty

Good

FaIT

ApplIcatIOn

Modular flow withm lImIted
range of upstream head
(e g see Mahbub
and Gulhati 1951)

Flow regulatIOn +
Measurements
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Table 42B Adjustable undershot structures (ef Bos ed 1978)

Type of structure Modular Sediment passmg ApplicatIOn
limit capacity

Gated offtake Vanable Poor Flow regulatIOn

~
Radial gate Vanable Very good Flow regulatIOn or

~
water level control

Constant Head Onfice Very good Poor Flow regulation +
Measurements

~

Flgule 48 Automatlc undershot structures

\\\\\\\\\\\1\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

/
~ IJ
-+\~
\\\\\\\1\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\1\\\\\\

Automatic upstream water level control

Automatic downstream water level control
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44 Sensltlvlty and Hydraulzc Flexlbllzty

Two Important hydraulIc concepts explaIn the operatIOnal ImplIcatIons of selectIng a certaIn
type of structure the Sensltlwty Sand Hydl aullc Flexlblllty F 19

SenSltlVlty S

The dIscharge through a structure IS dIrectly related to the upstream head In case of semI
modular flow condItIons and wIth the head loss m case of non-modular condItIOns ThIS can
generally be expressed as

The SensItIvIty S of a structure depends on the power u and the head h It IS commonly
expressed as the fractIOnal change of dIscharge caused by the umt rIse of the upstream head ?O

s ~Q

Q

(~) ~h
Q

or wIth Q = c hu

s u ~h
h

ThIS formula can also be used for canals The ratmg curve (stage-dIscharge relatIOnshIp)
for a canal may be expressed as Q = c hU

, where the power u IS dependent on the shape of the
canal In practIce, u can be taken between 1 6 and 1 8

SummarIZIng, the most common values for u are

Overflow structures
Undershot structures
Canals

u=15
u = 05
u=16 18

19These concepts were developed m Northern IndIa (Punjab) m the begmmng of thIS century (see for
example Mahbub and GulhatI 1951) Remarkably these concepts have m recent years been largely for
gotten and are hardly found m current textbooks They are presented here because they prove a power
ful tool to understand system operatIOnal charactenstIcs

?OSensItIvIty can also be related to other IndIcators (such as flow area conveyance, gate settmg etc)
See Renault and Hemakumara (forthcomIng) It WIll not be further dealt WIth here
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The water level fluctuatIOn Ah caused by a change of flow AQ, can also be expressed as

h ~Q
~h = -

u Q

From this formula the implIcatIOns of the chOIce of structure become clear Take for ex
ample an undershot (u =0 5) and an overflow structure (u =1 5) as m figure 49 When Q,
AQ, and h are the same value for each structure, Ah is three times larger for an undershot
than for an overflow structure

Sensitivity reqUirements depend on the purpose of the structure

•

•

•

To mInImiZe upstream head fluctuations, the SensItIvity should be hIgh In other

words, the structure should have the highest possIble factor u/h

u large weIr or flume (u = 1 5)
h small weir With long crest (e g, duck bill weIr)

To mInImiZe fluctuatIOns of dIscharge through _the structure, caused by varyIng up

stream water levels In thIS case, the factor u/h should be as small as possIble (un
dershot type u =0 5 and h as large as possIble, entrance as narrow as possIble)

To measure discharges Here also the SenSitivIty should be small (small vanation In

Q should result III a relatively large vanation III h to enable accurate readlllg)

From the above It becomes clear that the combmation for more than one purpose In one
structure cannot always be reconcIled

In the above, the reqUirements for SenSItivities for dIfferent purposes are mdicated from
a hydraulic pomt of View In practice, other reqUirements (e g , operatIOn or head losses) could
lead to the selectIOn of a different type of structure

Flgwe 49 DIfferent watel-level fluctuatIOns of dzfferent structures

h

h

A

B
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Hydrauhc Flexlblhty pI

The flow at a bIfurcatIon wlll be dlVlded by a certam ratlO Changes m oncommg flows wlll

result m changes m the water level at the bifurcatlOn The relative change m dIstnbutIon wlll

depend on the hydrauhc propertIes of the structures ThIS can be defmed by the Hydrauhc

FlexIblllty F
The Hydrauhc FlexIbllIty IS an Important tool to visuahze generatlOns of flow changes

through a system It IS expressed as the ratlO between the relatIve change of offtake flow and
the relatIve change of the ongOIng flow (or the ratIo between the SenSItIvItIes of offtakmg
and ongomg structures SiS.) (see figure 410)

The HydraulIc FleXIbIlIty can be expressed as

Uo ~h

F So ho = uo hs
-

Ss Us
~h Us ho

hs

where,

u = power u of Q = c h"
h = head
0= offtake

s = supply (ongomg) flow
S = SenSItIvIty
(cf Bos ed 1978)

The consequences of HydraulIc FleXIbIlIty on the hydraulIc behaVIor of the system WIll
be further dIscussed m SectlOn 7 2

Flgure 4 10 Bzfurcatwn

-+0
s

I I

I+~
o

?10ften the term flexzbzlzty IS used Here Hydraulzc Flexzbzlzty IS used as different from operatwnal flex
zbzlzty See SectIOn 7 3
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4 5 Measurement Structures

In most IrrIgatIOn schemes, the quantItIes of flows through the vanous parts of the system
should be determmed ThIS IS generally done at bIfurcation pomts 22

Two types of measurement structures can be dIscerned (see also tables 4 1A and Band
42A and B)

•

•

Flow regulatIOn and measurement combmed m one structure Constant Read Onfice

(CRO), movable weu, modular dlstnbutor

SpeCIal measurement structures placed behmd a bIfurcatIOn structure flumes, broad

and sharp-crested weus

Apart from the modular structures, water-level readmgs and cahbratIOn graphs or tables
are needed to determme the flow rates WIth the exception of the CRO all structures should
function m a semI-modular way Bos ed (1978) gIves theIr hmlt of apphcatIon

4 6 Operatzonal Charactenstlcs

From an operatIOnal pomt of VIew fIve types of structures can be dlstmgmshed In sequence
of SOphlstIcatlOn, they are

•

•

•

•

•

FIXed (fIxed weus and onflces)

The flow passmg through depends on the shape of the opemng and water levels up
stream (and downstream when non-modular) of the structure These structures are
often used m systems wIth proportIOnal fixed dlstnbutlOn of water No adjustments
are pOSSIble

On-Off (shutter gates)

The structure IS normally eqmpped WIth a gate whIch could eIther be m the open or
closed posItion

StepWIse Adjustable (stoplogs and stepWIse dlstnbutors)

The flow IS regulated m steps

Gradually Adjustable (gated undershot structures and movable weIrs)

The flow can be regulated by changmg the opemng eIther by hand or mechanIcally

AutomatIc (automatIc upstream and downstream water-level control structures)

Most of these structures react by floats, on changmg water levels

2In some systems cahbrated canal sectIOns are used for measurement The cahbratlOn however IS of
ten dIsrupted by sIltatIOn and weed growth ThIS method wIll not be further conSIdered here
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Flgure 411 Opewtwnal eharaetenstles (ef HOlst 1990)

Technology

Fixed

Number
of

staff

Skill
of

staff

On - Off

Stepwise adjustable

Gradually adJustable

Automatic

Clearly, the type of structure determmes the operabIlIty (easy or drffi.cult operatIOn) and
the reqUIred number and skIll of staff The fust four types reqUIre mcreasmg numbers of op
eratmg staff, whIle the last type needs fewer, but more hIghly skIlled staff (see fIgure 4 11)
These aspects wIll be further dIscussed In Section 7 3



PART III

Design and PractIce

The way m whlch watel lS dellVered at the tertlary unlt-the
Water Debvery Schedule (WDS)-mlght be consIdered the core
of the desIgn of lrrzgatwn systems The WDS lS derzved from
a number of chOlces and assumptzons both at field and system
level and It determmes the type of system and the mode of
operatwn The conventwnal way of denvzng the WDS lS
presented zn chaptel 5 Varwus posslble types of delLVery
systems, each of them wlth zts own type of structwes, lS
revIewed m chapter 6 In chapter 7 these '}ystems are analyzed
zn terms of operatzonal consequences In thls chapter the
shortcommgs of the conventwnal chOlces and assumptwns wIll
be laId bme These shortcomzngs result zn dIscrepancIes
between the desIgn assumptwns and the opewtzonal realzty as
sketched zn chapter 8 Fznally, conclusLOns me drawn zn
chapter 9

'revious Paae Dlanl,::



CHAPTER 5

WATER DELIVERY SCHEDULES-DESIGN CHOICES AND
ASSUMPTIONS

51 Introductwn

The fust step m the desIgn of an rrngatIOn system IS the dehneatIOn of the area to be ungated
and a tentative layout of the canals The area to be ungated depends pnmanly on ungable
sOlIs and avaIlable water withm the context of project objectives and aVailable fmancwl re
sources The layout IS mamly determmed by the topography of the area Once the (prehmI
nary) layout of an ungatIOn system has been defmed, two Important desIgn questions remam

•

•

What capacIties are needed for the vanous canal sectIOns?

What type of structures should be adopted to dIVIde the water to the vanous parts of

the system?

Both these questions are to be answered by determmmg how, In what quantities, and what
time the water has to be dehvered at the tertiary umt For that purpose the Water Dehvery
Schedule23 IS determmed, WhIch should be consIdered as the agenda for the reqUired water
dehvery In the follOWIng sections the normal method of determmmg the Water Dehvery Sched
ule IS dIscussed

52 The Water Delzvery Schedule

The conventional denvatIOn of the Water DelIvery Schedule IS schematically presented m figure
5 1 m WhICh the varIOUS boundary condItIOns, desIgn chOIces and assumptIOns, and theu de
nvatIves are presented as a flow chart The upper sectIOn of the chart represents the desIgn
decIsIons at farm level They are, logIcally, concerned mostly wIth the agronomIc and agro
hydrologICal aspects of ungatIOn at field level The lower section of the chart deals WIth de-

..3DIstmctIOn should be made between lrngatwn schedulzng concernmg supply to the plant and water
dellvery schedulmg concermng supply to farmer~r tertIary umts (see FAO 1996) Here a further dIS
tmctIOn IS made between water dellvery schedulzng concermng demand and supply assumptIOns durmg
the deSIgn phase and operatwnal plan needed for the management to dIstnbute the water to farmers
and tertiary umts
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sIgn chOIces at system level These are pnmanly related to technologIcal and operatIOnal
questIOns Matchlllg the two sectIOns wIll result m the Water DelIvery Schedule 24

In the followlllg sectIOns the flow chart of (fIgure 5 1) WIll be dIscussed by focusmg on
those pomts where desIgn decIsIOns (chOIces and assumptIons) have to be made

Croppmg Calendar

Most IrrIgatIOn projects are based on an assumed croppmg calendar Crop chOIces are, m the
fIrst mstance, denved from the SUItabIlIty of soIls and the avaIlabIlIty of water and clImatIc

condItIons EconomIC and polItIcal conSIderatIOns, however, often play a cruCial role 1ll the
final decIsIOns natIOnal self-suffIcIency m food crops or promotIon of growmg export-earn
mg crops mIght be decIsIve factors In these cases, a standard calendar for all farmers IS often
adopted For example, the Mwea IrrIgatIOn project m Kenya and the GezIra project m the Sudan
were developed for compulsory mono-crop growmg (for nce and cotton, respectively)

In cases where, for part of the year, water supply falls below the water demand for unre
stncted croppmg, two approaches are pOSSIble

RestrtctLOn~ on crops

RestnctIOns are Issued on growmg speCIfIC crops (mcludmg fallow) dunng the dry
season, to match the IrngatIOn reqUirements wIth the avaIlable water

RestlzctLOns on watel

Another pOSSIbIlIty to solve thIS problem IS to desIgn IrrIgatIOn systems whIch dl
VIde the water shortage equally among the farmers or groups of farmers

The consequences of these two restnctIOns on the Water DelIvery Schedule wIll be fur
ther dIscussed m SectIOn 5 4

Once the Cropplllg calendar IS establIshed, the IrngatIOn reqUIrements can be determmed
by worklOg out thIS calendar WIth fIgures for the potential evapotranspIratIOn and effectIve
raillfall

Potentzal EvapotlanspzratLOn (Ep)

Although many efforts have been made to arnve at global standards (e g, see FAa 1977, 1979,
Jensen ed 1983), there stIll remam dIfferent methods for eStImatlllg potential evapotranspIra
tIon (Ep) The dIfference between the methods can be substantIal (cf Campbell 1995)

24In many designs the Water DelIvery Schedule does not exactly feature as III tlus chapter The prill
clples of chOices and assumpllons however remalll basically the same
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Flgure 5 1 Conventwnal dellvatwn of the water dehvery schedule

Climate

.. Possible farm deliveries
(flow rates

Intervals delivery times)

Topography

·lrngatlOn methods
l! (furrow basin etc)
.,

....I

E
If

l! .. Types of allocation
~ (supply or demand dnven)
E'---------,---------'.,
'l;;iti r:.,--------'------.,
c Types of scheduling
iii (proportional central responsive)
:!E

• Types of delivery at tert offtake
(continuous intermittent)

Fig 53

The flowchart should be read
from the top downwards

Mainly derived from

DesIgn chOices and
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Boundary conditIOn or
deriVatIon from design chOice

Water Delivery Schedule

-
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Effectlve Ramfall

EffectIve ramfallis based on an analysIs of prevIOus ramfall records An assessment IS made
of that part of the ramfall whIch mIght be expected to be stored m the root zone That part
wIll then be deducted from the crop water reqUIrements to arnve at the IrngatIOn reqUIre
ments In practIce, the assessment vanes wIdely from country to country and from deSIgner
to deSIgner (see SectIOn 53)

The Irngatwn Method

A chOIce has to be made on the method by WhICh the water wIll be delIvered to the plant

The IrrIgatIOn method IS very dependent on the mfIltratIon rate and topography (slopes, the
need for levelIng, eroSIOn hazard, etc), and also on the type of crops (row crops, nce or oth
erwIse) Furthermore, SOCIOeconomIC reasons lIke labor avaIlabIlIty, playa role'5 The chOIce
IS to be made between surface IrngatIOn (furrow, border or basm), spnnkler, or dnp IrrIga
tIon (The last two methods Imply a dIfferent technology from the surface methods requIrIng
pIpes, tubes, pressure IrrIgatIon, etc, and are not further consIdered here)

Posslble Farm DellVery

The chosen IrngatIon method together WIth the IrrIgatIOn reqUIrements and the soIl and plant
charactenstIcs 'ReadIly AvaIlable MOIsture' and 'Root depth' determme the possIbIlItIes for
water delIvery to farms The delIvery can eIther be contmuous or mtermittent Contmuous
delIvery IS only practIcal for large farms or for plot to plot IrngatIOn for nce cultIvatIOn In

general however, mdlVldual contmuous delIvery to small farms wIll result m flows too small
to handle and WIll be subject to large percolatIOn losses In many smallholder schemes, there
fore, the water IS delIvered to the farm on an mtermittent (rotatIOnal) baSIS

In such a case (see fIgure 5 2) optIOns are open m terms of flow rate, IrngatIon mtervals,
and delIvery tImes

Om umt flow or "mam d'eau" (1/s)

h = farm delIvery tIme (hours)

= IrngatIon mterval (days)

The changmg IrrIgatIon reqUIrements dunng the growmg season can be met by changmg
one or more of the above three vanables Om, h, or 1 From a practIcal pomt of VIew, gener
ally only one of the vanables should be changed It should be noted that changmg duratIon of
supply (h) leads to odd delIvery tImes and IS therefore seldom practIced That leaves two prac
tIcal methods of water delIvery schedulIng to change eIther the IrngatIOn mterval 1 or the
umt flow Om

25See, for example Kloezen and Mollmga 1992 Farmers m Southeast Spam appear to choose theIr type
of IrrigatIOn method pnmanly on labor reqUIrement (and not on water savmg)
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FIgure 5 2 IntermIttent far m dellvery

-

T
-

From an operatIOnal pomt of VIew, the fIrSt method IS preferable the whole system (or
subsystems) can then be adjusted for one Qm By closmg the system (or subsystems) for longer
or shorter penods, the varIabIlIty of IrrIgatIon reqUIrements can be met Also from the pomt
of VIew of umt flow, bemg the optImal SIze of flow to be handled by the farmer, thIS method
should be preferred

Changmg umt flows (Qm) reqUIres readjustment of the structures for every change m Qm
In thIS case, a more complIcated operatIOn results and, therefore, more skIlled operators are
reqUIred

The consequences of the type of technology reqUIred due to changmg these vanables wIll
be dIscussed m chapter 6 Further, It should be noted that thIS deSIgn chOIce IS very Important
m respect of the maneuverabIlIty of farmers to develop theIr own style of farmmg '26

Often, a defmIte chOIce of the farm delIvery vanables, as dIctated by agronomIC conSId
eratIOns, IS made at thIS stage However, by domg so the dIstnbutIOn technology of the mam
system wIll be more or less determmed and few optIOns are left for alternatIve solutIOns
Therefore, It IS recommended not to fmally select the farm delIvery vanables before the mam
system optIOns have been assessed Clearly, a dIalogue between agronomIsts and system de
SIgn engmeers IS called for (Unfortunately thIS IS seldom the case [cf SectIOn 1 3])

Havmg assessed the pOSSIble ways by whIch water can be delIvered to fanns, the delIv
ery at the tertIary offtake from the mam system level should be conSIdered Here, the fIrSt
questIOns to be addressed are on what baSIS water should be allocated, how water should be
dIVIded withm the mam system, and how delIvenes at the tertIary offtakes could take place

26Research on different styles of farmmg III general has been carned out by van der Ploeg (1991) while
van Bentum (1995) speCifically researched the evolutIOn of IrngatlOn technology m Spam m relatIOn to
styles of farmmg and to what extent IrngatlOn systems functIOn as production regimes



