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Abiana
Acre
Amir Parwas

Branch Cand
Chak
Chakbandi

Colaba
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Distributary
Gur

Gharib Parwas

H-Register
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Kharif
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Lambardar
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Normal Supply
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Outlet

Patwari
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Regime
Tatils
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Warabandi

Water Allowance
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GLOSSARY

Irrigation Water Fee, charged on irrigated and matured crop

Imperial measure equalling 0.4 hectares

‘Defenders of therich’, notion for colonial officers that preferred to administer through the
use of ‘local customs' with cooperation and favouring of local chieftains and elites.
Large off-taking canal from main canal (i.e. > 100 cusecs)

Tertiary Unit

Process at start of 20" century to define the size and boundaries of tertiary units and
subsequently the delivery rate through the outlet.

19" century pipe outlet of unitary orifice area

Imperial measure, ‘ cubic feet per second’, equalling 28.3 I/s

Secondary level canal

Home processed sugarcane (i.e. dried malasse)

‘Protectors of the poor’, notion for those colonial officers that preferred to administer
through justice and equitable laws.

Register for monitoring of the hydraulic head (H) over each outlet.

Informal or Non-proper (i.e. kacharoad = dirt road)

Summer and monsoon season (i.e. May - September)

Extended family unit within the tribal entity of Pukhtoon Culture

Measure of Delivery Rate defined as acres per cusec per growing season

Village water fee collector (assistant to Patwari)

Small Distributary Canal (i.e. > 50 cusecs)

Outlet structure

Farm Inlet structure

Full Supply Level or Discharge

Natural drainage channel, stream bed.

Water control structure that regulates the water supply from secondary canal to tertiary unit
Office of the Revenue Department responsible for field assessment of water fees and crops.
Formal or ‘proper’ (i.e. Pucca Road = Metal Road)

OFWM pre-fabricated farm inlet structure. Consisting of asmall division box in the
watercourse, with on two to three sides an inclined concrete slab with a hole. Attached by
chain isaconcretelid, that fits exactly into the hole in the inclined slabs.

Winter and cold season (i.e. October - April)

Anglo-Hindi term in use during 19" century for secondary canal; usually reserved for those
canalsthat were still in private property of water users.

Canal which in regime, has reached a balance between scoring and silting.

(Or Tatiling) Rotation among outlet structures within a distributary canal

L oans that were provided by the colonial administration during the 19" century for
agricultural development by water users.

Water allocation and distribution roster. Defines each water user’ sirrigation turn with an
accuracy of minutes within atertiary unit, based on the land holding. Usually each plot or
owner receives one irrigation turn per week.

Water Delivery Rate at the outlet or canal head. Usually defined in cusecs per 1000 acres.
Office of Revenue Department. Supervisor of Patwari and Assistant to Deputy Collector.
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CHAPTER ONE

IRRIGATION SYSTEMS & CONCEPTS OF IRRIGATION
MODERNISATION

—

A CONCEPTUAL INTRODUCTION TO THE THESIS

1.1 INTRODUCTION

Pakistan, with its 14 million hectares under large scale irrigation, has not been deprived of the
critical analysesonitsirrigation system performance, nor from numerousattemptsto tacklethem
over the years. As Pakistan is still facing a large increase in population and the potentials for
irrigation expansion are limited, national as well as international policy makers and donors
acknowledge that there is a pressing need for intensification of irrigation production through
better performance of the existing systems. The cause of poor performance is seen by many as
lying in the age of its systems, as a large part of them still date from British colonial times.
Pakistani irrigation has been typified asatextbook example - albeit an impressive one - of old-
fashioned, rigid and restricted irrigation that no longer suites the flexible needs of modern
agricultural production (cf. Plusquellec et al; 1994). As aresponse, different attempts have and
are being made to improve the performance of the large scaleirrigation systems, particularly in
the North West Frontier Province (NWFP), through an irrigation modernisation programme.
This study examines the attempts undertaken over the past twenty years in the NWFP to
develop and introduce‘ modern’ irrigation water delivery servicesin large scale government run
irrigation systems. The genera objective of the modernisation is to attain higher degrees of
productivity and efficiency in water use to meet the demands of an ever increasing population
(220 million with an annua growth rate of 2.60 per cent), in a country where large scale
irrigation accounts for 67 percent of the total agricultural, and 78 percent of the irrigated, area.
To acquaint the reader with some of the transformationsin NWFP, | first take you on a cand
safari through two of the systemsthat are studied in thisthesis. By travelling through the scenery
of large scale canal irrigation systems that are being subjected to atransformation to fulfill the
needs of our modern times, after 100 and 80 years of intensive use, we can reflect on the
concerns, dilemmas and paradoxes confronted in the development of modern irrigation, and
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which form the subject of thisthesis.
A Canal Safari

Standing on the Malakand Pass facing south on abright and sunny day, one has abeautiful view
of the green plains of the Peshawar vale. Closing off one’s mind to the deafening noises of the
intense traffic, the thousands of green fields covering the vale provide a serene picture of a
pleasant and fruitful landscape. The eyeisimmediately caught by the ash gray stream of water
that appears out of the mountain reach underneath your feet and gently cascades down into the
vale. At each drop the turbulent water stream is caught in the glistering light of the sun,
producing white bands that intersect the gray line cutting through the landscape. Thisisaman
made stream that diverts the waters from the Swat river into the Peshawar vale, and has made
it possible to transform the arid waste land of the plains into a green, populated and productive
rural area. This stone pitched channel of the Upper Swat Canal irrigation system isamonument
of hydraulic engineering to the use of irrigation by the British colonial state asameans, not only
to transform alandscape, but to give shape to an administrable rural community. Thisirrigation
system was specifically built in 1914 to induce the wandering tribes of Pashtoon warriors and
pastoralists to settle into the quiet and peaceful lives of agriculturalists. That 80 years later the
green glow of the vale and the glistening foam of the water till catch the eye, seems an
attestation of the benefitsthat irrigation can bring to society, aswell as of the skills of engineers
to realise such atransformation.

Driving back to Peshawar, we have an excellent opportunity to cut across this agricultural
plain to take a closer look at the canal irrigation system that has sustained this impressive
transformation over such an extended period. Many of the roads cutting across the vale are
placed on the embankments alongside the irrigation canals, while the numerous potholes and
buffalo carts force us to take aleisurely pace and a good look around.

Turning right at the bifurcation at the end of the stone pitched channel at Dargai, we take the
canal road heading west along the Abazai branch of the Upper Swat Canal system. After ashort
while our pace is suddenly brought to avirtual halt, not by the usual vagaries that accompany
rural travel, but by the frantic activity of construction. Workers are busy cementing the sides of
the canal, while others are painstakingly taking out bridges and drop structures of high quality
masonry work that still stand firm after all those years. At yet another location, we can see what
will come in place of the khaki yellow of the natural stones and the deep red of the bricks.
Rusted wires protrude out of concrete encases, and the old chutes within which the water used
to be contained over a drop are replaced by steep slopes on which rows of concrete blocks are
placed, as a blunted and inclined fakir bed, to break the force of the water. What is going on
here? The serenity of our green and fruitful landscape is disrupted. Will our contemplation on
the benefits of irrigation turn out to be misguided? Or did we simply take a wrong turn in our
voyage?

With the anxiety of a disillusioned tourist we make inquiries about the purpose of all these
construction activities. Quickly we are reassured. Irrigation is still considered beneficial, but
these new times ask for new water delivery services, and most of all, the growing demands for
water and food require that ever higher degrees of efficiency and productivity are attained in
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irrigation. The Upper Swat Canal systemissimply being remodelled to accommodate these new
demands on irrigation made by present day society.

We continue our journey and turn left to take a road heading southwards along one of the
minor distributary canal staking off from the Abazai branch. With awakened curiosity we peruse
the remodelling activities going on here. Pre-fabricated concrete canal sections of parabolic
shape are being laid out and cemented together, and concrete slabs are put together to form an
outlet to divert the water to the multiple water users of onetertiary unit. Bright blue billboards
draw our attention to the dates and other specifications on which the water users have been
organised to form an association, and completed the improvements of their watercourses with
the assistance of a project and the Swiss government. All seems well geared towards
accommodating the new increasesin water flows and establishment of the higher efficiency and
productivity of water use.

Driving on towards Peshawar we pass the town of Mardan and enter the command area of the
Lower Swat Canal system—another old Britishirrigation system that has been remodelled afew
years earlier to enable the delivery of water according to the criteria of our time. Struck by the
monotony of the endless cultivation of sugarcane, we halt at the tail end of a small minor
distributary to take acloser look. One of thefirst thingswetake alook at, isone of the enormous
drainage canals that cut four to five metres deep through the terrain to dispose of drainage
effluent. Two drainage pipes appear on the right bank of the canal at adepth of three metresthat
both discharge an abundant flow of water. Slightly amazed by such apparent abundance of water,
we stroll on to the minor itself. At the tail we encounter an unusual situation; just downstream
of the last outlet structure the neatly lined watercourse has been cut on itsright bank, where part
of theirrigation water isflowing out of thewatercourse. Following the course of this‘ water |0ss
through a earthen ditch, wefind that the water is diverted straight into asurface drain. Pursuing
our way upstream along the minor, we see that all outlets are gated; a new phenomenon in
Pakistan. The gates, however, are completely encased, and not even the spindleisvisible. Itis
thus difficult to determine how far the gates are opened, nor can we discern any measuring
devicesfor up- and downstream water level sand gate openings, with which the flow through the
outlet can be determined and regul ated. It actually looks asif the gates are hardly ever adjusted,
but are simply set at a fixed opening; an observation that is confirmed at another outlet that is
closed, not by means of the gate but by closing off the opening with earth filled bags.

Bewildered by the apparent affluence of water we encountered in an area where water was
traditionally valued asascarce and val uabl e resource, we pensively head back to the car. We ask
ourselveswhat amodern water delivery service should entail inthe present day. That anincrease
inwater supply can beinstrumental inincreasing agricultural production, we can appreciate. But
surely, the ever increasing demands on water on the wider scale of theriver basin and the nation
would also demand for some sparing and efficient use of such afinite resource? Besides, what
are all these gates on the outlets for when they are not used, and drainage is used as ameansto
regul ate water use to match crop water requirements?

Back on the road to Peshawar we cross one of thelarge distributary canals of the Lower Swat
Canal, when we spot anumber of big concrete structures littered around the canal banks. From
the green and black scribblesthat cover these larger than man structures, itisclear that they have
lain here for quite a while, and are used as public notice boards or out-lets of political
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propaganda. Closer inspection reveals that these are indeed outlets, yet those intended for the
regulation of irrigation water. These massive pre-fabricated concrete structures, that were
introduced to hold regul ation gates, never got installed and instead now adorn the landscape. The
old original outletsareindeed still in place, where the canal water level fillsthem up tothe brim,
delivering substantially more water than they were originally intended for.

Not quite sure of what to think of thissalient detail of irrigation remodel ling, wetake the back
road to Peshawar. Aswe passthe sub-divisional office of the Irrigation Department, our mouths
dip gar in astonishment: on a field the size of a cricket ground near one hundred of the pre-
fabricated outlet structuresstand neatly side by side, row by row, asheadstonesinawestern style
graveyard. In sharp contrast with our morning impressions, thisseemsto be an attestation of how
the development of modern irrigation can turn into another white elephant. With burgeoning
wariness we ponder over what we have seen happening in the transformation of these canal
systems.

Water abundance in a place of traditional scarcity; water delivery mediated by drainage and
not flexible delivery now possible through scientific management; experiments in gated water
control that have not been widely installed; replacing masonry with concrete; and from agency
control to new associations. These are some of the concerns, paradoxes and dilemmas of
irrigation modernisation explored in thisthesis.

12 IRRIGATION ASA PRODUCT OF SCIENTIFIC ENDEAVOURS

Asirrigationisasold as human civilisation, and has known enough ups (the pyramids of Egypt)
and downs (the downfall of the Mesopotamian civilisation) in its distant past to draw lessons
from, onewonderswhy the modernisation of irrigation services should still bearelevant subject.
How difficult can it be, a the end of the day, to water a plant? The watering of plants is,
however, strange as it might sound, not the primary concern of large scale government-run
irrigation systems.* Although it is the obvious purpose an irrigation system should serve, the
main objectiveinlarge scale (government run) irrigation systemsisto managethewater delivery
initsallocation, scheduling and distribution in such a manner, that it provides the possibility to
all thewater usersto water their plantsin afair, adequate and sustained form, without depl eting
the resource. This has often proven to be an insurmountabl e task.

The publicationsonirrigation and water management (this new addition included) are strewn
with examples of problemsin deliveringirrigation water intheright quantities, at theright time,
at the right location. In large scale irrigation the ‘tail-end problem’, where huge tracks of
agricultural land at the bottom of thereceiving end arein adire state of dilapidation, drought and
poverty, has become notoriousto the extent that it is almost regarded as endemic. The problems
associated with delivering irrigation water in the right quantities, at the right time, and at the
right location are thus as old as the road to Rome, and were subjected to arange of analysesin
the course of the last two centuries.

1 For those who already exclaim: typical! No, | do not mean this as an obvious symptom of bureaucratic

incompetency.
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The 19" and the first half of the 20™ century can be characterised as the era of large scale
irrigation development under auspices of the state. Spurred by the discourse of scientific and
technological positivism and advances in hydraulic engineering, irrigation became a state
enterprise, not only asaprovider of infrastructure and resources, but al so asameansto disclose
and plan new territorial and administrative realms of the state (cf. Gilmartin; 1994 & 1995,
Hedrick; 1988). Thedevel opment of irrigation by the British colonial state during thisperiod till
stands as a prime forerunner, with the Indus-basin as an example of impressive engineering
grandeur. Contemporary developmentstook placein the USA with the development of the West
(cf. Reisner; 1986, and Worster; 1985), irrigation development in Dutch colonia Indonesia (cf.
Hofstede, ter & van Santbrink; 1979), and in the south of France and French colonial Africa.
Great strides were made during this erain advancing hydraulic science and -engineering, with
the primary focus on containing and technically controlling the water flows, and their
divisiong/distribution, in the expanded network of centrally managed irrigation channels.

From roughly 1950 to 1980, the attention span of the irrigation sector was broadened by the
understanding of agro-meteorol ogy and principlesof ‘ watering the plants’ .2 Thanksto Penman’ s
method for the determination of evapotranspiration values on the basis of climatological data—
a fruit of his contribution to the warfare at the African front during WWII — the crop water
requirements farmers should meet to maximise their yields, became a scientific field that could
provide more exactitude in determining how much water was needed when and where. Further
impetuswas provided by the advances madein understanding photosynthesisand plant breeding,
that were fuelled in their development by the Rockefeller and Ford Foundations and the
establishment of the CGIAR organisation. Inthe early 1970sthisfield took agreat flight within
the ream of irrigation development with the creation of the CROPWAT model under the
auspices of the FAO. Coupled to amodel of yield response to water, the meeting of crop water
requirements throughout the year and throughout the irrigation command area, with ever
increasing accuracy, became the new vogue in the development of large scale irrigation. The
irrigation sector focussed mainly on two issues: (i) the assessment and prediction of crop water
reguirements, and the devising of water scheduling and distribution methodsand principleswith
which those requirements could be matched in water delivery; (ii) the devising of hydraulic
control principles and structures with which the required variations in water delivery could be
controlled accurately. The challenge it laid itself herein, was to attain ever increasing degrees
of efficiency (inwater use) and efficacy (in productivity) (cf. below). Thesedevel opmentsinthe
irrigation sector naturally engaged i nto asymbiosi swith the Green Revol ution of thetime, where
the newly introduced HY'V (high yielding varieties) required timely and adequate supplies of
water.

Related to these developments in plant-soil-water relationship was the subsequent increased
attention for the water management practices at thetertiary level. Henceforth thefarmers' water
management practices were studied and reflected against the potential optimums derived from

2 Strictly speaking, thiswas of course not an entirely new field of scientific enterprise, and certainly not asfar as

irrigation was concerned. Thewater requirements of crops, and theissue of water use efficiency at thefarmand
fieldlevel, werealwaystaken into account, and deliberated upon, in someformin the development of irrigation
(see chapter two). This erais, however, characterised by the new scientific developments in this field, that
provided a new impetus to the thinking on what constitutes a‘good’ irrigation water delivery service.
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the scientific models. Benefits were soon seen to liein the development of on-farm and tertiary
level water management devel opment to raise productivity, by adapting thetiming, adequacy and
efficiency of the tertiary and on-farm irrigation scheduling and application. (cf. Levine; 1977,
Wickham; 1985, Chambers; 1988)

During the 1980s the attention span of theirrigation sector further broadened into the realms
of water management. It became increasingly clear during this decade that the devel opmentsin
the previous era, though instrumental in increasing understanding in the relationship between
soil, water and plant, theyield responseto water, and itsrequirementsfor water delivery, did not
resolve the traditional problems of water distribution that large scale irrigation systems had to
cope with. Notwithstanding the enabling role irrigation had played in bringing about the Green
Revolution, this same revol ution seemed regularly, in one of those fine contradictions of life, to
exacerbate the ‘tail-end problem’, as those that managed to hook on to the bandwagon of
progress increased their water use (and production) at the deprivation of others. The time was
ripe to seek improvements in irrigation by addressing management issues, rather than jumping
straight into technical amelioration. Realisation that improvementsat thetertiary level werealso
significantly hampered by problemsof water management at themain systemlevel, wasalogical
next step to take (cf. Bottrall; 1981a & b, Chambers; 1988).

One developed stream of management thinking was closely linked to the performance
framework that emerged in business management during the seventies. With the development
of (quantitative) water delivery performance assessment, an initial attempt was made to further
improve water scheduling and delivery. Simultaneoudly, its early applications in existing
irrigation systemsdemonstrated convincingly how many irrigation practices(in delivery and use)
tended to fall short of the defined (agricultural) optimums of the CROPWAT models. By
monitoring of performance and setting of delivery targets, it was attempted to redirect the
operational management of centrally managed irrigation systems to focus on their (technical)
water control; on the timeliness, adequacy, reliability and equity of water distribution. Thefirst
conclusionsthat wererapidly drawn with thisnew approach werethat in many irrigation systems
the management agency lacked the adequate information to act on for controlling the water
delivery and distribution.

Parallel to the development of performance based irrigation management, there has been a
growing body of critics who assert that in reality, the management of irrigation water delivery
and use tendsto induce pursuit of objectives not accounted for in the defined optimums, or even
run counter to them (cf. Wade; 1982, Chambers; 1988, Zaag, van der; 1992, Mollinga; 1998).
Increasingly this hasled to the realisation that the management of irrigation is dependent on the
objectives and capacities of the involved and affected people. This has spurred arich body of
research on actual water management practices, in both centrally and farmer managed irrigation
systems, with special attention to the structuring role of politics and culture on water
management tasks and functions of water allocation, distribution, maintenance and conflict
resolution. Notable contributions in this field have been: Wade (1982) on corruption in
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government run irrigation systems; Geertz (1980)° on Balinese religion and its role in water
allocation and distribution; and the contributions of Coward (1980) and Uphoff (1986) from the
Cornell University’ s programme on the social and organisational aspects of water management.

Thisincreased attention to the water management practices as performed by the water users
(including government agencies personnel), has had itsimpact on thinking about management
reforminlarge scaleirrigation systemsthat are run by government agencies. It became clear that
these large scale systems are intrinsically prone to a friction between the desires and
requirements of water management of the individual users and those of the central agency and
policy. During the past decade one possible approach to tackling this phenomena has been
developed through the promotion of decentralising water management in large scale systems.
Drawingfromthelessonslearned from farmer managed irrigation systems, thisapproach centres
around the withdrawal of government agencies from water management responsibilities at the
lower and middle levels of the irrigation system, and their turnover to organisations of water
users. As a new approach to the tackling of some of the irrigation problems, it has mainly
focussed on the complexities of organising the new water management structures that would
have to follow such a policy of decentralisation (see chapter eight).

1.3 IRRIGATION ASSYSTEMS

The general objective to pursue in (large scale) irrigation systems as defined at the end of the
opening paragraph of section 1.2 is dtill valid for today’s aims in irrigation design and
development.* Simultaneously, it istoo general an objective to provide concrete design criteria
with which engineers can work. In order to design an irrigation system, the principles of water
allocation, scheduling and distribution, aswell asthe requirementsor demands of water use, will
have to be specified in order to make deliberate and conscious choices on the water conveyance
and distribution technology to be applied, and the water control principles and strategies to be
adopted. Since the 1970s and the onset of the CROPWAT model, there has been a marked
tendency in irrigation engineering to conduct these specifications according to the criteria of
meeting crop water requirementsand the enabling of yield maximisation. The purposeof serving
the optimal ‘watering of plants’ is thus brought back to the front through a hind door, as an
expression of the scientific optimal principles of watering plants.

When the distribution and delivery of irrigation water is differentiated into the different
processesit covers, however, questions arise on theissues at stake. The output of the process of
water distribution and delivery is solemnly concerned with the mode of water availability at the
farm level. As this output becomes one of the many resources of another process (i.e. that of
transforming crop seedlings (input) into crop production (output)) it is not a process that is

3 Strictly speaking this anthropological contribution of Geertz already dates from the 1960s (see literature), but
it istelling it got revived attention in 1980 as an example of the importance of social and cultural factorsin
shaping irrigation water management.

Particularly since it provides enough room to accommodate the present day concerns with socia and
environmental sustainability, even when considered on the larger scale of the basin or in relation to other uses
of water.
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linearly related to the goal of food security. Instead, water becomes an item that is exchanged
from one process to another, and from one process owner cum manager to another, thereby
changing from object to subject of transformation.

Theallocation, scheduling and di stribution mechanismstend to be mostly definedintechnical
parameters of rate, duration and frequency of water supply, asoutput targetsto bereached in the
design and operation of thewater conveyance process. Asthisdefining of parametersand targets
ismostly doneby irrigation engineersfor an optimum water supply, the question arises how well
this serves the system operators and cultivators. According to the scientific logic of engineers
it servesthemwell, when measured to the stick of water use efficiency, crop water requirements,
and productivity. However, operators and farmers tend to apply logic that is steered with
multiple concerns and perceptions.

With the introduction of the CROPWAT model the irrigation sector got more attuned to the
need to control more accurately the distribution and delivery of water to meet crop water
requirements. While with the focus on water management it learned to appreciate that other
processes and the pursuit of different objectives can prevent attainment of such control. The
awareness that irrigation water management is not purely a technical field, but constitutes a
complex of processesin a“sociotechnical system’ (cf. Vincent; 1995 & 2001, Mollinga; 1998)
where various people with different objectives and strategies interact with the water delivery
system, hasincreasingly created adilemmafor theirrigation sector to cope with. What doesthis
“humanising’ of water management entail for the design and devel opment of irrigation systems?
How can and should one cope with the human management factor in the engineering of, what
is essentially, a physical process and technical core system? Can we translate human and
management obj ectivesand strategiesin concrete design criteriawhich engineerscan copewith?

Representation of the usersin the devel opment phase through an adequate assessment of their
social needs (in terms of strategic farming requirements and livelihood strategies), however, is
less often attained dueto the lack of adequate conceptual tools. Levine (1977) already listed this
shortcoming as:

I.  “Our knowledge of the interrelationships between water and plant growth far exceeds
our knowledge of the inter-relations between water and the human element in delivery
and utilization: in other words, irrigation engineers face the same social problems, as
say, veterinary surgeons.

[1. Theefficiency concepts used in irrigation system design tend to under-stress the human
component as a factor in water use crop production.

[11. Irrigation systems, on the one hand, and the farmers they serve, on the other, have
criteria of optimal efficiencies of water use which may not coincide. When they are far
apart thereisfriction between the system and the farmers and/or between the farmers.

V. Within the resources available to the farmers and to the system, the operational optima
for both parties can be brought closer together by effective liaison, e.g. feedback and
response mechanisms.

V. As a result of (1) to (4) above, it is usually better for the irrigation engineer to
‘recognise’ probabilities initially and strive, through reasonable acceptable change,
towards possibilities.” (Levine; 1977:37)

The design and development of irrigation systems (almost irrespective of whether it concerns
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anew systems or the remodelling or modernising of an existing system) tend to be treated as a
two phased process (see fig. 1.1): (I) the design and creation of an irrigation system with its
intended use and effects; (11) the actual use of the irrigation systems that generates a specific
irrigation and water management practice. In the design and construction interventionsin large
scale irrigation much attention is usually given to phase |, which is covered by a specific
intervention and devel opment project (usually with foreignfinancial and consultancy assistance).
The intrinsic pitfall of such an approach is to fall back into a compartmentalisation and
separation according to (scientific) specialisation. In the first place, this often leads to atime,
money and attention barrier between the phases| and I 1. The specialists of the corpsof engineers
and policy makers attempt to define and create an optimum solution within the defined socio-
physical constraints, after which the outcome (i.e. the new or renovated system) is handed over
to the real life situation of the operation agency and water users, with a quick dissemination
through training in operation and management procedures. More often than not, policy makers
definein afirst stage the criteriaand characteristics of the * anticipated outcomes'; generally in
broader terms like intensification of agricultural land use, higher water user efficiencies and
(more recently) privatisation of services and economic viability. In a second stage, a corps of
engineersfocuseson composing aninfrastructure of acertain‘ hydraulic and scheduling concept’
and ‘technological features as an answer on the interpreted characterisation of the anticipated
outcomes. In athird stage, an appropriate management structure is assumed and designed, often
as ameans to make sure that the chosen technology and designed infrastructure can lead to the
anticipated outcomes. The management structure then usually contains the operation and

Fig. 1.1: Traditional Structure of the Design & Implementation Processin Irrigation
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maintenance requirements to achieve the assumed optima, in an attempt to reach a formal
structure within the complexity of the social and cultural environment (pictured asasimplified
triangulation of the wider circle).

Nowadaystherecognition of the shaping of irrigation water management by social (or human)
factors has become much larger and apparent, due to the increased attention to water
management issues. A |ot of examplesand insights have been gathered over thelast two decades
onthe‘distortion’ of the water management processes by social processes, that hasimpeded the
attainment of the scientific optima in reality. The development of a congruent concept, for
application inirrigation devel opment and management, of how these social factors shape water
management is, however, still at its early stages and subject to debate.