40

Types ofA llocatLOn

Water allocatIOns to tertiary umts can either be supply- or demand-dnven (table 5 1) Supply

dnven allocatIOn is based on eqUitable diViSIOn of water aval1able at the source, over the sub

areas of the scheme In the case of demand-dnven allocatIOn, the actual or estimated crop

water reqUirements form the baSiS of distnbutlOn

Types of Schedulmg and Types ofDelzvery at Tertwry Offtake

Many different types of water dehvery scheduhng can be identified (cf FAO 1982, Repogle

and Mernam 1982) In the followmg the most important categones of dehvery schedules are

discussed (see table 5 1)

In the case of supply dnven allocatIOn, water dIViSIOn can be based on proportIOnal sched

uhng ThiS can be attamed either by dividmg contmuous flows through the system accordmg

to areas served (up to the tertiary offtake or even to the farm mtake), or by dehvenng the

water mtermittently on a proportIOnal time baSiS The fIrst type (Schedule 1, table 5 1) is of

ten practiced m traditional farmer bUilt and -managed schemes (for mstance m Nepal, Bah,

Yemen) The second type (Schedule 2) is developed m the northern part of IndIa and PakIstan

(the Punjab type27
)

Table 51 Types of water allocatIOn and delzvelzes

BaSIS of Type of schedulIng Type of delIvery at Type of flow at
allocatIOn tertIary offtake tertIary offtake

Supply TraditIOnal 1 Irregular

b.(water source) changIng flows
ProportIOnal
schedulIng lJlJIlArranged 2 Intermittent

Punjab type full supply

On request 3A Vanable flows- bshort penods

Demand Central Arranged 3B Vanable flows- b(crop water schedulIng long penods
reqUIrement) (agency

WndeCIdIng) Arranged 4 IntermIttent
RotatIon full supply

ResponSive bschedulIng AutomatIc 5 StepWIse changIng
(farmer decldmg) flows

7T111S type IS often IdentIfied With the way water IS divided wlthm the chak (tertIary umt) The Warabandl
Because here the mam system IS dealt With It IS mdlcated as the Punjab type
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Demand-dnven allocatIOn can be dIvIded Into

•

•

Central SchedulIng (agency deCIdIng)

ResponSIve Scheduhng (farmer deCIdIng)

In the case of central scheduhng the crop water reqUIrements can eIther be based on the
requests of farmers for water ('on request' schedule) or on an assessment by the central agency
of the varIOUS crops and theIr water reqUIrements ('arranged' scheduhng)-see Schedule 3A
and 3B, table 5 1 In both cases, the modahtIes of dehvery are decIded upon by the central
agency In prIncIple the two schedules do not dIffer In both cases, the dehvery IS based on
the total of all dehvery graphs (fIgure 5 2) for each mdlVldual farm withm the tertIary umt In
Schedule 3A the farmers' requests for water wIll be met by regularly readJustmg the flows m
the system (typIcally once every lor 2 days) For Schedule 3B readjustments are usually made
once every 7, 10, or 14 days

Another optIon for 'arranged' scheduhng IS mtermIttent dehvery at the tertIary offtake
by rotatIOn eIther among tertIary blocks or secondary blocks Schedule 4

In the case of responSIve scheduhng, mdividual farmers decIde when and how much Irn
gatIon IS needed, whIle the IrngatIOn system IS desIgned m such a way that each farmer IS
able to draw water (WIthm certam flow hmIts) at any tIme he/she wIshes The only technol
ogy to comply wIth thIS type of scheduhng IS some form of automatIC control where the sys
tem responds automatIcally to wIthdrawal of water The flow at the tertIary offtake IS charac
tenzed by stepWIse changes (Schedule 5, table 5 1)

When revIewmg the SIX types of water dehvery schedules at the tertIary offtake (see last
column of table 5 1), It should be noted that Schedules 3A and B dIffer only m the tIme pen
ods between readjustments Apart from that, they need the same operatIonal handhng and sub
sequently the same type of technology Although Schedules 2 and 4 look sImIlar, operatIOn IS
dIfferent That leaves baSIcally fIVe types of schedules (1 through 5)

Deltvery at the Tertzary Offtake28

When dISCUSSIng the way m whIch the water has to be dehvered at the tertIary umt m a small
holder scheme, the dIstmctIOn has to be recalled (SectIon 3 4) between the mmor and the major
system Clearly, the tertIary offtake IS the pIvotal pomt m the system where the responsIbIlIty
for the flow of water changes from the management llltO the hands of the farmers The method
of water delIvery at the offtake should meet the demands for water by the farmers as well as
render dIVISIOn of water among farmers pOSSIble On the other hand, a certam type of delIv
ery (m terms of volume, duratIOn and tImmg) reqUIres a certam type of technology and op
eratIOnal control

Here a cntIcal pomt m the decIsIOn process IS reached fIrst at farm level the POSSIble
Farm DelIvenes were analyzed and next at mam system level the vanous optIons (1 through

?8Although the deSIgn of a tertIary umt (SIze layout umt flow) IS an Important part of system deSIgn It
IS not dIscussed here In thIS chapter the Issue at stake IS the typology of scheduhng For tertIary umt
deSIgn see MeIjer 1990
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5) for DelIvery at the Tertiary Offtake At thIS pomt a match must be made between the two
groups of optIOns ThIS match has large consequences on

•

•

•

opportumtIes for farmers to develop theIr own farmmg system (see footnote 26)

the technology reqUIred

operatIOn (staff reqUIrements), transparency and, acceptabIlIty by farmers (sources

of conflIcts) of selected technology

A mIsmatch WIll lead to conflIcts between farmers and management, WhICh m most cases

wIll, not surpnsmgly, be centered around the flow through the tertiary offtake The dIfferent

types of technology wIll be dealt WIth m chapter 6 and the consequences m chapter 7

Efficlencies

To arnve eventually at the Water DelIvery Schedule, the water delIvery fIgures have to be
corrected by takmg mto account the effIcIencIes These effiCIencIes relate to losses m con
veyance, dIstnbutIOn, and field applIcatIOn (Bos and Nugteren 1974) FIgures for these effl
CienCIes can be assessed only on the baSIS of studIes m SImIlar projects (rare) or fIgures from
handbooks and manuals (frequent) The level of optimIsm of the deSIgner plays a large role

5 3 The Relzabllzty ofWater Delzvery Schedules

The conventIOnal denvatIOn of the Water DelIvery Schedule as outlIned m the flow chart (fIgure
5 1) IS useful m terms of glVlng an IllSIght mto the mterrelated factors WhICh play a role III

the decisIOn-makmg process of IrngatIOn deSIgn It also elucIdates the substantial number of
deSIgn deCISIOns to be made WhICh determme the type of technology (further dIscussed m
chapter 6) and also the operabIlIty and acceptabIlIty by farmers m terms of compatibIlIty WIth
theIr farmmg systems (chapters 7 and 8)

On the other hand, III practice workmg through the flow chart results m concrete values
for the reqUIred delIvery of water at the tertIary offtake expressed as lis over tIme The ques
tion arIses how accurate these values are ScrutmlZmg the varIOUS components of the chart a
WIde varIety of assumed values are encountered

To begIll WIth, m many cases the actual fIeld croppmg calendar often deVIates strongly
from the one assumed m the deSIgn EconomIC mcentives Iesultmg from access to credIt,
market prIces or labor costs lead farmers to grow crops other than those assumed Unfortu
nately, these other crops often reqUIre more water (e g , nce and sugarcane) renderIng It Im
possIble to meet water delIvery reqUIrements ThIS can often lead to collUSIOn, water theft,
and damage to structures 29

29See also Jumens Molhnga and Wester 1996 for the problems encountered WIth the allocatIOn In In
dIa and lIMI 1989 for the sanctIOns on nee In IndoneSia
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The wIde vanatIOns m estImates of EffectIve Ramfall, Crop Water ReqUIrements, and
EfficIencIes have already been noted m the prevIOus sectIOn DIfferent assumptIons made for
the varIOUS components lead to consIderable dIfferences m the resultmg Water Dehvery Sched
ules 30 Values for Water Dehvery Scheduhng therefore should be handled wIth the greatest
cautIOn and should probably be consIdered not more than mdicatIve

5 4 Demand-Supply Conslderatwns3I

FIve types of Water Dehvery Schedules were IdentIfied (SectIOn 5 2) A selectIOn from these
five types however cannot be made freely wIthout testmg them m terms of demand supply
consIderatIons Two dIfferent types of water supply sources can be IdentIfIed

•

•

statIc (lakes, reservOIrs, groundwater)

dynamIc (unregulated run-of-the-nver flows)

If the water IS not dIverted from the source, m the first case water wIll remam stored and
avaIlable for use later, and m the second case It IS lost (m the rIver) and IS no longer avaIlable
at the dIVersIOn pomt

Another dIStInctIOn IS the adequacy of supply

•

•

suffiCIent supply throughout the year

msufficient supply for unrestncted croppmg calendars dunng part of the year

These dIstmctIOns result m the four cases as Illustrated m fIgure 5 3
In both cases (A and B) the schedule can be SImple As water IS suffICIent throughout the

growmg seasons, a responsIve type of scheduhng mIght be adopted, accommodatmg the m
stantaneous reqUIrements of the farmers An automated system IS an optIon although the ques
tIon anses whether thIS type of sophIstIcated technology IS actually necessary a system WIth
proportIonal dIvISIOn structures runmng at full supply (FS) throughout the year wIll accom-

30For example a study of feaSIbIlIty reports on 15 dIfferent projects by 12 dIfferent consultants m Java
IndoneSIa revealed the followmg (BmilIe and Partners 1980) In spIte of the fact that the 15 projects
were m SImIlar locatIOns regardmg clImate and SOlIs and were planned for two SImIlar nce crops the
followmg extremes were noted

Lowest HIghest

Crop water reqmrements mm 826 2743
EffectIve ramfall mm 268 1 448
DIverSIOn (overall) effiCIency % 40 85
Overall reqmrements mm 686 4 020

These ranges of dIfferences mIght be explamed by the use of dIfferent fonnulae (e g Penman or Blaney
Cndde for crop water reqmrements) dIfferent assumptions on WhICh part of the ramfall can effectIvely
be used, effiCIenCIes based on companson WIth other projects WIth dIfferent performances overoptI
mistIc assumptIOns mspued by economIC reasonmg (expandmg the Irngable area) etc It should be
realIzed that m realIty at plot level these values mIght show even greater vanatIOns takmg mto ac
count dIfferent local soIl vanatIOns (percolatIOn)

31ThIS SectIOn draws on Horst 1996 b



44

Fzgure 5 3 Supply and demand CUT ves
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modate the same needs Canals runmng FS also should be preferred when SIlt enters the sys
tem at FS most of the SIlt WIll eIther leave the system or WIll be deposIted m the fIelds In
eIther case (automatIc and proportIOnal dIVISIOn) a well-developed dramage system IS reqUired
to return the excess water back to the nver system

WIth cases C and D one of the fundamental questIOns m IrrIgatIOn emerges what mea
sures should be taken to address the shortage of water dunng part of the year? Matchmg sup
ply to unrestncted demand IS pOSSIble only by bUIldmg reserVOIrs to mcrease the dry season
flows (creation of case A) In many parts of the world, however, thIS appears rarely feaSIble
and solutions are needed to match demand to the actual hmlted supply As shown m Section
5 2, m pnnclple two types of solutIOns mIght be conSIdered restnctIOns on crops and re
stnctIOns on water 32

32A thIrd pOSSIbIlity of closmg part of the system In case of water shortages IS sometImes advocated
For e"'<ample Burns (1993) proposes to create a core group of farmers who WIll get water and a mar
gInal group who WIll not Although thIS solutIOn may sound ratIOnal In terms of economICS and engi
neenng It mIght be conSIdered SOCIally unjust and politIcally unacceptable
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Restnctwns on CJ ops

Dunng the dry season, to match the IrngatIon reqUIrements wIth the water avmlable, restnc
tIons are Issued on growmg specIfic crops Examples dre the 10cahzatIOn or crop zonmg m
South India hmItmg the areas under 'wet' crops hke nce and sugarcane, and the sanctIOns m
IndonesIa for growmg nce m the dry season

These crop restnctIOns are based on an asse'isment of antIcIpated water avaIlabIhty dur
mg the dry season LocahzatIon If based on average reserVOIr storage (case C) or dverage nver
flows (case D) would lead to water shortages dunng 50 percent of the (dner) years There
fore, 10cahzatIOn IS often based on 1 4 or 1 5 dry year nver flows, determmed by statIstIcal
analyses of hydrologIcal records

In case C, the reservOIr outflow can be regulated to 'iupply the flows reqUIred for the gIVen
restncted croppmg calendar Case D IS more complex due to uregular nver flows comphcat
mg operatIOn of the system In tropICal nvers, these uregulantIes can be large and frequent,
and consequently, m practIce, a consIderable volume of water IS not used and IS therefore 'lost'
m the nver (see dotted lme m fIgure 53)

In both cases, C and D, proportIOnal dehvery schedulmg IS often not apphcable because
the localIzed areas are not evenly dIstnbuted over tertIary and secondary blocks In pnnciple
therefore, central or responsIve schedules (Schedules 3A and B, 4 and 5) have to be adopted
The hmitatIons of these schedules wIll be dIscussed m the followmg chapters

Restnctwns on Water

An alternatIve solutIOn to the problem of havmg to restnct croppmg dunng the dry season, IS
to desIgn ungatIon systems that dIVIde any water shortage equally among the farmers or groups
of farmers These systems are based on pnnciples of proportIOnal water dIVISIon (Schedules
1 and 2 table 5 1)

The advantages of thIS solutIOn he III the domaIllS of eqUIty, transparency, and tImeh
ness Instead of havIllg to determme and Impose crop restnctIOns, here the restnctIOns are III

the form of less water than wIshed, forced equally upon the (group,> of) users It IS at the us
ers' dIscretIOn to solve these restnctIOns eIther by growmg 'dry' crops or leavIllg part of theIr
land fallow (ThI'i IS contrary to restnctIOns on crops where actuallocahzatIon IS m most cases
by sectIOns of the scheme and not by a percentage of each farm) ThIS pnnciple IS the baSIS
for many tradItIOnal IrngatIon schemes as well as m the Irngated areas m Northern IndIa and
PakIstan (Punjab) where It IS called protectIve ungatIOn ThIS scarcIty by desIgn" (cf
Jurnens Molhnga and Wester 1996) IS based on optImIZatIon of the productIOn per umt of
water avaIlable contrary to productIve IrngatIon ba'ied on optImIzatIOn of productIOn per
umt of land

The pomt of departure for restnctIOns on water IS eqUItable dIVISIOn Of course collu
SIOn, power pressure, etc, WIll always playa role where farmers try to obtaIll more water
than allocated However, WIth fixed structures, the sources of struggles dnd conflIcts are, at
least on paper, reduced to the level of the VIllage and tertIary umt 33 Moreover the fIxed struc-

33Whether thIS IS a pOSItIve pomt or not depends on the local SOCIal <;tructure One mIght expect a hIgher
degree of sohdanty at VIllage level than at project level Merrey s (1982) fmdmgs for PakIstan however
pomt out dIfferently
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tures are more understandable and operatIOn IS more transparent than In the case of adJust
able structures (see further SectIOn 74)

FInally, an Important advantage of applyIng restnctIOns through water can be noted for
case D (run-of-the-nver schemes) that constItutes a large part of the Irngated areas In the world
LocalIzatIOn IS often based on 1 4 or 1 5 dry-year nver flows These flows are much lower
than the actual flows (d Perry 1993, paragraph 19) In case of proportIOnal dIVIsIOn, the ac
tual nver flows are diverted constItutIng a conSIderable extra volume of water for crop grow
Ing Here an Important aspect IS the water-holdIng capaCIty of the SOlI rendenng a buffer func
tIon for Irregular supplIes 34

SummanzIng, It can be stated that the chOIce of Water DelIvery Schedule as a baSIS for

the techmcal deSIgn of systems and structures IS very much determmed by the avaIlabIlIty of

water In a SItuatIon where suffiCIent water IS avaIlable throughout the year for unrestncted

crop growth, a chOIce can be made from any of the fIve types of schedules delIneated In thIS
chapter However, where penodic water shortages are expenenced, a deCISIOn has to be made
to eIther restnct crops (localIzatIOn) or water allocatIOns ThiS deCISIOn has repercussIOns on
the pOSSible chOIce of schedule and on the matchIng technology as wIll be dIscussed In the
next chapter

5 5 The EqUity Issue

The term 'eqUItable dlstnbutIOn ' features promlllently In many IrrIgatIOn publIcatIOns ThIS
term, however, IS seldom defined and IS probably the most mIsused word In IrrIgatIOn lItera
ture 35 EqUIty" IS either confounded WIth 'equalIty' or related to somethIng vague as um
form water delIvery," "meetlllg crop water reqUIrements" or an objectIve to combat head-end
taIl-end problems

When examInIng the eqUIty Issue somewhat further, It appears that 'eqUIty as used by
deSIgn engIneers does not pertalll to moral or SOCIal JustIce but to productIOn motIves apart
from fertIlIzers, pestIcIdes, labor, etc, IrrIgated agnculture IS largely concerned WIth land,
water, and crops Land IS VIewed by the deSIgn engIneer as a phYSICal boundary condItIon
Land tenure IS seldom questIOned even III cases of skewed landholdIllg proportIOns It IS con
SIdered a polItIcal questIOn outSide of the engIlleer's competence About water however, the
engIneer expresses hIS opInIOn In and out of season The reason IS ObVIOUS the objectIve of
the deSign IS to optImIze agncultural productIon For the deSigner the land remaInS a produc
tIon functIOn whether under smallholders or large holders, and the Issue IS reduced to water
and crops Furthermore, water has a direct beanng on the type of delIvery schedule and sys
tem technology

34In thIS context a remarkable feature of IrrIgatIon engmeenng should be noted where ill ram fed farmmg
the vaganes of ramfall are-from sheer necessIty-accepted Irregular supplIes are seldom tolerated
where IrngatIOn IS concerned