Irrigation Concepts and the Understanding of Irrigation Systems

The linchpin of water management in large scale irrigation is to establish the alocation,
scheduling and distribution as effective control mechanisms on the water conveyance and
delivery process. From an engineering viewpoint this is a technical matter of water control.
However, management wise, human factors play acrucial rolein executing these feed-back and
feed-forward control mechanisms, providing each executor the opportunity to evaluate the
decisionto execute control not only according to the predetermined technical criteriaand targets,
but also according to other added criteria and values derived from his’her personal experience
or environment.

The issue of control is, that it presupposes the existence of a desirable state to which the
process (in this case of water conveyance and delivery) and system can be re-directed, when
confronted with disturbances or deviations stemming from its environment or internal in its
processing. In other words, irrigation schemes and their processes of water conveyance and
delivery need to be regarded as systems:

“ Aslong asa systemisa unitary whole, a disturbancewill befollowed by the attainment
of a new stationary state, due to the interactions within the system. The systemis self-
regulating. If, however, the systemissplit upintoindependent causal chains, regulability
[i.e. control] disappears. The partial processes will go on irrespective of each other.”

(Bertalanffy; 1968:70)

In order to be manageabl e (i.e. exert adegree of control and asense of direction) irrigation water
delivery should thus be a system as defined by Bertalanffy. Even though the great difficulty of
irrigation ‘ systems' to performwell, and aboveall to keep up their performancelevelsintheface
of changesin their environment, raises serious doubts on whether irrigation ‘ systems can be
regarded astrue systems at all.

The question thus ariseswhat type of system irrigation schemes should beregarded as, if they
are to be considered as a unitary whole, and what could their ‘stationary state’ or emergent
propertiesthen entail ? An obvious answer to the latter would seem: to deliver the water in such
amanner that it providesthe possibility to all water usersto water their plantsin afair, adequate
and sustained form, without depl eting theresource. Inthistheindividual tendency of water users
to water their plants as they deem fit irrespective of the system’ s requirements, is contained in
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order to avoid that “the system is split up into independent causal chains’. Asto the method in
whichasystem canretainitsstationary state or emergent property, Bertal anffy distinguishesfour
principlesof ‘dynamicteleology’ (i.e. principlesof directing processes) with which systemscan
be typified:

»  Direction of events towards a fina state which can be expressed as if the present
behaviour were dependent on that final state. Every system which attains a time-
independent condition behaves like this.

»  Directiveness based upon structure, meaning that an arrangement of structures|eadsthe
process in such way that a certain result is achieved. [mechanistic goal seeking with the
principle of feedback]

»  Equifinality -- the fact that the same final state can be reached from different initial
conditions and in different ways. [open systems, that progress to and maintain a steady
state]

»  Truefinality or purposiveness, meaning that the actual behaviour is determined by the
foresight of the goal. True purposivenessis characteristic of human behaviour, anditis
connected with the evolution of the symbolism of language and concepts. (Bertalanffy;
1968:78-79)

For irrigation systems the question arises how the principle of directiveness, intrying to impose
a structure of water control, compares to that of the principle of equifinality? One could argue
that the steady state of equifinality represents the goal and purposiveness seeking of an open
system. But what would than be the principal difference between the two? It seems primarily to
lieinthe principleof control that can be attained: the processand matter iscontrollable by means
of the simple feed-back mechanism in closed systems, while the control can not be ascertained
in the complexity of processes in open systems.

As has been argued above, it is dubious whether the conveyance and delivery of irrigation
water isa‘stable’ enough process to acquire any form of stationary state to which the control
mechanisms can direct the process. The very phrasing of what constitutes a‘fair, adequate and
sustained’ water conveyance and delivery process aready highlights this issue, asit contains
genericwordingsthat are susceptibleto multipleinterpretationsand the modernity of scienceand
policy. For irrigation systems to be systems, we thus need to make an analytical approximation
as the one Bertalanffy introduced for living organisms: “[...] the definition of the state of the
organismassteady stateisvalid onlyinfirst approximation, insofar we envisage shorter periods
of time in an adult, as we do, for example, in investigating metabolism. If we take the total life
cycle, the process is not stationary but only quasi-stationary, subject to changes slow enough
to abstract from them for certain research purposes|...]” (Bertalanffy; 1968:122).

Unfortunately, from an engineering point of view, irrigation systems are not purely natural-
physical systems for which a quasi-stationary state can be defined on the basis of the latest
scientific paradigm only. The act of water management consists also of human or sociological
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systems, in which the equifinal state of the system will be susceptible to the purposiveness
peopl e attach to the system. Asthe application of systemstheory to socio-human systems shows
(cf. the Soft Systems Methodology developed by Peter Checkland, Checkland; 1981, Wilson;
1990, Checkland & Scholes; 1990 and Checkland & Howell; 1998), humans frequently change
their values and assessment of what should be the desirabl e state and purpose of asystem. They
thus often embody an internal flux of change by questioning what the purpose of the system
should be, or how the system should work. The issue of reaching atemporal quasi-stationary
state becomesthereby atopic of dynamic teleology itself in the maintenance of the system. This
dynamic nature, however, also permits it that a system develops in progressive stages of
stationary state. The fortunate trouble with human systemsis, as Checkland putsit:

“ Any situation in which human beingstry to act together will be complex simply because
individual sareautonomous. Shared per ceptions—essential for cor porate[or organised]
action — will have to be established, negotiated, arranged, tested in a complex social
process. [...] facts and logic will never supply a full description of human action.”

(Checkland; 1989:277)

Such human systems tend to be less tangible than natural or designed physical systems, but are
clearly characterised in that they “ consist of a number of activities linked together asaresult of
some principle of coherency” and which are“ more or less consciously ordered in wholesas a
result of some underlying purpose or mission” (Checkland; 1981:111)

Irrigation systems, can then be regarded as hybrid systems, in which designed physical
systems (DPS) and human systems occupy aprominent and interrelated role. Theinfrastructure
anditstechnological compositionareacentral designed physical systemthat providesthemeans
to establish aparticul ar irrigation water delivery service. It is, however, the human systems that
add and manage the purpose of the DPS; in its design, aswell asin its use. In the end it will
always be the human systems that give and sustain purpose to irrigation by trying to direct the
system into a particular quasi-stationary state, through their execution of the allocation,
scheduling and distribution mechanisms.

The designed physical system of theirrigation network through which the water conveyance
and delivery is given shape, pertainsto the classical domain of hydraulic and civil engineering.
AsaDPS, these systemsare characterised by thefact that they are human-made systemsto serve
a specific purpose. Their development through the application of empirical and scientific
knowledge of the natural and physical elements determinestheir level of complexity. The scope
of such systemsis delimited by the reductionist character of the applied knowledge, which is
based on reducing the natural surroundingsto empirical, refutable and predictablerelations. To
be designable, or engineerable, a problem, and the system to cope with that problem, needs to
be structural: “[...] the engineer’s problem is a structural one: there is a gap to be bridged
between the desired future state and the present state; how to bridge it is the problem’
(Checkland; 1981:139, emphasisin the original). The processes engineers deal with need to be
structurally directive in order for engineering and its products to be meaningful. If not, their
products would be susceptible to chance rather than design and purpose (i.e. present state +
engineering —> future state A, B, C or ?), or bear little relevance as the present state is not
changed by engineering, or leadsto afuture state anyway, independent of the engineered system.
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Irrigation as Conceptual Constructs

Inirrigation design and engineering the need to structure theirrigation problemsand the process
of water conveyance and delivery, hasincreasingly led to adilemmain which design engineers
have to assume and prescribe a particular use and management of the irrigation water delivery
system. These are inevitable steps that have to be undertaken to make irrigation engineerable,
and be able to provide enough conveyance capacity in the canal network to irrigate the planned-
for command area and crops; and to provide for a water regulation and division capacity with
which the water can be distributed and delivered in atimely and adequate manner. With the
advent of the CROPWAT model in the irrigation science, the irrigation water management
problems becameincreasingly universalisedinto astructural problem of being ableto meet crop
water requirementsin the right amount at the right timing. Thistendency wasfurther reinforced
by the policy discourse that water is becoming increasingly a scarce resource that needs to be
managed with more care and efficiency (cf. Wester; 2002). ‘ Scientifically’ modern irrigation
becameincreasingly defined asthe capacity to savewater in the conveyance process, and deliver
it in the right quantities and timings for the optimisation of crop production (see next section).

In the design and development of ‘modern’ irrigation the operational plan, with its
specifications of how to manage and deliver the water, became the means to give shape to what
should constitutea‘ modern’ irrigation water delivery service. The need to schedule and control
the water delivery in better accordance with
the crop water requirements, becameameans
to structuretheirrigationwater management.
In the process, the irrigation water delivery
became defined as a controllable natural-
physical processthat could be monitored and
manipulated according to measurable and
scientific performance criteria. Figure 1.2
presents a ssimplified model of what such a
structuring of the water management could
entail. The water distribution in the canal
network isideally to be controlled through a
classic feed-back mechanism, in which the
water delivery output “B” ismaintained near
its target value for the duration of each
scheduling cycle. The scheduling is then
usually regarded as a feed-forward water
distribution mechanism to set the water
delivery targetsfor each subsequent schedule
cycle. Theschedulingisthento beconducted
as ameans to distribute the water and meet
the crop or irrigation requirements to
different degrees of accuracy, depending on
the scheduling principle adopted (cf.

Fig. 1.2: Feedback and Scheduling Structures
for Water M anagement
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Clemmens; 1987a&b). The scheduling options are then constrained by the water allocation
principles and rules that govern the water distribution in any given situation, the water
availability, and the hydraulic capacity of theirrigation system to regulate and control the water
flow. With the adoption of general performance criteria such as the Relative Water Supply
(RWS) and Delivery Performance Ratio (DPR)°®, the process of water allocation, scheduling and
distribution can then be monitored and optimised by setting ever more stringent performance
targets.

The operational plansthus usually contain a conception of the irrigation system that seeksto
direct the water conveyance and delivery in terms of the natural-physical model. In its
application in water management, however, it requires considerable amounts of monitoring,
information processing and structural target management, that require more skill and change
management of operation staff and water users than is usually acknowledged. Moreover, it
presupposes acommitment of staff and water users to target management as well a managerial
capacity to control both staff and water usersintheir execution of, and participationin, thewater
distribution and delivery to the operational targets. This often turns out to be difficult to attain
in large scale irrigation systems, particularly when attempted through centrally managed
structures.

Management as Human Systems: A conceptual dilemma of purposes v targets

What the above described ‘ engineering’ conceptions of irrigation water management often fail
toredliseis, that the scheduling and distribution of irrigation water are not merely processes of
scientific and numerical models. The daily conducts of scheduling and distribution are often
contested and negotiated practices in which operating staff and water users alike put forward
claimsand objectivesthat are derived from socio-political valuesand processes, or simply from
customary practices. Irrigation systems, and in particular large scale open canal systems, are
extremely open systems, in which every discontented or other thinking individual, or groups of
individuals, can easily interfere on his/her own behalf in the core process of water conveyance
and delivery. Thus the emergence and maintenance of a consentient equifinal state of water
delivery isan elaborative social process.

The question thus arises, how can onereach aconsent and accommodation on what the steady
state of the water conveyance and delivery process should be in irrigation, when considered as
asystem of equifinality, so that effective control mechanisms (of technical water control as of
managerial scheduling and distribution) can be established?

The engineering response has initially been to try to devise technological packages that
attempt to close the system of water conveyance and delivery, in an attempt to make it a
controllable natural-physical process; i.e. closed pipe systems and automated water control
concepts. Trueclosure, however, can never bereached inirrigation, asin the management of the
allocation, scheduling and distribution human evaluation will awaystakeplace, aswell asinthe
personal water demand and use behaviour. Moreover, an aternative strategy is in most cases

® RWSisdefined as: net irrigation water supply plus effective rainfall, divided by crop water requirements; and

the DPR as: actual delivery irrigation rate divided by the targeted irrigation delivery rate.
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available for discontented users by tapping the aguifer as an additiona resource. The
management of groundwater, is extremely difficult to close as a controllable natural-physical
system.

If technical closure and control isnot feasibleinirrigation, or at |east afeeble enterprise, one
will thus have to seek a management response to the issue of water control. It is, however, clear
that(irrigation) water management control mechanisms such as allocation, scheduling and
distribution are hybrid systems components that structure the human interaction with the
designed physical (or ‘hard’) system. Irrigation clearly hasaclassic ‘ hard-systems' (Checkland;
1981) component, which constitutes the engineerable part of the equation; but it also hasaclear
soft-systems component initswater management domain. Both cometogether in aninterrelated
form in the control mechanisms, where the hard-system shapes and structures the soft-system,
and vice versa.

According to Checkland et al management and organisations cannot be regarded as goal
seeking machines with which human activities can be managed cum structured by the setting of
appropriate goalsand targets and monitored according to predefined performance criteria, asthe
management concepts of Simon and Drucker suggested in the 1970s (cf. Checkland & Scholes;
1990, Checkland & Howell; 1998). But rather, people will primarily react upon their past
experiences and evaluate current activities and decisions against past experiences of relations
and interactionswith others. The setting of formal structuresand goal sin management doesthus
not provide any guarantees of their effectiveness in controlling the system. In the field of
irrigation one also encounters examplesto illustrate this: Wade (1982) and van der Zaag (1992)
provide good examples of how individuals, or groups of individuals, act inthe controlling of the
water delivery process on the basis of principles and criteria other than those defined in the
formal management structure and scientific optimum. Another ironic example, is the genera
decline in irrigation and water sector funding during the 1990s, that followed on the surge of
management and performance assessment studies conducted during the 1980s that led to the
inevitable conclusion that the universal scientific norms of good performance were hardly ever
attained in practice.

The challenge is thus to find a means to reach a consent and accommodation on the desired
(equifinal) state of the system of water delivery. The possibilities to force a consent, however,
are restricted, as the users and partakers in the system are usually not part of one (formal)
structure and institution wherein consent can be elaborated. In any case, the consent and
accommodation will have to be elaborated on the basis of the multiple prevailing conceptions
and views among the actors involved of what the (equifina state of the) system should be;
particularly among those that have a (potential) role to play in establishing the control
mechanisms. Where these views contradict or bite, the following issue arises: can one elaborate
a consent - which will always remain unlikely or hazardous in the extreme open systems of
irrigation water management - or does one need to accommodate the differencesin an amended
concept, and redefine the equifinal state of the system to be established?

The recent increased tendency to promote decentralisation and participation in water
management is a potentially promising development. It could provide the meansto elaborate a
consent and accommodeation of different concepts of thewater conveyanceand delivery process.
To what extent the developments in this direction might indeed fulfill their promises, however,



16 Trial and Re-Trial: The Evolution of Irrigation Modernisation in NWFP

remains to be seen. Until now, the primary attention seems to be given to formally structured
water users’ organisations according to western style examples, with the objective to elaborate
a consent of the technical and scientific principles of operation and management, rather than
leaving room to accommodate different and new conceptions of water management.

If irrigation water management isto be regarded as asystem, in which the processes of water
conveyance and delivery are ordered, managed and controlled in such amanner that an equifinal
state of water delivery service can be established with which the system can be characterised,
we thus need to regard it as a sociotechnical system of extreme open nature. The equifinal state
of the water delivery service will then have to emerge out of the interaction of the social
(management) system on the designed physical system through the control mechanismsof water
alocation, scheduling and distribution. The challenge lies in finding and maintaining an
accommodation in the principles and strategies for the control mechanisms, that are both
technical feasibleand socially purposeful. Thelatter isby definition contextually dependent, and
will be governed by the appreciations the stakeholders have of the system, the way it should
work, the problemsiit should tackle, and ultimately, the purpose it should serve. In order to be
meaningful, the design and engineering of irrigation systemswill have to serve the purposes of
its users.

Thedesign and devel opment of irrigation system can thusnot be solely reduced to astructural
problem of a natural-physical system that is defined in scientifically ‘ objective’ problems and
targets, but needs to be regarded in its social environment from which the stakeholders derive
their appreciations of what the system should look like and the purpose(s) it should serve. The
designed-physical system constituted by the irrigation network, is a sub-system than can, and
needs to, be defined in engineering terms when the wider socialtechnical system of water
management has been conceptualised by accommaodating the prevailing appreciationsamongits
stakeholders. That is, if irrigation engineering is to be meaningful, in the sense that it is to
provide the means to transform a water conveyance and delivery process to a predetermined
equifinal state that is regarded purposeful; rather than become a vehicle for potential
transformations with possible outcomes A, B, C, or any unanticipated X.

As described below, the engineering concepts for the design and development of irrigation
systems make anticipations or assumptions of the water management sub-system, and its role
and function in the wider sociotechnical system. This tends, however, to be done from a
scientific appreciation of how the irrigation system should work and function. The tendency is
to produce aconceptualisation of theirrigation system to be devel oped that containsastructured
operation and management plan, in which the allocation, scheduling and distribution
mechanisms are ‘designed’ as simplified monitoring, targeting and regulation processes. In
practice, however, the socia environment in which the system has to function often produces
substantially different appreciations of the system and its control mechanisms for the water
conveyance and delivery process. As has been frequently documented over the last two decades,
thiscan easily lead to situationsin which stakehol ders act differently in the control mechanisms,
or intheir own discretion, than anticipated. The sense of control and directiveteleology canthen
be easily lost, with the danger that the deprivation of part of the stakeholders from the delivery
servicewill lead to a’ degradation’ of the systeminto achain of causal reactions, that bears more
similarities with an environment, than with asystem. The design and development of irrigation,
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initswider sense of asociotechnical system, should thus also be asocial process, in which prior
to the engineering of the designed physical system, a consent is elaborated and maintained on
the conceptualisation of that system, which seeks to accommodate the appreciations of the
stakeholders.

Irrigation Modernisation: In search of appreciations and the concepts they entail

From Checkland et al it followsto review the design and modernisation of irrigation system, on
how the reaching of a consent and accommodation of differing concepts and views among
stakeholders is handled, and the effect this has on being able to effectuate the control
mechanisms for the water conveyance and delivery process in practice. Thisis particularly so
in those cases, as the ones treated in this thesis, where one seeks to ‘modernise’ existing
irrigation systemsby transforming thewater conveyance and delivery processinto anew service
that meets other (and supposedly better) criteria and principles of water supply/demand. The
mediation of the appreciations held by the stakeholders in the conceptualisation of the system
will be important to establish a consent on how the system should be controlled in its daily
operation. As Checkland et al argue, the appreciations people hold of their situation, the system
and the purposes it should serve, are primarily and foremost determined by their past
experiences, and evaluations of their relations with others, in their attempts to achieve their
purposes (cf. Checkland & Scholes; 1990, Checkland & Howell; 1998). In irrigation, the
appreciations through past experiences can then be expected to shape the (strategic) behaviour
of the stakeholdersin the activities they undertake (or for that matter, chose not to undertake)
in executing the control mechanisms of water allocation, scheduling and distribution.

For the anaysis of the design and modernisation of irrigation a review of the
conceptualisations of the irrigation systems to be established will be made. The hard-soft
systemsdichotomy would inthefirst instance suggest that the engineering concepts concentrate
on composing thedesigned physical sub-systems(i.e. theirrigation network anditstechnological
and hydraulic configuration) in which regulation of the water conveyance and delivery process
isenabled. Whilethe conceptualisations of the stakeholders, as appreciations based on their past
experiences, will be instrumental in structuring the operational management in its execution of
the control mechanisms. Of particular interest is then to see whether, and to what extent, the
appreciations of the stakeholders are accommodated in the engineering concept applied in the
development of the system. Also whether this is then achieved through the elaboration of a
consent by means of concept mediation, or primarily through conceptualy assumptive
accommodation. Operational water management is then selected as a focus point in which the
appreciations of the system will collide in the establishment of the water control mechanisms,
and either reach a consent or accommodation into a new appreciation of the system and its
control mechanisms, or fail to establish control on the water conveyance and delivery process.

The approach chosen, is to try to explicate the appreciations of the stakeholders in
conceptualisations of the(sociotechnical) irrigation system to be established. Here the control
mechanisms of water allocation, scheduling and distribution interact as social domains of
negotiation, contestation and organi sation ontheregul ation of thewater conveyanceand delivery
processinthedesigned physical system of theirrigation network. For the engineering and policy
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appreciations this is largely done by conceptualising the design and operational plans of the
modernisation projects studied. The conceptualisation is carried out on the two interrelated
elements of the system:

(i) conceptualisation of the designed physical sub-system and the regulation concept for the
water conveyance and delivery process. The focus is directed to the design assumptions and
choices made in the elaboration of the design as an appreciation of the water conveyance and
delivery process the designers and policy makers seek to establish.

(i) conceptualisation of the water management plans, as an appreciation of how the control
mechanisms of water allocation, scheduling and distribution should be structured to control the
conveyance and delivery process. Focusisdirected to the principles and criteriawith which the
human activities are to be structured and managed in the execution of the operational tasks. For
both elements, attention is further given to the attempts made to establish both elements in
practice; in the capacity to realise the designed physical sub-system as envisaged in the design,
as the method of change management adopted to embed the assumed principles and strategies
of water control and management in institutional and organi sation management processes.

The appreciations of , what could be called, the * system owners ®, the operation agency and
water users, are conceptualised on the basis of their past and present water management
practices. Emphasisisgiventothe principlesand criteriathat have been devel oped over timeand
adopted in the water management practices of allocation, scheduling and distribution, and the
regulation of the water conveyance and delivery process this has resulted in. The difficulties
experienced in establishing and maintaining the management and regulation of the water
conveyance and delivery process, aswell asthe abilitiesto adapt the system to dynamic changes
in its agricultural and social environment, are taken as important elements that will shape the
appreciations towards the system requirements.

The conceptualisations are not presented through conceptual modelling, but by analytical
descriptions that capture the context, history and practices encountered in the design,
implementation and management of the irrigation systems studied. Thisis purposefully done,
asthe composing of conceptual models almost inevitably tend to produce two pitfallsthat need
to be avoided: (i) in expressing simplified models of complex sociotechnical processes and
systems there is adanger that the analyst’s appreciation of the situation will come too much to
the forefront in his/her attempt to capture the situation and others' appreciationsin simplified
notions; (ii) the danger that people forget that conceptual models are concepts, rather than
models of processesthat can actually be reproduced to structure, plan and manage the processes
in practice.

6 ‘System owners' is used by Checkland et al to indicate those persons or organisations that are in the position

to stop or ater the process and system functions. In extreme open systems such as irrigation one can of course
not really talk of ownership in these terms. The design engineers, government agencies and financiers are also
in aposition to influence or ater the system. The operation agency and water users, however, are the oneswho
will have to deal with the system from day to day and give shape to and maintain its dynamic teleology.
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14 IRRIGATION DESIGN ASA CONCEPTUALLY STRUCTURED PROCESS
1.4.1 Modernisation v Rehabilitation

A general definition of what the modernisation of irrigation entails is given by FAO (1996):

"A process of technical and managerial upgrading (as opposed to mere rehabilitation)
of irrigation schemes combined with ingtitutional reform, with the objective to improve
resourceutilization (labour, water, economic, environmental) and water delivery service
to farmers." (Quoted in: Burt; 1999:15)

In other words; contemporary modernisation seeks to improve the water conveyance and
delivery process, by converting it into a service to water users and improve its efficacy, while
increasing the efficiency with which it usesitsresources. The definition acknowledges al so that
thiswill require alterationsin the designed physical system, aswell asin the social management
structures. In principle, the definition also leaves room to regard modernisation as a relative
process of transforming situation A into B, in which ‘modernisation’ is achieved as long as
situation B is able to attain higher resource use efficiency and/or water delivery efficacy than
situation A. In principle this thus al so leaves open the opportunity to regard modernisation as a
long term process of successive stages of improvements (i.e. from A to B to C to D).

In our eraof globalization, however, thereis also unmistakably atrend discernable in which
modernisation isregarded morein absol utetermsof ‘ modernity’, asnew technol ogiesand water
management arrangements around the world set standards of what is achievable in terms of
efficiency and efficacy inirrigation systems. These are standards against which the current state
and progressive stages of development get, if not measured, at least reflected against. As the
development and modernisation of irrigation has increasingly become an international affair,
with the involvement of external and international consultancy firms and multinational donor
agencies, these‘modern’ standardsincreasingly shape the engineering and policy appreciations
and conceptions of the state the systems shoul d be modernised to. With theincreasing notion that
water isbecoming ascarce resource among international policy makersand theirrigation sector
at large, the urgeisincreased to opt for modernisation strategies and objectives that conform to
high standards of efficiency and efficacy. By opting to pursuesuch ‘ externalised’ objectives, the
conceptualisation of the system is also likely to be ‘externalised’, as concepts of the
technological designed physical sub-system and the management and control principles are
imported asthe required meansto attain the pursued standards. How thiswill coincide or collide
with the appreciations of the stakeholdersin the establishment of the control mechanismsinthe
day to day practice, will then become evident from the degree to which the set standards of
efficiency and efficacy are indeed attained in practice.

Rehabilitation in irrigation is, by definition, a conceptualisation failure. Rehabilitation is a
process that belongs to conservationists that seek to conserve a painting, an archeological site,
or aspecies. Rehabilitation seeksto reduce (in terms of simplification, not in normative value)
a system to the first dynamic teleology principle of Bertalanffy in which it attains a time
independent state/condition. It hasno place, or role, in asociotechnical systemasirrigationwater
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management, where the appreciations of the stakeholders of the system and the purpose(s) it
should servewill always change, and be adjusted, on the basis of the past and recent experiences
they have had with the system. Trying to conserve the purpose(s), objectives and criteria of the
past for water management through rehabilitations, is thus a futile attempt to disregard the
experiences people have had with the system. The experienceswith ‘ rehabilitation’ inirrigation,
wherethe systems seemingly quickly enter asystematic cycle of rehabilitation, degradation and
re-rehabilitation, asthe problemsin water management and distribution tend ro reoccur quickly,
can then be regarded as a strong attestation of the systemic failure to appreciate the role of
human agency in water management.

1.4.2 Engineering Conceptsof (Modern) Irrigation:

The design and development of the designed physical sub-system is, as argued above, atypical
engineering subject. In order to be engineerablethe ‘ problems’ of irrigation water delivery have
to bestructured and objectified so that thewater conveyance and delivery process can be defined
(i.e. conceptualised) as a natural physical process for which a physical-technological network
can be composed, so that the process can be regulated (i.e. controlled) according to specified
criteria and objectives. As this structuring and conceptualising of the designed physical sub-
system (and process of water regul ation) is conducted by means of the scientific paradigms used
to define the natural physical process, it is useful to contemplate how this leads to genera
conceptualisations of theirrigation system that structure the design and moderni sation process.

During the 19" century and the first half of the 20", the devel opment of the scientific fields
involvedinirrigation (i.e. agronomy, hydrology and hydraulics), asthe field of irrigation itself,
took agreat flight asempirical knowledge and practical experiencewere accumulated throughout
theworld. Thefield of hydraulic and irrigation engineering was driven by these devel opments,
althoughinitially through strong conceptual ‘ schools' (i.e. American, British, Dutch and French)
among the nations that invested strongly in the development and expansion of their irrigated
agriculture. All initially devel oped their own conceptions and objectives on the regul ation of the
water conveyance and delivery process, based on the particular problems they encountered.
These conceptions that got materialised in the ‘national’ hydraulic structures that were
developed, as the Constant Head Orifice, Open Flume, Romeijn and Module a Masque.(cf.
Horst;1998) Unfortunately, no comprehensive monograph yet has been produced that provides
acomparative overview of the development of these national engineering schools and concepts
and their mutual exchange of knowledge and ideas in the scientific fields, as attested by the
widespread use of the Manning/Strickler equation, and in the field of water control and
distribution, as attested by the Crump-deGruyter outlet as a Dutch modification of a British
structure.

After WWII the internationalisation or globalization of the field of irrigation development
took flight with the collapse of the colonia era, the rise of the multinational development
corporations and aid, and the further development and dispersion of scientific knowledge. The
scientific knowledge base and the engineering conceptions of irrigation became increasingly
shared in the international organisations as the World Bank, ADB, knowledge centres as the
FAQO and ICID, and academic journals and conferences. The problem analysisand aimsfor the
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scientific fields and the irrigation and water sector as whole, became increasingly generalised,
as seeking greater knowledge and understanding of how the natural physical processes of water
conveyanceand delivery and irrigated agriculturework, so that better designed physical systems
can be devel oped to manipulate and regulate those processes.
Since the 1960s the general objective of irrigation modernisation can be defined as:
Torealise awater delivery service that provides the opportunities and means to
meet varying crop- and irrigation water requirements that stimulates efficiency
in water use and increased productivity.
The main issue from an engineering point of view, and in terms of ‘conceptualisation’ of
irrigation, is. how to control the variation in flows through the irrigation system (i.e. the
physical-technological network) in an adequate and timely manner that meets the above
objective. That is, control in both the technical sense of water control concepts, as in the
managerial sense of operating and managing strategies and procedures. (As had been argued
above, both control issues are heavily interrelated, and should be regarded as the two sides of
the same coin.)
Basically two distinct approaches can be discerned that have developed over time as to how
give shapeto thiscontrol of flow variability and the response mechanism to match water supply
and delivery to actual water use and requirements.

The CROPWAT Philosophy & its Concepts of Modernity

This approach was developed in the 1970s in response to the new means that became available
to accurately assess and predict the crop water requirements and yield response with the
CROPWAT model. Thisopened-up theway to scientifically definethe variability of crop water
requirements, and hence the requirements of flow variation in the irrigation system with which
thewater supply servicewould haveto respond. This‘triggered’ the new performanceeval uation
paradigm with which irrigation systems are to be assessed henceforth, and which define " good"
and "modern” irrigation in terms of efficiency, adequacy, timeliness and productivity of
primarily water supply and use. A paradigm that is also heavily influenced by the Green
Revolution and its demands towards irrigation.

These developments have had their marked influence on irrigation engineering and its
conceptualisation of new and ‘ modern’ water delivery services. Henceforth, irrigation systems
were evaluated in terms of their capacity to meet the crop water requirements not only
adequately, but also efficiently, without providing constraints on productivity. Quickly the
problems of irrigation became defined in terms of the difficulty to vary the water supply in a
controlled manner both timely and adequately. A problem that was particularly acute in the
manually operated up-stream controlled canal systems, that represented the majority of large-
scale government run irrigation systems in the world.

The response-mechanism that evolved to control the flow variability in these systems
according the new performance demands, was primarily based on the new scientific insight and
tools provided by the CROPWAT model. The application of thismodel provide the opportunity
and means to define irrigation and water management as a hard system (cf. Checkland; 1981)
and ascientific enterprise. The problemswerethusdefined in hard systems and engineering and
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scientific terms as: if we are able to assess and predict the actual crop water requirementsin
advance, we can devise atechnological response with which we can vary and control the water
supply in an accurate and timely manner from the water source to the cropsin the fields.

Theengineering and scientific challengesinthe conceptualisation of * modern’ irrigation were
seen as improving the accuracy of both the assessment and prediction of actual crop water
requirements, and that of the control of flow variability in the irrigation network (in degree of
variation asin frequency and timeliness). The goal was defined as: providing water to the crops
in the fields ‘just enough and just in time'. The emphasis was thus put on the accuracy and
effectiveness of ‘scheduling’ the water delivery in accordance with crop water requirements.

Scheduling became seen asthe central task and control mechanism of water management and
operation at the system level. The CROPWAT approach enabled the sector to define scheduling
as a technical and scientific field, that dealt with numbers and figures (i.e. mm of water
requirements and rates (I/s) of water supply) that had to be matched and accounted, effectively
pushing the human, or soft, element to the background. Even where farmers or WUA are
expected to place their requests or demands for water delivery to the operation agency this
characterisation essentially holds. Not only are the requests to be made in the technical
scheduling parameters of rate, duration and frequency, in order to enable the scheduling to be
conducted. They are also expected to be related to the actual crop water requirements as the
fulfilment of those requests tends to be based on the availability of water and the predicted or
permitted crop and irrigation water requirements. Scheduling became thus an information
gathering and processing activity (or ‘ sub-system’) in atechnical sense, putting huge demands
on the monitoring capacity of operation agencies in the fields of: water availability; flow
conditions in the system; cropping patterns; climate conditions and water requirements. Thisis
particularly so in those systems were one sought to conduct the scheduling and operation
centrally controlled at the main system level. Through such technical scheduling it was
attempted to enter the management domain of the water users and redefine its purpose and
process in the scientific paradigm of CROPWAT.

The rapid advancements in computer technology that marked the 1980s gave a new impetus
to these types of concepts and schedules, as it provided the opportunity to computerise the
information gathering and processing and even of the scheduling itself. With the development
of specific Irrigation Management Information Systems the hope revived that higher level of
accuraciesin both the assessment as prediction of changesinwater requirements could be made
that would allow further improvementsin the ‘just enough and just in time’ delivery of water.

Varying thewater supply ‘just enough andjust intime’ in response to assessed and monitored
requirements or collected demands, turned out to be a difficult and burden-full task when one
sought to control thiscentrally through ‘ arranged’ scheduling. Further improvementstothe’just
enough and just in time' principle were, in response, sought through decentralisation of the
scheduling to the secondary level of the system, that provided more space for decision making
at thetertiary level by means of the so called ‘ demand-based’ schedules. Such decentralisation
of scheduling becamefeasible by devel oping further water control concepts and technol ogy that
would create a buffer in the canal system with which permitted changes in water withdrawal
could be temporarily met.

Theestablishment of such arranged or demand-based i rrigation schedul esthrough manual and
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centralised operation of the system, often proved difficult to achieve in practice. These
difficulties were centred around the following issues:

(i) The considerable data gathering and information processing that is required to conduct
these schedules, is always dependent on the quality and quantity of the weakest data link. In
transforming the management agenciesfor adoption of such scheduling methods, problemstend
to emerge in realising the required data collection and information processing capacity. This
demands considerableinvestmentsin measuring devicesand methods, training in datacollection
and information management, and the management of data collection and target control. In the
west, these problems have been addressed by increasingly investing in automated and remote
data collection and water control, and devel opments in monitoring and simulation models and
information systems.

(i1) The reluctancy to allow for operational losses at the secondary level, as has been long
common practice in the western USA. In the absence of allowing for operational losses, the
failure to reach the scheduling targets in actual water delivery immediately results in the
emergence of ahead-tail end problem. This severely undermines the whole water management
effort, as the scheduling and delivery of water becomes unreliable and untrustworthy. As a
consequence, water tends to become contested and field operators come under pressure to
deviate from the schedule in order to provide reliability and adequacy on the individual level.
In contrast, experiences in the western USA indicate that the allowance for operational losses
provide the management organisation with the opportunity and time to invest in a gradual
upgrading of the system to reduce the losses.

(iii) Theadvantagesof thearranged and demand-based scheduling methodsare strongly based
on the benefitsthey can bring to the individual water user in terms of providing the opportunity
to receive water in accordance with her/his owns scheduling plans. These advantages can best
be realised when the arrangements/demands can be made at theindividual level. Thisislargely
dependent on capitalising on the advantages of scale, as occurred in the west, where individual
water users take-off directly from the secondary canal and comprise the scheduling unit. In the
context of small-holders where the tertiary unit comprises multiple users, the scheduling is
essentially conducted at the intermediate level of the secondary canal by field operators. The
potential benefitsfor theindividual water user are then subjugated to the practical limitationsthe
scheduler has to face in amalgamating al individual requests and objectives into a workable
schedule. Scheduling asacontrol mechanismisthen essentially withdrawn formthe (centralised)
process management, as the deliberations and decisions to compose and adjust the schedule are
made by thefield operator on anearly daily basis. Thetask of water scheduling and distributing
becomes then more of a mediation process to accommodate the objectives and requests of the
water users with the water delivery limits and targets imposed by the official schedule of the
main system operation. The level of success tends then to be primarily dependent on two * soft’
or managerial elements: the personal capacity and skill of the field operator to conduct the
scheduling as a mediation process; and the degree to which the bureaucratic culture of the
management organi sation provides enough room and regulation for thefield operator to conduct
this mediation at her/his discretion. Rather than focussing on target management, human
rel ationship management becomes acentral element of the process; from the part of water users
towardsthe field operator to secure their good relationship and good service, and from thefield
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operator towards the central management to secure her/his room for manoeuvre and muster
enough support and appreciation for the problems and needs (s)he has to face in her/his daily
scheduling and distribution work. (cf. Zaag, van der; 1992)’

Aspects of these elements mean that the actual effectuated operation of the system and
regulation of the water distribution do not correspond with the official scheduling plans and
methods. Asisthen often revealed by performance assessmentsthat call for tightening up of the
control through more persistent focus on target management. The persistent difficulties in
establishing good performancelevel swith such varied scheduling methodsin centrally managed
and manually operated systems has, however, led to a growing body of critics that has argued
to dispel these conceptsand concentrateon either * structured’ concepts(i.e, ssmplified rotational
and proportional distribution) or change to concepts of flexibility. (cf. Shanon; 1986 & 1992,
Albinson; 1993, Horst; 1998, Plusquelec et al; 1994)

The Managerial Flexibility Philosophy & it's Concepts of Modernity

From the 1980s onwards, a shift in the conceptualisation of ‘modern’ irrigation began that
concentrated on reversing the response mechanism with which to control the flow variability in
irrigation systemsin order to match it to variationsin water requirements cumdemands. I nstead
of trying to match the variations in advance - through predictions and feed-forward control
mechanisms that require a complex of monitoring, planning and control sub-systems with the
risksto end up with asystem that supplieswater * just not enough and just not intime’ - thisnew
approach tried to match the water delivery in response to actually occurring variation by means
of feed-back control. The technological ‘trick’ and challenge that enables this reversal in
response mechanism, is to create enough buffer or storage capacity in the water supply system
that can accommodate the variations in water withdrawal from the system. The challenge lies
therein to create enough capacity for timely response (i.e. rapidly) to increases in withdrawal,
and enough storage ‘room’ for decreasing withdrawals, while being able to adjust the source
supply in response accordingly.

With the need for advanced planning and control of flow variation thus gone, or at least
considerably reduced, such storage-based systems can provide larger degrees of freedom for the
regulation of the flow through the outlets; thus providing flexibility of water use. Providing this
managerial flexibility at the delivery point (i.e. outlets and even farm-outlets) has become the
goal initself inthese new conceptsfor modernirrigation. By providing such freedom of decision
at the tertiary (or even quaternary farm) level within certain limitations (usually on maximum
rate and seasonal allocated volume) the scheduling is basically relocated to the water users
management domain, wherein (s)he can accommodate other criteriaand objectivesthan the ones
stemming merely from the CROPWAT paradigm. Additionally, the flexibility allows for
developments, such as changes in cropping patterns or even irrigation application methods, to
be undertaken without being restricted by the limitations of the centrally arranged schedules.

" Thework of van der Zaag provides an excellent study of the work conducted, and relationships maintained by

afield operator in his duties as scheduler and distributor, providing arich picture of these dynamics. It isalso
still one of the rare works that gives attention to this aspect of water management. For a more recent study that
handles the same issue in a case of Peru, see Vos (2002).



Irrigation Systems & Concepts of Irrigation Modernisation 25

The premise behind this philosophy of providing for ‘managerial flexibility’ is, that water
users provided with such aflexible delivery service make responsible use of it. Theideais, that
flexibility in service provides no restrictions to (and hence no excuse for not) optimising the
efficiency and efficacy (i.e. productivity) of water use, and that its freedom and quality should
act asastimulus. Implicitly, the water users are thus still expected to pursue the optimisation of
water useaccording tothe CROPWAT principles, and certainly not abusetherel ative abundance
of water supply available in the main system for ‘ over’ -withdrawals and inefficiency. In order
to curbthelatter, it isoften proposed to pricethe water servicefeesvolumetrically at such alevel
that it becomes economically attractively (i.e. stimulating, if not necessary) for water users to
economisetheir water useand forcethemselvesto pursueefficiency. These proposalsareusually
coupled with the suggestion to meter the water delivery and charge for actual volumetric use.

There arein essencetwo distinctive water control conceptsthat have been devel oped over the
last decades, for the provision of managerial flexibility inirrigation water management: concepts
based on in-line storage; and those based on off-line storage. The advances in hydraulic
engineering in the field of irrigation have primarily been made in technological developments
for the control of varied supply and the regulation of buffer storage, through refinementsin the
hydraulics of unsteady flow conditions.

The principle of in-line storage in open channels, and the devel opments made for this control
principle, is strongly based on the understanding and application of the hydraulics of unsteady-
flow.® This has changed the operational control principles with which to control the water
delivery, from concentrating on water levels and discharges, to that of controlling water levels
and volumes. Rather than having to anticipate the discharge levels in new steady-state flow
conditions for the expected water requirements, the operational strategy is shifted towards
refilling the subtracted volumes of water adequately and timely through an operational and
hydraulic feed-back cycle. The developments made in the field of hydraulics and irrigation
engineering to realise this shift, have concentrated on new hydraulic structures such as
downstream controlled water regulators, level-top canals, hydraulic and electro-mechanical
automation of control structures, and remote monitoring and water control facilities. The
application of these requires a sound knowledge of the hydraulic principles of unsteady-state
flow conditions, and skills in electro-mechanical and computer automation for remote and/or
local control. (cf. Plusquellec et al; 1994, Burt; 1982 & 1987, Goussard; 1993)

The principle of off-line storage, with the creation and regulation of storage reservoirs at the
head and/or the secondary or tertiary level of the system, providesthe opportunity to control and
regulate the flow variations closer to the source of demand, and thus variation, that allows for
hydraulic and operational decentralisation and flexibility in management. The technologically
easiest solutionisto connect the storagefacilitiesto aburied pipe network, with which thefarms
are connected to a reservoir, and may use the irrigation water as on a tap system. Though
requiring some investment, it is the technically and hydraulically simplest form to provide for
optimum scheduling and management flexibility in irrigation. (cf. Merriam; 1987 a, b & c,

8 As opposed to the hydraulics of steady-flow conditions that have governed the hydraulic- and irrigation
engineering for the last century through the applications of formulae as Manning, Strickler, Kuttler and
Lacey/Kennedy.
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Bentum, van & Smout; 1993)

The developments in in-line storage control have spurred the combination with volumetric
control at the main system with buried pipe networks from the secondary to quaternary level, as
a means to economise on the investment costs for storage facilities. The application of these
control principles are, however, subjected to two important conditions: (i) they are not suitable
for conditions of water with high silt load, asthe flow velocitiesin the storage facilities (off- or
in-line) will frequently be too low to prevent sedimentation; (ii) the available volume of water
must be related to the actual water requirements to provide for the flexibility in scheduling and
management, or additional resources as groundwater must be available to supplement the
shortages.

1.5 |IRRIGATION MODERNISATION IN NWFP, PAKISTAN

The favourable position of NWFP in terms of water availability for alocation inirrigation has
enabled the Provincial Government to pursue amodernisation programme for some of the aging
irrigation systems. As far as irrigation water is concerned, this programme encompasses three
basic elements of change:
» anincreasein overal delivery capacity;
»  theprovision of significantly greater water control infrastructure that hasthe potential to
enable a closer match between water supplies and crop water requirements; and
»  theimprovement of the drainage capacity in the command areathrough the provision of
anetwork of open channels and tile drains.

Since the start of this modernisation programme in 1980 four irrigation systems have been
remodelled or newly constructed through four irrigation projects, that have attempted to
introduce and establish awater conveyance and delivery servicethat would better meet the crop-
and irrigation requirements than the traditional so called ‘ protective’ irrigation systems. These
are:
»  the Lower Swat Cana (LSC) that was originally commissioned in 1885, and was
remodelled through Mardan-SCARP project from 1980 to 1992;
»  the ChasmaRight Bank Canal (CRBC), whichisanew canal that iscurrently still under
construction (although the first two stages have been completed in 1992 and 1998);
»  the Upper Swat Cana (USC) that was originally commissioned in 1914, and was
remodelled through Swabi-SCARP project from 1992 to 1999;
»  thePehur High Level Canal (PHLC) system, whichisanew canal linking up to USC that
is about to be completed, for which design started in 1995, and construction in 1998/9.
Although the basic objectives and criteria for the modernisation and development of these
irrigation systemwerethe same, the actual design conceptsand outcomeshave been substantially
different for all four, leading to irrigation systems with different hydraulic behaviour and
different control strategies and mechanismsin their operational plans. The central issue of this
moderni sation process has been to cometo termswith what should constituteamodernirrigation
water delivery service within the context of NWFP. The issue was thus to come to a
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conceptualisation of the irrigation system wherein the DPS is technically capable of regulating
the water conveyance and delivery processin accordance with the crop water requirements, and
isoperable through control and management arrangementsthat are feasiblein the social context
of common practices and strategies of the operation agency and water users.

The remodelling of the LSC under Mardan-SCARP can be regarded as the initiation of the
modernisation programme in NWFP. From the onset of the project, the objectives for the
remodelling were set to convert thewater conveyanceand delivery serviceinto a‘ demand-based’
service, in which the water delivery could be varied so that crop water requirements and water
users demands could be met. The project team, consisting of foreign and national consultancy
firmsand the Water and Power Devel opment Authority (WAPDA), werecharged withthedesign
and construction of the remodelling of L SC. The modernisation objectives were trandlated into
an irrigation concept and design that sought to deliver and manage the irrigation water supply
according to arranged scheduling principles; at first with the objectivesto meet the varying crop
water requirements, and in later stages to meet demands placed by water users. To enable this
substantial transformation of the water management principlesin LSC, the irrigation network
was enlarged and equipped with numerous water control structures to enable the regulation of
the varied water delivery. The main strain of the water delivery regulation was to be regulated
through manually operated gates at cross regulators in the distributary canals and on each and
every outlet structure. This required an enormous change from the Irrigation Department (1D)
and water users to adapt their water scheduling and distribution practices to the principles of
monitoring and target management embedded in the design concept.

The remodelling of LSC through Mardan-SCARP as afirst attempt to modernise irrigation
in NWFP was selected as one of the prominent cases for this research. It was the only one out
of the four modernisation projectsthat was already ‘ completed’ at the start of theresearch. This
provided the excellent opportunity not only to address the design and implementation process
itself. Also it allowed the investigation of the way the ID and water users had responded to the
changes, by effectuating changes in their water management practices and strategies as
expressions of their interpretations of what modern ‘crop-based’ irrigation could effectively
entail inthe context of NWFP. Thiswas an important opportunity, particularly since the effects
of Mardan-SCARP on the water management practices of the ID and water users were hardly
documented, despitethefact that they could contain valuablelessonsfor the other modernisation
projects underway. Also, the approach of Mardan-SCARP had provoked a conflict with
implications for the other modernisation projects undertaken in the province, which is studied
inthisanalysis.

In CRBC an attempt has been made to introduce ‘ crop-based irrigation operations' through
the Crop Based Irrigation Operations (CBIO) project after completion of stage | of CRBC. The
context in which this was attempted is somewhat peculiar, in that the Chasma canal of stage |
was aready built and configured, although only with temporary pipe outlets at the secondary
level. The objective of the CBIO project was to identify and test an operational plan for crop-
based irrigation with which the water conveyance and delivery process could be regulated so as
to match the actual crop water requirements at the tertiary level. In the broader realms of the
modernisation programme in NWFP, the CBIO project represents a second attempt to come to
a conceptualisation of a ‘productive’ water delivery service with which the crop water
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requirements could be met. Initiated after the compl etion of Mardan-SCARP, the CBIO project
was well aware of the sensitivity of itstask in light of the objections brought forward by the ID
against theformer. Theissue was addressed by seeking to clarify the conception of * crop-based’
as opposed to ‘demand-based’ irrigation, in which the operation agencies could retain a central
role and control in varying the water supply in anticipation of the variations in crop water
requirements.

The CRBC and CBIO are only aminor caseinthisstudy, presented in chapter six. Asthe case
lies to the extreme south of NWFP, and was well documented by the progress and final reports
of the CBIO project, the material presented is based on secondary sources. The case is treated,
however, asit representsan important stagein theirrigation modernisation programme of NWFP
initsattempt to come to termswith aviable and workable conception of * productive’ irrigation.
Central inthe analysisof this caseliesthe way inwhich the controlled variation of water supply
throughout the main system level, in order to match the varying crop water requirements, has
dominated the conception of what ‘ crop-based’ irrigation should constitute, while the operation
agencies ‘failled’ to appreciate its need and feasibility.

With the remodelling of the USC through Swabi-SCARP, which followed upon completion
of Mardan-SCARRP, theirrigation moderni sation programmein NWFPwas seemingly suspended,
or at least conducted with less ambitions towards establishing crop responsive irrigation
operations. After the confrontational experience in Mardan-SCARP, Swabi-SCARP seemingly
sought to calm the atmosphere with the remodelling of USC, by opting for less changesin the
water distribution technology and scheduling and distribution mechanisms for the time being.
Thiswas an important strategy as the same I D-circle wasinvolved in Swabi-SCARP asthe one
that put forward its objections in Mardan-SCARP and was coming to grips with the newly
remodelled LSC. Tellingly also, another consultancy consortium was involved in Swabi- than
in Mardan-SCARP.

The design process of Swabi-SCARP had already been completed at the start of the research
period, and the construction work proceeded throughout it. This provided the opportunity to
review the conception of the‘ revamped’ proportional distribution system, anditsimplementation
inthefield. The central issuein the analysisis presented in chapter seven. It centres around the
critical issues inherent to the proportional distribution concept, of establishing the hydraulic
capacity todistributethewater proportionally over therange of seasonal water supply variations,
and establish the operation and mai ntenance capacity to control and maintain those conditions.
The latter isreflected against the general deterioration of the proportional distribution capacity
in the traditional system that has taken place over the last five decades, and the dynamics in
water management practicesthat hasled to, and resulted from, thisprocess. Two case studiesare
presented on the implementation that were conducted shortly after construction, that enabled
verification whether the design assumptions on the hydraulic capacity for proportional
distribution were attained in reality.

In the last case of PHLC, the modernisation attempts for irrigation in NWFP were
reinvigorated with a turnabout in the conception of modern irrigation water delivery service.
Making use of the excellent opportunities provided by having Tarbela reservoir as the water
supply source (as opposed to the river intakes in the other three cases), PHLC system was
designed for automated downstream water control, with which anoptimal flexiblewater delivery
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service can be established for both arranged, and on-demand, water scheduling and distribution
principles. The choice for automated downstream control was justified as the best solution to
control the precariousness of water flow and variations at the confluence where the PHL C canal
isto link with amajor branch canal of the USC system, to alleviate the water shortages at the
latter’ s tail end. The choice for automated downstream control was further elaborated upon in
devising aconcept for the water conveyance and delivery in PHLC/USC, with further proposals
to providefor aclosed pipe on-demand water delivery systeminthe newly to devel op command
areaof PHL C. Withinthe modernisation attemptsundertakenin NWFP, the PHL C proj ect stands
out aslast attempt to conceive a modern concept of irrigation, in which the controlled variation
of water supply to meet variations in crop water requirements and demands is sought by
technological closure of the water conveyance and delivery system.

The PHLC caseis presented in chapter seven, together with Swabi-SCARP, as both projects
are interlinked and will constitute an integrated system in the future. As the construction of
PHL C only started after completion of the research, thetreatment of the caseislimited to review
of the design decisions made.

16 THE RESEARCH APPROACH AND METHODOLOGY

Thesubject of thisresearch - the attempts undertaken to moderniseirrigationin NWFP, Pakistan
- has been handled with a set of general, and common day, questions in mind. These are
guestions that arise from the premise and popular belief that the design, development and
establishment of irrigation systems, as products of concerted efforts of engineering and
devel opment cooperation, should be capable of improving the conditionsin water management
and irrigated agriculture. These are considered to be the general objectives of such devel opment
undertakings, that raise the expectations and belief (within the general public, aswell aswithin
the peopl e and organisationsthat areinvol ved and affected) that these objectives can berealised
through engineering and concerted devel opment.