350ne of the exceptIOns IS the analySIS by Levme and Coward (1989)
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ThIS becomes clear when consIdenng possIble mterpretatIOns of the term "eqUItable dIS
tnbutIOn"

1 Each farmer receIves an equal share of the water ThIS apphes to (re)settlement
schemes WIth equal farm SIzes

2 Each farmer (or person) receIves an equal share of the water mespectlve of hIS or
her landholdmg SIze (an example IS the Pany Panchayat water dIVISIOn prmcIples m
Maharastra, IndIa)

3 Each farm receIves water accordmg to plot SIze (same volume of water per hectare,
supply-dnven, proportIOnal schedulmg)

4 Each farm receIves water accordmg to lfngatIOn reqUIrements of the crop grown (de
mand-dnven, central or responsIve schedulIng)

One can speak of equahty m cases 1 and 2 From a socIal perspectlve cases 3 and 4 are
unequal and unjust when skewed landholdmg proportlons eXIst and water IS subsIdIzed Such
cases are predommant m many countnes and thus Irngatlon may remforce socIal dIfferentla
tlon, these cases are contrary to measures necessary for poverty alleVIatIOn 36

In practlce, deCISIOns on these socIO-pohtlcal aspects of land and water are made by plan
ners and polItlcIans Nevertheless, here It IS argued that the socIO-pohtlcal consequences of
chOIce of water delIvery schedules and technology should at least be understood by engmeers

36Chambers (1988) states ProductIOn and lzvelzhoods are lmked but for povel ty alleViatIOn the gen
eratlOn and support of lzvelzhoods are a higher prlOnty than productIOn per se



CHAPTER 6

TYPES OF DELIVERY AND APPURTENANT TECHNOLOGY

61 IntroductIOn

FIve basIc types of dehvery schedules have been IdentifIed In chapter 5 (table 5 1) Each re
quues ItS own system m terms of canal capacIties and water dIvIsIOn structures

Canal Capacltles

• The way the water IS to be dehvered at the tertiary outlet has a dIrect beanng on

canal capaCIties Canal capaCIties for traditlOnal ~ystems WIth proportIOnal water dl
VISIon (System1) are mostly determmed by local expenence on expected nver flows
on the one hand, and on the Intended area to be Irngated on the other Because of
the contmuous flows through the system the capaCIties can be kept hmited The Punjab
type (System 2) should have larger dimenslOns In VIeW of rotatlOn among the dIS
tnbutanes (secondary canals) However, they are generally deSIgned for 'protective
IrngatIon' WIth low reqUIrements per hectare In case of central scheduhng (Systems
3 and 4) the canal capaCIties are denved from the wdter dehvery schedule Fmally,
canal capaCIties for responsIve scheduhng (System 5) compnse the largest In term~

of flow per hectare the chance that dunng a dry penod most farmers wIll draw maXI
mum water at the same time has to be accounted for For these canals, capaCIties can
be calculated by statistIcal methods (e g , Clement 1965)

Water Dlvlszon Structures

• In the followmg sectIOns the dIfferent types of systems WIth pOSSIble chOIces of water
dIVISIOn structures are dIscussed In terms of operation, measurement reqUIrements,
farmers dependency on management, transparency, and operatIOnal fleXIbIlIty (Op
eratIonal fleXIbIlIty can be defined as the capabIlIty of the system to comply WIth
changIng demands and supplIes) The legend for the vanous fIgures In thIS chapter
IS presented In fIgure 6 1

Previous Page Blank
49
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Flgwe 61 Legend fm figwes 6266

TYPES OF CANAL FLOWS- Unregulated flows-- Regulated and measured flows-
MEASUREMENTS REQUIRED [D
TYPE OF STRUCTURES -

::J:: Fixed weir

Fixed --- Fixed outlet---:2: Duck bill weir

On Off [:I: One or more shutter gates

[~ Stoplogs
Stepwise

Stepwise dlstnbutor

~

:::L Sliding or radial gate

Gradually ~ Gated offtake
adjustable :::mc RomlJn or Butcher weir

"T0 Constant Head Onflce (CHO)... -

Automatic [::E Float actuated gate

62 Schedule 1 ProportIOnal Dlvlswn-Tradltwnal

The flow entenng the system (often from a run-of-the nver source) IS divided by means of
overflow weirs wIth equal crest heIghts and proportIOnal wIdths ThIS type of system IS wIdely
used m traditIOnal IrrIgatIOn 37 The proportIOns are generally based on IrrIgated areas but are
sometImes adjusted to account for preferential nghts, dIstance of Irngated area from the struc
ture, etc In nce areas, flows are otten subdIvIded mto very small portIOns servmg mdIvIdual
plots In case of non-nce crops, or m tImes of low supply, rotatIOn among farmers IS often
necessary

37The layout of traditIOnal systems IS often of the blfurcatmg type (figure 3 1) The presentation as a
hierarchical type In figure 6 2 IS made for the sake of companson With the subsequent figures



51

Flgure 6 2 System 1

~I

L.-------~t

Flow at tertiary offtake

Operation IS decentralIzed and lImIted to regulatIOn of the head works and overall In
spectIOn Water dIvlSlon, In pnnciple bdsed on eqUIty (volumes of water per umt area), IS trans
parent and renders tampenng dIfficult No measurements In the system are needed Opera
tIOnal fleXIbIlIty IS small

6 3 Schedule 2 Proportwnal D,v,swn - Punjab Type

ThIS system (fIgure 63) IS WIdely used m the Punjab and IS based on water dIVISIOn propor
tIonal to the areas of the chaks The secondary canals (dIstnbutanes) flow eIther full supply
or zero There eXIst a large vanety of outlets (cf Mahbub and GulhatI 1951) Most commonly
used are adjustable proportIOnal modules (APM), open flumes, and pIpe outlets (cf Mahbub
and GulhatI 1951)

The system, based on eqmtable dIstnbutIon, reqUIres only operatIOn of the mam canal
gate settmg, and regulatIOn of secondary flows The transparency IS less than for System 1,
smce most of the modular offtakes are of the undershot type The flow WIthIn the tertIary umt
IS dIVIded on the bdSIS of a time roster (wmabandl) The operatIOnal fleXIbIlIty IS small

Flgure 6 3 System 2

Flow at tertiary offtake
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64 Schedule 3A and 3B Variable Flows

The delIvery prInciple for both systems is based on crop water reqmrements To accommo
date the varymg requIrements of the different tertiary umts, the tertiary as well as the second
ary offtakes should be adjustable and flows measurable Measurements can eIther be by the
~tructure Itself (e g , stepwise distrIbutor, RomIJn weir, or CRO) or by a measurIng structure
(broad or sharp crested weIr or flume) downstream of the offtake For this WIdely used type
of system, a large number of structures can be adopted (see fIgure 6 4) We wIll see m chap
ter 7 that the selectIOn of combmatIOns of cross regulator and offtake has Important Impacts
on reqmrements for staffing and hydraulIc behaVIOr of the system

The systems for types A and B do not necessarIly dIffer m terms of technology They
only dIffer III frequency of operation Case A reqmres frequent and often complIcated reset
tIllg of gates and correspondmgly frequent measurements Farmers are heaVIly dependent on
scheme management Most structures are not, or only poorly, transparent The operational
fleXIbIlIty IS large

Flgure 6 4 Systems 3A and 3B

or or or F

~ or or IN
Q Q
tu tu

-+ tQ t
tu

Flow at tertiary offtake

65 Schedule 4 IntermIttent Flows

Rotation can either be practiced among tertIary or secondary canals For rotatIOn among ter
tIary canals the umt flow (mam d eau) IS fixed and the IrrIgatIOn mterval varIable Thus the
tertIary offtake flow IS either full supply or zero and on-off gates can be used as offtake struc-
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Flgwe 6 5 System 4
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tures (fIgure 65) (Nevertheless, slIdmg gates are often used) For cross regulators m the sec
ondary canal, a duck-bIll weIr, slIdmg gate, or a battery of on-off gates'S mIght be consId
ered When rotatlon among secondary canals wIth eIther full supply or zero IS practlced the
Punjab SItuatIOn wIll occur (see System 2) In case of vanable secondary canal flows the ~ame

type of structures as for System 3 are requIred for dlvldmg water properly
Water dlstnbutIOn IS on the basIs of crop water requIrements For rotatIOn among tertIary

canals operatIOn IS relatlvely sunple and transparent compared wIth System 3 Measurements
are needed only at the secondary offtake~ OperatIOnal fleXIbIlIty IS larger than for Systems 1
and 2 but smaller than for System 3

6 6 Schedule 5 Automattc Delzvery

In thIS responsIve system (fIgure 6 6), water reqUIrements are, m pnnclple, accommodated
mstantaneously by handlmg the stepwIse dlstnbutors at the tertldry offtake The mduced
changes In flow and subsequently In water levels w111 be transmItted upstream automatlcally
by float actuated gates resultIng In reqUIred changes m the supply Clearly, thIS type of sys
tem can only work. as descnbed when suffiCIent water IS aVailable (stored) to meet the de
mand dunng the whole growmg season In cases of shortage part of the system w111 run dry
automdtlc upstream control wIll produce shortages at the lower end of the system and down
stream control at the upper end Therefore, control gates are often mstalled at the head end of
the tertlary or secondary canals By domg so, however, the responSIveness IS largely nullI
fied, and the schedulIng becomes "centrally arranged '

38The solutIOn With on-off gates IS speCially relevant for projects With tertiary umts of equal sizes In
such a case one gate serves one tertiary umt and can be standardiZed
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FlgUle 66 System 5 (dawnstleam cantlO[)
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Flow at tertiary offtake

Water dIstnbutIOn IS based on crop water reqUIrements System operatIOn IS sImple and
transparent, and the number of measurements lImIted when compared wIth System 3 The
structures however are vulnerable and easy to tamper wIth The operatiOnal fleXIbIlIty IS large

6 7 Deviatmg ChOice of Structures

From the prevIOUS sectiOns It became clear that the type of system and the chOice of struc
tures should be determIned by the pnnclples of water allocatiOn and distrIbutiOn as deCided
durmg the earlIer planmng phase In practice however, the actual chOice of structures IS often
Influenced by a WIde range of dIfferent motives

T,adltwn

Many deSIgn standards orIgInated from colomal times Older desIgners have been workIng
wIth them all theIr lIves and younger engIneers are educated along the same lInes and lack
the authorIty or the InSIght to change these standards

DeSIgn 'Schools'

As dIscussed m SectIOn 1 2 foreIgn consultants have a large Influence on IrngatIOn desIgn m
many countnes where they could Introduce and propagate theIr own deSign school 39

39In IndoneSIa the only fIrm standard for government schemes was the techmcal IrngatlOn reqUIre
ments systems where the water can be regulated and measured III each pomt of the system WIthm
these reqUIrements all types of schools could fmd Its place Thl~ led to a Wide vanety of structures
Ccf Horst 1996 a) On the other hand m the PhI1lppmes the USBR standards were adopted and stnctly
adhered to
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Pel sonal Inducements

It IS the charactenstIc of the engllleer to lllvent new technologIes Consequently, the develop
ment path of IrngatIOn IS strewn WIth many desIgns ranglllg from lllgemous to partIcular 40

Urge fm ModermzatlOn

The present day promotIOn of modern (automatIon, computerIZatIOn, etc) technology often
does not take Into account local condItIons In terms of traIned staff, farmers acceptance, and
sufficIent storage reqUIrements

Ignmance

Unfortunately, In many cases deSIgn chOIces are made WIthout realIZIng theIr ongIn and the
consequences on future operatIOn 41

Economlcs

Naturally, dIfferent structures have dIfferent costs It should be noted that the smaller struc
tures (at secondary and tertIary level) are cheap IndIVIdually but constItute a large share of
the total project costs due to theIr large numbers The cost of a particular structure can dIffer
greatly between one deSIgner and another 42

Tampellng

The fear that farmers WIll tamper WIth the structures sometimes leads to extreme forms of
over dimensIOmng as shown In SectIOn 7 4

-lOGood examples can be found m the IndIan lIterature of the fIrSt half of thIS century e g Mahbub and
GulhatI 1951

-IIFor example m early tImes most projects m IndIa were run of the flver supplIed and cross regulators
were deSIgned as undershot structures for Slit evacuatIOn These types of structures are stIll bUIlt but
now for reserVOIr type of schemes m spIte of the fact that weIr type of structures gIVe better water
level control (personal commumcatIon Satnarayan Smgh Hyderabad)

Another mstance IS the wrong combmatIOn of RomIJn WeIr as offtake and slIdmg gate as check struc
ture m IndoneSIa See chapter 7 note 45

4 For the Bura IrrIgatIOn Project m Kenya two deSIgn consultants made deSIgn speCIfIcatIOns for the
same project One consultant proposed twIce the volume of concrete and three tImes the volume of
steel compared WIth the other consultant One of the arguments was mamtenance the first argued that
problematIc mamtenance reqUIres sturdy structures the second assumed suffICIent mamtenance m VieW
of an assumed hIghly mechamzed well managed project
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Health Aspects

SpecIal types of structures and operatIOnal procedures mIght be adopted to fight health haz
ards IntermIttent canal flows can have a posItive effect on SChistosomiasIs 43 Over-IrrIgatIOn
can lead to breedmg grounds for malana mosqUItoes

43For e'l:ample III ZImbabwe the MushandI1..e IrngatIon Scheme was speCIally desIgned to control SChIS
tosomIaSIs-see vanous TechnIcal Notes from HydraulIc Research WallIngford UK



CHAPTER 7

CHOOSING STRUCTURES AND THE OPERATIONAL
IMPLICATIONS

71 Introduetwn

In chapter 6 the fIve most frequently occurnng IrngatIOn systems were defmed Each system
IS characterIZed by the type, and combmatIOns of types, of water dIvIsIOn structures In thIs
chapter these structures are exammed m terms of hydraulIc behavIor, operatIOnal aspects, and
human dImensIOns For that purpose the followmg questIons are addressed

•

•

•

Hydwulzc behavlOr How does the system react hydraulIcally upon changes m flow

and what are the operatIOnal consequences?

OpeTatlOn How IS the system operated? How flexIble IS the system? What opera

tIOnal procedures are reqUIred? How many staff are needed?

Human dzmenswns How understandable are the structures? Is theIr operatIOn trans

parent? Does It correspond wIth the perceptIon of the farmers on Intended dlstnbu
tIon and eqUIty? How easy can corrupt prdctIces be detected?

As Illustrated III the prevIOus chapters, consIderatIon of these Issues receIve'> lIttle atten
tIon m conventIOnal desIgn chOIces and assumptIOns However, they can be of decIsIve 1m
portance III achlevmg satisfactory performance as wIll be dIscussed In the followIllg sectIons

72 Hydraulle Behavwr

In every IrngatIOn system, changes III flow and water levels occur c-oncurrently These changes
may be sudden, caused for e'{ample by changes III nver water levels at the head gate or by a
gate III the system whIch IS opened or closed, or they may also be gradual, WIth sIltatIon and
weed growth III canals IllfluencIllg the flows In the long run Each IrngatIOn system reacts
dIfferently to these fluctuatIOns dependIng on the charactenstIcs of water dIvISIon structures
From an operatIonal pOInt of VIew four questions dre of Illterest

•

•

reactions at bIfurcatIon pomts

reactIOns of the system as a whole

57
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•

•

propagatIOn of fluctuatIOns

reactIOns to sIltatIOn and weed growth

Reactwns at Blftl1 catwn Pomts

At the local level of water dIvIsIOn POIlltS III the system some general observatIOns can be
made on type of structures, on hydraulIc characterIstIcs, and subsequently on operatIOnal ac

ttons requued These observatIOns are based pnmanly on the SenSItIVIty S and HydraulIc flex

IbilIty F concepts as discussed m SectIOn 4 4 Figure 7 1 presents SIX examples of combma

ttons of structures at a bifurcatIOn pomt Although not exhausttve, these cases represent fre

quently occurnng combmatIOns and they suffIce to Illustrate the relatIOnshIp between type of

structure and operatIOnal consequences

Case A

11us case IS applIcable for systems WIth proportIOnal water dIVISIOns (System 1) Changes III

flow WIll be automatIcally dIVIded proportIOnally mto the two canals (F=l), proVIded the flows
are semI-modular (see SectIOn 43) The structures cannot be adjusted and operatIOn IS illl
See plate 7 1

Plate 7 1 ProportIOnal dlvlsLOn (Bah)



Flgure 7 1 Some posslble combmatwns
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CaseB

This design (System 2) IS apphed widely In the Punjab Proper dlstnbutIOn IS dependent on
flows In the parent canal beIng either full supply or zero The offtakes (fixed onflces or flumes)
are dimensIOned and placed below full supply level of the parent canal In such a way that the
flows are proportIOnal to the areas served For examples see Mahbub and Gulhatl 1951 See
plate 72

Case C

In this case water level fluctuatIons wIll remam small due to the duck-bill welT as cross regu
lator (large S), whIle water-level fluctuatIOns wIll have httle effect on the flow under the offtake
gate (small S) This combmatIOn, where F IS very small, reqUIres few readjustments, If any
See plate 73

CaseD

Although SimIlar to case C, more frequent readjustments are requlTed to mamtam planned
divIsIOns, due to the htgher sensItIvity (S) of the movable weir In the offtake

Plate 72 FlXed outlet (Punjab)



Plate 73 Duck-bll! well (Sll Lanka)
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Plate 74 Gated check structUle and CHO offtake (Kenya)
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Flgure 72 Gated check and offtake st1uctwes

CaseE

ThIS combmatIon of structures44 reqUIres more adjustments than the above cases (plate 74)
In the common arrangement where offtake gates are placed at a hIgher elevatIOn than the gates
of the check structure, fIgure 7 2, there are large fluctuatIons m the offtake dIscharge as a
result of water level fluctuatIOns m the parent canal (F» 1)

Plate 7 5 Gated check st1 ucture (left) combmed wah Roml]n welr (llght)

44In the Phllippmes for example thiS combmatlOn IS often applied Furthermore thiS solutIOn may can
tam the danger of overtoppmg In case of sudden unwanted mcrease of water supply ThiS danger does
not feature m the prevIous cases
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CaseF

ThIS may well be the worst combmatIOn for effechve operahon (see plate 75) Small fluctua
hons m flow result m large vanatIOns m water level and subsequently large vanatIOns m
offtakmg flows (F» 1) The proper operatIOn of such a combmatIOn IS probably ImpossIble 4,

It should be noted that cases E and F are common to many schemes wIth central sched
uhng (Systems 3 and 4) and conshtute the core of operatIOnal problems

Reactzons of the System as a Whole

The type of structures m an ungatIOn system w111 have a consIderable beanng on how the
system w111 react to fluctuatIOns m flow Two mterrelated factors are Important the response
hme and the hydrauhc stablhty of the system

Ankum (1992) defines the response tune as "the hme requued for the system to transIt
from the prevIOUS steady state mto the deSIred steady state" ThIS hme mIght be qmte sub
stanhal (possIbly a number of days) For example, IIMI descnbes the hydrauhc SItuatIOn at
ItS IndonesIan research SItes as follows (IIMI 1989, P 76)

It lS apparent that canal dlscharges m many of the systems studled nevel achieve
any fm m of stabllzty Operatwn of a gate has an lmmedwte effect on water condl
twm at the next stl ucture downstl eam, and downstl eam gate keepel s have to take
actLOn to accommodate thls change m upstream dlscharge Havmg done so, how
ever, upstleam gates may be readjusted wlthm a day m two, or mflow mto the ca
nals system changes, and the temporary equlhbnum downstream lS lost, etc

In thIS connectIOn IIMI/ADB (1989) noted an Important shortcommg m the deSIgn and
operahon of the mam systems they studIed Drawmg the attentIOn to the two phySIcal func
hons performed by the mam canal-conveyance of water over dIstance and dehvery at a
place-they concluded that agency staff tend to perceIve the mam canal as a dlstnbutIOn sys
tem WIth emphasIS placed on dehvery aspects In such cases, SItuatIOns, as descnbed above
by IIMI m IndonesIa, wl1l be created at the expense of the conveyance functIOn

4'ThiS combmatIOn can be found m many schemes m IndoneSIa There the RomlJn weIr was developed
m the 1930s ThIS adjustable Welr has the advantage of havmg regulatIOn and measurement combmed
m one structure and of operatIOn WIth small head losses For check structures stop logs were most com
monly used Because both structures were of the overflow type, the Hydrauhc FleXlblhty F approached
1 (umty) FluctuatIOns m flow were therefore spread more or less proportIOnally through the system
WIth the arnval of foreIgn consultants m the 1960s and 1970s dIfferent structures were promoted (see
Horst 1996 a) Many consultants proposed usmg shdmg gates mstead of stop logs for check structures
because stop logs were consIdered to be too outdated for modern management Retammg the RomlJn
weIr as offtake due to ItS supposedly good functIOmng m the past, led to a SItuatIOn m WhIch F»l
Consequently flow fluctuatlOns are felt most strongly m the head end of the system resultmg m fre
quent gate adjustments which mayor may not be authorlZed and WhICh often eventually result m the
entire system becommg unmanageable Remarkably, none of the consultants assessed theIr proposals
m terms of Senslvlty or Hydrauhc FleXlblhty and thus dIsregarded operatlOnal consequences
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DesIgn solutIOns are proposed WhICh consIder mc1uslOn ot IntermedIate storage In the
system (see chapter 12) and the use of weIrs mstead of manually operated gates

PropagatlOn of FluctuatlOns

In SectIOn 4 4 the HydraulIc FleXIbIlIty F has been Introduced as the ratIO between the Sensl
tIvIty S of the offtakmg and ongomg structures ThIs factor F IS a powerful tool to VIsualIze
the way III whIch flow fluctuatIOns are propagated through a system FIgure 7 3 presents three
dIfferent scenarIOS

At F = 1 the fluctuatIOns are propagated proportIOnally through the system, for F > 1 the
fluctuatIOns are mostly propagated to the upper end, and for F < 1 to the lower end of the
system On fIrst SIght one IS bound to choose for F > 1 smce many projects have problems of
water shortages at the lower end of the project area The follOWIng arguments could, how
ever, be made agamst such a chOIce

•

•

To ShIft water shortages from one part of the scheme to another does not baSIcally

solve the problem

The larger the fleXIbIlIty, the larger the fluctuatIOns In water levels III the supply ca

nal ThIS could lead to extra freeboard reqUIrements

Fzgure 73 PlOpagatlOn of flow fluctuatIOns through a system (HOlst 1983)
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Siltation and weed growth m the canals could result m sufficient water for the head

end offtake~ and mIght stIll lead to water shortages at the lower end

Probably the most Important argument IS denved from field expenence water short

ages are felt most strongly at the head end m case of the supply decreasmg below
expected levels Farmers mIght mtervene when the SItuatIOn IS not redressed qUIckly
Unauthonzed handlIng of gates or even breakage mIght be the result

In general therefore, combmatIOns of hydraulIc structures provldmg flexlbIlItIes of F = 1
or F < 1 should be adopted (cases A through D of figure 7 1)

Reactwns to Slltatwn and Weed G,owth

In many ungatIon schemes sIltatIOn of canals is a major problem Water diVISIon "tructures
are generally pomts of dlscontmUIty m velOCity of flow, and decreased velOCItIes such as those
caused by weirs, result m sIlt depOSitIon upstream of the structure SIltatIOn raIses water lev
els and mcreases flows through offtake structures The same effect IS observed when weed
growth decreases the hydraulIc cross sectIon of the canals

Of course, the best solutIOn to prevent SIltatIon IS to dIvert sIlt before it enters the system
by means of sIlt traps or excluders at the head works In case sIlt entry to the system IS meVI
table the deSIgner has three optIons 46

To deSIgn the system m such d way that SIlt WIll be carned through the system to the
fields An example IS the deSIgn of the Punjab sy"tem (System 2, chapter 6) based on the
regIme theory The type of structure IS determmed by the method of water allocatIOn and dIS
tnbutIOn whIle they are shaped to pass sediments effectIvely

To flush local SIltatIon upstream of structures by speCIal gates (for example m duckbIll
weIrs or the bottom gate of the RomIJn welr47) The Silt, however, wIll by and large remam m
the system and wIll eventually have to be removed

To accept depOSitIOn of sIlt m the system and to presume regular excavatIOn of the ca
nals

7 3 Operahonal Aspects

Every IrngatIOn system has to be operated The operatIon is pnmanly based on type of sched
ulIng adopted (proportIOnal central or responSive see SectIOn 51) while the modalItIes of
operatIon are determmed by type of system (System 1 - 5 chapter 6) and the type of struc
tures adopted

46For example Plusquellec Burt, and Wolter 1994 The authors rIghtly pomt to the mherent conflict
between fleXible delivery and mamtenance costs m run of the-rIver schemes With high sediment load
FleXible delivery results m unsteady flow conditIOns resultmg m mcreasmg SiltatIOn

47Undershot gates for flushmg however are prone to mismanagement see SectIOn 7 4
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Operabllzty

The prevIOus sectIOn (7 2) Illustrated that the type and comblllatIOns of types of structures
determille the frequency of operatIOns reqUired when changes III flow occur Furthermore,
operatIOn of some structure types IS easier than others (see SectIOn 4 6) Clearly, both the type
of structure III Itself as well as the comblllatIOn of structures at POllltS of bifurcatIOn deter
mille the ease or difficulty of system operatIOns

Here a controversial Issue III IrngatIons IS reached OperatIOnal fleXibility Many authors48

contend that the greater the operatIOnal fleXibility of the system, the better the matchlllg of
demand and supply and eventually the better the obtallllllg of performance ThiS might sound

reasonable on paper However, III practice, thiS reasonmg often leads to over-SOphISticated

structures, cumbersome and time-consummg to operate, and to comphcated operatIOnal pro

cedures resultlllg III sub optimal operatIOn and consequently water dlstnbutIOn that differs

conSiderably from the mtended flows Also the necessIty for measunng and momtonng add

to the operatIOnal compleXity The end result might well be a much lower performance than
III the case where a lower operatIOnal fleXIbility had been adopted III the first place Or as
sketched m figure 7 4 the performance by Illcreaslllg operatIOnal fleXibility might follow ar

row "a" mstead of arrow "b" as expected ThiS Issue wIll be discussed further III Part IV

Flgure 74 Relatwll between performance and opel atwllal flexlblilfy

Operational
fleXibility

Performance

Procedures

OperatIOn of a system reqUires certalll procedures These procedures vary strongly from sys
tem to system (see System 1 5, chapter 6)

48For example Piusquellec Burt, and Wolter 1994 p 24 New llngatlOn plOJects are generally bUIlt wah
the stated objectIVe of dellvermg water accordmg to crop water requIrements ThIS obJectlve 1mpiles a
deilvery schedule wah more flexlblilty than a SImple rotatIOn
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System 1 (plOpOl twnal dlvlswn - tradltwnal) These, mostly farmer-managed, sys

tems wIth fixed proportIOnal weIrs, reqUITe very httle operatIOn apart from occasIOnal
mspectIOn for sl1tatIOn, removal of debns, and detectIOn of possIble tampenng

System 2 (proportwnal dlVlswn Punjab type) OperatIons consIst of rotatIOn of full

supply among the dlstnbutanes (secondary canals) accordmg to the avaIlable water
at the source In addItIon to thIS relatIvely sImple procedure, mspectIOn IS needed
along the dlstnbutanes a~ for System 1

Systems 3 and 4 (centJal schedulmg) These demand-dnven, agency-managed sys

tems reqmre comprehensIve operatIonal procedures An operatIOnal plan IS needed,
where on the basIs of crop types and cropped areas the lrngatIOn reqUlrements should
be met by regulatIOn of the supply 49

System 5 (responslve schedulmg automated) ThIS system reqmres procedures focused

on the admlmstratIOn of water use and water charges

Mea5wements and MOnlt01lng

Reqmrements for measurements and momtonng clearly depend on the type of system adopted
(as mdlcated m fIgures 62-66) For example System 1 (proportIOnal-tradItIonal) reqUlres no
measurements at all apart from pOSSIbly at the head work,> In System 2 (proportIonal-PunJab)
and System 4 (mtermlttent flows) measurements along the mam canal dre needed In System
3 (vanable flows) frequent measurements are necessary at all bIfurcatIOn pomts of the sys
tem Fmally, m System 5 (automatIc) mea~urements and momtonng are reqmred at the low
est levels for volumetnc accountmg

It should be noted that measunng requITes readmg and recordmg, and constItutes sources
of error Measurmg therefore should be restncted to the bare mlmmum (the tendency nowa
days of promotmg the mcrease m the number of measunng pomts to obtam hIgher nngatIOn
effICIencIes should be conSIdered questIOnable Not only does thIS reqUlre an lmpos'>lble m
crease m number and competence of manpower, but It IS also conSIdered contrary to a logIcal
solutIOn for a sound operatIOnal system) Wherever pOSSIble, quantItIes of flows should be

-I
9It should noted that the operatIOnal plan should logIcally be an operatlOnalIzed versIOn of the water
dehvery schedule where the water dehvery schedule IS a prognOSIS for deSIgn the operatIOnal plan IS
based on the actual SItuatIOn In reahty however thIS IS seldom the case very few deSIgns gIVe proce
dures on how the system IS to be operated OperatIOnal procedures are often compIled dt a ldter stage
by dIfferent consultants and not fully related to deSIgn assumptIOns Many examples can be found where
based on demand dnven premIses volummous operatIOnal procedures are compIled WIthout any bear
mgs on the ongmal deSIgn cntena regardmg water dehvery schedulmg In Indone'lia for example the
so called factor K method used as d baSIS for water dIstnbutlOn, has been developed mto an extremely
elaborate procedure reqmnng 12 sets of data and 16 step~ to plan Implement and momtor water distn
butlOn (see Horst 1996 a) Also m the PhIhppmes consultants put together an elaborate O&M manual
(identIfymg the need for 46 dIfferent types of reports - see NIA 1991) ThIS mcreasmg elaboratIOn of
the operational procedures not surpnsmgly leads to an expandmg bureaucracy hand m hand WIth an
mcreasmg alIenatIOn from the day to day fIeld practice (see chapter 8 for further mformatlOn)
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determmed by the charactenstIcs of the structure (e g , stepwIse dIstnbutors) or by umt flows
on a time basIs (rotatIOn)

Staff Requllements

From the prevIOUS paragraphs It IS clear that the type of ~ystem determInes the operabIlity,
operatIOnal procedures reqUired, and the need for measurements System type also determInes
staff reqUirements Actual numbers of staff employed per umt area m projects vary strongly
from project to project and from country to country A survey on project staffIng (Bos and
Nugteren 1974) revealed an overall average number of one staff reqUired for 200300 hect
ares ThIS tallIes WIth FAO 1982, WhICh gave a number of one water guard for 500 hectares
m semI-demand and rotatIOnal systems SIgmfIcantly a number of one water guard for 2,500
hectares IS gIven for contmuous IrngatIOn

As no fIrm numbers of staff reqUired for a gIVen type of technology are available, all
these values are mdIcatIve only However, they pomt strongly to the fact that, compared WIth
System 3 (and 4), conSIderable reductIOns m staff can be achIeved by adoptmg a dIfferent
water dIVISIOn technology The applicabIlity of these other technologIes will be further dIS

cussed m Part IV

Farmer Management

The pOSSIbIlitIes for farmers to manage IrrIgation systems depend largely on the type of sys

tem technology and reqUired operatIOnal procedures For example, Systems 3 and 4 are much
less SUitable for farmer management than System 1 and 2 due to complicated operatIOn and
poor transparency ThIS will be dIscussed m SectIOn 10 3

74 Human DimenSIOns

Confhcts

IrrIgation structures are technologIcal artefacts whIch have to be operated by human bemgs
In general, the deSIgner assumes that tramed operators WIll handle the structures accordmg to
standards appropnate to the types In most cases little attentIOn IS gIven to those at the re
ceIvmg end the farmers How do they perceIve the technology m terms of quantIty and tim
mg of flows? Here we have to realize that dIVISIOn of water IS not only a techmcal matter
expressed m lis but also a human one the nght and expectatIOn of a certam share of water
and the assurance that thIS share IS receIved m the nght quantity and the nght time We have
further to realize that these shares of water often constitute a matter of sheer surVIval It IS
not surpnsmg that m case of real or suspected mJustIce m water dIVISIOn, conflIcts WIll emerge
These conflIcts become apparent not only as mterventIOn by farmers m the actual operatIOn
of the system but also as damage to structures Some typIcal examples are Illustrated In the
followmg plates

r
I
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Plate 76 Unauthorlzed check structwe (Malaysia)

Plate 77 Tampel mg wzth downstream control gate by placzng stones on the float (Senegal)
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Plate 78 Broken gates of chl.-ck structure (Nepal)

Plate 79 Assurmg the open pOsltlOn of eHG by bendmg the lift !Ods (Phllippmes)
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Plate 710 Check stluctwe damaged by downstleam farmels (Senegal - cf Scheer 1996)

In many cases damage dIstorts water dlstnbutIon m favor of the damagmg party In some
cases however, the mfrastructure IS reconstructed by the farmers to render It compatIble wIth
farmers perceptIons In terms of allocatIOn and dlstnbutIOn An example IS pre<;ented m Horst
1996c for the case of BalI 50 Other cases of mcompatIbilIty between engmeenng desIgns and
farmers perceptIons are descnbed by SlY (1986) and Yabes (1989) for the PhilIppmes

Solutzons

The underlyIng reason for IncOmpatIbIlIty between desIgn and farmers' perceptIons IS the lack
of commumcatIOn and mutual understandmg between engIneers and farmers (For an analy
SIS for the Senegal valley see the Ph D dIssertatIOn of Scheer 1996) Many engIneers com
plam about the Ignorance and unreasonable behavIOr of farmers SolutIOns therefore are of
ten sought m techmcal 'tamperproof' measures mstead of trymg to understand the reasons
why farmers behave the way they do Some examples are Illustrated by the followmg plates

'DIn the Ball IrngatIOn Project (BlP), funded by the ASldn Development Bank and studied and designed
by consultants from Italy and Korea the consultants discarded the local centunes old technology and
mtroduced gated structures m systems where formerly the traditIOnal proportIOnal divIsIOn pnnclples
were practiced In some cases farmers destroyed these structures or used them to reestablish as fully
as po~slble the ongmal proportIOnal diVISIOn of flows In a number of case~ however they reconstructed
the BIP technology by bmldmg walls m the canals upstream of divIsIOn pomts and by creatmg propor
tIOnal overflow weirs leavmg the gates useless Eventually the BIP conceded and the last schemes were
bUilt as proportIOnal divIsIOn systems Without gdtes (see Horst 1996c)
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Plate 7 11 A fm tl ess as offtake (The
contmuous struggle between farmel s
tampellng with offtake structUles and
IrrigatIOn offlcwls resulted In the

ultImate solutIOn cf Mollmga and
Boldmg 1996)

Plate 712 Padlocks (In many IrllgatlOn ploJects padlocks are used to prevent unauthollzed
handlmg)
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Plate 7 13 The Chinese lock (In some ploJecr, III Nepal an ingenIOus bolting device requlrlng
speual tools IS used to fit the gate setting)

Plate 7 14 One key /01 all gates (In the
Banganga scheme In Nepal one hand
wheel I, used /01 all major offtakes The
wheel remains under the water guard s
Cal e)
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The Need for Transparent Technology