Theexpectationsthat people put forward arethe productsof their appreciation of thesituation.
These need to be accommodated in directing the engineering and devel opment activitiesinto a
concerted process of conceptualisation of an irrigation system, as a sociotechnical system that
can addressthe perceived problems, and fulfill the purposes, of water conveyance and delivery
process. The focus of the analysis is thereby directed to the process in which the projects of
irrigation modernisation in NWFP have coped with the handling of the different appreciations
of what the irrigation system should be capable of, and how it should function, in their attempts
to cometo aconcerted conceptualisation and implementation of the systemto beestablished. The
aim was to explore what dilemmas the irrigation modernisation projects faced in NWFP in
reaching an accommodation in the conceptualisation, implementation and establishment of the
system.
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Research Objectives & Questions:

In order to provide answers on these issues, the following objectives were formulated for this
research:

»  To interpret the policy objectives for irrigation modernisation in NWFP, Pakistan;

» To come to a conceptualisation of modern(ised) irrigation in the design and
implementation process, and an evaluation of design approaches adopted in NWFP;

»  Tounderstand how the‘ conceptsof irrigation’ can berelated to feasible operationsof the
system through acorrel ation of the system’ stechnological configuration and the control
mechanisms of water allocation, scheduling and distribution in the management
interfaces and structure of the wider sociotechnical system;

»  To study the attention given to the system’s usersin the design initiatives of irrigation
modernisation in NWFP, and the assumptions made about their needs, objectives and
strategies in the daily operation of the new to establish system.

Animportant focus of the research wasto study theinterpretation of the policy objectivesfor the
irrigation modernisation programme in NWFP into concrete design criteria, and its
conceptualisation of modern(ised) irrigation within the design process. As well as, how this
design process and policy interpretation has evolved and changed in the course of 15 yearswith
the involvement of different consultants among the different projects. The central theme of the
research wasthe conceptualisation of theirrigation system within the design and i mplementation
process by the different actors and stakeholders involved, and to understand how the
technological configuration was related to (operational) management of the system as an
appreciation of afeasibleirrigation process. The main question formulated for the research was:

What factorshaveled to changesin the conceptualisation of ‘modern’ irrigation,
the choice and utilisation of irrigation technology and the potential involvement
of usersinthe design, operation and maintenance of the systems, in the evol ution
of the process of large-scale irrigation system modernisation in NWFP, since
19807

In studying the design processin the different projects (i.e. LSC, CRBC, USC and PHLC), the
process of conceptualising the irrigation system will be compared in its different el ements.
The stark differences between the designed irrigation concepts adopted in the modernisation
programme in NWFP form a leading thread of the research and thesis. The different outcomes
of the design process are appealing, as they must primarily be a result of the changes in
designers' view point or policy shifts, as the socio-economic context of the water users and the
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socio-political context of the irrigation agencies do not differ starkly.® Of research interest
becomes thus how these differences relate to the users' practices, requirements, capacities and
strategies. The resulting differences in designed irrigation concepts, suggested that different
interpretations have been made on what constitutes a ‘good’ and ‘modern’ irrigation water
delivery, and on what is the appropriate and feasible method of involving users (agency and
farmers alike) in irrigation water management, and on the establishment of the desired control
mechanisms.

The research approach thus concentrated on working out the conceptualisation of irrigation
that were produced by the different projects in their interrelation of the managerial control
mechanisms, technological configuration and the water conveyance and delivery process.
Besides an elaboration of the technical design and its subsequent possible and intended water
conveyance and delivery process, and its principles and options for the water alocation,
scheduling and distributi on mechani sms, an el aboration ismade of the management requirements
that were made explicitly and implicitly in the conceptualisation of the systemsin the design.

To gain insight in the objectives, preferences, capacities and strategies of the users towards
‘modern’ irrigation (i.e. their appreciations of the current situation and future requirements), the
irrigation water management practices, past and present, of theirrigation agency and water users
are studied and analysed. A historical analysisis made of the development and establishment of
the' protective' irrigationwater delivery system during British colonial time, and thechangesand
adaptations it underwent to the start of the modernisation initiative in NWFP. This historical
analysis concentrates on two issues: (i) the elaboration of the concept of  protective’ irrigation,
and (i) the difficulties and problems both operation agencies and water users faced in the day
to day water management practices and the strategies they adapted to tackle those problems.

To gain insight in how the users were represented in the design processes, two approaches
werefollowed: reconstruction of discussions, deliberations, and conflictsthat took place during
the design and implementation phases; and comparison of the assumptions made during the
design about cropping and irrigation strategies with current day practices and strategies. Of
particular interest is how the different cases used assumptions of ‘good irrigation practices’ and
irrigation water requirements to structure the water scheduling and distribution mechanisms.
These assumed and designed characteristics of the water delivery service are reflected against
the irrigation practices, in which the irrigation requirements and methods are evaluated in the
field.

Throughout the thesis and the cases, the analysis concentrates on the water control
mechanismsin operation, asinterfaceswherethe different appreciationsof theirrigation concept
from the stakeholders (designers, operation agency, water users, etc.) collide, and the processes
that eventually determine the equifinal state the system can reach. At the end, it is hoped, that
this analysis can contribute to the answer of the following question: With more appreciation of
the past experiencesand the different conceptionsof the system, canthe current stateinirrigation

®  Theareascovered by the systems studied are adjacent to each other, characterised by the Peshawar Va e culture

of settled Pathans and outside tenants, while the irrigation agencies have a common tradition since they exist
from the creation of thelrrigation Departmentsin 1917. An exceptionisthe Topi areain PHLC, whereno canal
irrigation tradition exists. The context in CRBC is also dightly different, asit primarily deals with the creation
of anew irrigation system.
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water management be changed into a conceptualisation and actionsthat accommodate better the
different views of operating agency and water users?

Research Execution:

Thefield research for thisthesiswas carried out from 1995 to 1998 in affiliation with the Water
Management project (WAMA) - acollaboration between the I rrigation and Water Engineering
group of Wageningen University and the Department of Water Management of the Agricultural
University of Peshawar, NWFP. From July 1995 to March 1996 | was affiliated to WAMA as
a research assistant, and returned after a six months interval in Wageningen, to finalise the
research proposal, to further conduct thefield research and participatein theresearch programme
of WAMA from October 1996 till August 1998. During this period WAMA set up a set of
research programmes throughout theirrigation systems surrounding Peshawar, in which staff of
the Water Management Department as well as its BSc and M Sc students were able to conduct
research into various aspects of irrigation water management. To ensure continuity of data
collection, field and research staff were also employed for these research programmes. In
addition M Sc studentsfrom Wageningen joint from timeto timeto conduct their research within
these programmes.

In the research programme conducted in the Lower Swat Canal different types of data and
information have been collected for different parts of the system and with varying intensity over
an extended period. Databaseswere compiled with monitoring datafromthel D (water levelsand
cropping patternsfor the entire system) for yearsprior, during and after Mardan-SCARP, aswell
as a drainage database (water tables, hydraulic conductivities and drainage plans) on the basis
of data from WAPDA. For the assessment of the general impact of Mardan-SCARP these
databases were used and analysed and supplemented with data obtained from surveys and
guestionnaires conducted for the purpose. The main stage of research, however, has been
conducted onfew selected research sites, of whichthe Sheikh'Y ousaf Minor comprised themajor
one. Sheikh Y ousaf has been monitored by WAMA for 24 consecutive months on adaily basis,
in which the water levels of all the outlets and the gate operations have been measured, as well
asthe cropping patternsin its command area. In addition, various studies have been undertaken
into the established water management practicesat thetertiary level, and the strategiesand rules
adopted by the water usersin their day to day irrigation and water management activities.

In the case of Upper Swat Canal and Swabi-SCARP project, WAMA was contracted on
request of the Irrigation Department and through financing of the ADB to conduct a hydraulic
performance evaluation of the first remodelled distributary canal system - Kalpani distributary
and its minors - before commissioning. This task was conducted over afive months intensive
measurement period from January to June 1997, in which the system was measured, monitored
and calibrated. The work was carried out by afield team, consisting of eight members plus
supporting staff. The findings and reporting of the study were presented and extensively
discussed with Irrigation Department, the Swabi-SCARP project and the provincial WAPDA and
Planning and Devel opment departments.

Theresearch in Upper Swat Canal was followed up by aM Sc-student from IHE in Delft with
support from WAMA from July 1998 to April 1999, on the Jalala distributary shortly after
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completion of itsremodel ling by Swabi-SCARP. Thisenabled meto verify whether better results
were obtained than in the case of Kalpani distributary, after modifications were made by Swabi-
SCARPon some of the outlet structuresused and the procedures of implementation. (See chapter
seven)

In addition to these two research programmes, material has been collected on the designsand
the operational manuals and other project and policy documents form the cases treated in this
thesis as well as discussions held with ID and project staff. Further, use has been made of data
collectedin other research programmes conducted by WAMA, notably onthewater management
practices in the traditional Kabul River Canal, in which | worked as part of my MSc in 1993.

1.7 THEOUTLINE OF THE THESIS

The next chapter presents a historical analysis of the development of the large canal irrigation
systemsin the Indus basin during British colonial time. The analysisfocuses on how the concept
of ‘protective’ irrigation was devel oped and refined over time by theirrigation authorities. This
was a continuous attempt to further improve their control over water conveyance and
distribution, until in the 1920s the concept of self-acting proportionality introduced by E. S.
Crump was widely applied throughout the Indus basin. It isargued in this chapter that, contrary
to the widespread belief, the British colonia authorities never managed to implement a truly
proportional and equitable water distribution system in their ‘ protective’ irrigation systems, not
even after Crump had developed the technica means to do so. The chapter ends with a
conceptualisation of the self-acting proportionality of * Crump canals' that becamethe paradigm
of irrigationinthe 1930s. Special emphasisisgiventothehydraulic configuration of thesecanals
and the Open Flume and Adjustable Proportional Model outlets, and the sensitivity of these
canals to disruptions of their hydraulic configurations that will upset their capacity for
proportional distribution.

Chapter three treats the era after independence of Pakistan till the start of the modernisation
programme in NWFP around 1980. This chapter focuses on the changing scene of irrigation
management and development in the Indus basin, that has resulted from substantial changesin
its institutional and political context. These changes were initiated by the rapid and dramatic
effects of partition, that threatened the viability of Pakistan’s Indus Basin Irrigation System
(IBIS) asthe alocation, scheduling and distribution of the Indus waters became internationally
contested between the newly independent states of Pakistan and India. It is argued in chapter
three, that the institutional change linked arms with the internationalisation of irrigation and
water devel opment, wherein multilateral donor agencies, WAPDA andinternational consultancy
firms negotiate and determine the course and content of the developments. The steady
degradation of the water delivery services since the 1950s can partly be explained as a process
that could thrive in the context of institutional and policy changes. This sets the scene for the
modernisation programme of NWFP, demonstrated throughout the case studies, outlined already
in section 1.5, which are presented in Chaptersfour to seven. Chapter eight deal s, as an epilogue
to the modernisation programme, with the institutional reform programme for the irrigation
sector in Pakistan, that wasinitiated in 1994 and finally got underway in 1999/2000. Seemingly
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this would represent an important shift in the policy and intervention approaches to tackle the
problems of water management in Pakistan, that would come as a welcome change to the
technological interventionsreviewed inthisthesis. Finally, some general conclusionsare drawn
in chapter nine on the function of engineering and designed physical systemsinthewider hybrid
system of irrigation water management. To effectuate a process of change and innovation, there
is gtill aneed to come to grips with the issues of management in irrigation, as socialtechnical
processesthat i nteract with the technol ogical DPSinthe establishment of theequifinal properties
of the system. The systems framework adopted in this thesis can be useful to analyse these
interrelations, and as means to make the appreciations and conceptions of the system explicit,
so that a process of accommodation can be initiated as part of the process of change
management. There is, however, till a clear need for an appropriation of a management
framework in the water sector, for which amore concerted and collectiveinitiative will have to
take place, than could be provided with this thesis.



CHAPTER TWO

DEVELOPMENT OF THE PROTECTIVE IRRIGATION CONCEPT

—

THE FAILURE OF IRRIGATION INSTITUTIONS & TECHNOLOGIES
TO ACHIEVE EQUITABLE WATER DISTRIBUTION IN THE INDUSBASIN

21 INTRODUCTION?®Y

The development of canal irrigation in the Indusriver basin under British colonia rule has been
characterised by aprolonged struggle of irrigation engineersand policy makersto get the process
right. From the first British endeavour in irrigation onwards, two features of canal irrigation
became immediately evident that have since driven the process of irrigation development in the
basin: (i) irrigation could beanimmensely profitableundertaking that createsweal th, prosperity,
productivity and political-economic stability; and (ii) it was a precarious undertaking that
required continuous fine-tuning of technical and managerial issues in order to create and
maintain the conditions for such profitability. As with any state enterprise requiring huge
investmentsand prolonged commitment, the colonial Authoritiesquickly defined aset of general
parameters or performance criteria to gauge the success of irrigation, and justify each
undertaking. However, it were the practicalities on the ground that really determined the
conditions of irrigation in each scheme, and which became the domains of the Irrigation
Authorities™ in which they were accountableto finetune’ technical water delivery control inthe
face of sanctioned privilege and pragmatic local action.

The interests of the colonial state in pursuing canal irrigation to expand and consolidate its
rule over its dominions on the Sub-Continent are well argued el sewhere (cf. Whitcombe; 1983,

10 Sections 2.1 to 2.5 of this chapter are largely areproduction of an earlier paper by Halsema, van & Vincent;
2001. Section 2.6 is based on an earlier paper by Halsema, van & Murray-Rust; 1999.

During the 19th century the Irrigation Authorities were still a specialised branch within the Public Works
Department; it was only at the turn of the 20th century that gradually the ‘independent’ | rrigation Departments
wereestablished inthedifferent Provinces. Throughout this chapter theterm’lrrigation Authorities will be used
to indicate the cadre of professional irrigation engineers that were responsible for the construction and
management of the irrigation systems.

11
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Stone; 1984). These included the political-economic advantages of developing a lucrative
Revenue-base, settling of unruly and wandering tribesin administrableagricultural communities,
and protection against famine. However, while these advantages have played a crucial rolein
driving these irrigation development efforts, such accounts tend to over-emphasise the state's
objectives in shaping the irrigation and agricultural conditions on the ground.*? This chapter
disputesthe view that the colonial state and its Irrigation Authorities exerted enough control to
realisethe stated objectives on the ground, especially for irrigation policiesfromthelast quarter
of the 19" century onwards. On the one hand, theirrigation policies were driven by the political
discourse of a benevolent state, that should modernise society by imposing new systems of
justice, fairness and equity. For irrigation this discourse was defined in terms of providing
protection against famine, creating an efficient and equitable water distribution system where
each cultivator would receive his/her fair share of water, and extend its beneficial service ever
further (cf. Famine Commission; 1881, 1885 and 1898).** On the other hand, however, the
pursuit of this’benevolent discourse’ wasimpeded by anintrinsic dilemmaof the colonial state.
The approach to rule efficiently and effectively by means of a relatively low administrative
presenceraised aninherent contradiction. The administrative discourse of 'scientific empire’ that
propagated the coal escence of administrativerulewithlocal traditional customs, rulesandrights,
“linking Administrators and Indian elitestogether in a common political structure” (Gilmartin;
1994: 1128), contradicted the declared purpose of the 'benevolent state' - to promote and impose
a'fair and equitable' political-economic system. Within the colonial administration there were
supporters on both sides - known as the amir parwas (defenders of the rich) and the gharib
parwas (protectors of the poor), respectively - contesting for primacy inlocal and policy affairs.
(cf. Allen; 2000).

Gilmartin's (1994) treatise is one of thefirst and only accountsthat treats the devel opment of
canal irrigation in light of this intrinsic dichotomy of colonia rule; coined by him as the
dichotomy between the discourses of 'scientific empire’ and ‘imperial science'. He asserts that
this dichotomy created a split along institutional lines, embodying a paradigm conflict between
civil administrators and irrigation engineers; the former favouring administrative efficacy and
the latter promoting scientific efficiency. This, however, seems too polar and rudimentary an
analysis, that fails to take into account the Irrigation Authorities own interests in, and
responsibilities for, administration. Gilmartin shows how developments in engineering and
hydraulic science, that evolved around ‘universal values' of efficiency and equity, started to
undermine the values of 'custom' and ‘privilege' that governed the administrative rule of the
'scientific empire’. However, it remains difficult to assert whether this indeed evolved to an
externalised conflict of paradigms between the different branches of colonial authorities, or
whether it was as much an interna dilemma for the Irrigation Authorities to accommodate

12 Stone is more sensitive to the limitations of the Irrigation Authorities ability to control the conditions on the

ground than Whitcombe, and provides some interesting examples.

B Jtisinteresti ng to note that the imposition and extension of the Revenue-system was considered part of this
benevolent discourse among contemporary administrators; arguing that afair and uniform Revenue assessment
system freed the cultivators form excessive and whimsical tributes they had heretofore to pay to their local
despotic rulers, enabling them thus to become 'modern’ profitable cultivators whose property rights were
recognised by the state (cf. Allen; 2000).
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conflicting interests.

This chapter studies and critiques this 'paradigm conflict’ in development of canal irrigation
inthe Indus-basin. Thisisdone by taking thelrrigation Authorities’ perspective, to show that the
features and benefits of the irrigation systems were primarily determined by the ability of
irrigation engineers to control technical and managerial issues on the ground. In doing so, it
argues that irrigation engineers were as much part of the colonial administration as their civil
colleagues, and that it was convenient for early irrigation development to fall back on the
'science of empire’ discourse and methodol ogy of civil administration for their administration of
19" century irrigation. The formulation and institutionalisation of the Canal & Drainage Act of
1873 wasinstrumental for appeasement of the contradi ctory requirementsof technical efficiency
and administrative efficacy. It formalised the discretionary powers of cana officers to
accommodate the polemics of this dichotomy, which only grew into larger and more pressing
contradictions with the progress of irrigation science.

The chapter endswith ahydraulic analysisof Crump’sconcept of self-acting proportionality.
By using the hydraulic flexibility ratio introduced by Crump, an analysis is provided of the
hydraulic configuration of the outlets that is needed to achieve the self-acting proportionality.
Thisanalysis providesinsight on the sensitivity of the hydraulic configurations to disturbances
that lead to deviations in proportionality and problems in water distribution. Section 2.7 then
treats the operational rules that have been derived from the hydraulic concept for day to day
operation of theirrigation systemsthat have been adopted by theirrigation authoritiesthroughout
the Indus-basin.

22 PARAMETERSFOR IRRIGATION DEVELOPMENT IN THE INDUSBASIN

Like Rome, the vast irrigation infrastructure of 13.6 million haleft behind by the British on the
Sub-Continent was not built in one day. It took the colonial authoritiesthe best part of acentury
to get going after their first endeavour in canadl irrigation with the rehabilitation of the Western
Jumna Canal in 1820. Considering that the British were new to irrigation, and that the hydraulic
and engineering sciences were then in their infancy, thisis no surprise. In fact, the impressive
rate of irrigation development in the first half of the 20™ century attest to the contribution of the
colonial Irrigation Authorities in the fields of hydraulics and irrigation-engineering.**

The irrigation developments in the 19" century were characterised by a trial and error
approach — in which valuable experiences were gained through numerous successes and
set-backs — that served to define and develop a congruent and effective irrigation policy,
management and technology. From the outset, policy debates were governed by economic
concernsof thecolonial state- triggered especially by three specific enquiry committees(Famine
Commissions of 1880-85 and 1898, and the Indian Irrigation Commission of 1901-03). While
some early experiences had shown clear benefits (both financially as politically) for the state

% Therate of development becomes even more impressive, when one considersthat the majority of theirrigation
works conducted after the independence of Pakistan in 1947 as part of the Indus Basin Project, were
implementations of blue-prints designed in the 1930s (Michel; 1967).
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from irrigation development, other experiences warned of high financial burdens. The most
prominent warning camefromthefinancially disastrous, and short-lived experience, of irrigation
developed by private companies with state guarantee (cf. Stone; 1984). By acknowledging the
technical difficulties of irrigation engineering in sustaining and controlling a secure water
supply, the committees always acknowledged and promoted a prominent role for irrigation
engineersinthedevel opment and administration of irrigation. However, thebenefitsof irrigation
for the state were clearly defined to hinge on the rate of up-take of irrigated agriculture by local
communities. This adoption was crucial for creating direct and indirect benefits; the former
through expansion of the revenue-base and direct taxation of higher valued irrigated agricultural
produce; the latter by providing a secure agricultural production in times of drought.

As the irrigation endeavours were financed through loans, the productivity of the state’s
enterpriseswas monitored through the remuneration yiel ded by each system, measured on direct
tax returns against the investment and operating costs plus 4 to 6 per cent interest (Mollinga;
1998). This productivity criterion proved difficult to meet in areas where agriculture already
existed (either rain-fed or through well irrigation) and where greater or more secure production
required huge investments in infrastructure to supply canal water (such as the Deccan in the
United Provinces and the Bombay Agency, where most of the 19" century works were
concentrated). Other criteria were thus sought to justify the huge investments and continued
commitment of the statetoirrigation devel opment. Therecurrence of dramatic droughtsprovided
the excellent 'excuse’ to emphasi se the indirect benefits of canalsthat secured the production of
staplefood and prevented general distressamong the populace. Irrigation asaprotection against
famine became justifiable when the stringent criteria of 'productive’ remuneration could not be
met, but a system could protect a large area against the devastations of drought. An area was
considered adequately protected when 42.5 percent of it could be supplied with irrigation water;
either fromwells or canals (Stone; 1984). Specia fundswere set aside over different periods by
the colonial state for the development of such ‘protective irrigation systems (Mollinga; 1998),
although eventually the 'protectiveirrigation systems amounted only to amere 16 percent of the
total areadevel oped with canal irrigation under colonial rule. Thisismainly becausethecolonial
state in later years concentrated its irrigation developments in the much more favourable
conditions of the Indus-basin, where huge tracks of crown-waste land could be converted into
the granaries of the Rgj, by means of the so-called 'colony irrigation systems, that yielded
impressive levels of remuneration of up to 45 percent (cf. Michel; 1967).

Whether, irrigation under development was financially ‘productive’ or ’protective’, the
parameters set forth by the state to gauge its success, and on which the Irrigation Authorities
were held accountable, were standard. They weredirectly linked to the areathat could be served
by a system and the intensity of irrigated cultivation it could sustain:

»  Water Allowance: the ratio between the available water quantity and the serviced
Culturable Command Area (CCA); expressed in [cusecs/ 1000 acres].

»  Kharif and Rabi Intensity Factors. percentage of CCA that was deemed feasible to be
irrigated under full standing crop in the respective season; expressed in [%].
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» lrrigation Duty: the amount of acres of a particular crop or cropping pattern that could
be adequately irrigated and brought to maturity with one cusec; expressed in
[acres/cusec].

Thesethreeinterrelated parameterswere not only important asirrigation performanceindicators
for post-implementation evaluation. They were also crucial in design of a system to decide on
the feasibility of aparticular alignment of main canal and the command areait could serve, and
whether its expected remuneration would be productive’ or "protective’. The Water Allowance,
by definition, would provide an indication of therelative water supply that could be provided by
each system, given its water delivery capacity and command area at different levels of the
system; i.e. system, distributary or tertiary. The Kharif and Rabi Intensity Factors were used to
define the percentage of the command areathat could befully irrigated in each season given the
particular water allowance. Theoretically, these parameters were important to determine the
command areaof each system, asthey would determine how far therel ative water scarcity might
be stretched. Given the hydrological and agronomic conditions of Northern-India, where both
the crop water requirements and river discharges are at their lowest during the Rabi season, the
Rabi Intensity Factor (RIF) wasgenerally decisivein defining thecommand area. The maximum
permissible command areawasthus determined by: availableriver flow during the Rabi season,
the Irrigation Duty of the Rabi crops, and the target RIF. Asagenera rule, the Kharif Intensity
Factor (KIF) would then be determined by the maxim that one cusec of water during Kharif
could irrigate half the area it could irrigate during Rabi (Buckley; 1920, Famine Commission;
1885). The Irrigation Duty was basically a parameter used to express the crop water- and
irrigation requirements, and as such would determine which Intensity Factor was achievable
given a particular water allowance. The Irrigation Duties were empirically determined for a
range of crops, and collected from awide range of agricultural and geographical settings.” The
fairly high degree of variation in specific crop duties, gave ascientific expression of thevariable
factorsthat influencetheirrigation requirements- such ascrop type, climatic and soil conditions,
and conveyance and application efficiencies (cf. Buckley; 1920, Leliavsky; 1957).

The early irrigation engineers of British India learned the hard way, that planning and
designing of irrigation systemsisonething; but that their implementation and the actual control
of water distribution and use, isquite another. Theactual rationing of canal water anditsplanned
distribution over the command area proved an extremely tedious and cumbersome undertaking
intheabsence of adequate water control structuresand limited management capacity. By default,
rather than anything else, the endeavours of the early design and construction engineers of the
Public Works Department were primarily limited to the construction, extension and continuous
maintenance of the main canals (their headworks, alignment and capacity). In essence, these
early British systems were no more than sophisticated man-made river diversions, rather than
controlled water distribution systems, that diverted the waters from their natural river beds, to
be 'picked-up’ and used by farmers on their land. Crucially, the devel opment of the distribution
network and command area, that largely determined the af ore-mentioned parameters, were left

¥ Thisincluded data from various countries (among which the USA, Italy, Egypt and Spain) that were partialy
collected by Britishirrigation officials during study trips. These data show that the different values adopted in
Northern-India were comparable to those in the different regions of the USA. (Buckley; 1920)
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to the farming communities, who could simply apply for anirrigation right and then had to build
their own supply canals and 'hook them up’ to the government main or branch canal. Since this
connection consisted of nothing more than a simple open-cut, there was virtually no control on
water being taken by each farmer or village channel. This process was somewhat regul ated by
the considerable financial needs to build a channel and invest in irrigated agriculture, thus
initially limiting irrigation to those that could afford it.* As a consequence, the early
development of irrigated command areas tended to be limited to a narrow strip along the
government main and branch canals. Only a few were willing and able to bear the financia
burden, at considerable risks, to construct and maintain the relatively large and long Rajbulas
required to develop command areas further away from the government supply channels.'” Once
’hooked-up’ to the government supply system, rightsto water use were established and claimed
on the basis of investments made:

"[...] in some cases prescriptive rights in the water courses constructed by individuals
in the early days of the canal have given rise to a certain amount of inconvenience,
because, although the water pertained to the Government, the channel in which it was
carried from the distributaries to the Villages belonged to the individual who had
originally the enterprise to make it, and he consequently charged a further rate on all
landsirrigated." (Capt Ottley, Famine Commission; 1885:460)

The area to be irrigated, and the amount of water to be used, were thus in practice primarily
determined by the capacity of thelocal community, or resourceful individuals, to invest in, and
make use of, irrigation (for whom, for reasons described by Capt. Ottley, there was a clear
preference to apply for, and invest in, one’'s own water course or Rajbula whenever possible).
However, the 'narrow’ limits of command area development would naturally lead to relatively
low efficiencies of water use, that would push farmers to increase their cropping intensities
beyond the policy targets. That, under these circumstances, the majority of well-tracts, that were
considered protected against famine, also hooked-up to theirrigation systems, isnot surprising.
The practically commandable area proved much smaller that the potential when left entirely
dependent on the financial and entrepreneurial participation of the local communities, putting
considerable stress on the Irrigation Authorities to prove the success of their systemsin these
areas. Secondly, it were the well-owners and usersthat were most likely to possessthefinancial
means to invest in canal irrigation.”® Although the absorption of well-irrigated land into

% Farmers could apply for aTukavi, or government loan, to help finance the construction of acanal. But it seems
that these loans were not very popular among farmers and not exactly eagerly taken up (Famine Commission;
1885:450).