Although vulnerable structures should be aVOIded many of the efforts to prevent tampenng
prove to be of no avaIl In prachce when farmers are convInced nghtly or wrongly that the
water IS not properly divided To try to fInd solutIOns for tampenng by technIcal measures
alone should m general be conSidered an IllUSIOn SolutIOns can only be found by a combIna
hon of

•

•

General consensus by farmers and management on the allocatIOn and dlstnbutlOn of

water (Includmg dunng hmes of scarcity)

A system of canals and structures which enables farmers to understand the flows of

water by their own percephons

Transparency of operatIOn differs strongly from structure to structure For example, the
overflow (weIr) type of structure gives, by Its width and depth of flow, a clear Visual picture
of the water flow On the other hand, flows through undershot (gated) structures are difficult
to assess Changes of flows through such structures depend on either changes m gate openIng
or In upstream and downstream water levels Assessment IS only pOSSible by cahbratlOn graphs
or tables A fIne example IS the constant head onfIce (CHO) where It IS Impossible to esh
mate the flow without cahbratlOn data (In thiS context, It IS Important to reahze that water
levels and water depths are Important parameters for farmers to assess flows) These under
shot structures are also easIly mishandled either on purpose (bnbery) or because of theIr In
tnnslc compleXity (e g, the sethng of a CHO IS a very cumbersome operatIOn)

Corrupt operatIOns cannot be eradicated Simply by Introducmg a particular type of tech
nology However some structure types render corrupt prachces easier and make detectIOn more
difficult In other types, for example WeIr types, (plate 7 15) tampenng IS obvIOUS

An opposite case might be found m IndoneSia the frequent mishandlIng of the bottom
gate of the Roml]n WeIr OpenIng thiS bottom gate (deSigned for flushIng of Silt) wIll allow
passage of an undetected addlhonal flow of water see figure 7 5 and plate 7 16

Flgure 75 ROml]n weu-undershot flow

T
Normal setting Flushing Undetected,

unauthOrized
undershot flow



Plate 7 15 Tamperzng wah prop01 ttOnal dlVlStOn

75

Plate 716 ROml]n weu-undershot flow



CHAPTER 8

OPERATIONAL REALITY

81 IntroductIOn

The previOus chapters show that design of water divIsiOn structures based on mcorrect hy

draulIc SupposItIons, whIle omIttmg social and mstItutiOnal cntena can lead to mappropnate

technology, resultIllg III low water effIcIencIes, conflIcts, mIsmanagement, etc 51 Although pro

cedures for the regulatIon, measurements and mOllltonng of flows are often presented III gUIde

lInes and operatIonal manuals, they seldom address the mherent desIgn shortcommgs At project

level, managers and farmers mhent' systems wIth hydraulIc defects, mcompatIble wIth the

staff capabIlItIes and hardly understood or accepted by farmers How these problems mam

fest themselves, specIfIcally for Systems 3 and 4 (chap 65?), are discussed m thiS chapter

8 2 The Actors

To analyze the comple"'\: mterrelatIon between deSign assumptIOns, water delIvery schedules, and

operdtIonal realitIes, It is useful to dIscern the three major partIes Illvolved III irrIgatiOn practIce

Planners/desIgners (IrngatiOn agency, consultants, donors)

11 OperatIOnal offIce staff (IrngatIon agency staff III headquarters, provIllcIaI and dIS

tnct offIces)

III OperatIonal fIeld staff and farmers (at tertIary and flecondary level)

Planners/Deslgners53

As dIscussed m chapter 7 m many cases mappropnate water dIVIsIon structure,> are selected,
leadIng to hydraulIcally unstable canal systems whIch are cumbersome to operate Further
more farmers understandIng or perceptIons of the structure& are rdrely taken Into account III

the deSIgn

"AdlIllttedly projects WIth hIgh performances do eXIst m spIte of large dlscrepanCles between deSIgn
and operatIon The Issue here however IS that a deSign whIch is not used dS mtended should be consld
ered a wrong deSIgn Such a deSIgn leads to cumbersome operatIon requIrIng extra staff and/or to re
dundant technology compnsmg unnecessary extra costs

5These Systems (3 and 4) feature predommantly m IrngatIOn schemes m ASIa Afnca and LatIn Arnenca

53As we have seen m SectIOn 44 thiS group IS far from homogeneous (e g the dichotomy between
agronomy and CIVIl engmeenng) Nevertheless m practIce the phYSical deSIgn I~ pnmanly determmed
by the resultant of deCISIOns made wlthm thiS group as a whole

ib revious Page Blanl~
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Moreover, consIderatiOn IS seldom gIVen to staff reqmrements (numbers and sktlls) m
relatiOn to the water dIvIsiOn technology chosen

Operatwnal Office Staff

In general, operatiOnal staff m dIstnct or provmcml offIces are mamly concerned WIth water
allocatiOn and dIstnbutIon schedulmg (operatiOnal plan) The mcreasmgly refmed and sup
posedly accurate assessments of IrngatiOn reqmrements have led to mcreasmgly sophIstIca
ted and comphcated operatiOnal procedures Dunng the last decades, volummous operatiOn
manuals have been compIled m a number of countnes m WhICh lengthy stepWIse procedures
are gIVen to arrIve at operatiOnal schedules (see SectIOn 73)

These procedures reqmre an enormous amount of data collectiOn, processmg, and dIS

semmatIOn Shortage of staff, m combmatlon WIth httle contact WIth or feedback from the
field (especIally from the tertIary level) and msuffIcient or unrehable water measurements be
cause of malfunctIonmg structures, often results m a sItuatIOn m whIch the admmIstratIve ac
tIvItIes remam largely paper exercIses WIth httIe relevance outSIde of the offIce Furthermore,
such SItuatIOns often go hand m hand WIth a lack of mcentIves and/or accountabIhty 54

Operanonal Fleld Staff and Farmers

In reahty thIS thIrd party,55 finally determmes how water IS actually dIstnbuted The actual
dIstnbutIon of water at fIeld level IS the product of a number of cIrcumstantIal causes

•

•

•

FIrst of all, water dIstnbutIOn whIch alms to follow the soll-water balance closely,

reqUIres varymg IrrIgatIOn mtervals and/or varymg IrrIgatIOn apphcatIOns In order
to accommodate such schedules, comphcated operatIOns of regulatmg and measure
ment structures are necessary When combmed WIth hydrauhcally unstable canal
systems WIth structures cumbersome to operate, the often poorly tramed fIeld staff
are confronted WIth an operatIonal task whIch IS effectIvely ImpossIble

In many cases, the real croppmg patterns dIffer from the ones assumed m the opera

tIonal plan ThIS mIght be due to 10cahzatIOn mfluenced by pohtIcal pressure or un
reltable crop data

Field staff often hve m and ongmate from the area they have to serve TheIr loyalty

(genume or bought) hes pnmanly WIth the local farmers and less WIth the offIce m

54Engmeers m many countnes prefer workmg m constructIOn or mamtenance departments (more lucra
bve) rather than m operatIOn and management departments For an IIMI research case m Pakistan Van
der Velde and Murray-Rust (1992) reported System manage,s do not know what IS gomg on In their
areas of fesponslblilty They clearly do not care about canal performance

55Although field staff and farmers are often adversanes, they are here conSidered as one group smce
the actual dlstnbutlOn of water at that level IS mostly the result of mteractron between them
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town Therefore, when confronted wIth shortages of water, they wIll dIstnbute the
water at theIr dIscretIOn, on the basIs of theIr expenence, Ignonng offIcIal schedul
mg mstructIOns After all they are confronted wIth the users

83

• Fmally, the fIeld staff mIght also Ignore mstructIOns when, after many years of ex

penence, they have learned how to better accommodate the vanou~ groups of farm
ers (by takmg mto account local soIl dIfferences and topography) than by stnctly fol
lowmg the offIcIal schedules LikewIse, water mIght be dIstnbuted dIfferently from
offICIal schedulmg on the basIs of negotIatIOns, power relatIons, or tradItIonal nghts
(see, among others, Van der Zaag 1992 a)

Dlscrepancles between Assumptzons and Reallty

As a result of the roles these three groups play III the IrrIgatIOn scene, two Important
discontmUltIes m the cham of events can be dIscerned

•

•

A" desIgners seldom leave behmd detaIled manuals or gUldelmes on system opera

tIon, the operatIonal plan drawn up by the actual management often dIffers from the
desIgn assumptIOns m regard to water schedulIng De~Igners are hardly ever con
fronted wIth the operatIOnal realIty at field level Few opportumtIes for momtonng
and feedback occur resultmg m contmuous repetItIOn of the same type of desIgn
contammg the same shortcommgs as preVIOusly 06

The operatIonal plan IS seldom Implemented at fIeld level The dIfference between

the assumptIOns for the operatIOnal plan and the operatIonal realIty IS Illustrated m
fIgure 8 1

Under such CIrcumstances the assumptIOns made for the operatIOnal plan to dIstnbute
and measure water m predetermmed quantIfIed flows expressed m lIters per second, become
Irrelevant They have no beanng on the operatIonal realIty where water flows are qualIfIed

56The fact that thIS SItuatIOn can eXIst for decades wIthout change mIght be explamed by the followmg
reasons

The umversal schIsm between fIeld and offIce most engmeers III central offices have no clue of
how m reahty water IS dIstnbuted at field level InspectIon VISItS whether from HQ or by supervi
sion mISSIons of donor agenCIes seldom e"'{tend beyond the headgates of the secondary canals

IrngatIOn research by umversitles and mstltutes IS mostly focused on soIl water plant relatIOnshIps
productIOn functIOns, or pure hydrauhcs Water management at field level came only recently to the
fore (cf Van der Zaag 1992a IIMI 1987 1989 Pradhan 1996) As yet lIttle of the results has been
reflected m handbooks or manuals for desIgn

TenacIOUs adherence to desIgn 'Standards (USBR standards m the PhIhppmes) or pnncIple'S (pur'Su
ance of techlllcal Irngation m Indonesia)
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from dIfferent perceptIOns such as too httle,' 'suffICIent,' or 'too much '7 These perceptIons
are based on expenence, accommodatIOn, negotIatIOns, and nghts Instead of fIgures on crop
pIng calendars and ungatIOn reqUIrements ThIS sItuatIOn IS Illustrated In fIgure 8 2

From studIes research, and fIeld observatIOns, It IS clear that thIS dIscrepancy IS apparent

In a large number of IrrIgatIon projects (e g , IIMI 1987 1989 World Bank 1990 Horst 1996a
Van der Zaag 1992 a, etc) 58

There IS no sIngle answer to the questIon of how In reahty water IS dIVIded wIthout mea

surements, the practIce of water dIVIsIOn beIng too SItuatIOn-specIfIc In addItIon the Issue of
eqUItable dIVIsIOn of water IS dIffICult to assess wIthout In depth local research ConceIvably,
a number of SItuatIOns may occur at one extreme the water guard knows after many years of
expenence how to accommodate the vanous groups of farmers he has to serve,59 or at the
other extreme the water IS dIVIded on the basIs of negotIatIOns, power relatIons, or tradItIOnal

57When the management of the Mahawelr Ganga project m Sn Lanka mformed farmers about the num
ber of cusecs they were to receIve the farmers replred We do not want cusecs we want watel (L
Smwardene personal commumcatIOn)

58For example IIMI 1987 states for the IndonesIan SItuatIOn (p 20) ThIS dIvergence (of actual flam
preSCribed practlces) seems to be lelated to such thmgs as (a) lack of sufficIent field operatIOns staff
(b) lack of well tramed and motlvated staff, (c) lack of workable measurmg structure~, (d) decentlal
Ized control over water dIVISIOn, (e) a frequent lack of exclUSIVe PRiS (ProHnczalIrrlgatwn ServIce)
control over offtake structures, (f) conSIderable dIverSIty m crop types and planting dates wlthm gIven
tertzary locks (g) prevalence of unmeasured supplemental water supply sources, (h) frequency of hav
mg tertiary blocks stretch across more than one VIllage, and (I) the apparent tendency of Irrlgatwn
mspectors and farmer s to sometImes dIstribute water on the baSIS of negotzated ar rangements rather
than hIerarchIcal ImplementatIOn procedures whIch have been determmed through objectIve mforma
tlOn gathermg and analysIs
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nghts One e'Ctreme mIght be reflected III the way the water IS handled dunng the daytIme
but dIfferent reahtIes may hold dunng the mght 60

The discrepancy between design a<;sumptIons and operatIonal reahty w111 be most promI
nent III case of water shortages On the other hand, III case of suffIcIency of water, the water
guard mIght accommodate the real needs of water III hIS own way Van der Zaag (1992a) de
scnbes thIS sItuatIon VIVIdly for a Mexican case

Once a baslc m 19atlOn schedule has been establlshed at the begmmng of the lrngatlOn

season, the canalelO (water guard) can add an extra 11 ngatlOn tum wlthout Teconsldenng
the whole u ngatlOn plan From a falrly sImple core pattern, a complex schedule of lrngatwn
tUlnS evolves, whlch lS well structured and account5 for the dIfferences In water need that
e'Clst ftom plot to plot

>9IIMI/ADB (1989) descnbes thiS SituatIOn for the Kmndi Oya system m Sn Lanka as follows For all
practIcal purposes the twe objectIves of the opel ators are not e>.pl essed zn tel ms of a gIven flow to be
dehvered at the offtake but as an equlhbnum'to be reached (I e a no complaznts situatIOn) In some
cases thiS SituatIOn might lead to an even more eqmtable water diViSion than when stnctly adhenng to
the water schedule procedure" smce local conditions (e g locally different SOlI types high ground
etc) might be coped with more sdtlsfactonly

60Chambers (1988) nghtly drew the attentIOn to the white spot of mght irngatIOn
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Slgmflcantly, m thIs case water dehvery to the farms shows vanattons m Irngatton mter
vals, m dehvery hmes as well as m umt flows 61

61From thIS example of good IrrIgatIOn servIce by the canalero III spIte of the cumbersome Illappropn
ate technology (adjustable undershot gates) It mIght be deduced that wIth good operatIOnal staff any
technology wIll render good performance (cf Van der Zaag 1992b Plusquellec Burt and Wolter 1994)
It should be noted however that thIS system IS reservOIr supplIed WIth suffIcIent water It I~ surmIsed
that the sItuatIOn would have been dIfferent m case of water shortages where the canalero wIll be con
fronted WIth pressure exertIOn by the large farmers, polItIcal pressure and posSIble mlshandlmg of dl
VISIOn structure~



CHAPTER 9

SUMMARY AND CONCLUSIONS

•

•

•

The problems In rrngated agnculture are histoncally determIned they fInd theIr roots

In the technology of the colomal era and the lack of adaptatIon to the new SOCIOeco
nomIC enVIronment of the post-colomal penod Dunng the colomal tImes, deSIgn and
operatIon resIded WIthIn the same Ill1mstry, makmg mteractIOn and feedback pOSSIble
In the post-colomal era, however, deSIgn has been carned out mostly by (foreIgn)
consultants, whIle government agenCIes have been responsIble for operatIOns ThIS
dIVorce between deSIgn and operatIon has led to dIscrepancIes between deSIgn as
sumptIOns and operatIOnal realItIes

DeSIgn assumptIons deal partly WIth polIcy plannIng (extensIve or mtenslve IrrIga

tIon, poverty alleVIatIon or productIon dnven, type of water allocatIon, etc ), and partly
WIth agronomIC reqUIrements (croppIng patterns, water reqUIrements, IrngatIon meth
ods) These assumptIons lead to the assessment of how the water has to be delIvered
to the tertIary umt the Water DelIvery Schedule (WDS) Once the WDS IS deter
mIned the system technology follows a'S a denvatIve from thIS schedule In ItS turn,
the type of system technology determInes the mode of operatIon of the 'System

In the prevIOUS chapters alternate type'S of schedules and subsequent types of sys

tems have been revIewed and analyzed In terms of operatIonal consequences These
consequences pertam to operabIlIty, operatIOnal procedures reqUIred, staff reqUIre
ments, transparency, CorruptIbIlIty, SOCIal acceptance, and pOSSIble farmer manage
ment ThIS IS Illustrated III fIgure 9 1 for three dIfferent types of structure

ThIS analY'Sis shows that often, III the deSIgn phase, lIttle or no attentIon IS paid to opera
tIonal aspects Not surpnsmgly by lImItIng de~Ign assumptIOns to agronomIC engmeenng
and economIC parameters only, WIthout takmg IlltO dccount mstItutlOnal and human aspects
the outcome 01 deSIgn mIght well be mcompatIble WIth the socIO-mstItutIOnal enVIronment
Therefore, It IS argued that all these a~pects should not be dealt WIth a~ denvatIves from the
deSIgn, but rather should be explICItly mcluded as cntena or conSIderatIons III the deSIgn (~ee

figure 92)
These dIscrepanCIes between deSIgn and operatIOn are espeCIally apparent m System types

3 and 4 (vanable delIvery and adjustable structures) where most problems occur Indeed, ex
dIDmIllg deSIgns for these systems, It IS apparent that the addItIonal cntena of fIgure 9 2
have seldom been taken mto account Part IV wIll focus on explonng alternatIves for these
systems
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Figwe 91 RelatIOn between type of stluctUie and objectives (Hor.!>t 1987)
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PART IV

OptIons for Change

Pal t III (Deslgn and Practlce) reveals that types of lrngatwn
systems wah manually or mechamcally operated water dlvlswn
stluctures (Systems 3 and 4, Sectwn 61), expenence serwus
problems These types of systems, constltute by far the largest
plOportwn of lrngatwn In the world Vwwus remedles for
solvlng these problems as put forwald In lecent hterature, are
1eVlewed In chapter 10 One of the optwns for change lS
slmphficatwn of opel atwn and technology A dlscusswn on the
appllcablllty of slmpbftcatlOn of water dellVery and technology
lS plesented m chapte1 11 In chapter 12 the potentwl role of
mtermedwte reserVOlrs lS explO1ed Fmally, m chapter 13 an
attempt lS made to place the contents of thls book m a wldel
perspectlVe