Rajbula is the Anglo-Hindi term for a distributary canal. From the accounts of the Famine Commission and
Irrigation papersit seems, however, that thisterm was mainly used by irrigation officialsto indicate farmer- or
village-owned canals; and that the term distributary was mainly reserved for those canals that were gradually
taken over by government and remodel l ed according to engineering principles. (cf. Famine Commission; 1885,
Kennedy; 1882, 1898, 1905) The risks for farmersto built their own Rajbulas were considerable, consisting
of the troubles of siltation, that could render awrongly or poorly build canal uselessin a matter of months, or
otherwise require large financial and/or labour investmentsin order to maintain it.

8 Stone (1984) gives a nice account on the economic rationale for well-irrigators to hook-up to canal irrigation;
(continued...)
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canal-irrigated land would initially have given little financial profit for the state - since
well-irrigation land revenues were equally assessed asirrigableland - the Irrigation Authorities
would certainly haveaninterest in adding thoserevenuesto theoverall remunerativenessof their
systems.™

The Irrigation Authorities could arguably have tried to control the initial development of
irrigation by imposing strict rules on the size and course of community canals alowed to
hook-up, and the area thereby permitted to beirrigated. But, it was equally in their own interest
towork in collaboration withlocal communitiesto meet the targets of their systemsand promote
the rapid development of command area and irrigation intensities to figure in the general
statistics. However, the limits of growth were fairly quickly reached in a contracted command
area. 'Uncontrolled’ intensification of irrigation eventually led to serious water distribution
problems as head-end users started to take ever larger quantities of water and expand and
intensify cropping at the cost of tail-end users. The situation clearly required further extension
of control by the Irrigation Authorities. This started with the reforms enacted in the Canal and
Drainage Act of 1873.

23 FORMAL LAWSAND CONTINGENT MANAGEMENT

"Intruth, thefull benefit of the engineering skill and knowledge can never be applied to
the construction and maintenance of the works unless the engineers are constantly
watching their operation and have an intimate acquaintance with all their peculiarities
and the precise wants which they are to supply. Not only is professional knowledge
necessary to secure the best management, but a complete practical knowledge of the
details of management is necessary to secure the most satisfactory application of
professional skill to the works. To know best the design and construct the works, the
engineer must know how they are used; and to know how best to use the work, the
managing officersmust have engineering knowledge. The conclusion seemsunavoidable,
that the engineer should have the management of irrigation. [...] | dispute the position
that, under a reasonable system, professional engineerswould be onewith less capable
of dealing justly with established right to water supply than the district revenue officers,
or less careful of theinterests of the community and of the public revenue dependent on
the efficiency of theirrigation, or less able to command respect and co-operation from
the people of the country in which theworkslie. [...] Asto questions of laws, rights, and
customs, so far as these really affect the management of irrigation, | can conceive no
reason why they should not be as well understood by a specially trained class of
engineers as by the revenue officers." (Strachey, quoted in Famine Commission;
1885:443)

(...continued)
arguing that the latter was much more profitable.

The early revenue system that assessed the tax rate on the basis of potential land use charged an 'enhanced land
revenue’ rate on the basisif land was irrigable from a given source (well or canal), irrespective of whether it
actually wasirrigated or not. Eventually this assessment system caused problems to the Irrigation Authorities
themselves, as farmers claimed water on the basis that their entire landholding was taxed as irrigable, even
through irrigation was intended for only 42.5 percent of the landholding (cf. Famine Commission; 1885). The
problemwas solved by reforming therevenue system by charging "irrigation servicefees' through the occupier’'s
rate (or Abiana), which was assessed on actually irrigated crops brought to maturity.

19
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Not only could these words of Richard Strachey be an appropriate prologue to the Canal &
Drainage Act of 1873 enacted in northern British-India, and which isstill upheld in present day
Pakistan; in a political sense they are its prologue. Strachey, as the first Inspector-General of
Irrigation (1866-69), later member of the Council of India(1869-71, 1879-89), and president of
the first Famine Commission (1878-80), was instrumental in the promotion of the Irrigation
Authorities’ role in managing irrigation affairs and its formalisation and institutionalisation
through the Canal & Drainage Act of 1873. With the Act, the irrigation engineers, through the
office of Canal Officers, were put at the centre stage of irrigation devel opment and management,
by empowering them to shape and take control of regulation of water distribution by both
technical as administrative means. With the enactment, irrigation affairs were essentially
rel egated to aseparate juridical domain, to be administered by the 1% and 2™ class M agistrates,
embedded within the duties of the Canal Officers.®® These extraordinary arrangements were
necessary in the view of irrigation professionals like Strachey. Effective water control by
irrigation professional srequired that the deficit in technical water control could be offset by their
control of administrative and judicial issues, to safeguard the interests and requirements of
irrigation. As Strachey successfully argued, the latter demanded professional knowledge of the
technical complexities that rendered water control feasible and sustainable.

Withthe Act the water regulation capacity of the Irrigation Authoritieswas extended on three
important fronts:

»  Rajbulas. In order to stimulate command area development, the village or private
ownership of supply channels was restricted to those water courses within the tertiary
units - the maximum length of which was limited by law to two miles. The existing
Rajbulas were gradually taken over by government and remodelled according to
engineering principlesto distribute water among the different water courses. In all new
developments, the distributary canal network would henceforth be built and completed
by the government before irrigation water was supplied.

»  Outlets: The management domains of the Irrigation Authorities and water users were
clearly defined and split. Henceforth, the outlet was defined by law asthe delivery point
where government water was delivered to the community. The outlet itself was defined
as government property; all regulation of water upstream and through the outlet became
thus exclusively the management domain of the Irrigation Authorities.

»  Tatiling: In order to regulate water distribution and secure water delivery to the
extremities of the command area, Canal Officers were empowered to close off
temporarily the water supply to tertiary units, to implement rotation schedules (known

2 Even today, the Canal & Drainage Act of 1873 is still upheld in Pakistan, and still forms a separate juridical
domain, inwhich the Civil Law and Courts have no jurisdiction: " Civil Court hasno jurisdiction under this Act
being a special enabling Act dealing with the use and control for public purposes of the water, as explained in
the preamble, except as provided under Section 68 only, with a view to find that the provisions made in the
section to be followed are properly acted upon." (Nasir, 1993:3)
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asTatils). Section 32 of the Act contained provisionsfor Canal Officersto regulate water
flow through outlets as they deemed fit.

Through these increases in managerial control the Irrigation Authorities could seek the
optimisation of command area development and tighten their grip on performance parameters.
By taking over the distributary network the water supply could be physically extended over a
larger (and particularly broader) area, while the development of tertiary command area by local
communities would be stimulated by the reduced costs of developing a conveyance network.*
By appropriating the outlets, the number and size of water courses, and hencetertiary command
areas, could be actively regulated. While with the implementation of Tatilsthe even distribution
of water, and henceirrigation intensities, could be ensured. In short, active management of the
performance parameters was enabled and promoted.

Although the management capabilities were thus greatly enhanced to control the parameters
of irrigation, the actual regulation on the ground was severely hampered by the technical
inabilitiesto control silt and discharges. The high concentrationsof silt suspendedin, and carried
forward by, theriver water taken in by theirrigation systemstended to result in ’'unstable’ canals,
causing many troubles for the irrigation engineers, that required continuous attention and
maintenance. The main trouble of 'unstable’ canals was that their hydraulic capacities changed
over time, either by silting up or scouring (or both at different sections of the canal), that
immediately affected its carrying capacity, and henceits ability to deliver and distribute water.?
These 'unstable’ channels would effectively have varying Water Allowances, as a consequence
of which the Irrigation Authorities could not fix the irrigation parameters in their operational
management, but instead had to continuously adapt them to the new and changing capacities of
the canals. This situation was further exacerbated by the inability of the Irrigation Authorities
to effectively control the discharges through the outlets. Considerable improvements were first
made in this regard by disallowing the open-cut "outlets’ and replacing them by standard sized
Colabas®. However, their discharge would frequently vary either as aconsequence of changing
water levelsin the supply canal due to scouring or silting, or by ‘excessive’ silt clearing in the
water course by water users so as to increase the hydraulic head. As a result the irrigation

2L 1t was not uncommon practice of the Irrigation Authorities to further stimulate the up-take of irrigation by
applying reduced "development" Abianarevenueratesduring thefirst yearsof useinanewly developed system.
(RCAL; 1927)

The problems associated with siltation in irrigation canals were very severe in the irrigation canals of the
Indus-basin. It still remains today a problematic field, which in hydraulic analysis can only be coped with
through empirical formulae. Thetwo most known in thefield of irrigation are both productsof Britishirrigation
engineers; i.e. Kennedy (1885) and Lacey (1929). When irrigation canals are in 'regime’ they have reached a
natural balance, in which the amount of scouring and sitlation that takes place is about the same, and its
hydraulic features remains stable. The problem is, that thisis avery fragile balance which is easily disturbed,
and dependent on the discharge run through the canal, and the type and amount of silt carried in suspension in
the water.

The Colaba consisted of asimplepipe or barrel outlet. A Colaba was defined in astandard size of asingle pipe
with a diameter of six inches, or a multiple of the standard. In order to regulate the flow to be supplied to a
Chak, theirrigation engineer would consider a specific ratio between the 'outlet orifice area’ and the command
area of the Chak; since no water levels or working heads were taken into account, the actual discharge through
such an outlet remained an unknown and neglected quantity. (Mahbub & Gulhati; 1951).
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systems remained highly dynamic in their features and their abilities to sustain increasing
irrigation intensities and further expansion. Tatiling was basically the essential management
responseto regain water control onthe ground, andtry torepair thewater distribution conditions
that were undermined by siltation and/or over-drawing outlets.** However, thisalwaysremained
an immensely cumbersome management tool that was susceptible to tensions, corruption and
hassle that undermined its effectiveness:

"[...] for on outlets we have no power of control, and any attempt to introduce [tatils]
always has resulted, and will always result, in the upper channels and ownerswho are
willingto pay for theprivilege, getting far morethantheir proper share. [...] Theattempt
to enforce tatils on minors by locked gates is invariably useless as the key must
necessarily remain with Patwaris, or other equally untrustworthy subordinates;
moreover keys have been made up by the village blacksmith before now." (Kennedy;
1898:37)

Dueto thisinherent lack of technical water control it was thus impossible to formulate a water
allocation procedure within the Canal & Drainage Act. Since the rate of water delivery at the
outlet could not be controlled, let alone guaranteed, the Irrigation Authorities could not be
committed to a formal allocation. By default, the water distribution and definition of ‘ proper’
shares had to be conducted through application of policy targetsfor theirrigation parametersand
the benevolent philosophy of ‘equity’ and ‘fairness . However, these parameters were directly
dependent on the rate of water supply that could not be effectively controlled. Thus these had
to be managed by secondary means such as the size of outlets and permissible command area,
while theirrigation duty and intensity could be applied as indicators to decide whether proper
and fair distribution was reached. The juridical framework and penal code of the Act were
carefully framed around thisrequirement. It granted both substantial discretionary powerstothe
Canal Officerstodecidewhat constitutesa'fair and square water distribution, and also all means
to take corrective measures by changing outlets and command areas or implementing rotational
schedules.

There can belittle doubt that the philosophy of a'fair’, ‘proper’ and efficient water distribution
was nurtured under the irrigation professionals of British-India.*® They sought ever increasing
and more accurate control of water distribution in their irrigation systems so as to optimise the
command areaexpansion and irrigation intensification. These contradictory objectiveswerethe
crucial elementsto reach remuneration and politically securefurther developmentsinirrigation.
In practical management affairs, however, the inherent contradiction between expansion and
intensification, inevitably led to dilemmas. Increasing irrigation intensities could be seen to
indicate over-delivery of irrigation water, which would infringe upon the potentials to expand
the command area. However, they were simultaneously indications of the desirable increased

2 Siltation and over-drawing tend to go hand-in-hand, assiltationin acanal section leadsto higher hydraulic heads
at the outlets, causing them to draw-off more water than before, while the amount of water carried by the canal
itself is reduced due to the siltation; the resulting skewed water distribution is thus inherently exacerbated.

% Thisisattested by the language used in the contemporary professional documents, and the numerous expressed
concernsin spreading water ‘fairly’ and promote its efficient use. (cf. Famine Commission; 1881, 1885, 1898,
Kennedy; 1882, 1883, 1898, 1905, Sharma; 1932 etc.)
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water use efficiency that permitted water users to expand their irrigation. Moreover, it often
proved difficult to enforcereductionsin either water delivery or culturable command area, when
exact water deliveries were not yet known and controlled, or canal capacities kept changing.
Besides, the curbing of command area, even at the tertiary unit level, went against the grain of
irrigation policy that was clearly targeted at extending irrigation to as large an area as possible
through an irrigation intensity of 42.5 percent in average years, but allowing higher intensities
(and thus increased revenue) in wet or good years. It was clearly intended that regulation of
irrigation wasto be conducted by restricting the water supply, and not the command area, so that
thewater userswould have anincentiveto increase water use efficiency throughincreasing their
intensities. The problem of siltation also tended to aid the Irrigation Authoritiesin this regard,
as it forced efficiency upon water users who tried to maintain the same levels of irrigation
intensity with less capacity in the distributary canal due to siltation; thus effectively freeing up
water in the main system for water short areas or further expansion (cf. Sharma; 1932, Jesson;
1940).

Inthisdynamic processof continuously tryingto stabilisetheirrigation canals, thetest of fair’
and 'proper’ water distribution seems mainly to have consisted of securing a reasonable water
delivery to thetail-end areas. These areas became increasingly deprived of irrigation water due
to siltation and the 'growth policy’ of extending culturable command area and intensifying
cultivation. The only means available to ensure this, were thus by indirectly imposing higher
water use efficiencies, by reducing the water supply through Tatiling and reducing the water
allowancesat the canal heads. These actionsresulted in asteady increaseinirrigation dutiesover
the years, reflecting increases in water use efficiency: "It is interesting to note that duties
increaseasirrigation devel ops, and asexperience, both onthe part of cultivatorsand onthepart
of theirrigation officers, leadsto improvements.” (Buckley; 1920:409) As datafrom the Upper
Bari Doab Canal and Lower Chenab Canal indicate, these increases could be quite substantial.
In the former, increases in Kharif duty went from 60 to 125 acres and in Rabi duty from 65 to
240 acres over 75 years, while in the latter Kharif duty went from 65 to 110 acres, and in Rabi
duty from 65 to 200 acres over 50 years (Leliavsky; 1957:516).

24  GAINING HYDRAULIC CONTROL

“ Each outlet ismerely a small masonry culvert or barrel under the bank[i.e. aColaba],
with orifice sections so proportioned as to give the required discharge for the known
area of land on each watercourse. As, however, the head or fall through the outlet is
necessarily unknown, only a mere guess can in the first place be made as to the outlet
dimensions. Theseare, however, built on arough estimate of the probabl e requirements,
and the distributary opened; and after afew years' experience and crop measurements,
those outlets which have then done too much area per annuumare cut down on a rough-
and-ready calculation, and those which have not done enough are enlarged. This sort
of thing goes on every few years, or rather, it should go on were every official in charge
full of energy, and keen on taking up this troublesome and thankless work; but as a
matter of fact it is often found that ten or twenty years may elapse and the final state be
but little better than thefirst; for it must be remembered that local conditions, and levels
inthedistributary itself are always more or less unstable; the state of the water courses
varies much at different seasons; and finally, rainfall and demand are potent factorsin
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all those irrigation statistics forming the basis of such readjustments.” (Kennedy;
1906:5)

The above quote of Kennedy on the troubles of controlling and distributing the water within the
distributaries provides atelling picture of the dynamics of irrigation devel opment during the 19"
century and how this was shaped by the lack of discharge control at the outlets, and hence the
distributaries. By the end of the 19" century, however, important break-throughs in hydraulic
science finally enabled the Irrigation Authorities to further extend their water control and seek
more accuracy in water distribution. Paramount among these was Kennedy'’s critical velocity
formula of 1885, which tackled the problems caused by siltation; henceforth irrigation canals
could be designed and built (or remodelled) according to their stable regime’ dimensions. The
possible fixation” of hydraulic properties thus provided the means to consciously manipulate
these hydraulic properties for the establishment of a particular water distribution - and
subsequent avoidance of the costly and time consuming maintenance activities of de-silting and
channel training. Also crucialy, the ability to fix the discharge capacities of the canals (i.e.
stabilise their water allowance) created the potential to accurately plan and manage the water
distribution from head to tail by seeking discharge control at the outlets. Not surprisingly, the
period from 1895 to 1922 was subsequently characterised by afrantic search for asuitable outl et
through which discharges could be accurately, but ssmply, controlled and by which acongruent
method of water distribution could beimplemented.?® The objectives of this search were simple
and straightforward: to replace the pipe or barrel outlets (which afforded little water control as
they are dependent on both up- and down-stream water levels, and as a consequence susceptible
to manipulations by water users on the down-stream water level) with new outlet devices that
were less sensitive to water levels and manipulations by water users. The newly created
possibilities to take active, and accurate, control of discharges, from the intake of a system up
totheoutlets, drastically changed the outl ook of theIrrigation Authoritieson water management.
Therelativewater supply at the outletscould henceforth befixed in relation to the command area
it served, enabling the Irrigation Authorities to take a stronger hold on the parameters of
irrigation development. The cumbersome and frustrating practice of Tatiling could be relegated
as an old-fashioned water management practice to be used as 'emergency’ operations only (cf.
Kennedy; 1882, 1898, 1905). Astotheappropriate water distribution method to beimplemented,
two schools of thought emerged within the cadre of professional irrigation engineers. These
differed radically in the principle of discharge regulation at the outlets that they propagated: (i)
fixed constant discharge and (ii) proportional distribution of flow fluctuations.

The Module and its Constant Supply Rate

Kennedy was one of the engineersthat pursued the devel opment of the module outlet, and who
placed great value on the measurability and reliability of water deliveries. Numerousfascinating

% Mahbub & Gulhati (1951) give an excellent overview of the developments in outlets structures in India, and
their hydraulic principles. Bolding, Mollingaand van Straaten (1995) give an interesting account on the search
for the module in connection with attempts to introduce volumetric water distribution and charging in the
Bombay Agency.
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structures were devel oped and tested during this period, aiming to produce an outlet structure
that would supply a constant discharge to the tertiary unit, independent of the flow variation in
the parent channel and the downstream water conditions in the tertiary water course. The
motivation behind thisimpossible quest, was the promise of eliminating the variability in water
supply and distribution, and ultimately the mechani sation (i.e. automati sation) of irrigation water
delivery according to an efficient plan of distribution. Apart from the hydraulic limitations of
pipe or barrel outlets, the problems of skewed water distribution were also attributed to the
whimsical utilisation of irrigation water by water users. Correction of the water distribution
would require an enforcement of further water use efficiency; and vice versa, the enforcement
of water use efficiency would enable the correction of water distribution. The sizing of an
effective outlet structure in relation to the command area it served was clearly the lynchpinin
the realisation of these objectives. In their search for an effective module outlet, Kennedy and
his colleagues aimed to provide an accurately defined and delimited constant discharge through
each outlet. The outlet would be self-acting (i.e. automatic) since the Irrigation Authorities had
no capacity to regul ate the thousands of outlets under their command. Such a modul e promised
big advantages in the enforcement of water use efficiency, asit would not only limit the use of
water to a pre-defined maximum. It would also enable the conscious sizing of the outlet to the
command area of the tertiary unit, thus deliberately fixing its relative water supply or water
allowance. A reliable but limited supply would then induce water users to greater efficiency if
they wanted to maximise their production. Furthermore it provided the potential to introduce
volumetric charging for water in the future. Thiswas regarded as another advantage that would
incite water users to increase further their water use efficiencies.

Although Kennedy and his colleagues managed to produce anumber of outletsthat delivered
areasonably constant discharge over arel atively widerange of water conditions, themoduleand
its conception of water distribution did not become the new paradigm of water management in
British-India. The numerous empirical trials (many of them in the Punjab) had brought a few
problems to the front:

»  The outlets were fairly expensive due to their incorporation of complicated and fragile
mechanical devices that, additionally, proved susceptible to manipulation by water
users;

»  The poor level of silt-induction of many of these structures immediately barred them
from practica use, as they disturbed the fragile regime balance of the canals
unacceptably;

»  Crucialy, they did not solve the problem of skewed water distribution adequately, since
the inherent fluctuations in water supply (characteristic of run-of-the- river systems)
would get concentrated in the tail ends of the canals.

Thisfailureto introduce the modul e asthe working sol ution blunted the high degree of optimism
in atechnological resolution of the problemsin water distribution and efficiency. Nevertheless,



48 Trial and Re-Trial: The Evolution of Irrigation Modernisation in NWFP

an alternative approach was soon devel oped.
Self-Acting Proportionality

In the search for an appropriate outlet, the hydraulic jump had appeared as a condition of water
flow that effectively barred theinfluence of downstream water flow conditionsfrom interfering
with water control measures taken upstream. Furthermore, this condition of semi-modularity
proved to be easily containable and manipulable (in the sense of design). In 1922 Crump
introduced two new outletsthat took advantage of thissemi-modularity: the Open Flumeand the
Adjustable Proportional Module (APM)?. Being an experienced engineer with responsibilities
in operation and mai ntenance, Crump understood the problemsand difficultiesof controlling the
water distribution throughout a canal system. Though his objectives and motivation were much
the same as those of Kennedy and his colleagues, he understood that he had to deal with * two
independent difficulties, the requirements of which arein direct opposition” (Crump; 1922:3):

»  Thefluctuationsin supply levelsthat areintrinsic to run of theriver systems; the effects
of which can be mitigated by proportional outlets;

»  Thegradually rising and falling of (full supply) water levels due to silting, respectively
scouring of the canal bed as a consequence of changing, or settling, regime; for which
theinstallation of rigid modules can ensurethat the supply to tertiary unitsremains close
to the alocated discharges.

The challenge was thus to evolve a design in which the required rigidity would be kept to a
minimum so to ensure an overall proportional distribution along the distributary (whether of
shortages or surpluses), in order to guarantee that the tail reaches would get their fair share of
water. In Crump’s view it was essential to maintain proportionality not only within one
distributary, but also within thewhole system; not only for the mitigation of diurnal fluctuations,
but also for the accommodation of different supply levels between the Kharif and Rabi
seasons. The Open Flumeand APM introduced by Crump are basically similar outlet structures
(seefig. 2.1and 2.2, respectively). They areremarkabl e simple masonry devicesthat can be built
in situ, and consist of a narrow throat with a sloping sill; in case of the APM a rounded
roof-block isplaced on top of thethroat to create an orifice. Both structures are supposed to work

2t Strictly speaking the annotation of 'module’ by Crump for his APM outlet iswrong, sinceit is dependable on

the upstream water level conditions. However, Crump choose this annotation to indicate that the APM was
relatively insensitive to small changesin upstream water level.
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under a hydraulic jump, by which there is a simple stage-discharge relationship, in which the
discharge is determined by the upstream water level and the width of the throat, and in case of
the APM aso the height of the orifice. Crump’s hydraulic concept of self-acting proportionality
isasfollows: in aregime channel, there isastable discharge at the head of the canal that yields
afull supply level (FSL) (and depth) through the channel. By placing the APM and Open Flume
outletsat an exact hydraulically specified depth, the all ocated discharge can be cast in bricksfor
each outlet by setting the width and height according to the stage-discharge relationship. Once
thus built, a 'Crump canal’ would be self-acting in its water distribution between flow
fluctuationsof 70to 120 percent of full supply (or design) discharge. Within thisrange, the Open
Flumes deliver (when installed correctly) the exact proportion of their design discharge as on
whichthedistributary isoperated, whilethe APM function proportionally for small fluctuations
around full supply, while delivering closer to design discharge under large fluctuations (cf.
section 2.7 for exact detail son the hydraulics of Crump’sand K ennedy’swater control concepts).

The latter was specifically intended to mitigate the effects of siltation in the head reaches of
distributaries.?® By limiting the operation of the distributary canalsto within the reasonable and
practicablerangeof 70to 120 percent of full supply, acontrolled and equitablewater distribution
wasthus secured from head to tail, without the need of regulating or rotating flowsat the outlets.
Crump’s proposal for remodel ling canals on the basis of proportional water distribution with the
application of Open Flume and APM outlets were taken up immediately for widespread

Fig. 2.1: Open Flume Outlet
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Mahbub & Gulhati; 1951:69

8 |n addition, the APM had the advantage that in case of unexpectedly severe siltation (or scouring) it could be
simply re-adjusted by loosening the roof-block, and re-installing and fixing it with amortar key to its adjusted
depth.
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Fig, 2.2: The APM Outlet
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Mahbub & Gulhati; 1951:79

implementation, covering 67 percent of all outlets in the Punjab by 1944, while 31 percent
remained of the barrel type (see table 2.1). Besides the clearly demonstrated advantages of
proportional distribution in self-acting canals, the proposed outlets had two more appealing
features. Firstly, they were both remarkably simple devices, that could be constructed at
relatively low cost and were relatively robust (i.e. tampering of their discharge regulation
required physical damage). Secondly, they both possessed avery small Minimum Modular Head
(MMH) — i.e. the minimum hydraulic head that is required to secure the semi-modular
functioning of the structure — which made them suitable for widespread application in the
relatively flat command areas of Punjab and Sindh.

This hydraulic concept, together with the design approaches of regime theory, thus provided
the appropriate means for the 'fixation' and regulation of water distribution up to the tertiary
level. The delicate balance of this hydraulic concept of self-acting proportionality comprises,
however, three fragile components of potential disturbance:

»  Thesizing of outlets should meticulously reflect the allocated discharges of the tertiary
unit. Any deviations or aterationsin size immediately affect the proportionality of the
canal and its subsequent tail delivery capacity. Authorised alterations of outlets require
an accommodation of the changes in a new hydraulic balance between normal or full
supply level and outlet settings.
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»  The proportionality of the canal is sensitive to the hydraulic settings of the outlets,
particularly in the case of APM. The effective working head of the outlets should reflect
the proportional settings, as any deviations or alterationswill delimit the working range
of supply variations, or aternatively affect the tail-end supplies.

»  The hydraulic balance of the self-acting proportionality hinges on the correct definition
of the normal or full supply water level and corresponding discharge, since all outlet
settingsare determinedinrelationto thiswater level. Any inaccuraciesor changesinthis
water level-discharge rel ationship immediately jeopardisesthe proportional functioning
of the canal.

Table 2.1: Number of Outlets of Various Typesin the Punjab in 1944
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Upper Chenab 2,008 340 414 3 23 1 2,789
Lower Chenab 509 1,503 3,420 23 52 68 5,575
Upper Jhelum 3 368 347 718
Lower Jhelum 731 1,832 1,233 35 6 2 3,839
Lower Bari 69 1,873 1,034 16 - - - 47 - 3,039
Doab
Western Jumna 1,781 1,031 1,259 60 2 --- --- 11 4,144
Sirhind 257 539 1,641 3 3 2,443
Upper Bari 1,640 1,413 1,113 30 11 - --- 4 - - 4,211
Doab
Dergjat 4,019 672 240 16 235 5,182
Ferozepore 699 850 1,617 - 14 - - 2 3,182
Pakpattan & 1,001 1,048 1,433 5 3 3,490
Mailsi
Haveli 96 987 1,438 2,521
Total 12,813 12,456 15,189 135 107 49 6 74 6 50 248 | 41,133
Percentage 31 30 37 100

(Mahbub & Gulhati; 1951:3)
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25 CUSTOM OR CONTROL IN WATER DELIVERIES

With this ability to fix the water allowances of each canal by carefully maintaining its regime
balance, and by controlling the discharges through the outlets, the Irrigation Authorities could
finally exert technical control of thewater distribution intheir systems. Thiswasamajor turning
point, in that henceforth the water distribution and parameters of irrigation could be accurately
planned and implemented, instead of managing irrigation mainly by 'corrective’ operations. The
technical rationing of irrigation water could now be based and implemented on the regime
carrying capacity of each canal (i.e. itswater allowance) and the command areaiit served. To do
this, the Irrigation Authorities were required to extend their administrative control further, and
formalise the discharges through the outlets as well as the command areas of each tertiary unit
or Chak. Subsequent remodelling of canalswas undertaken frequently between 1890 and 1947.
In remodelling, the allocation of water, in terms of relative water supply per unit of command
area, had first to be conducted and formalised administratively before it could be implemented
technically through specific hydraulic configurations of the canal and its outlets. This process
became known as Chakbandi (lit. fixing of tertiary unit).

The principal aim of these remodelling endeavours was to rationalise the water distribution
in ways allowing the Irrigation Authorities to control and conduct the water distribution in an
orderly and planned manner, such as to secure a ‘fair’ and 'proper’ distribution for head- and
tail-end areas adlike. To achievethelatter, abolition of the malfunctioning Tatiling was regarded
afirst priority. Thenew aimwasto ration thewater distribution in such amanner, that each canal
would be able to supply all its outlets continuously with its regime water alowance, and that
rotational water supply would be confined to themain system (i.e. rotating water between minors
and branches/distributaries) in times of water shortage. (Kennedy, 1882, 1898, 1905) The latter
was easier to oversee and implement by the limited staff of the Irrigation Authorities, as it
confined the active regulation of water to alimited number of gates and places in the system.

As afirst prerequisite, the Irrigation Authorities needed to fix both the size of the Chak’s
command area as well as the rate of water supply through each outlet; i.e. the water had to be
formally allocated in terms of aparticular water allowance defined at the outlet. In practice, this
meant that the remodelling of canals required a large number of re-definitions of the water
distribution and re-alignments of the conveyance network. In this, in general the number of
outlets and Chaks would be reduced through amalgamation of existing ones, and outlets would
be downsized according to the newly defined rationed rate of supply. As aconsequence of this
new water distribution policy, the command areas of existing canalsand systems had to befixed
inrelationtotheir regimewater allowances. Thisforfeited any futureextension of command area
aslong as no extrawater could be made available in the main system. Any growth inirrigation
was henceforth limited to the intensification of the irrigated area within the tertiary units by
increasing the water use efficiency or irrigation duty, which would permit more area to be
irrigated by the samewater allowance. In asuccessful remodelling, theresult would thus bethat:
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"Most of theincreasein theirrigation isat thetail of the distributary. Theirrigation of
the outletsin the head reach has not fallen because they had too much water before and
wasted it in excessive waterings. Now they are getting the authorised supply and use

water economically for the same area." (Sharma; 1932:99)

The interference of the Irrigation Authorities in the water supply at the tertiary unit through
Chakbandi in order to ration and rationalise it, was resisted, particularly from those standing to
lose from it. The issue of 'established rights' to irrigation (water) was fiercely propounded by
those concerned, in an attempt to salvagetheir favourable water supply conditions. To them, the
sudden, and seemingly arbitrary, rationing of water supply and command area for the sake of
efficiency represented arepudiation of the irrigation rights they had enjoyed so far, and of the
considerableinvestments they had made to establish those rights.? In this ensuing conflict with
the Irrigation Authorities, theinfluential landowners drew on the support of the amir parwasin
the civil administration, as attested by the words of the Multan Commissioner Merk:

"From the point of view of a professional commercial department the cardinal maxim
isto make the best use of the volume of water available. [But] it is quite another thing
tointroduce [rules] suddenly, arbitrarily, without compensation and without regard to
established rights and interests that have been possessed and enjoyed for generations...
The people have rights to which they are entitled under the law, if they are entitled to
anything..." (Merk (1908), quoted in Gilmartin; 1994:1141)

Seemingly, the administrative policy of coalescence was at stake, that made use of local and
traditional institutions that were based on acknowledged notions of 'custom’ and 'geneal ogical’
leadership. A policy that tended to allocate 'privileged’ and 'customary’ rights to local elites as
‘compensation’ for governing their local communities in line with the interests of the colonial
stateor other servicesrendered. (cf. Gilmartin; 1994, Stone; 1984, Ali; 1988) Thenew 'efficiency
water allocations' in irrigation, when conducted along the principle of equality, threatened to
undermine the practice of 'privilege’. However, the Irrigation Authorities themsel ves were also
heavily dependent on local and traditional community organisations for the water management
at thetertiary level. Although the equity principle wasimbedded in the Warabandi® time share
alocation of irrigation turns as formalised in the Canal & Drainage Act of 1873, a formal
War abandi scheduletended only to beimplemented when disputes arose within Chaksand were
brought in front of the Irrigation Authoritiesfor settlement. Thusasaresult, by 1939 hardly half
of all tertiary unitsin government systems had a formal Warabandi schedule drawn-up by the
Irrigation Authorities (Gilmartin; 1994). Generally, the Irrigation Authorities chose not to
intervene at the tertiary level unless strictly necessary, since they had hardly the means to get

? Even though most of the Rajbulaswere already taken over by the lrrigation Authorities by the timethey started
to implement the Chakbandi, the conveyance network of water courses within the Chak always remained the
property of the water users, which they had to build and maintain by their own financial means.

% The formal Warabandi schedule is regulated by sections 67 and 68 of the Canal & Drainage Act of 1873. It
providesfor atime share allocation of the water delivered through the outlet, that definesthe time and duration
of eachirrigation turnwithin atertiary unit. It explicitly refrainsfrom providing any guaranteesor specifications
on the quantity of water to be supplied through the outlet. Commonly, but not necessarily, the Warabandi is
based on aseven day rotation, in which the 168 hours of continuouswater supply aredivided (up to the minutes)
over all landowners proportionally to their landholding. (cf. Nasir; 1993, Malhotra; 1982)
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actively involved at that level. (Ali; 1988, Stone; 1984) While it was clear that the Irrigation
Authorities had to intervenein order to regulate water distribution and improveits efficacy and
efficiency, there was technically no need to impose equity in water allocation among all water
users. The political and administrative interests to continue with differentiation of 'privileged’
or 'customary’ rightscould still beaccommodated withinthe new technical requirementsof water
distribution, by formally granting different water allowances to different outletg/tertiary units.
Therate of relative water supply could thus still be differentiated, aslong asthetotal of rates of
outlets granted along one canal did not exceed its regime capacity. What had to be conceded,
however, wasthe equity concept of proportionality: thishad to belimited to the even distribution
of excesses and shortages of canal water supply over the outlets along the canal, in pro rata of
their allocated discharges.

As far as the Irrigation Authorities were concerned, the critical boundaries within which
differentiation of water allocation could be applied were clearly delineated by the regime
capacity of the canals and their ability to supply all authorised outlets continuously without
recourse to the malfunctioning Tatiling. Inevitably, this meant imposing higher water use
efficienciesin head-reachesby down-si zing some outletsand rationing their frequently excessive
water supplies.® The biggest problem, however, in the eyes of civil administrators and
agriculturalists, wasthat allocation of water by rationing outlet sizesand command areas would
seemarbitrary; particularly sinceanumber of re-all ocationsand re-adjustmentswoul dinevitably
take place in the course of ten to twenty years.** But it has been this specific requirement to
accommodate the 'politically’ differentiated water allocations that has impeded the Irrigation
Authoritiesin defining a clear allocation policy in terms of asanctioned water rate at the outlet.
Not withstanding their technical ability to accurately fix and specify the sanctioned water
allowancesat the outlets, the Canal & Drainage Act wasnever revised to provideany procedures
to conduct this allocation, nor to provide any guarantees to water users on the rate of water
supply. Instead, it was simply left to the discretion of the canal officers to decide on each
alocation and 'formalise’ it in terms of outlet dimensions, full supply discharge and irrigable
command areathrough (asimple) annotation in the Outlet- and Irrigation Registers. This could
be revised by the same officers whenever they deemed it necessary. No doubt this was seen as
a prudent solution for the juridical dilemma in which under the requirements of technical
efficiency and limited supply it was inevitable that the 'privileged’ water allocation to some
Chaks could only be granted through deprivation of others. But the water distribution had to be
literally cast in bricks. Thus the Irrigation Authorities had to take control over the water
alocation, by compiling a delicate hydraulic configuration in which the stable regime water

3 Particularly in the early remodelling endeavours, there was ample room for rationing down head-end outlets,

since most of the colaba or barrel outletstended to berelatively so large, that their water users could take water
as and when they pleased (cf. Mahbub & Gulhati; 1951).

These frequent re-adjustments and remodellings were primarily the consequence of two factors: (i) it often
proved difficult to strike the regime balance of acanal, and henceits stable water allowance, straight away with
the limited empirical formulaof Kennedy; (ii) until the massive implementation of Crump’s outlets after 1922,
most remodellings were done by using colabas or barrel outlets on which the Irrigation Authorities could not
accurately control the discharges. It was thus only after Crump, that they were finally able to produce stable
canalswith accurate hydraulic configurationsin which the elements of thewater allocation could be settled. (cf.
Mahbub & Gulhati; 1951, Kennedy; 1898, 1905, 1906, Sharma; 1932, Jesson; 1940)

32
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allowance of acanal would be divided-up over al its outlets, in such amanner that all of them
would receive their sanctioned discharge on the basis of continuous supply. But asto allocation
of sanctioned outlet discharges, they could still take the ’customary’ or "privileged’ water rights
into secondary consideration to differentiate between the Chaks of one canal.

Asaresult, the remodelling of canals according to the technical requirements of regime and
controlled water distribution could still frequently result in highly differentiated water
allocations. Not only between the different systems or distributary canals of one system - as
could be expected from having to settleinto their natural regime discharges® — but also among
the outlets of one canal. Since most of the old British systems in the Indus-basin were never
again officially remodelled after 1947, themajority of thoseallocationsare still upheld officially
today.>* At system level, the eventual balance that could be struck between regime discharge
capacity and culturable command area finally resulted in large differences in relative water
supply, ranging from 0.28 to 1.37 |/s’ha (4.01 - 19.95 cusecs/1000 acres) for 44 systems in
present day Pakistan (Jurrienset. a.; 1996). Within canal systems, the same degree of variation
and differentiation could befound in water allowances at the head of the distributaries (seetable
2.2), leadingto considerabledifferencesinrelativewater supply for different areasin the system.
It becomes apparent that equity, in terms of equal water allowances, was certainly not arulein
water allocation for thelrrigation Authorities, even though it might have been their philosophical
ideal, as shown by the large variation in official water allowances among outlets of one canal
(see table 2.2). After Crump's hydraulic control concept, there was certainly no longer a
technical excuseto justify such differentiationsinwater allocations, by which some Chakswere
clearly more privileged than others. Moreover, the differences in allocation were often
substantial. They represent the difference between irrigating only part of a command area or
nearly al of it, or growing water consuming cash crops as sugarcane and rice or not.

With the new colony canals — where huge tracts of crown waste land were converted into
productive and profitable agricultural land — a great new means to apply the 'political
favouritism' of the amir parwas became available, that would effectively ease the pressure put
upon water allocation: the allotment of prime agricultural land. Instead of having to appease the
‘political favouritism' by generous water allocations, this could be done by granting extraland
with water rights under favourable financial terms, or simply as compensation for services
rendered to the state (cf. Buckley; 1920, Ali; 1988, Stone; 1984, and Whitcombe; 1983). It was
thusin these colony or settlement schemes - the latter serving specific political objectives - that
the Irrigation Authorities were in the position to bring their water control and distribution
concept to fruition. Thiswas particularly so in schemes devel oped after 1922, when they had all
the technical meansto specify and control the water distribution accurately, and even started to
develop the tertiary units themselves in well delineated blocks before settlement. They could
simply plan and set the water allowances of all the outlets before any land and accompanying

B Although canals whose regime would settle to give high water allowances could arguably have been reduced
by further expanding those canals, or making water availablefor further expansion in the main system, and thus
might in some cases also be considered areflection of privileged allocations.

3 |t is not uncommon that the design dimensions and water allocations of the outlets are till based on the design
sheetsof thelatest British remodelling, that generally took place between 1930 and 1947, and consisted of fitting
in the Crump outlets.
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water rightswere granted! Under such favourable circumstancesit was of coursefairly easy and
straightforward to just simply apply the proportional equity principle, and set the water
allowances equally for al outlets along a canal in order to meet the policy targetsfor command
area, irrigation intensity, and remuneration.

The Lower Swat Canal inthe North West Frontier Province (NWFP) provides an exampl e of
such a successful implementation of the proportional equity principle in a settlement scheme.
Although this was already commissioned in 1885, the official water allocation that was
implemented during the remodel ling according to Crump’s hydraulic concept in 1933, 1941 and
1944 of the different distributaries of its Charsadda sub-division, resulted in a remarkably
uniform water allocation with an average water allowance of 0.36 I/s/lha and a coefficient of
variation of only 4.9 (min. 0.26; max. 0.46; n=258) (GoNWFP/PID; 1988). Meeting these
targets, however, did not always prove any easier. This was attested by Mr. Walker in 1927
(Secretary of Irrigation for NWFP), when he had to defend the poor performance of the costly
Upper Swat Canal system that was facing problems still familiar today in newly developed
systems. Thirteen years after its commissioning, still only half of its command area was
developed and actually irrigated, by which the system was forced to be run on excessively low
irrigation duties and considerable waste, since all canals had to be run on design capacity to
guarantee an orderly water distribution. As the consequence of which, those that did make use
of the abundant irrigation water had little notion of the intended rationing of water supply as
contained in the official alocations. Asto the reasons for the occurrence of this situation, Mr.
Walker stated the chronic lack of tenantsand “ the general apathy of land-ownerstowards their
estates’ (RCAI; 1927:99).%

3 Mr. Walker'srefraini ng from mentioning landowners as part of the problem suggests that nearly 100,000 acres
of irrigable land had been granted to (large) landowners that were not in the capacity of cultivating their
landholding. As Stone (1984) and Whitcombe (1983) argue, settlement schemes such asthe Upper Swat Canal
were highly appropriatefor the appeasement of local Chieftainsand the honouring of military servicesrendered
by indigenous recruits; asit seemsfrom this case, the level of 'honouring’ or 'appeasement’ could be somewhat
lavish. To ameliorate the situation, Walker was even disposed to provide further lavish 'incentives’ as granting
Tocavi loans, reduced Abiana fees, and even free crops (i.e. no abiana charges) for areas under first time
irrigation (RCAI; 1927).
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Table2.2: Variationsin Officially Authorised Water Allowancesat Canal Head and at the Outlets
for different irrigation systemsin Punjab and NWFP. (After Bandaragodda & Rehman;1995)

Canal Sample Water Allowancein [l/gha] Coeff. Of

Size Variation
At Distributary Head (n) Minimum  Maximum  Average [%0]
Lower Chenab Cana a) 03 0.19 0.32 0.24 29
Fordwah Branch Canal * b) 16 0.33 1.03 0.54 32
Fordwah Branch Canal b) 06 0.26 0.42 0.31 18
Kabul River Canal 1913 ¢) 05 0.44 164 1.02 45
KRC 1949 d) 05 0.31 0.83 0.58 32
KRC 1994 €) 05 0.38 0.92 0.64 31
At the Outlet

Lower Chenab Canal

Mananwala a) 74 0.13 0.52 0.15 35
Karkan a) 47 0.17 0.30 0.20 08
Pir Maha a) 47 0.20 0.84 0.27 58
Junegjwala a) 19 0.14 0.28 0.21 13
Fordwah Branch Canal

Azim* a) 75 0.38 0.67 0.44 14
Fordwah @) 87 0.24 0.55 0.26 14

Kabul River Canal (*94)

Hazarkhani f) 48 0.41 0.98 0.63 13
Kurvi f) 32 0.13 0.94 0.66 24
Pabbi f) 11 0.15 0.79 0.42 44

Jamrao Canal

Bargji (1984) g) 23 0.08 0.45 0.20 34
Nara Canal
Heran (1932) g) 24 0.17 0.39 0.27 20
Rohri Canal
Dhero Naro (1932) g) 25 0.18 0.34 0.23 16

a) Bandaragodda & Rehman;1995, b) Kuper; 1997, c) GONWFP;??, d) GONWFP; 1952, ) GoONWFP/PID; 1994a,
f) GONWFP/PID;1994b, g) Lashari & Murray-Rust; 2000. * Non-Perennia Canal
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26 THEHYDRAULIC CONFIGURATION OF SELF-ACTING PROPORTIONALITY

“ Anirrigation systemin its parts comprises a very delicate machine, and these several
parts constantly require adjustment and overhauling; to deprive the machine of these
adjustments can only spell immediate loss of efficiency and in a very short time
disaster.” (Gee (1914) quoted in Gilmartin; 1994.:1138)

In order to gain and maintain the hydraulic control on water delivery and distribution that
Kennedy, Crump and their colleagues were seeking with the development of new outlet
structures, they had to gain insight in the hydraulic configuration and properties of theirrigation
canalsand their structures. Thisbecame particularly important asthe quest for hydraulic control
was geared towards self-acting outletsthat would * automatically’ regulate the water distribution
without the need for human intervention or regulation. In such cases the outlets have to be
hydraulically configured so astofunction (i.e. self-act) conformthewater distribution objectives
and design criteria. If not, thiswill inevitably lead to water delivery and distribution problems
in the tails of the distributary canals, for which no *easy’ or straightforward solution would be
at hand as: (i) the dreaded tatiling would only provide a mitigation of the problem that
represented a malfunctioning practice the abolishment of which formed one of the prime
objectives for the innovations of self-acting distribution; (ii) the re-configuration of the canals
through re-design and remodelling required large amounts of time, money and attention, and
furthermore re-opened the issue of water allocation.

To quantify the distribution pattern he was seeking, and to determine the exact degree of
proportionality he needed to and could achieve, Crump (1922) defined the hydraulic ratio of
flexibility:

¢ da/q

300 D)

In which f isthe flexibility [-], q the off-take discharge and, Q the parent channel discharge at
the off-take. When f reaches unity, and thus the relative change in off-taking discharge equals
the relative change in parent channel discharge, proportionality is secured.

In order to make the hydraulic flexibility easily applicable it isdesirableto relate it to water
levels instead of discharges, especialy since the latter were difficult and cumbersome to
determinein Crump’ stime. For an open non-regul ated channel the discharge can then berelated
to the water level as:

Q=Cxd" )

Inwhich Q isthe parent channel discharge, C aco-efficient of discharge, d the water depth, and
nindex of d.
Similarly, the discharge relation of an outlet can be described as:
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q=Cxh™ ©)

In which q is outlet discharge, h the working head over the outlet, and m the index of h.
Substituting (2) and (3) in (1), it thus follows that:

_n,u
f_n*h (4)

From the application of either Manning or Chezy formulafor open channel flow, it followsthat
theindex n equal s5/3 for non-regulated conditions (Crump, 1922; Mahbub & Gulhati, 1951; and
Albinson, 1993). For any overflow weir type structure under free flow conditions, such as the
Open Flume introduced by Crump (see fig. 2.1), it follows that the index m equals to 3/2.
Substituting these values in equation (4) yields thus the flexibility function for aweir type off-
take in non-regulated channels:

9 d
f:_ —
10 h )

Theflexibility of aweir type off-takeisthus determined by thewater level over thecrest (h), and
will reach exact proportionality when the crest is set at 0.9d below the canal water level, and
flexibility equals unity.

For an orifice type of outlet under free flow conditions (i.e. semi-modular), such as the
Adjustable Proportional Module (APM) introduced by Crump (seefig. 2.2), it followsthat the
index m equals 1/2, thus yielding a flexibility function of:

3 d
f~3 .0
0 h (6)

In this case the flexibility is thus determined by the head over the orifice, and will reach exact
proportionality when h equals 0.3d below the canal water level.

Both equations (5) and (6) can be re-expressed in ratio’ s to design levels, so asto facilitate
the comparison of flexibility values under different levels of supply. For weir type off-takes it
follows:

9 D

f=—"x

10 D-cw "

Where D [-] isthe parent channel water depth expressed as the ratio of the design water depth,
and cw [-] isthe crest height of theweir off-take expressed astheratio of the design water depth.
Likewise, for an orifice type off-take:
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10 D-co (8)

Where co [-] isthe height of the orifice above the bed level expressed as the ratio of the design
water depth.*

The hydraulic flexibility thus makes it very clear that the degree of proportionality is highly
dependent on the relative water depths over the off-take structures, as well as on the
sensitiveness of the structure to changesin that water level. As such, the hydraulic flexibility is
not astatic characteristic, but will vary with theworking range of water level sto which the outlet
issubjected. Figure 2.3 presentstherel ation of the hydraulic flexibility for both Open Flumeand
APM under different levels of water supply. Both structures have been dimensioned so that a
hydraulic flexibility of unity is attained for design conditions. From fig. 2.3 it becomes
immediately clear that the weir type structure functions under near proportionality (f equalling
unity) for awiderange of supply levels. The orifice structure, on the other hand, tendsto become
hyper-proportional (f > 1) when supply falls below design level, thus aggravating the shortages
for the off-take; while it becomesrigid or sub-proportional (f < 1) when supply exceeds design
level, thus increasing the excess water further down the parent channel.

In terms of realising a proportional distribution pattern, the Open Flume thus seemsto be a
remarkably appropriate and simple device. Crump realised, however, that their use was not
always feasible, particularly in the head reaches of the canals. The relative large water depths

Fig. 2.3: Hydraulic Flexibility (f) for Open Flume and APM Outlets|[-]

APM §§ >0

Open Flume —— : L

~—
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% Note: The point of measure for the orifice height is dependent on the type of orifice structure considered and
depends on the value used in the discharge co-efficient: for the APM it isthe soffit of the orifice (i.e. the roof-
block); for the Neyrpic it is the centre of the orifice.
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at the head of the canalswould not always permit theinstallation of Open Flumesat their optimal
depth of 0.9D, or result in too narrow throat widths. Moreover, the proportionality of the Open
Flumewould makeit susceptibleto thevacillationsin discharges caused by settlement of regime.
The effects of which, according to Crump, are amplified in the head-reaches of the canals. (cf.
Crump; 1922)

Although K ennedy had realised a breakthrough with hisformul ation of the regimetheory and
critical velocity formula and design charts, one should bear in mind that these were far from
perfect. The whole issue of regime behaviour of open channels was, and continues to be, an
empirical approach to reach anatural state of balance. Kennedy’s formula, and all subsequent
refinements that have been made by Lacey (1929), Blench (1957), van Rijn (1984) and others,
in principleremain an approximation of thenatural process, derived from an accurately compiled
data set. Blench (1957) neatly summarizes this aspect as “ all Lacey channels are regime
channels, but not all regime channelsarelLacey channels’ . The problemremainsthat theregime
behaviour is very much dependent on the site specific nature of the silt and its temporal
characteristics. So though Kennedy had set a new standard, the realisation of regimein canals
remained a difficult and often problematic issue that required especially site specific empirical
knowledge and experience.*” The detailed accounts of Sharma (1932) and Jesson (1940) on the
difficulties they encountered in establishing regime in the distributaries of the Lower Jhelum
Canal between 1927 and 1938, are atelling tale of thislessthan perfect nature of regimetheory.