CHAPTER 10

IN SEARCH OF SOLUTIONS

101 IntroductlOn

In Part III fIve types of systems based on dIfferent water delIvery schedules were IdentIfIed
and exammed m terms of operatIOnal aspects It appears that systems wIth manually or me
chamcally operated structures (Systems 3 and 4) suffer most operatIOnal problems These
problems have been recogmzed by a number of persons workmg m IrrIgatIOn plannmg, de
SIgn, management, and research 62 Although there eXIsts a general consensus that the patIent
IS serIously Ill, the type of treatment proposed dIffers from person to person These dIffer
ences often reflect the dlsclplme and professIOn of the person concerned and prove the 'nor
mal professIOnalIsm' as IdentIfIed by Chambers (1988)

The search for solutIons can be broadly categorIzed mto three

•

•

•

Improvmg the desIgn process

changes m management

changes m technology

In the followmg sectIOns these tOpICS WIll be bnefly dIscussed wIth speCIal reference to
deSIgn of IrrIgatIOn systems

10 2 Improvmg the Deslgn Process

The deSIgn chOIces and assumptlons to arrIve at a certam water dIVISIOn technology (chapters
5 and 6) are usually made by the planner/deSIgner WIth no or httle mteractIOn WIth the future
users of the system In practIce, for m05t projects where the SOCIal enVIronment and the dIa
logue and mteractIOn WIth farmers have been neglected, problems mIght be encountered m
terms of delays, conflIcts, and underutllIzatIOn DUrIng the 1980s, the questIOn arose whether

6?por example Plusquellec, Burt and Wolter 1994, p 5 Extended gravity IrngatIOn schemes With manu
ally operated gates and control stlUctures rarely work, despite all efforts to Improve IrngatIOn man
agement and the capaCIty of staff, and Burns 1993 p 784 The myth of the effi-Clent and eqUitable flow
of valuable water by gravity from source through a large scale publlc system of raised earth aque
ducts preSided over by an honest and competent bureaucracy mampulatmg thousands of gates contmu
ously for Just on time delIVery to the loot zones ofplants needs to be discarded first

PreviOUS Page Blank
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InteractIve desIgn InvolVIng the farmer and hIS socIal envIronment would be possIble In 1990,
a speCIal workshop on that tOpIC was held In Wagemngen eventually resultIng In a pubhca

tIon (Ubels and Horst 1993) In whIch an attempt was made to place mteractIve desIgn mto a

conceptual framework Although these and other efforts to get a hold on thIS subject, ren
dered a better understandmg and awareness of the pOSSIble consequences of the desIgn on the
SOCIal envIronment of the farmers, It has appeared dIffICUlt m practice to convert thIS aware
ness mto actual deSIgn procedures

Moreover, the wI1lmgness of farmers to partICIpate, as a matter of course, m the deSIgn
process has been questIOned by recent research fmdmgs Scheer (1996) made an analySIS of
the dIfference between farmers and deSIgn engmeers m the Senegal Valley m terms of techm
cal knowledge and perceptIOns He found that farmers often do not want to partICIpate m the
deSIgn because "they may lose the entzre project zf they do

Also van Bentum (1995) notIced m hIS research the same attitude among farmers m Spam
He questIOns the equzvalent partzczpatLOn of users and engznea s zn the deszgn On the other
hand, he advocates the creatIOn of a space of autonomous actLOn for the farmer wzth respect
to the use and adaptatIOn of the zn zgatzon system Another problem emerges m large projects
when It IS very dIffICult to estabhsh partICIpatIon m deSIgn m VIew of the large number of
farmers mvolved Moreover, farmers are often more mterested m the technology wlthm theu
duect envuonment and less m the mam system (Scheer 1996) Nevertheless, room should, at
least, be made for a suffICIent SOCIOeconomIc-cultural pre-assessment of the local SItuatIon
A blatant example of the consequences when omlttmg such an assessment IS descnbed In Horst
1996 c for the Bah IrngatIOn Project (see chap 7, note 50)

10 3 Changes In Management

Focus on Management

At the end of 1970, a general consensus emerged among IrngatIOn profeSSIOnals that most
problems m ungatIon found m the broad fIeld of "IrngatIon management," were of a SOCIO
techmcal nature and should be solved by a multIdlsciphnary or mterdlsclphnary approach 63

In 1984, the InternatIOnal IrngatlOn Management InstItute (IIMI) was estabhshed WIth SIg
mncantly the word "management exphcltly m ItS name In fact, the focus of the IIMI pro
gram was contmuously on management related subjects (performance, mstItutIOnal aspects,
traInmg, etc) The IrngatIOn technology only got some occaSIOnal attentIOn (e g, IIMI/ADB
study 1989) ThIS IS noteworthy when one reahzes that the type of technology strongly deter
mmes the manageablhty of ungatlOn systems (see chap 7)

Turnovel

Dunng recent years, the Issue of transfer of management to farmers (turnover) came to the
fore Also here the mstItutIOnal and orgamzatIOnal aspects are gettmg sIgmficant attentIOn,

631Yplcally for example Carruthers (1987) stated bngatwn development zs now pnmanly a manage
ment task, not a deszgn or constructIOn task,
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whIle the technology IS largely left out of the dIScussIon (cf the management transfer confer
ence m Chma m 1994 and the workshop m Thailand m 1995) At best, rehabIlItatIOn of projects

IS consIdered for turnover tah.mg the eXIstmg technology for granted ThIS IS remarkable smce

most systems bemg transferred are of the manually adjustable type (Systems 3 and 4) wIth

all the problems as dIscussed m Part III One mIght pose the questIon whether transfer to farm

ers of systems, WhICh even agencies are mcapable of operatmg properly, IS ethIcally Justlfled

It seems that at least a search for an appropnate technology to enable an adequate and trans

parent dIstnbutIOn of water IS called for (see further SectIOn 11 6)

Measurmg, Momtormg, and Modelmg

SpecIally III engllleenng cIrcles more measurements and better momtonng are often advo
cated 64 It IS surmIsed however that these measures WIll be to no aVail as long as the opera
tlonal realIty sketched m chapter 8 eXIsts

ConsIderable effort IS spent to develop computer models both for IrngatIOn delIvery sched
ulIng and for canal operatIOn Although they mIght mcrease our knowledge m respect of the
IrngatIOn reqUirements and the hydraulIc behaVIOr of canals, they do not address the funda
mental problems of water delIvery the human element of candl operatlon

Water Charges

A recurrent Issue IS the need for pncmg and charglllg for water Repetto (1986), when dIS
cussmg the polItlcal economy of large scale agency-managed IrngatIOn schemes, drew the

attentIOn to the rent65 -seekIng behaVIOr of polItlcians, admimstrators, and users, havmg a shared
lllterest III preservmg and expandmg the arrangements that benefIt them He came WIth strong
arguments for correctmg lllcentlves by placmg fmancial responsIbIlIty on the beneficIanes
Unfortlmately, he dId not elaborate on the consequences of the technology reqUIred for volu
metnc pncmg of water Burns (1993) nghtly pomted out that for publIc, large-scale, gravIty

flow schemes volumetnc pnclllg IS SImply not feaSIble (see also Perry 1993 for the sheer
ImpOSSIbIlIty of water charges under conditlons of shortage m IndIa)

Crop-Based Irngatwn

The recent dnve for mtroducmg crop-based demand-dnven IrngatIOn IS based on the premIse
that supply-based IrngatIOn leads to water wastage and low performances Strosser and Garces
(1993) defmed the pnmary obJe<-tlve of crop-based IrngatIOn as to mClease the utlbty of the
land by supplymg wate, to a spenfted system accordmg to ClOp water requirements Its op
eratIOnal success however has stIll to be reported, whIch IS not surpnsmg III VIew of the enor-

6+Garbrecht and Bos (1980) even promote to mcrease the number of measunng pomts mcludmg the
farm outlets

6'(EconomIc)rent = the dIfference between the value of addItIOnal water to the farmer and what the
system charges for It (Repetto 1986)
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mous amount of data collectIOn, processIng, and mOllltonng Involved and the reqUIrements
for comphcated operatIOn of the ~ystem Crop-based IrngatIOn can only be achieved by sys
tems with adjustable gates (type 3 and 4) or by automated systems (type 5) The failure of the
first group of systems has been noted above, while automated systems only work when suffl
Clent storage IS available (see next SectIOn 10 4) Moreover as Perry (1993) wntes for the
Indian context IrngatlOn schedulmg to meet the mdlVldual needs of thousands of small plots
IS unrealzstlc with the mfrastructure many exlstzng Indzan IrngatlOn project, and would le
quue much hlghel infrastructure costs m new or rehabzlztated schemes

10 4 Changes m Technology

Several solutions proposed to alleViate the problems encountered In ungated agnculture have
been discussed above Here It IS argued that most of these measures wIll remaIn cosmetIc
surgery as long as the fundamental problems are not addressed too complex IrngatIOn sched
ules requmng sophisticated water dIVISIOn structures resultIng In dIfficult operatIOn, a short
age of skilled staff, and the different perceptions of water dIstnbutIOn objectives that eXIst
between fIeld operatIons and farmers on the one hand and the OffICial IrngatIOn schedule on
the other (these problems are generally the result of the omISSIon, dunng deSign, of an analy
SIS of the InstitutIOnal and human dimenSIOns of the scheme ~ee chap 9) The core of these
problems hes for a large part m the gIVen technology IrngatIOn systems With manually or
mechalllcally adjustable gates (Systems 3 and 4, chap 6) 66

When one accepts the failure of thIS type of technology (see footnote 62), the question
emerges what other more appropnate types of technology mIght be adopted To answer thIS

questIOn, the different types of systems can be diVided mto three broad categones

•

•

•

adjustable technology (Systems 3 and 4)

automated technology (System 5)

slmphned technology (Systems 1 and 2)

When dlscardmg adjustable technology, logIcally two optIOns remaIn open

<AutomatIOn

AdJustable67

SlmphflcatIOn

66AdmIttedly, technologIcal Improvements might be mtroduced m some projects for example by plac
mg duck bill weirs as cross regulators mstead of shdmg gates or by changmg RomlJn weirs With smgle
gated outlets The problem created by adjustable gate~ however Will not be removed

67These two optIOns are In broad hnes eqUivalent to demand and supply dnven water allocation (see
Jones 1995 for a diSCUSSIOn on the two types of advol-ates)
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Automatwn68

Durmg the last decade, a number of experts have advocated the mtroductIon of automatIon
AutomatIOn m terms of automatIcally controlled systems, hydraulIcally (by float operated
gates), e1ectromcally, or electro mechamcally, or by mIcroprocessors or computers, wIll gen
erally result III fewer persons reqmred to operate the system OperatIonal and mallltenance
o;;taff, however, should be very hIghly skIlled Knowledge of computers, electromcs, and me
chamcs IS often e&sentIal

Apart from thIS staffing requuement, a more problematIc restnctIOn lIes III the avmlable
water supply As noted III SectIOn 6 6, automatIOn can, III general, only be adopted for projects
for WhICh unrestncted water demand wIll be covered by sufficIent supply throughout the year 69

ThIS technology IS therefore excluded for run-of-the-nver projects or for projects WIth restncted
reservou capaCItIes 70

Stmphftcatwn

That leaves us WIth the second optIOn "SImplIfIcatIOn" SImplIfIed technology can be adopted
by simplIfylllg the water delIvery ThIS wIll be dIscussed III the next chapter Chapter 12 deals
WIth llltermedlate reserVOIrs as another form of SImplIfIcatIOn Here the water delIvery IS not
based on lllstantaneous water reqmrements but on bulk supply to buffer reserVOIrs

68For many people automatIon and sophIstIcated technology are synonymous WIth modermzatIOn Here
It IS argued that modermzatIOn should be based on our present day (modern) knowledge and perceptIOn
of how IrrIgatIOn should be planned deSIgned constructed and managed Dependmg on the local SItu
atIOn thIS can be achIeved by sImplrfied as well as by SOphIsticated technologIes

69Many authors ImplICItly assume suffiCIent supply (upstream storage reservOIrs) to render automatIOn
pOSSIble (sIgmficantly the mtroduction to an Important symposIUm on automatIOn [Zimbelman 1987]
states The lelrablllty of the supply zn Its broad sense of the capacIty of a major reseHOlr IS not the
concem of thIS symposIum)

7°Plusquelec Burt and Wolter (1994) p 61 In such cases (IrrigatIOn schemes that ale supplied through
river dIverSIOns wuhout zntemal storage) there IS zndeed bule need for pleClse flow and water level
cont101 zn the mazn system Modern watel control concepts are most valuable zn schemes that znclude
upstream leserVOlrs 01 substantral buffer st01age



CHAPTER 11

SIMPLIFICATIONS OF WATER DELIVERY AND TECHNOLOGY

111 IntroductIOn

Most lfngatIOn projects are desIgned on the premIse that the technology of the system and ItS
operatIOn should be able to accommodate the varymg water reqUIrements of an assumed crop
pmg plan In other words, the CroppIllg plan IS the pomt of departure from desIgn (chapter 5)
and the technology and operatIOn should comply WIth ItS (water) reqmrements As dIscussed
III Part III, a close match of the supply WIth the demand (water reqUIrements) often leads to
complIcated technologIes and operatIonal procedures, creatmg sItuatIOns where mIsmanage
ment, conflIcts, and meqmtable dIstnbutIOn are rampant

Therefore, III thIS chapter a dIfferent approach IS followed, focused on the questIOn

How can the varymg watel lequllement curve be approxlmated by a slmpllfted
dellvery curve, enablmg slmplljied technology and subsequently makmg slmpllfted
operatLOns posslble, whlle keepmg ovelall water use efficlencIes wlthm acceptable
llmlts?

112 Slmphjzed TechnologIes

SImplIfied technologIes can have many dIfferent forms

•

•

•

PlOportLOnal outlets The dIfferent solutIOns for the Punjab type of outlet to assure

proportIOnalIty have been noted before (e g Mahbub and GulatI 1951)

PropOl tLOnal dlVlSLOn welr-type structures Many vanatIOns are pOSSIble and do oc
cur m practIce as illustrated by the followmg pIctures (see also plate 71)

On-Off gates DIfferent types of on-off gates are sketched III fIgure 11 1

Stepwlse dlstnbutOl S Although dunng low flows dIstnbutIOn by on off gates on a

tIme baSIS mIght be preferable, III some cases a more fleXIble technology mIght be
called for

Some examples of SImplIfied technologIes are shown m the folloWIllg plates 11 1 to 11 6

PreviOus Page Blall~
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Plate 11 1 ProportlOnal dlwswn (Nepal)

Plate 11 2 PlOportlOnal dlvlswn (Tunlsza)



Plate 11 3 PlOportwnal dZVlswn (Punjab)

95

Plate 11 4 Standmd on off gates (Kenya)
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Plate 11 5 Stepwlse dlstnbutLOn (Spam)

Plate 11 6 Stepwlse dlstnbutLOn (Tumsw)
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Flgure 11 IOn-Off gates

Smgle Multiple
(Standard) see photo 11 4

Multiple
(Proportional to subareas)

When considenng sImphfied technology It should be reahzed that many desIgn engmeers

fmd thIS solutlOn mexpedient It goes agamst theIr perceptlOn of the need to control,

regulate, and measure the water m the system For example engmeers m the PhIhppmes de

scnbed proportlOnal dIVIder,; as structwes used by non techmcal people and they do
not glVe enough contlOl (see Yabes 1989) Further, ADB (1989) typIfIes shanng whatever
mflow IS aVailable m proportIOn to the planted areas a~ a 'degraded obJectlve Another

mstance can be found m Horst 1996 c where the condescendmg attItudes of foreIgn consult
ant,; towards the local technology based on proportIOnal dIVIsIOn m Bah are descnbed Many
more examples can be found, all of them pomtmg to a nonacceptance of sImphfIed technol

ogy by engmeers

The aim of thIS chapter IS not to accept a pr LOr l the sImphfied technology concept, but to

analyze ItS apphcablhty m the hght of frequently occurrIng croppmg patterns m practIce ThIS

analySIS IS reqUIred to evaluate sImphfIed technology as one of the possIble optIOns for chdnge
and to put It m the nght perspectIve 71

11 3 Szmplifzed Dehvery

A reahstlc approach to sImphfymg water dehvery has been proposed by MeIjer 1992 He
states apart from crop requlrements, wate! lS needed to faCllltate a fau and 5lmple wate!
dlst!lbutwn If these so-called addltwnal operatwll requuements (AOR),72 management losses,
or mtentwnallosses ale 19nored or not accepted wate! dlstnbutwn schedules tend to be much
too compllcated and fal too ngld for everyday practlce They wdl preclude any reasonable
water use efficlency beforehand

The AOR can be expressed by the ratIo (m percentage) of the water volume dehvered m
excess of reqUirements to the total water volume supphed dunng the penod conSIdered The
pnnciple of AOR can be applIed to all dIstnbutIon levels m the IrngatIon system above the
tertIary outlet Below the tertIary outlet the flow IS to be dIVIded accordmg to the gIven crop
pmg patterns and reqUirements

71The propagated solutIon of SImplIfIcatIOn of schedulmg and technology concurs m broad lInes WIth
the pnnciple of structured IrrIgatIOn as developed by the World Bank for the NatIOnal Water Manage
ment Project III IndIa See World Bank 1986 (The structured level IS the level below which the system
IS proportIOnal)

7'11 should be noted that the AOR refers to operatIOn and excludes normal expected losse~ such as seep
age, etc
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Flgure 11 2 Addltwnal opewtwnal reqUlrements 101 smgle nce crop (MelJer 1992)

9
LEGEND

8 '+IV'+- Land preparation
lJ.lJ.ll.lJJ Seed bed

7
Harvest

6 ~
Irngatlon water

i 4,5% requirements

Canal flow
mm/d xxxxxx

lill
Additional operation
requirement (AOR)

0 N D J F M ~ Average OAR
Months

In his paper Meijer discusses a number of examples for a nce area One example IS given
m figure 11 2, where for a water supply at constant dIscharge over the whole growmg penod,
the value of AOR amounts to only 4 5 percent

ThiS approach certamly has ments for eXlstmg schemes where operatIOns are too com
phcated when attemptIng a close matchmg of supply WIth crop water reqUlrements The pnn

clple of AOR however, IS also valuable when desIgmng for slmpltclty as WIll be dlscus~ed m
the next sectIOns

11 4 Applzcabllzty of Simplified Delzvery in Case of SuffiCient Water

To examme the apphcablhty of slmphfled technologies, SIX commonly recurnng croppmg
patterns are exammed

Rice A
B

C

Non-nce D

E

F

umform crop stand m all tertiary umts (tus)
umform crop stand m each tu, staggered plantmg among tus
staggered plantmg wlthm tus

umform mono-crop stand m all tus
umform mono-crop stand m each tu, staggered diverSIfied plantmg

among tus
staggered dIVerSified plantmg wIthm tus

For thiS analySIS one secondary bloch. IS conSIdered schematIcally, compnsmg four ter
tIary umts of unequal SIze Important parameters are

t = plahtmg date
0

IR = IrngatlOn reqUlrements at farm level

Qtu = flow Into tertIary umt (tu)
Qs = flow mto secondary block
AOR = addItIonal operatIOnal reqUIrements
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Case A Rlce-umform crop stand zn all tus (see fIgure 113)

ThIS IS a common case for proJect,> where nee IS the prmciple crop

• t IS the same for all farms
o

• Q
to

and Q, are constant for the whole growmg season (see fIgure 11 2)

• IR per umt area IS the same for the whole secondary block

• dehvery to farms IS eIther contllluous or on rotatIon

Hgure 11 3 Umform erop (nee) m all tel twry umts

Q

time

AOR

Qtu constant over period T M

Q s 1

2

Qtu

3

4

Q s = Qtu1+ QtU2+ QtU3+ QtU4

= constant

D Uniform growmg stage

Concluszons

• proportIOnal dIVISIOn IS applIcable for all structures

AOR 45 percent (see SectIOn 11 3)

Case B Rlce-uniform crop stand zn each tn, staggered plantzng among tus

The pnme Idea for such a case IS to make the best use of the nver flows III case of run-of-the
nver projects (cf the Golongan system III IndonesIa)
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FIgure 11 4 Umf01m elOp (nee) m all tertiary umts (tus), plantmg staggeled between tus

Q

AOR

2

tIme

Different
growing
stages

•

•

•

•

•

same t wlthm and different t between tus
o 0

IR per umt area IS the same for each tu

0t" constant for the whole growlllg season

Os changes stepwise

dehvery to farms either contmuous or on rotatlOn

Concluswns

•

•

•

On Off proportlOnal gates are apphcable for all structures (the reqmred number of

gate settlllgs for the e'Cample m figure 11 4 are 8 for Os and 2 for 0,.)

AOR 4 5 percent (see SectlOn 11 3)

In case of staggered plantmg among secondary blocks proportlOnal dlvlslOn wlthlll

the secondary block could be apphed (see case A)
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Case C Rlce-staggered planting wlthzn tus

In many areas, farmers' decislOns on nce cultIvatlOn are not based solely on the clImatIc cycle

but are mfluenced by other factors (labor aVailabIlIty, credIt, marketmg, etc) As a result, withm
mdividual tertIary umts, plots wIth nce crops wIth dIfferent growth stages are common In
such cases, a contmuou<; constant flow can be supplIed based on the composIte curve of all
mdIVIdual water reqmrement, takmg AOR mto account (see fIgure 11 5)

IR farm

l--h
~Tlme

AOR
Composite requirements

Otu - DmlDlllmi

Flgure 11 5 Staggered plantmg (1 lee) wlthm ternary umts

-. ==:::::;;~;;;;;:::;;;jj;;;::=

~ } Different_ growing
D stages

Otu = Constant
Os = L Otu = Constant

• dIfferent t for each farm
o

• IR per umt area the same for each farm

• Qtu dpproximated by a constant value based on the composIte curve of all the mdI

VIdual farm water reqmrement curves

• Q
s
(= L Qtu) also constant

• delIvery to farms on a rotatlOnal baSIS
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Concluswns

• proportIonal dIvIsIon applIcable for all structures

• AOR estImated 5-15 percent

Case D Non-nee-umform mono-crop stand mall tus

ThIS SItuatIOn occurs III projects WIth a mono-cultural croppmg pattern For example, cotton
(as ongmally m the Gezrra project m the Sudan) or sugar

In such a case, adoptIOn of one fIxed flow through the crop season WIll generally result
In an unacceptably hIgh fIgure for AOR (30% or more) In pnnciple, two solutIOns are pos
SIble (see fIgure 11 6)

Fzgure 11 6 Umform mono erop (non nee) mall teltlalY umts

AOR

OPTION 1

Stepwise
adjustment

time
Qtu

OPTION 2

Pulsed
Irrigation

time

Qs 1

2

Qtu

3

Ing
4DMonocrop

umform grow
stages

Option I Stepwise adjustment of Q
tu

• to the same for all farms

• IR the same for all crops

• Q,u vanable III steps

• rotatIOnal delIvery to farms
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ConcluslOn

•

•

•

dIsadvantage IS the change III umt flows (see SectIon 5 2)

proportIonal dIvIsIOn III pnnciple possIble below the headworks

AOR dependmg on number of steps, estImated m the order of 10-20 percent

Option II 'Pulsed'lrngation73

•

•

•

•

t the same for all farms
o

IR the same for all crops

Qtu eIther zero of full supply

rotatIOnal supply to farms

ConcluslOns

•

•

proportIOnal dIvIsIon applIcable for tu offtakes and on-off gates for secondary offtakes

AOR low to medIUm, estImated m the order of 5-15 percent

Case E Non-nce-umform mono-crop stand zn each tn, staggered dzversified
planting among tus (see fIgure 11 7)

•

•

•

same t WlthIll and dIfferent t s between tus
o 0

IR the 'lame withm tus

for Q
tu

see optIOns I and II of case D

Concluszons

•

•

•

stepwIse dIstnbutors for tu and secondary offtakes

operatIOn complIcated

AOR medIUm to hIgh, estImated III the order of 10-20 percent

12ef World Bank 1986
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Flgure 11 7 Umform mono-crop (non nee) In each tertwry unit (tu), Staggered dlvelslfied

planting among tus

Different crops

Different growing
stages

2 Composite
curve

time

Water reqUirement curves for tu 1 2 3 and 4
and composite curve for secondary Unit

Case F Non-nce-staggered diversified planting wlthm tus

In many parts of the world Irngated areas are charactenzed by large numbers of small plots,

wIth dIfferent types of crops m dIfferent stages of growth Here a demand based or crop-based

operatIon becomes unrealIstIc It IS phySIcally ImpossIble to follow each water reqUIrement
curve for each plot through tIme If one conSIders such an area, however, It IS pOSSIble to as
sess an overall composIte water reqUIrement curve on the baSIS of the sum of all the mdI
VIdual water reqUIrement curves ThIS composIte curve can then be approxImated by a can
stant supply curve by takmg mto account the AOR (see fIgure 11 8)

•

•

•

•

•

dIfferent to for each farm

dIfferent IR for each farm

Ow approxImated by a constant value based on the composIte curve of all the mdI

VIdual farm water reqUIrement curves

Os (= L0
1
) also constant

delIvery to farms on a rotatIOnal baSIS
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Figure 11 8 Staggered dlvelslfied planting (non-nee) within tertlmy unzts

AOR

o

Composite
requirementsIR

Qtu = Constant
Os = L Otu = Constant

Q tu -lnmlDJlIlIllllmnJlDIDlDlllllllllm

II}I'll Different crops

o Different growing stages

Concluswns

• proportIOnal dIvIsIOn applIcable74

• AOR acceptable (especially when consIderIng the great sImplIcIty of operatIOn), es

tImated m the order of 5-15 percent

The above dIscussIOn IS summanzed m table 11 1 In thIs table the possIble technology

IS mdicated as well as a 'guestImate' of the AOR From these examples It appears that for

many dIfferent types of croppmg patterns a sImplIfied technology (eIther proportIonal dIVI
SIOn or on-off structures) IS applIcable, provIded addItIonal operatIonal reqUIrements (AORs)
are taken mto account

On the fIrst sIght of It, ObjectIOns mIght be raised agamst the AOR They contnbute to
even more losses and low effICIencIes ParadOXIcally (d Horst 1987), although the AOR can
be conSIdered as a loss of water, the overall water use efficIencIes are expected to mcrease
due to a SImpler technology and a SImpler operatIon ThIS WIll render a posItIve effect on the
shortage of tramed staff and a more transparent water dIstnbutIOn resultmg m a pOSSIble de-

74ThIS IS contrary to a WIdespread belief that proportIOnal dIVISIOn IS not applicable for diversified crop
pmg For example Aukum (1992) states PropOl tzonal flow control cannot be used efficrently fOl dlf
felent crops With dlffelent water needs, since the flow cannot be legulated Also m a consultants' re
port It should be noted that dnerslficatzon ofagncultwe IS one of the mazn objectives of the GOI (Gm
ernment of Indonesza) Therefore the system should enable the farmels to grow dl"erslfied crops Be
cause of thIS, fixed proportzonal flow dlvel szon IS not 1ecommended
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crease of mIsmanagement and unequal water dlstnbutlOn (or as MeIjer 1992 suggested you
need water to Sal e water) Furthermore, the guestImates' m table 11 1 appear to be small

when compared wIth actual overall losses as observed m the fIeld These losses may easIly

reach values m the order of 60-80 percent (d Bos and Nugteren 1974) Cases wIth hIgh AOR

such as cases D and E mIght become acceptable when the excess tall water IS used for down

stream purposes It IS therefore Important to VIew an IrngatlOn system m the context of nver

basm allocatIOn (see chap 13) Further consequences of sImplIfIed technologIes wIll be dIS

cussed m SectIOn 11 6

Table 11 1 Appilcablllty of slmpllfied technology

CroppIng pattern POSSIble technology Approx Remarks

tu offtake Secondary AOR
offtake %

Rice

A Umform In all tus Prop dIV' Prop dIV 5

B Umform In each tu on off on off 5
Staggered among tus

C Staggered wIthIn tus Prop dIV Prop dIV 5-15

Non rIce OptIon I Prop dlv Prop dIV 10-20 DIfficult water

D Umform monocrop < management wIthIn tu

In all tus OptIOn II Prop dlv On off 5-15

E Umform monocrop In each tu StepwIse StepwIse 10-20 DIffIcult operatIOn
Staggered dIversIfIed among tu dl~tnbutors dlstnbutors

F Staggered dIversIfIed WIthIn tus Prop dlv Prop dlv 5-15

'Prop dlV =ProportIOnal dIVISIOn

11 5 Apphcabllity of Slmphfied Delivery In Case ofWater Shortages

UntIl now the applIcabIlIty of SImplIfIed delIvenes has been dIscussed under the assumptIOn

that the demands of the vanous croppmg patterns could be met suffICIently by the avaIlable

supply ThIS IS often not the case and restnctlOns are necessary for that part of the year when

the water supply IS not suffICIent for all farmers to grow what they WIsh As dIscussed m SectIon

54 these restnctlOns can be m terms of crops (crop allocatIOn) or m terms of water (dIVISIOn

of water shortages) WIth restnctIon of croppmg, proVIded the restnctlOns are adhered to

stnctly the water dlstnbutlOn SItuatIOns descnbed m the prevIOus sectIOns apply Applymg

restnctlOns on water lead to proportIOnal dIVISIOn (SectIOn 5 4) In run-of the-nver-schemes

tradItIonal proportIOnal dIVISIOn (System type 1 SectIOn 6 2) m effect subdIVIdes the scheme

mto small run-of the-nver-schemes each compnsmg a tertIary umt (fIgure 11 9)

ThIS results In a mlmmal operatIOn and a certaInty for groups of farmers WIthIn a tertIary

umt that they WIll receIve an equal share of the (fluctuatIng) water supply ProportIOnal dIVI

sIOn can also be obtaIned from a Punjab type system (System type 2-SectlOn 6 3) However,
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Flgure 11 9 Proportwnal dlVlswn of nver flows

Q

these systems are more dIffICUlt to operate wIth frequent and wIdely fluctuatmg rIver dIS

charges

116 Consequences of SImplifIed TechnologIes

IntroductIOn of sImplIfIed delIverIes and compatIble sImplIfIed technologIes have consequences

on a number of Issues

Staff Requll ements

In many countrIes a chromc defICIency eXIsts m number and competence of operatIOnal staff
The reqUIred number of staff and level of competence depend on the number of regulatmg
structures and the level of complexIty of the structures (cf SectIon 73) Introducmg sImpli
fied technologIes can result m savmgs m operatmg personnel reqUIred 7'

75A companson IS made by Horst (1987) for an eXIstIng project In IndoneSIa between the number of
regulatIng structures when the tertIary offtake structures at the secondary canals are adjustable (exIst
Ing sItuatIon) and what It would have been had proportIOnal dIVISIOns been applIed The number of
adjustable structures decreased more than tenfold
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OPel atwnal Flenbtllty

Numerous case studIes have shown that flexIble demand systems generally operate at low

performance levels, wIth headstream farmers receivIng the major share of the water (Shanan

1992) The often heard objectIOn agaInst proportIOnal dIVIsIOn In terms of lack of flexibility
mIght be refuted by ItS tImelIness and dependabIlIty 76

Turnover

In the last decade, turnover became an Important tOpIC In IrrIgatIOn Although much attentIOn
has been focused on the handIng-over procedures, orgamzatlOnal processes, etc lIttle thought

has been gIVen to the technology to be handed over the water diVISIOn structures and theIr
operatIOnal reqUirements 77

As discussed before structures for flexible operatIOns are, In many schemes, cumbersome
to operate, and In practice the IfngatlOn staff are unable to handle them In accordance With
deSIgn assumptIOns and operatIOn manuals Measurements are seldom taken below the pn
mary canal level (see SectIOn 8 3) and water IS not diVided In accordance With IrngatIOn sched
ules In 1/s, but In accordance WIth a completely dIfferent set of rules Under these CIrcum
stances turnover of management ImplIes turnover of an Inappropnate technology It IS sur

mlsed that the SImplIfIcation of technology and operatIOn as dIscussed In thIS chapter, will
lead to the handIng-over of an IrrIgatIOn technology WhICh IS more compatIble WIth the capa
bllItIes and WIshes of the farmers 78 Turnover can be Introduced only If the deSIgn results In

•

•

•

decentralIzed water delIvery operatIOn (e g proportIOnal dIVISIOn and buffer reser

VOirs at tertIary level-see chap 12)

Simple operatIOn

understandable structures (fIxed or on-off structures)

Farmers can only partiCIpate' If the operational procedures and the water dIVISIon struc
tures are transparent and understood

PhySical Constraznts

ProportIOnal dIVISion can become problematic In case of WIdely varyIng SOlI types WIth large

dIfferences In percolatIOn rates Here eIther the scheme should be subdIVided Into blocks ac

cordIng to soIl types or the proportIOns of the water dIVISIOn should be adjusted

7(Moreover In thIS context It should be realized that megular (e g run of the river schemes) propor
tIOnal dIVided flows are stIli mamfoldly more reliable and fleXIble than ramfall

77It should be noted that nowadays most consultants take technology for granted and spend most of
theIr tIme on orgamzatIOnal and mstitutIOnal matters

78It should be noted however that for large complicated schemes where the agency remams responSIble
for the larger canals automatIOn mIght be conSIdered for these canals
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Another restnctIon of the applIcabIlIty of proportIOnal dIvIsIOn can be the avaIlable heads
ProportIOnal dIvIsIOn of the weIr type (System 1 SectIOn 62) mIght not be applIcable m very
flat areas

Waterloggmg and Sahmty

Many IrngatIOn schemes suffer from over-IrngatIOn III the head end and under-IrngatIOn m
the tall end Over-IrngatIOn often results m waterloggmg and salImty These head-tall dIffer
ences occur along mam and secondary as well as tertIary canals and result m SItuatIOns IHus
trated m figure 1110A Due to the fIxed pOSItIon, proportIOnal dIVIders (If not tampered WIth),
wIll dlstnbute water entermg the system evenly to all tertIary outlets The head-tall end prob
lem IS then earned from project level to the tertIary umt level Although over-IrngatIOn mIght
be practIced III the head end of the tertIary umt, the bUIldup of the groundwater table IS more
evenly dlstnbuted and mIght not reach entIcal levels (see figure 1110B) ThIS also mIght have
pOSItIve effects on the preventIOn of breedmg SItes for dIsease vectors, for example, malana
mosqUItoes

Flgure 1110A Usual head-tazl pattern

\

\
\
\
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Figure 11 lOB Head tall pattern with proportIOnal dlVlslOn

I

\

\
\
\

\
Low Flows

\
\
\

Dunng dry penods (partIcularly wIth run-of-the nver schemes) flows In the dIstnbutIon sys
tem can become low and hence seepage losses wIll become proportIOnately greater In these
SItuatIOns rotatIOnal operatIOn should be Implemented by means of on off regulator gates

Socwl Realtty

The sImplIfIcatIons of IrngatIon dIstnbutIOn technology and operatIOns dIscussed In thIS chapter

wIll provIde more eqUItable methodologIes for dIVIsIOn of water It has to be recogmzed that
these sImplIficatIOns do not fundamentally change the real world of eXIstIng power structures
and the socIal posItIOn of farmers However, It may be surmIsed that the chOice of technology

does Influence the socIal domaIns In WhICh access to water IS contaIned It may be expected
that technologIes In WhICh operatIOns are transparent to all wIll expose blatantly corrupt In
terference In dIstnbution and mIsuses of water, and In that way arouse socIal control 79

79Stnkmg examples are the gated onflces (specifically the RomlJn gate) as mcomprehenslble structures
rendenng corruption and collUSIOn easy, versus the transparency of overflow welTS see SectIOn 74