Crump thus displayed a grave concern for unsettled regime and its effects on the water
distribution throughout the canal. According to him this was a feature that particularly
manifested itself in the head reaches of channels; in devel oping aregime slope the bed-level of
the channel would gradually pivot around its tail, till it reached its regime balance. A process
which according to him could be helped by splitting up the channel in anumber of reacheswith
the help of semi-modular control weirs, providing thus a number of pivot points for the canal
bed. Giving the impression that the canal beds would tend to pivot upwards, rather than
downwards®®, hisselection of APM outletsfor those head-end reacheswoul d be very appropriate
to make sure that the tail reaches would not be deprived of their share of water. A scouring of
the bed would equally securethetail-end deliveries, beit at the cost of the shares of the head-end
outlets. Although it is questionable to what extend Crump was aware of thislatter implication,
since he treated flexibility as a static characteristic, it could be relatively easy remedied by
adjusting the setting of the roof block to the new prevailing conditions.®

The principal aim, however, remained to secure the flow deliveries towards the tail-ends of
the canalss, for which aproportional distribution had to be secured. In order to ascertain thelevel
of proportionality in a canal with a number of outlet structures, it thus becomes desirable to
determine the cumulative effect of theindividual off-take characteristics on the on-going parent
channel discharge. For this purpose Crump defined the flexibility F of the parent channel as:

3" Interestingly, it later appeared that the data set on which Kennedy had based his formula, was not quite as

appropriate as he had thought, since it contained channels with different grades of sediment, and some of his
channels might even have had inerodible beds (Blench; 1957).

No verifications of these regime responses to the installation of control weirs have been found.
The‘adujustability’ of theroof-block inthe APM, consisted of theloosening of the roof-block, readjusting, and
refit it with amasonry key (i.e. cement), and was thus in no sense a mechanism for flow variability.

39
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__do@
dQo/Qo ©)

Where Qo is the normal supply of the parent channel at its head.
From (1) and (9), theflexibility of the off-take structure with respect to the head of the parent
channel can be derived as:

fF-_ 999
dQo/Qo

(10)

The changein dischargesflowing through this configuration can be determined as. F.Q at of the
off-take structure; f.q through the off-take structure; and as F.Q + f.F.q upstream of the off-take.
A fractional change dQ/Q upstream of the off-take structure will thus result in aflexibility:

F.ar_FQ-fa)

Qg )

If now, the normal supplies of the channel, in the parent channel downstream the off-take and
through the off-take, are expressed as fractions k of the head supply Qo asfollows:

Q=k.Qo
Q+q=(k+Ak).Qo

The fractional change up-stream the off-take can be rewritten as:

(1+£2K)
F+AF=F.

(12)
Ak
(1+T)

As any channel head can be considered to posses aflexibility of unity beforeit reachesitsfirst
off-take structure, the channel flexibility can be determined off-take by off-take.

Theseratios of hydraulic flexibility thus provide the meansto consciously choose ahydraulic
configuration for a canal, and determine its water distribution behaviour under different levels



Development of Protective Irrigation Concept 63

of supply. For the dilemma that Crump faced — having to provide for rigid outlets in head
reaches while seeking proportionality* — it provides the means to determine how much the
proportionality will be off-set by each non-proportional outlet that hasto be put in. A flexibility
analysisthen shows, that acanal configuration possesses adegree of resilience to accommodate
different water distribution structures. The smaller theratio of off-taking discharge to on-going
discharge is, the smaller its impact will be on the canal flexibility and subsequent tail-end
delivery capacity. The ‘flatter’ the flexibility characteristic of the ‘deviant’ off-takeis, the less
sensitive it will be to changesin supply level. The confinement of the use of the APM in head-
end reaches thus made Crump’ s proposal extremely feasiblein the attainment of a proportional
distribution over the length of the channel. A carefully configured channel, in which the Open
Flume and APM outlets would be set at their proportional setting for normal or Full Supply
Discharge (FSD) conditions, would thusyield asel f-acting channel that could distributeitswater
according to the design ratios of outlet discharge. As is shown by figs. 2.4 and 2.5, a
configuration of f = 1.0 results in such a proportional distribution for a wide range of supply
levels (0.65 - 1.10 FSQ), thus securing the tail-end reaches of their fair share of water under
varying conditions of supply. As a consequence, the rotational practice of tatiling could be
discarded as long as the variations in supply would not exceed the proportional limits of the
configuration. Figure 2.4 shows that the channel itself remains near proportional over itsentire
length, as the flexibility F remains close to unity. Figure 2.5 shows the same result in terms of

Fig. 2.4: Hydraulic Flexibility (F) for Crump Canal (f = 1.0) [-]
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O Not quite realising that the APM possessed such a wide flexibility range (see fig. 2.3) Crump was under the
impression that he had designed arigid modulewith aflexibility lessthan unity, although fig. 2.3 clearly shows
that it also can work under hyper-proportional (f larger than unity) conditions.



64 Trial and Re-Trial: The Evolution of Irrigation Modernisation in NWFP

Fig. 2.5: Delivery Performance Ratio for Crump Canal (f = 1.0)
for Canal Deliveries (DPR) and Outlet Deliveries (dpr) [-]
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discharges.

The flow distribution pattern is shown here in terms of the Delivery Performance Ratio
(DPR), defined as. the actual discharge divided by the design discharge. In the presented figures
DPR (in capitals) is used for the characterisation of the dischargesin the parent channel, while
dpr is used for the discharges through the off-takes. The near horizontal lines of discharge
behaviour reflect the near proportionality that is attained in the channel, by distributing the
excess or shortage of normal supply equally over all the outlet structures.

In contrast, Kennedy’s attempts to develop a rigid module, would have resulted in a
diametrically opposed water distribution pattern, which isreflected in figs. 2.6 and 2.7. Where
thanksto the self-acting rigidity of the outlet structures (f << 1.0) the dischargethrough the outl et
remains remarkably constant under different levels of supply (fig. 2.7), but the parent channel
itself becomes extremely hyper-proportional (F >> 1.0, fig. 2.6), thus making the tail-end reach
extremely vulnerableto any form of supply variation. Although thisconfiguration might provide
advantagesin delivering anearly constant supply to thetertiary units, it putsan enormousburden
on the operating agency, in that it will have to secure a minimum of flow variation at the head
of each canal.
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Fig. 2.6: Hydraulic Flexibility (F) for Kennedy Canal (f << 1.0) [-]
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Fig. 2.7: Ddlivery Performance Ratio for Kennedy Canal (f << 1.0) for Canal
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Thefragility of the hydraulic configuration and its sensitiveness to the dynamics of unsettied
regime, were experienced to the fullest by Sharma and Jesson in their attempts to ‘fixate' the
Lower Jhelum Canal system between 1927 and 1938. Although they meticul ously implemented
Crump’s, as well as the regime theory’s, design criteria, they faced immediate and paramount
problems of siltation that completely undermined the water distribution in their channels
(Sharma; 1932, Jesson; 1940). Careful observations led Sharma eventually to conclude that
Crump’s APM was a significant contributor to the problem, in that it did not take its fair share
of silt from the parent channel and thusinevitably led to siltation of the downstream reaches. He
solved this problem by modifying the design of the APM — and to a minor extent that of the
Open Flume — so that its silt induction capacity was substantially increased. This single, but
most important, modification to Crump’s design criterialed to the lowering of the crest of the
APM from the proposed 0.6 D to 0.8 D, and minor changes in the approach curvatures of the
outlet (Sharma; 1940). In addition, the name of the outlet was changed into the more appropriate
Adjustable Orifice Semi-Module (AOSM).*

Theimplementation of thisnew irrigation paradigm has been widespread and prolonged. The
majority of the Indus Basin Irrigation canal systems have been remodelled during the 1930sand
1940s according to this concept. Even after independence, the Open Flume and APM/AOSM
remained the standard outl et to beimplemented according to the configuration settings as defined
by Crump, and continued to be so well into the 1970s. As such Crump’s notions on water
distribution have had ahuge impact on the development of the Indus Basin Irrigation system, in
which they not only characteristically shaped the physical and hydraulic lay-out of the
infrastructure, but also that of the management mode of operation.

27 THE MODUSOPERANDI FOR SELF-ACTING PROPORTIONALITY

With the gradual completion of the Chakbandi and the implementation of proportional water
distribution, the operational requirements for water management had steadily increased. The
principal objectiveto take control of the water distribution within the canal network in order to
secure the water deliveries to the tail-end reaches, introduced the irrigation departments to the
need to take operational control with more precision and more frequency. However, from the
outset there has been an awareness that this increase in operational control had to be achieved
within the limited capacities of the departments. Like all other realms of the public
administration, the irrigation departments were set-up to serve alarge as possible area with a
minimum of staff, in which the capacity of the administration was limited by the availability of
highly trained and specialised officers. The emphasis that was put on the self-acting nature of
new developmentsin irrigation technology, reflect this managerial objective of minimizing the
requirements for active control mechanismes.

Although some operational procedureswerein place prior to theimplementation of Crump’s

1 The seemi ngly long timeit took Sharmaand Jesson to solvethe problems of the LJC system, isnot only related
tothe problemsof siltinduction of the outlets. They basically faced the same problem at the distributary intakes,
which took along time to adequately solve. (Sharma; 1932 & 1940, Jesson; 1940)
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self-acting proportional canals, the further devel opments of proceduresand control mechanisms
wereclosely associated with the hydraulic characteristics of these Crump canal's. The operational
procedures and objectives that evolved over the years, can be divided over two different types
of control mechanisms: delivery planning and, feed-back control.

The crux of protective irrigation isthe division of water over alarge area, while limiting its
useto a specific part of that area. By definition water is scarce, and its delivery, and use, needs
to be restricted. As a consequence, the planning of that delivery needs to be governed by the
availability of water for irrigation, rather than by the demand for it. Thisyields the opportunity
to conduct this planning in a pre-determined and pre-fixed manner, in which the operational
targetsfor the canalsarefixed for aprolonged timeto direct the day-to-day feed-back operations.

The process of Chakbandi has clearly been acrucial attempt by theirrigation departmentsto
settle and formalize this planning of water delivery. The mechanism adopted in Northern-India
was to restrict, primarily and principaly, the delivery, by fixing the rate of water delivery
through each outlet. A principal that amounted to afixed water allocation for each tertiary unit.
Although the cultivators were formally |eft free to decide upon their use of that restricted water
delivery — that is, within the realms of the Warabandi — the fixed water allocations were
‘trandlated’ by theirrigation departmentsinto feasibleagricultural practicesby way of theKharif
and Rabi Intensity Factors and crop water duties. As has been argued before, it profed to be
impossible to conduct this planning according to afixed set of rules and criteria; the allocation
of water turned out to be not merely an issue of scientific efficiency, but of political interests as
well. As to the principles that have been adopted in the politics of differentiation in water
allocation, one can only guess and speculate as long as accurate research material on thisissue
remains absent. It seems likely, however, that the used expressions of KIF/RIF and irrigation
duty, provided ample opportunities for affected land owners to enter into debate with the
irrigation departments about the appropriate rate of delivery for their established irrigation
practices, as the adopted irrigation duty, which reflected the conveyance and application
efficiencies, would yield a specified rate of delivery for a determined cropping pattern and
intensity.

How ever the negotiations and decisions on the rate of delivery were conducted and made, in
the end they resulted in a significant differentiation between different Chaks and distributaries
of one canal system. At some point or the other — particularly prior to remodelling — the rates
of delivery had to befixed, asit was an essential requirement for the technical strategy that was
adopted. With the * Crump canals' the distribution of water wasto alarge extent cast in bricks,
inwhichtheirrigation departments simply could not afford to keep on changing or adjusting the
rate of delivery.

Theday-to-day operationsof the canal systemsweremainly concerned with feed-back control
mechanisms for stabilising the water distribution within the working range of self-acting
proportionality, and the monitoring of its working. The central measure of control has aways
been thewater level, which could be quickly and easily monitored, in relation to the Full Supply
Level (FSL) targets. The water delivery, and its division over the secondary branch or minor
canals, was governed by delivering a specific FSL target at each canal head.

»  Intimes of enough water availability, FSL represented the operational target that had to
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be controlled at each division point in the system. Gate keepers at these division points
could then simply engage into afeed-back cycle, in which the intake structure would be
manipulated on the water level of the head gauge, just downstream of the intake.

» In times of less water availability, but enough to secure the lower limits of
proportionality, the system could be operated on a percentage of FSL. The lower limit
of the operational target was set at 75 percent of FSL. A value that was set on two
grounds: (i) below 75 percent of FSL the proportionality of the canals could no longer
besecured, sincethe APM/AOSM outletswould start to functionin ahyper-proportional
mode (f < 1.0), or start to operate as Open Flumes (i.e. water levelswould fall below the
roof-block) and draw significantly more than their proportiona share; (ii) prolonged
operations of canals below 75 percent of FSL could severely upset the regime balance
of the canal. The gate keepers could then operate the same feed-back control mechanism
as under normal supply, but to a new target level as specified by the canal officers.

»  During shortages of water availability, when thelower limit of 75 percent FSL could not
be reached, water would be delivered in rotation over the main system. The canal system
would be split up in two or more sections, in which each section would receive in turn
awater supply of FSL for the duration of eight days. The length of the rotation turn has
been decided on the groundsthat it would enabl e the supply of afull Warabandi turn (of
seven days), allowing for one day of lead time to fill the channels.

Thesearethebasic principlesfor operating thewater delivery inthe protectiveirrigation systems
of the Indus Basin, and they are still common rules for the majority of systems which do not
basically differ intheir objectives and infrastructure from the ‘ state of the art’ systems of 1930-
1947. Although these rules cover the principles of water delivery that is driven by dividing the
available water proportionally over its irrigation network, they provide no control over, and
guarantee for, the actual working of that proportionality. This requires additional measures and
procedures that are aimed at controlling the processes that might jeopardise the self-acting
featuresof the hydraulic characteristicsinthe canals. A number of measuresand procedureshave
been devised for thispurpose, that together were meant to check thethreats of siltation and outl et
tampering.

Thefeed-back control based on FSL is, though very functional, quite susceptible to semantic
errors; the control mechanism functions on the implication that the FSL reading of the head
gauge reflects a full supply discharge delivery. In normal situations this correlation would be
attained, provided that an accurate calibration of the head gauge had taken place. Any siltation
or scouring that might occur on the canal bed, or even on the embankments for that matter,
would result in an immediate error in discharge delivery as the target water level would no
longer correspond to the design discharge of the canal. The monitoring of the tail gauge, more
specifically theratio between head and tail gauge, was the procedure that was devised to detect
the occurrence of such problems. By configuring the tail reaches of canals such that the tail
gauge would give areading of 1.0 ft for design capacity, the proportional working of the canal
could be easily monitored by its reading.



Development of Protective Irrigation Concept 69

Though an effective measure for the detection of deviationsin proportionality, thetail gauge
reading would not provide any information as to the causes of deviation — i.e. wether by
siltation or outlet tampering. An additional procedure was thus devised by Jesson (1940), who
proposed to keep up aso called H-register. The H-register contained monthly measurements of
the hydraulic heads (H) over de crest of each outlet when the head of the canal was supplied with
FSL (or FSD).*In case of any detections of deviationsin proportionality, the H-register could
be consulted to determine at which point(s) in the cana the problem was caused. A closer
inspection would then reveal wether the deviations in off-taking discharge were caused by
changes in water levels due to silting/scouring or due to tampering of the outlets. Once the
causeswerethusdetected, appropriate maintenanceactivitiesfor therestoration of the self-acting
proportionality of the canal could be devised and carried out.* Jesson devised this register
specifically to tackle the problems he was facing with Sharmain remodel ling the Lower Jhelum
Canal into a self-acting ‘ Crump canal’ between 1927 and 1938. He proposed to take the H-
register up as aformal register in his contribution to the Punjab Engineering Congress of 1940
(cf. Jesson; 1940), well after the other registers were already in use. Assuch, it can be regarded
asafina refinement of the concept of self-acting proportional distribution.

The principal objective of all these operational and monitoring procedures was thus to keep
the self-acting proportionality of the canals running as intended. Feed-back to secure a stable
output of proportional distribution was the sole and principle modus operandi of the system. It
was designed, adequately and efficiently, to produce, and reproduce, a service output that was
pre-defined and pre-determined on the basis of available resources. Assuch it could remain the
same for a prolonged time, as it did not require, nor incorporated, any means for adapting its
serviceoutput to changing circumstances. Thelatter could only be addressed by remodelling and
re-configuring the distributary canals, in which the re-allocation of water and restoring of the
self-acting proportionality could be carried out in light of the new balances of ‘favouritism’ and
water availability and demand. The Outlet and I rrigation Registers were important toolsin this,
asthey could be used asadouble-edged sword: (i) to establish new practised norms of efficiency
from those Chaks that achieved higher irrigation intensities than that of the policy norms; and
(ii) cut back the water allowances, as the targeted irrigation intensities could be achieved with
the new higher efficiencies.

42 Under this condition, all measured and registered H-values should reflect their design values for normal, or
‘proper’, conditions.

“ One might think that a cunning misdemeanor would have been to only increase the width of an outlet in order
toincreaseitsdischarge and leaveitshydraulic head untouched. Although thismight have stunned canal officers
for ahit, the up-keep of the Outlet Register — which stated the full dimensions of each outlet — once a year,
would have provided eventualy for the required control. The only truly cunning manipulation is to leave the
dimensions of an APM/AOSM outlet unchanged, but increase its discharge by aerating the orifice with the aid
of aplastic hose.
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2.8 DISCUSSION & CONCLUSIONS

This analysis of the historical trajectory of irrigation development in the Indus-basin by the
British colonial (irrigation) authoritieslaysbaretheroots of some of the most pressing problems
of water control and distribution that Pakistan is still coping with in the present day. Skewed
water distribution was a natural consequence of the limited technical control available in the
early daysto accurately regulate the water distribution in the system, and of the policy to spread
water thinly over aslarge an areaas possible. The problems of regime, and the inaccuracy of the
open cut and barrel outlets, inevitably led to adifferentiated water distribution that was as much
shaped by the physical and technical constraints encountered in each case, as by the socio-
economic opportunism of the early water users. With the formulation of the Canal & Drainage
Act of 1873, substantial discretionary powers were granted to the canal officersto intervenein
the water distribution as a means to strike a balance between the water delivered and the area
irrigated.

With the advances in hydraulic science — most significantly those in regime theory and the
ability to contain the hydraulic jump in simple and accurate outlet structures such as the Open
Flume and APM, it became increasingly possible to take more accurate control of water
distribution and the parametersof irrigation likewater allowancesand croppingintensities. With
each of the subsequent numerous remodellings they undertook, the irrigation authorities were
ableto re-adjust thewater all ocation and distributionintheir canalsaccording to criteriathat best
suited the technical, political and economic interests of that moment —and trim any excessesin
differentiation that had emerged. That at times this led to clashes between administrators and
engineerswas inevitable, since the interests of the former had to be subservient to the latter. As
nicely reflected in Strachey’ swords, iswas important to keep the control of water distribution,
and the allocation of irrigation and water rights, in the hands of theirrigation authorities. In the
end not so much to be able to impose equity, as to broker the allocation of ‘customary’ and
‘privileged’ water rights with the technical limitations of efficiency and efficacy.

Gilmartin (1994) argues that this conflict evolved into an institutional paradigm struggle
between administratorsand engineers. However, thefailureto devel op any clear water allocation
rules and procedures within the Canal & Drainage Act, after the technical meanswere available
to implement them, implies otherwise. Rather, it seems to indicate that in order to prevent the
threatening conflict of paradigms — between or within the different branches of the colonial
administration — it was better to forfeit the formulation of a clear water allocation policy. The
formal differentiation in water allocations granted during the remodellings and implementation
of Crump’s water control concept during the 1930s and 1940s attest to this. It shows that the
irrigation authorities were perfectly able — as argued by Strachey —to appease both the political
interests of ‘privilege’ and the needs of technical efficiency.

The various outlets developed and used by the irrigation authorities, such as the colabas,
modules and flumes, represent an evolving spectrum of attemptsto design self-acting hydraulic
structuresthat could provide equitableand effectivelocal water distribution, consistent with both
theflow regimeinthedistributaries (fluctuations and silt load) and restricted local management
capacity. However, the necessity to allow local privilege — and ironically the ease with which
thiscould be built into pointsin the system, provided overall canal regime was kept —meant that
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other necessary institutional reforms did not take place.

Theconcept of protectiveirrigation through application of self-acting proportionality wasthus
not fully developed at the time of Pakistan’s independence in 1947. Great strides were made
between 1885 and 1947 on the technical side in hydraulic science and irrigation engineering.
However, the management system to regul ate the allocation of water and monitor and control
the distribution of water was not fully developed into an unambiguous management concept.
That technically the concept of self-acting proportionality was completed and became the new
paradigm, isattested by itswidespread implementation throughout the 1930s and 1940sthrough
numerous remodel lings of existing systems and rapid expansion of the Indus basin system. The
further refinement and amendment of the management rules and procedures, and the eventual
resol ution of the dilemmabetween administrative privilege and technical efficiency, wasperhaps
just amatter of time. The continuoustechnical refinement through remodellings, and monitoring
innovations as the H-Regi ster introduced by Jesson, were bound to result in ever pressing needs
for such reforms and settlement of the water allocation paradox. The history of events with
WWII and the dramatic acceleration of independence and partition in its aftermath, however,
were not very conducive for such reforms. With independence Pakistan thus inherited the vast
irrigation infrastructure of the Indus-basin and the technical capability to divert and distribute
the water proportionally. However, the management and judicial structures were not yet fully
developed and geared towards an unambiguous control of the water allocation, monitoring and
maintenance of thisirrigation concept of ‘ self-acting proportionality’ that lay embedded in the
infrastructure.



CHAPTER THREE

THE NATION & THE BASIN

—

EXPANSION OF THE INDUSBASIN SYSTEM AND
THE DIMINISHING ROLE OF THE ID IN IRRIGATION DEVELOPMENT

31 INTRODUCTION

The partition of British colonial India and the independence of Pakistan and India not only
represent the end of the era of geo-political colonialism, but also marked a change in the
institutional setting of irrigation development of theIndusbasin. Thischapter dealswith thefirst
three decades of the independent state of Pakistan and the policiesit adopted and implemented
to further develop the IBIS. This overview of the recent history of irrigation development in
Pakistan is provided here as further background information to the setting of the irrigation
modernisation undertaken in NWFP from 1980 onwards.

This chapter beginswith an overview of the programmesthat were adopted and implemented
intheBISafter independenceto further expand andintensify theirrigation. Thefirst and biggest
of these, was the Indus Basin Project. This was set up and funded under the auspices of the
newly created World Bank, and directed at salvaging the IBIS from the negative effects of
partition, inwhich the easterntributariesto the Induswereallocated to India. Withit, thepolicies
and programmes were directed towards the integration of the IBIS as a system, and towards the
improvement of its efficacy and efficiency. For thefirst timetheirrigation department no longer
played the central role in the development and implementation of irrigation, but was relegated
to the operation and maintenance of the canal systems. The overview presents, how the
development analysis and objectives, as well as the programmes, for the I1BIS were conducted
by the newly created federal authority of WAPDA, policy makers and multilateral agencies.
Section 3.3 looks at the impact the diminishing role of the irrigation department has had on the
operation and maintenance of irrigation. It is argued, that the externalisation and
internationalisation of the irrigation design and development in the IBIS has restricted the
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dynamic management of the irrigation department with which it used to seek improvementsin
water delivery, and be ableto periodically regul ate theissue of water alocation. It isargued that
thereduced role of the I D hasbeen conducivefor itsfossilisation in which theirrigation systems
gradually degraded, steadily losing their capacity for proportional distribution. The two major
national programmes to further improve the I1BIS, the SCARP-tubewell and On Farm Water
Management, have, on closer analysis, not led to a solution of these problems associated with
degradation, but rather provided the ID with an indemnification for its lost capacity to provide
tail-end areas with their fair share of water.

In section 3.4 it is argued how theincreasing relative scarcity of water within the IBIS since
the independence of Pakistan, has increased the importance of the Warabandi as a central
institution for water management at the tertiary level. As a de facto water alocation and
distribution mechanism, it plays a central role in the water management strategies water users
adopt, and the arrangements they make with each other to optimise it. In section 3.5 a short
problem analysisis presented, that emerged within theirrigation sector of Pakistan towardsthe
end of the 1970s, and have initiated the modernisation programmes conducted in NWFP.

3.2 INDEPENDENCE: EXPANSION AND INTENSIFICATION OF THE IBIS
3.2.1 Partition and the Indus Water Treaty*

Apart from the enormous political and social upheaval caused by the mass migration of millions
of people, the Partition of 1947, and its division of the Punjab between the newly independent
states of Pakistan and India, introduced asharp fault line through the Indus basin and its network
of interdependent irrigation systems. The new established border line cut right through two
important watersheds — that of the Sutlgy and the Ravi — as well as through two major
irrigation systems. The Upper Bari Doab Cana (UBDC) had been cut through right across its
branches, leaving the tail portions to Pakistan; while the head works at Ferozepore had been
awarded to India, one of its off-taking channels (the Dipal pur) was awarded to Pakistan. On the
first of April 1948 this arbitrary and political fault line erupted, when India cut-off the water
suppliesto the tail ends of UBDC, aswell asto the Dipalpur canal, depriving thus five percent
of Pakistan’s sown area of irrigation water.* Thus the first ‘formal’ opportunity was taken by
Indiato assert — in all practical mannersand political rhetoric — its upstream riparian property
rights of the three eastern rivers of the Punjab; i.e. that of the Sutlej, Beas and Ravi.

Faced by thisimmediate threat to its agricultural productivity, Pakistan instantly despatched
aministerial delegation to Delhi for negotiations on the all ocation and distribution of the waters
of the eastern Indus basin. These negotiations resulted, on the 4™ of May 1948, in the Inter
Dominion Agreement. The agreement upheld India’ s property rights to the eastern rivers, but
allowed Pakistan the use of a share, against payment, until the time that India had found the

% This section is largely based on Michel (1967): The Indus Rivers; A Study of the Effects of Partition. Michel
provides an excellent account on the developments of 1BIS during the 1930s and the settlement of the Indus
Water Treaty and its IBP.

% Thefirst of April 1948 coincided with the expiring of the* Standstill Agreement’, which provided, among other
things, that the pre-Partition allocation of water in the Indus-Basin Irrigation System would be maintained.
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resources to usurp the total available flows. Although this agreement alleviated the immediate
and urgent problems of Pakistan, it unambiguously showed itstemporal character, by explicitly
stating that it simply served to allow Pakistan thetimeto tap alternative sourcesfor itsirrigation
requirements.