CHAPTER 12

INTERMEDIATE RESERVOIRS80

12 1 IntroductIOn

In chapter 11 solutIOns to the water dIvIsIon problem were exammed by considenng simph
fied dehvery schedules and compatible technology An alternative posSIbIhty IS to decentral
IZe operatIon by creatlllg llltermedIate buffer storages between the malll system and the (groups
of) farmers The reasonlllg for 'iuch a technology hes III the followlllg consIderatIOns

•

•

•

A basIc problem III canal ungatIon IS the fact that once water enters the canal sys

tem, It has to contmue flOWlllg The duectIon, duratIOn, and magmtude of the flow
should be accordlllg to the operational plan and are determllled by settlllg the van
ous dIVIsIOn POlllts of the system A suboptimal operatIOn of the malll system WIll
result III surpluses III one part of the system and shortages III another These deVIa
tions from the mtended supply can be corrected by ad]Ustlllg the appropnate dIVI
SIOn and offtake structures However, dunng the penod of suboptImal operatIOn, m
the areas of surplus some water wIll be lost, whIle correctIOn of shortages IS gener
ally dIfficult to achIeve and tIme-consumlllg In many cases, these areas of surpluses
and shortages become fIrmly estabhshed as a consequence of faulty IrrIgatIOn op
eratIon, SIltation, or corruptIOn In practice, they often occur m the head and tall end

Another problem of cdnalungatIOn (see SectIon 34) IS the extreme dependence of

the farmer on the operatIOnal plan m terms of pOSSIble crop chOIce and the tImlllg,
duratIOn, and volumes of IrrIgatIOn dehvery These operatIonal plans are frequently
based on assumptIOns havlllg httle or no relevance to farmers' realItIes many sIte
speCIfIc factors mIght be more Important such as soIl types, labor, market, etc As a
result farmers often do not adhere to the operational plan

Farmers non-adherence to the deSIgners plans IS often mterpreted as Ignorance or

uneducated resultmg m trammg and extensIOn programs to educate the tal mer
Many of these programs fall because they do not address the underlymg motIves for
farmers to act dIfferently

The phIlosophy behllld mtermedlate reservOIrS IS based on the reversed reasomng 'farmel s
know best when and how to lrngate' (thIS does not mean that extenSIOn on new vanetIes, use

BOSee also Horst 1983

111
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of fertIlIzers, and pestICIdes, etc, are not called for) To Implement thIS approach a source of

water, mdependent from agency management, near to the farmer (or group of farmers) IS re

qUIred Farmers can decIde when and how to Irngate WIth that water By bUlldmg storage res

erVOIrs at the mterface between farmer- and agency-managed systems a buffer IS created ThIS

storage capacIty, equal to say a few days' IrngatIon reqUIrements,SI absorbs possIble surpluses
and shortages m the system and renders operatIOn more sImple and flexIble S2

12 2 Locatwn In the System

IntermedIate reservOIrS can be located at dIfferent levels of the system (fIgure 12 1)
From the above reasonmg It follows that the Ideal place for a buffer reserVOIr IS at farm

level In that case, the farmer can determme hIS own farmmg system and IrngatIon methods,
crop dIversIfIcatIOn IS more feasIble, and when IrngatIon IS a part-tIme actIVIty the farmer
can choo1:>e hIS own applIcatIon tImes Furthermore, there IS no need for mght IrrIgatIOn Many
smallholder schemes however do not have suffICIent space withm the farm Therefore, from a
practIcal pomt of VIew mtermediate reservOIrs at tertIary level can be consIdered as the best
alternatIve solutIOn and wIll be further dI1:>CUssed below

An Important aspect of butfer reservOIrS IS the operatIOnal mdependence It gIves farmers

from the IrrIgatIon serVIce otherwIse Imposed by conventIOnal systems WhIlst O&M of mam
and secondary canals and structures are the responsIbIlIty of the management agency, the res
erVOlr and tertIary are the responsIbIlIty of the farmers Owmg to theIr SIze, the reservOIrS

can (and from an economIC pomt of VIew should) be used for fISh farmmg (SectIOn 125)

Figure 12 1 Potential buffer storage locatiOn in dlStT lbutlOn systems

Secondary level TertIary level Farm level

SlIt should be noted that these Illtermediate reservOlrs dIffer from storage reserVOlrs at scheme level III

terms of storage capaCItIes a few days supply versus a much longer (monthly or over yearly) period
Furthermore they dIffer from mght reservOIrs deSIgned to store the exact total water reqUIrements for
one 12 hour penod Here shortages and surpluses cannot be accommodated

s·The Improved manageabIhty of systems WIth decentralized storage has been proven by a comparatIve
study by IIMI! ADB (1989)
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123 Layout

The mam system

Water IS conveyed from the source through mam and secondary canals to the reserVOIrs m
each tertlary umt ThIs conveyance system should preferably operate on a contmuous basIs to
mmImlze canal dImensIOns (However, a certam overcapacIty IS desIrable to enable flexIble
operatIOn)

The Reservoll

The surface area and water depth of the reservOIr depend on local condItIOns As an md1ca
tlve example

Tertlary umt

IrrIgatIOn reqUIrement

Buffer perIod

Surface area

Actlve storage depth

Dead storage depth

An example IS 11lustrated m figure 12 2

30 ha

8 mm/day

5 days

1 ha

120 m

050 m

124 Methods for Dehverzes to Ternary ReservOlrs

Contrary to conventlonal systems where water IS dIvIded and dehvered accordmg to pre-set
reqUIrement programs, the operatIOn of systems WIth buffer reservOIrs IS reduced mamtammg
the storage m the reservOIrs ThIS can be done m four ways

A ProportIOnal supply At each offtake pomt of the secondary canal, the offtake flow
to the reserVOIr and the ongomg flow are dIvIded m proportIOn to the areas com
manded takmg mto account conveyance losses, If reqmred ThIs system IS the SIm
plest to operate and could well be adopted for areas where croppmg IS eIther homo
geneous or very dIverSIfIed (see chap 11)

B Sequentwl supply Each offtake from the secondary canal IS by broad-crested weIr
The upstream water levels are controlled by duck-bIll weIrs WIth hIgher crest levels
than the offtake welfS When a reservOIr IS full, the local duck b111 weIr w111 pass all
flow to the downstream sectlon WIth very httle mcrease m the upstream water level
(due to the hIgh senSItIvIty of thIS structure type)

Once all reservOIrs are fIlled secondary canal flow WIll automatlcally mamtam

the buffer reserVOIrs at full supply level, proVIded the flow equals the gross IrrIga

tlon reqUIrements mdudmg losses If the secondary canal dIscharge does not equal
the gross reqUIrement, the last reserVOIr w111 eIther empty or overflow
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Flgure 122 Intermedtate leserVOlrs
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OperatIOn management consIsts of adjustIng the head regulator of the second
ary canal In response to the observed levels III the last reserVOIr Shortage of water

wIll stIll be concentrated towards the taIl end, however, the buffer capacIty of the

taIl reservOIr allows addItIonal tIme tor management response ThIS system can only
be applIed successfully when sufficIent water IS always avaIlable at the source

C Rotatwnal supply SImIlar combIllatIOns of structures proposed for sequentIal sup
ply (case B above) can be adopted for rotatIOnal supply WIth the addItIon of on-off
gates at the reservOIr Illtakes Larger secondary canal capaCItIes are requIred for ro
tatIOnal fillIng than methods A and B ThIS reqUIrement IS an Important conSIder
atIOn when canals are constructed maInly III fIll RotatIonal operatIons also result III

larger fluctuatIOns III reservOIr levels makIng operatIOn of the reserVOIr outlet more
dIfficult (requmng frequent adjustments of gate settIngs), and may adversely affect
fish culture

D Adjustable supply ThIS method, reqUInng adjustable gates at the reservOIr Illtake struc
tures IS not recommended SIllce It entaIls problems SImIlar to those III the conven
tIOnal systems WIth vanable flows

From an operatIOnal POInt of VIew, methods A and B are to be preferred both for SIm
plICIty and for reductIOn of manpower, as no settIllg of gates IS reqUIred From the POInt of
VIew of mIsuse and wastage of water withIll the tertIary umts, however, the preference may
be dIfferent OVer-IrrIgatIOn III the fIrst umts WIll not be checked WIth method B, as the reser
VOIrs wIll automatIcally fIll up WIth method A OVer-IrrIgatIon In a tertIary umt wIll result
only In depletIon of the reserVOIr concerned Methods A and C make It pOSSIble to momtor
and pOSSIbly check OVer-IrrIgatIOn They are preferable If water charges are to be made SInce
the water supply can be measured on a volumetnc baSIS The overall IrrIgatIOn effiCIency should
be hIgher III method C and A than In method B and therefore III most cases method A would
be preferable to method B or C

The ReservOlr Outlets

The outlets from the reservOIr to the tertIary canal could be deSIgned as one or more gated
outlets ThIS structure can be operated by the farmers III the tertIary Ulllt and, due to ItS low
senSItIVIty, wIll gIve lIttle vanatIOns III dIscharge (Ill contrast to lllght storage reserVOIrs, re
adJustment of the gate would not normally be necessary dunng daytIme operatIOn due to rela
tIVely small water level fluctuatIOns III the reservoIr)

125 Feaszbzllty

Systems WIth buffer reserVOIrs at tertIary level have clear advantages when compared to con
ventIOnal systems Advantages Include easy operatIOn of the maIn and secondary systems,
reduced reqUIrements for operatIOns staff, transparent technology, reduced opportullltIes for
mIsmanagement, and greater operatIOnal Illdependence for farmers Moreover, decentralIZed
management IS an appropnate baSIS for turnover FInally, III case of run-of-the-nver schemes,
the buffer storage can damp out some of the fluctuatIOn In supply rates
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However, this system cannot be adopted under all CIrcumstances In very steep or very
flat areas, the volume of earthwork can become prohibitive In relatively permeable sOlis, the

seepage from the reserVOIr will be too high, while hnIng might be too costly In very densely

populated and cultivated areas the loss of 2-4 percent of the land for the reservOIrS mIght be

unacceptable FInally, a dIsadvantage of these reserVOIrs may be that they could harbor the

vectors of malana and SChIstosOmiaSIS

Fzsh Culture

The costs of the addItional volume of earthwork reqUIred for a reserVOIr system compared
With a conventIOnal system might be balanced by the yield and pnces for fish For the ex

ample cIted preVIOusly, costs of earthwork In the order of US$lO 000-20,000 and fISh pro
ductIon of $2,000-10,000 per year could be achIeved, IndIcatIng the economic Importance of
fish culture ~3 For fish culture, a number of reqUIrements should be met

•

•

•

•

A mmlmum water depth of 0 5 m IS reqUIred ThIS could be obtamed by utIhzmg

the reservOIr area as a borrow Pit but which may pose problems when complete emp

tyIng IS reqUIred

No frequent or large fluctuatIOns of the water level are allowed Here operatIOnal

methods A and B Will be preferable

In some cases, emptyIng of the reserVOIr IS reqUIred to collect the fISh and possibly

to dry out the bottom of the reservOIr to prevent diseases ThiS cycle of emptyIng

and refIihng should be compatIble With the IrrIgatIOn cycle WithIn the tertiary umt

ProVISIOn should be made to prevent fISh from entenng eIther the secondary or the

tertiary canal

8'ProductlOn depends on the mtenslty of management Simple management may yield 800-1 200 kg/hal
year while mtenslve management can produce up to 5 000 kg/halyear (mformatlon from Mr H van
Zon Euroconsult Sn Lanka)



CHAPTER 13

CONCLUDING REMARKS

131 Introductwn

At the end of thIS book, looklllg back at ItS contents, It IS opportune to return to the questIOns
posed III the preface It IS also expedIent to examllle the contents III terms of hmitatIons, fu
ture trends, and research needs

13 2 Answerzng the Questzons

In Part III an endeavor has been made to analyze the conventIOnal methodologies by WhICh
desIgns are created The dIfferent types of systems resultmg from dIfferent desIgn assump
tIons were revIewed m terms of operatIOn By domg so, It became clear that the type of tech
nology largely determmes the modahtIes for use of the system (management) It also became
eVIdent that m many conventIonal desIgns the mstItutIonal and human aspects have been ne
glected ThIS neghgence IS especIally reveahng for those systems wIth varymg flows and
manually operated gradually adjustable gates (Systems 3 and 4)

Includmg lllstItutIOnal and human aspects m the desIgn consIderatIons WIll lead to sys
tems requmng less manpower (sImpler technology and operatIOnal procedures) and more easIly
understood structures (Systems 1 and 2) When examllllllg such systems III terms of
supply-demand aspects and efficIencIes (Part IV), they appear to be apphcable for many prac
hcal sItuatIOns

133 Llmltatwns

The underlymg reas,ons for thIS book were a combmahon of the demal of the Importance of
technology VIs-a VIS management the mcreasmg mdifference to system desIgn the perSIS
tent shortage of manpower and the lack of transparency of technology and operatIonal proce
dures AdmIttedly, as a result the contents of thIS book show bIases

The first hes III the focus on technology Wntmg from an engmeenng desIgn perspec
tlve, with the aim to examme the restncted, one-SIded design assumptlOns as handled by con

ventIonal designers, the technology might have been overemphasIzed Needless to state that,

m practice, technology can only work satIsfactonly if the users accept It and If It is embed

ded m a compatible mstItutlOnal framework
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The second bias IS towards sImplIcIty as dIscussed m chapters 11 and 12 The sImplIfIed
technologIes put forward, however should not be consIdered as clear-cut technologICal an
swers for all ungatIon problems The aIm IS to entIce a rethmkmg of system desIgn and to
contnbute to the debate on the future duectIon of IrrIgatIOn developments

Another lImItation IS dealIng WIth an IrngatIon system VIs-a-VIS the water source as an
Isolated entity In practice, such a system forms part of a complex enVIronment a watershed,
WIth other users requmng coordmation of water use, water nghts, etc Although thIS SItuation
mIght have consequences on water allocatIOn and subsequently on technology thIS I~sue IS
not pursued

13 4 Future Trends

When antIclpatmg the future of water resources development m general and ungatIon m par
tIcular, the followmg trends mIght be expected

•

•

•

•

mcreasmg shortage of water

mcreasmg crop dIverSIfIcatIOn

Increasmg management transfer (turnover)

mcreasmg use of automation models, and computers

Advocatlllg SImplIfIcatIon as dIscussed m chapters 11 and 12 should be exammed m the

lIght of these trends

Increasmg Shortage of Watel

Increasmg populatIOn and mdustnal expanSIon (tounst mdustry mcluded), together WIth a
growmg water demand from the IrngatIOn sector WIll result m mcreasmg competItIOn for water
When considenng the vanous sectors of water users, water supply for households WIll gener
ally have pnonty In many countnes, mdustnal development IS an Important natIOnal ob]ec
tIve receIvmg strong polItIcal support When lookmg at the varymg annual volumes of water
avaIlable and the demands from the vanous sectors, one mIght expect very lIttle elastiuty m
the curves for water supply and mdustry (fIgure 13 1) In many mstances, the water avarlable
for IrrIgatIOn WIll In the long run remam the 'restposf' In thIS process of growmg water de
mand

As a consequence (see fIgure 13 1), through the years the average total volume of water
for IrrIgatIOn Y2A + B, IS expected to decrease, and the vanabilIty of supply (NB) to mcrease
(A IS the dIfference between maXImum and mInImUm annual volumes of water, and B IS the
mInImUm volume avaIlable for IrrIgatIOn) Therefore, It WIll become more and more dIffIcult
to plan croppmg calendars WIthout (over year) storage faCIlIties As noted before, automatIOn
only works fully when suffICIent water IS assured for the whole growmg season WIth mcreasmg
uncertamtles of assured supply thIS technology WIll become vulnerable and SImplIfIed tech
nologIes should be senously conSIdered
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InCleasIng Crop DlverSlficatlOn

The con~equences of thIS trend are possIbly more complIcated croppmg patterns requmng
more fleXIble water supplIes On the fIrst sIght, thIS mIght mcrease calls for on demand and
automated systems In chapter 11, however, It was demonstrated that even for dIversIfied crop
pmg, SImplIfied systems can be applIed Furthermore, llltermedmte reservOIrs (chap 12) can
create the potentIal for farmers to Irngate as they wIsh, thus reduclllg water supply constramts
to crop dIVerSIficatIOn

Increasing Management Tlansfel

Transfer of management responsIbIlIty IS often accompallled by rehabIlItatIOn or reconstruc
tion of lllfrastructure Where pOSSIble, SImplIfied technologIes with transparent operatIOns
should be Implemented to mllllmize operatIOnal dIffIculties for the orgalllzatIon acceptmg the
system

Flgure 131 Changmg wate1 allocatwn
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Increaszng Use ofAutomatwn, Models, and Computers

Although pIlot projects on automatIOn and computer models appear less successful than ex
pected, It IS unreah<;tIc to assume that these modern techlllques are not gomg to be used m
future IrngatIon development The questIOn however 1<; "how far m future?" Here It IS sur
mised that satisfactory mtroductIOn of these techlllques m general IrngatIOn practice WIll not
be feaSible for many years to come It IS argued that, III the meantime, SimplIfication of sys
tem operatIOn through proportIOnal diVISion, on-off structures, and mtermedlate reserVOIrS
should be senously conSidered as potential solutions to the present poor performances of many
IrngatIOn projects
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135 Research Needs

Most ungatIOn research has been focused on systems wIth varymg flows and manually ad

Justable structures WIth the growmg consensus that these systems do not perform well, other

types of systems should be conSIdered For both alternative technologIes (automatIOn and Sim

phficatIOn), httle research has been carned out to date
IntroductIOn of both these technologIes IS called for, supported by comprehensIve research

programs These programs should not only study the techmcal performances but should also
address operatIOnal, socIOeconomical, and InstItutIOnal aspects The results of these researches
should form the baSIS for future deSIgns
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