Not surprisingly, thelnter-Dominion Agreement wasfollowed by aperiod of frantic activities
inirrigation devel opmentsat both sides of the border. Inthe yearsfollowing, Pakistan built three
link canals (i.e. Marala-Ravi, Bombanwala-Ravi-Bedian-Dialpur, and Balloki-Suleimanke) to
secure the water supply to its parts of the UBDC and Sutlgj Valley Project. The expansion was
necessarily confined to the Indus itself at Kalabakh, Taunsa and Gudu, primarily to settle
contingents of the huge amount of refugees. On the other side of the border, India pursued its
intentions quickly with the construction of the Bhakradam and Nangal barrage onthe Sutlgj, the
Harike barrage and Rgjasthan canal, and the Ravi-Beas link canal. These activities would even
at minimum supplies nearly triple the amount of water being used for irrigation in the Indian
portion of the Indus basin, as compared with the pre-Partition period.

Further negotiations between Pakistan and India on the allocations of the Indus basin water
resources continued after 1948, and eventually were conducted under the auspices of the World
Bank from 1952 to 1960, when they finally culminated into the Indus Waters Treaty (IWT).
Although the World Bank entered the negotiations with the intention of securing the integrated
water management of the Indus basin, this proved early on to be a politically unfeasible track,
in which neither party was willing to submit its critical water resources to the control of the
other. The Indus Waters Treaty — thefirst of itskind in surpassing national boundaries— thus
finally defined the strict division of the Indus basin and its waters between Pakistan and India.
Basically, thetreaty formalized India sinitial stake of 1948, by allocating the entire flows of the
easternrivers(Sutlej, Beasand Ravi) to India, and those of thewesternrivers (Indus, Jehlum and
Chenab) to Pakistan. The allocation, based on monitored estimates of the total available flows,
amounted to 27.13 km?® (22 MAF) of water per year for India, and 119.6 km® (97 MAF) to
Pakistan.

Although the treaty, in terms of volume, seemed not unfavourable to Pakistan, Pakistan
neverthel ess stretched the negotiations to a lengthy eight yearsin order to secure the necessary
financial and natural resources it required to develop its re-structured Indus Basin Irrigation
System (IBIS). Unlike India, Pakistan’s whole irrigation future was dependent on the detailed
outcomes of the IWT, and so quite naturally it sought to guarantee not only its established
irrigation capacity, but also that of its future potential. Both aspects played an important rolein
the lengthy, and often technically elaborate, negotiations. At the heart of the matter lay the
amount of compensation that Pakistan would be entitled to— to be provided partly by India, but
most substantially by aset of Western Governmentsin an arrangement set up by the World Bank
— in order to substitute its loss in water resources. Pakistan pushed its case to the limits of the
negotiations, by arguing that amere by-passing of itsintakes from the eastern riverswith supply
channels from its ‘own’ western rivers, would infringe on its future potential for irrigation
development, and would thus amount not to a replacement of lost resources but to an
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unacceptable trade-off with its future.*® At stake were the possibilities for Pakistan to develop
storage facilities in the western Indus basin; facilities that were crucial to bridge the periods of
late Kharif - early Rabi and late Rabi - early Kharif, when the water was relatively scarce and
threatened to hamper Pakistan’ sdevel opmentsinirrigated agriculture. Apart fromthe merewater
allocation arrangementsit defined, the IWT became for Pakistan increasingly important for the
financial aid arrangementsit entailed. The World Bank had early oninthe negotiations managed
to establish a Development Fund that would finance all the infrastructure projects that were
deemed necessary for the implementation of the treaty. The issue of providing for storage
facilitiesfor Pakistan becamethuscontested by all parties, sincethiswould substantially increase
the required funds. By 1960 finally a settlement was reached by limiting the compensation
charges to India to a fixed amount of US $173.8 million, and setting the funds available to
Pakistan at US$838 million. Thefinal agreement provided for astorage dam on the Jehlumriver
at Mangla with a live capacity of 5.86 km® (4.75 MAF) and a non-specified facility for an
additional 5.18 km?® (4.2 MAF) storage on the Indus.

The irrigation works set out in the Indus Basin Project (IBP), and financed by the treaty’s
Development Fund, were urgently implemented in order to meet the time frame of the treaty,
which stipulated that Indiawould continueto provide Pakistan with a specified amount of water
fromits eastern riversuntil April 1% 1970. The works that were intended to offset the water lost
to Indiaamounted to the construction or remodelling of six barrages and the construction of six
link canal swith capacitiesranging from 283 to 566 m?/s (10,000 to 20,000 cusecs) (seefig. 3.1).
Whilethe construction of these works proceeded successfully with the help of numerousforeign
consultancies, the matter of the storage facility on the Indus was further worked out and taken
up by the newly created Water and Power Development Authority (WAPDA) of Pakistan. By
1964 the World Bank and funding membersof the Devel opment Fund, conceded to the mounting
costs and revised estimates of WAPDA, by raising the fund to US $1.9 hillion. The storage
facility on the Indus, however, was to be further investigated by a World Bank study group,
before it would be finally admitted to the IBP. In 1967 the study group concluded positively on
the construction of the Tarbela dam, with an estimated cost of US $775 million. Although the
live storage capacity of 11.47 km?®(9.3 MAF) exceeded the 5.86 km?*(4.75 MAF) required under
thetreaty’ sagreement, all fundsthat remained available after compl etion of the Mangladamand
the six barragesand link canalswere made available for the construction of Tarbela, ashad been
agreed in 1964. (Lieftinck et. al.; 1968)

With the commissioning of Tarbeladam in 1975, Pakistan had thusits re-structured IBISin
place with enough capacity and capabilities to serve future required irrigation expansions. The
two storagefacilities and set of link canals now enabled afully integrated water management of
the western Indus basin, in which the waters of the Indus could be alocated and re-directed
among all irrigation systems of the country. The waters of the Indus basin would thus be

4 The formulation of the Indus Waters Treaty, and its negotiations, hinged as far as Pakistan was concerned, on
the very definition and implications of the wordings “ Pakistan shall [...]Jaccomplish the replacement, fromthe
Western Riversand other sources, of water suppliesfor irrigation canalsin Pakistan which, on 15 August 1947,
were dependent on water supplies form the Eastern Rivers.” (Article IV of the Indus Waters Treaty, Michel;
1967:563)



Fig. 3.1: ThelndusBasin Irrigation System and the Existing & Proposed Dams, Barrages and Link Canals
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managed on acentral level by WAPDA, which from then on allocated and distributed the water
to each system and each Province.

3.2.2 Improving Efficiencies and Intensifying Production

With the settlement of the Indus Water Treaty and its accompanying Indus Basin Project,
Paki stan had secured thewater resourcesand delivery capacity for itsexisting irrigation systems.
Right from the start, even during the extended negotiations over the |BP and itsimplementation,
the policy of irrigation expansion that had fed the exponential irrigation developments of the
1930s in Sindh and Punjab were continued by the newly independent Nation of Pakistan. Not
intheleast, to provide a settlement and feeding policy for the millions of new Pakistani citizens
that had arrived from what was now independent India. The new growth in irrigated command
areaof the IBIS has been achieved rapidly and formidably; from 8 million ha (20 million acres)
at the time of independence to 13.8 million ha (34.5 million acres) by the end of the 1980s. The
majority of thiswasachieved by building new irrigation systems based on blue-printsdevel oped
by the Punjab and Sindh Irrigation Departments during the 1930s — as were the majority of the
IBP works of link-canals and barrages, including Mangla dam. (cf. Michel; 1967)

Although the completion of Tarbela dam had considerably increased the available potential
for irrigation, the further growth in irrigation was hampered by two factors: (i) all the ‘easy’ and
economically feasible sights for expansion were more or less utilised with the developments of
the Sukkur, Gundu and Taunsa barrages on the Indus and their associated canals (see fig. 3.1);
(i) increase of the irrigation intensities in the existing systems was severely hampered by the
huge problems of water logging and salinisation. Nevertheless, the World Bank Study Group (i.e.
the Lieftinck commission) supported the construction of Tarbela dam, since it recognized the
need of Pakistan to substantially increase its agricultural production in order to sustain its large
and rapidly growing population. Reviewing Pakistan’s available resources for agricultural
development, the Lieftinck commission set the long term development aims for the irrigation
sector in Pakistan to increase its irrigation intensities to 150 percent. A target which, in its view,
could only be feasibly achieved by further extending the Salinity Control And Reclamation
Project (SCARP), that was initiated by WAPDA in the late 1950s, over a considerable part of
the irrigated command area of Punjab.(Lieftinck et.al.; 1968)

SCARP Tubewell Programme

The SCARP programme, consisting of the installation of a network of public tubewells to lower
the groundwater table and provide additional irrigation water, started in 1960 with the objective
to reclaim 0.5 million ha (1.25 million acres) of waterlogged area in the Rechna Doab (i.e. the
area between the Chenab and Ravi rivers). This use of tubewells as a means to tackle the
problems of waterlogging and salinity —which by 1950 had affected over 2 million ha (5 million
acres) of irrigated land, with an estimated growth of 29,000 ha per annum (72,500 acres) (S.
Johnson; 1982) — was considered feasible by both the Lieftinck commission as the Revelle
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commission®’. This approach had namely two potential benefits to offer that made it attractive
in the context of Punjab: (i) it was an effective and easy way to lower the water table in avery
flat terrain that lies athousand km from the sea®®; (i) it provided additional irrigation water for
conjunctive use in an areawhere the canal water allowances were low (i.e. in the order of 0.35
I/s/ha). The use of tubewells in fresh groundwater areas as an additional source of irrigation
water was considered important by the Lieftinck commission to make use of the extra storage
capacity created withthe Tarbelaand Mangladams on theIndus. Theextrawater madeavailable
was not enoughto provideyear roundincreasesinwater delivery since ““the withdrawal capacity
of the canal system already equalled or exceeded the combined natural mean flows of the river
system in all months except June, July and August™ (World Bank; 1996:102). By supplementing
the newly created surface storage capacity with groundwater extraction in the water scarce
months, its use could be maximised to benefit an area as large as possible in establishing
cropping intensities of 150 percent. The Lieftinck commission therefore thought it prudent to
recommend that nearly 50 percent of public expenditures on irrigation and drainage should be
committed to the installation of public tubewells (op.cit.). With the positive recommendations
of the Lieftinck and Revelle commissions, and the securing of foreign loans, up to US $ 650
million was committed to the SCARP programme during the 1960s-70s. By 1986 12,500 public
tubewells had been installed covering a command area of 10 million ha (25 million acres).
(Lieftinck; 1969, Traxler & Ruttan; 1986)

By the late 1970s it became apparent that the agricultural targets set by the Lieftinck
commission, aswell asthe drainage objectives, were not achieved by theimplementation of the
SCARP tubewell programmes, which suffered numerous problems in their implementation.
Althoughinitially promising, the widespread implementation of tubewells proved to be acostly
affair in operation and maintenance, that could not be sustained over large areas of the
programme (cf. chapter eight). Though the SCARP programmes have had their impact in
aleviating some of the relative water shortages and enabled the increase of the irrigation
intensities, in general they fall short of the projected productivity and intensity targets. By 1982
it was estimated that only 57 percent of the public tubewellsin the Punjab were still operated (S.
Johnson; 1982). Thosestill in use, moreover, were often subdued to erratic operation dueto load
shedding (i.e. power cuts) or maintenance problems (cf. S. Johnson, 1982, R. Johnson, 1989,
Traxler & Ruttan; 1986; Merrey; 1986b). Theseincreasingly poor results of the public tubewell
programme has eventually lead the World Bank to change its policy in the 1990s and to grant
loans for programmes that seek to privatise (i.e. hand-over to water users) these electric
tubewells once installed by the SCARP programme (cf. World Bank; 1997).

The use of private tubewells as a ‘mere’ supplementation of irrigation water through
conjunctive use of canal and groundwater has, on the other hand, proved to be quite a success.
Recognised by the Lieftinck commission as an important potential for the establishment of the
150 percent cropping intensities, it recommended that the private development of tubewells

4" The Revelle commission wasa panel of experts headed by Roger Revelle, that was sent by President Kennedy
of the USA in 1961 to Pakistan to specifically address the problems of waterlogging and salinity.

* The application of drainage canals would inevitably result in large and deep cut channels, as is the case with
Indus Left & Right bank drain outfalls that are currently under construction in Sindh, as part of the National
Drainage Programme | (see chapter eight).
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should be stimulated by government policies (mainly through import relaxation on equipment)
(cf. Lieftinck et.al.; 1968 & 1969). Intherelative watershort areas, especially Punjab and Sindh,
the developments in private tubewells took such a flight that by 1990 an estimated 225,000
private tubewells were in use (World Bank; 1996).

On-Farm Water Management Programme

While the construction work of the IBP was still under way, the problem analysis and attention
spanfor thelBI S shifted towardsthetertiary level with thelarge research programme conducted
by the Colorado State University (CSU) on water management at the tertiary level. This
programme, funded by USAID, ran from 1968 to 1974, and has been paramount in bringing
tertiary level water management to theforefront of problem analysisand policy formulation. One
of its mgjor findings, that has had a profound impact on the irrigation sector investment and
development policies in Pakistan from 1975 to 1990, was that the conveyance losses at the
tertiary level amounted to 40 - 45 percent. The results of the CSU study clearly indicated that
vast improvementsin water use efficiency and productivity could be attained by improving the
water conveyance and distribution conditions at the tertiary level, and improving the irrigation
application methods and crop management on-farm. A comprehensive programme was
subsequently set-up to tackle these tertiary level water management issues, consisting of
watercourse lining, installation of division boxes, precision land levelling and provision of
extension services for irrigated agriculture.

USAID provided for a follow-up to the CSU study by funding the first On-Farm Water
Management pilot programme (OFWM) from 1976 to 1981. Asthetertiary level did not belong
to the traditional domain of the ID, and the intention was to incorporate extension services for
irrigated agriculture, the OFWM programme was set-up within the Department of Agriculture
(DoA). The programme was structured around the three issues identified by the CSU study. In
order to effectively deliver itsservicesof watercourseimprovement, precisionlandlevelling and
extension, OFWM was to set-up officially registered Water Users Associations (WUA). The
precision land levelling and extension components have not been very successful (cf. World
Bank; 1996), and are not treated here any further. From the start, the OFWM programme
concentrated its efforts on the improvement of the tertiary level water conveyance and
distribution.

The improvements of the water conveyance and distribution were concentrated on three
issues: (i) providing water course lining for thefirst stretch of the watercourse (10 to 30 percent
of thelength); (ii) installing concrete division boxesthroughout thetertiary unit (i.e. theso called
pucca nakka that consist of inclined concrete tabswith acircul ar hole that can be closed off with
fitting concretelid); (iii) stimulating and organising the watercourse maintenance and de-silting.
The watercourse lining and installation of pucca nakkas were heavily subsidised by OFWM, in
which the water users were only required to provide a contribution in the form of labour
equalling to approximately twenty percent of the costs. OFWM provided for the technical
assistance and materials. Additional requirements were that the water users would establish a
formally registered WUA, and clean and repair the unlined sections of the watercourse. The
OFWM npilot programme proved quite a success in so far that it renovated 1,300 watercourses
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of the projected 1,500 initsfive year time span. In 1980 the OFWM programme was taken over
for funding by the World Bank on request from the government of Pakistan. During the 1980s
and early 1990sthework of OFWM was continued and extended, with the result that by the mid
1990s a further 25,000 watercourses (nearly a quarter of the total of 107,000 watercourses in
Pakistan) were renovated (op.cit.).

The OFWM programme proved in the end to be primarily concerned with the lining of
watercourses and the meeting of its renovation targets. Thisis also reflected in the viability of
the numerous WUA that have been formally set-up and registered to conduct these renovations.
The vast majority of these have ceased to function as soon as the watercourse renovation was
completed. Asto the savingsin water losses achieved, no unambiguous figures are provided,
although estimationsindicate that lining of watercourses as conducted by OFWM resultina 10
to 15 percent reduction of the conveyance losses. These figures are mainly affected by the
standard practice to line the first 10 to 30 percent of the watercourse section, irrespective of
where the actual highest conveyance losses would occur. (op.cit.)

Thelatest OFWM programmes have taken stock of some of these deficiencies of the past, by
changing some of their procedures and requirements. The water users are now required to
contribute 20 to 25 percent of the capital costsin cash, in addition to their labour contributions.
Itisalso no longer intended to line the first section of the watercourse as a standard procedure,
but to actually adapt the renovation plan to those sections of the watercourse that have the
highest conveyance losses. As to the viability and functions of the WUA, there is as of yet no
clear indication of how OFWM should contribute to the establishment of WUA and FO aswater
management organisations that purchase their water from the public irrigation utilities as
proposed under the PIDA act (cf. chapter eight).

The Indus Water Apportionment Accord

As had become evident during the height of irrigation development in the 1930s, the water of
the Indus river was increasingly taken up by the expansion of the irrigated command area. By
the time of the development of the Sutlgl Valley Project in Punjab and the Sukkur barrage in
Sindh (see fig. 3.1) the allocation of the waters of the Indus over the different provinces had
become anissue needing attending at the basin level. During thisperiod Sindhin particular aired
concernsabout the brazenness with which the Punjab and its I rrigation Department were making
use of the riparian rights to develop irrigation on avast and rapid scale. (cf. Michel; 1967)

After independence, and with the further commitment of the Indus waters through the I1BP,
the allocation of the available water among the four provinces and their existing and future
irrigation systems became an increasingly prominent issue to be addressed at the national and
basin level. The creation of WAPDA as a national and basin level organisation with operation
and management responsibilities for the IBIS — as opposed to the provincial level organisation
of the ID —was pursued with this need in mind (see section below). With the completion of the
storage facilities that created an extra water availability of 17.73 km?* (14.55 MAF) (i.e. the
combined live storage capacity of Tarbela and Mangla dam and Chasma barrage), the question
of who
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would be permitted to make use of thiswater became aprominent inter provincial political issue.
Each of the provinces contested their shares of the Indus waters in an attempt to secure their
irrigation and agricultural developments for the future. In the absence of a water allocation
settlement, each of the provinces was trying to push forward their irrigation development
projects asameansto state their claims on the waters of the Indus.*® The four irrigation projects
of NWFP treated in the forthcoming chapters, are all the result of this political strategy:

Mardan- & Swabi-SCARP, ChasmaRight Bank Canal and Pehur High Level Canal, wereall
conceived in the 1970s-80s with the clear objective of increasing NWFP’ s share of water use,
which up to then was relatively low. In contrast to the other provinces, NWFP still had an ‘easy
potential’ available for increasing its irrigated command area and water use. Fearing to lose some
of the abundant water flowing through its territory to the structurally water short provinces of
Punjab and Sindh, these projects served to state NWFP’s claim on a share of the Indus waters.

By 1991 a settlement on the allocation of the Indus waters was finally reached and enacted
through the Indus Water Apportionment Act. The act allocates each province a specified share
of surface water (in MAF), which they are entitled to in present and future use. NWFP’s share
is relatively generous to the extent that it still has potential left for future expansion or
intensification of its irrigated command area.

3.2.3 TheChanging Roleof thelD in Irrigation Development

With the independence of Pakistan the management institutions for irrigation were effectively
taken over by the new government. The Irrigation Departments continued to exist as they were
set up by the British, performing their management functions as before. The newly established
government of Pakistan had not only taken over the physical irrigation infrastructure, but as well
the concept of protective irrigation by which these systems should be run.

The crisis with India over the waters of the Ravi and Sutlej rivers and the ensuing negotiations
on the IWT had placed the issue of water resource management firmly on the irrigation agenda
of Pakistan. The IWT and its Indus Basin Project (IBP) made the control, allocation and
distribution of the water resources of the Indus Basin a management priority for Pakistan. The
formulation of a policy and procedure to cope with the provisions of securing a water delivery
to its numerous irrigation systems, was urgently needed. The newly created relative water
scarcity of water resources required a tightly and accurately controlled allocation and distribution
policy at the central level of the Basin; a requirement that superceded the traditional management
domain of the ID.* In 1958, during the full swing of the negotiations on the IWT and IBP, a
specific and new management institution was created in the form of the Water and Power
Development Authority (WAPDA), to deal with this crucial issue. As a primary management
function WAPDA would specialise in the central monitoring and coordinating of the allocation

9 A strategy that was based upon the reasoning that it would be highly unlikely that established irrigation systems
and command areas would be given up, or abandoned, for the sake of an equitable allocation.

% Previous arrangements on the allocation of water resources, as those required by the implementation of the
Sutlgj River Project, had been carried out by aspecially created irrigation committeethat mediated the demands
of theindividual provinces. Thiscommittee, however, lacked the meansand structurefor the detailed regulation
of water distribution that was required under the IBP. (Michel; 1967)
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and distribution of the water resources of the Indus Basin for Pakistan, so that the irrigation
requirements of each system could be attuned in a national water distribution plan.

Therole allocated to WAPDA, however, went much further than the mere management and
alocation of the water resources at national level. The realisation of the alocation and re-
distribution of the Indus Basin water resources required major developmentsin infrastructureto
provide for the necessary control options. These requirements were taken care of with the
formulation and implementation of the IBP. To ensure the necessary coordination of the
numerousworksthat were provided for inthe IBP, WAPDA obtained al so the executive control
onall thedesignand construction worksinirrigation. Henceforth, every major work inirrigation
engineering— from barrages and intakes to the construction or rehabilitation of canals — would
be carried out by WAPDA. As such, it became an organisation that could effectively plan and
control any future developments in irrigation, inwhich it could enter into direct negotiations with
donor agencies as the representative of the Government of Pakistan in all matters pertaining to
power and irrigation.

The creation and development of WAPDA as a new and major institution in water
management has had a major impact on the management role of the ID. Its immediate effect has
been that it caused a brain drain on the ID during the 1960s. The majority of the top class civil
engineers were drawn to WAPDA when it became the sole agency that was able to attract funds
and projects for the development of irrigation works. The colossal IBP, as well as the SCARP
programmes (I - 1V), were the raisins in the porridge during the start of this new era of
developments in the Indus Basin, that provided numerous opportunities for qualified engineers
to seek employment in the attractive positions of design and construction supervision.

With the course of time, the monopoly of WAPDA in the design and construction of irrigation
works started to infringe upon the responsibilities of the ID. It could have been argued that the
IBP was primarily concerned with the development of the means (i.e. barrages and link-canals)
that were required to perform WAPDA's main function (i.e. managing the water resource base).
However, WAPDA's increasing involvement in projects that are purely and merely concerned
with irrigation reduced the ID to an agency that is responsible for the overseeing of the day to
day operations of WAPDA\' s Indus Basin Irrigation System’. This has interrupted an important
tradition in irrigation management where the design and operation of irrigation systems has been
synchronised because both activities were carried out by irrigation engineers that had extensive
practical experience and responsibilities in both aspects (as Crump, Kennedy, Jesson and
Sharma). The new arrangement of responsibilities between WAPDA and the ID has taken out
the incentive that marked the heydays of the ID during the first decades of the 20" century, when
the numerous inventions in irrigation technology and canal improvements were all geared at
improving the operation of water distribution for the ID. Since the creation of WAPDA the ID’s
role has been delimited to the mere maintenance of the systems as they have them, or as they get
them from WAPDA. Their power to determine the course of future irrigation developments is
limited as ““... its [the ID’s] present role in development can be compared to that of the House
of Lords, having power to recommend changes and to delay actions, but not to overrulea basic
scheme.” (Michel; 1967:357).
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33 THESALIENT FEATURESOF DETERIORATION

There can be no doubt on anybody’s mind that the huge investments that have been made in the
development of the protective irrigation schemes in the Indus-basin, have had a tremendous
impact on the economic en rural development of Pakistan. The vast tracks of barren and desert
like land that have been turned into agricultural production grounds is one of the major features
that have made it possible to accommodate the huge increase in population from 37 million to
140 million that Pakistan underwent since independence. The mere live length of the irrigation
infrastructure, with all of the British canal systems still running after 100 years of operation®,
is another remarkable feature of productive investment that is in stark contrast with the present
day common infrastructure live length of 30 to 50 years. At the same time, it are also these
features that have put the protective irrigation in present day Pakistan under stress. The huge
population growth (still at a staggering 2.7 percent) keeps building up the pressure to increase
the crop intensities and production beyond the original protective targets; while the age of the
infrastructure increases the burden for operation and maintenance.

In spite of the increasing demands that have been made on the productive capacities of the
irrigation systems in Pakistan, the hydraulic capacities and operational supply philosophy under
which the systems have to operate remained basically the same as those defined in the protective
irrigation concept during colonial time. Even the huge investments made under the IBP
(including those for the Mangla and Tarbela reservoirs) have been primarily employed to replace
the lost supplies to existing protective schemes, or to expand irrigation with new canal systems
that were designed according to the same protective concept. An assessment of the level of
performance of the irrigation service that is provided by these systems should therefore be
conducted against the criteria of the original protective irrigation concept that shaped both the
infrastructure and the management of these systems.

The objectives and targets for the operational management of these systems are thus defined
by the operation and maintenance of the ‘self-acting’ Crump canals (cf. section 2.6). The
operational objective is therein defined as delivering a continuous irrigation water delivery to
the tertiary units, in which each unit is delivered its allocated rate or a proportional (pro rato)
share of its allocated rate whenever the inflow to the canal, and system, deviates from its design
or full supply discharge. The hydraulic properties of ‘self-acting’ Crump canals then dictate, that
the targets for canal operation are to run the canals at, or near, their full supply levels, but never
below 75% of FSL; targets for which the *self-acting’ proportionality of water distribution is
assured by the hydraulic properties of the canal.

On the basis of these criteria, the performance assessment of the main system operations,
should therefore concentrate on two parameters: (i) the ability of the ID to operate the canals
within the water level targets; (ii) the capacity to establish and maintain a ‘self-acting’
proportional water distribution among the tertiary units when the canals are operated within their
range of operational targets.

L The majority of which have only undergone one major rehabilitation program during the 1930s - 40s.
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3.3.1 Water Level Operations

The primary and principal task for canal operations in Pakistan is thus to run the canals at, or
closeto, their full supply levels on a continuous basis throughout the irrigation season. In order
to achieve this, the ID is supposed to aim for a steady state operation of the canal systemsin
whichit triesto minimizetheintake of discharge and water level fluctuationsthat can be caused
by fluctuations in the water supply from the river. The normal operationa procedureisthusto
set the gates of the division structures (i.e. the intake structures of the canals) so that each canal
receivesits FSL target under FSL conditions, and concentrate further operational activities on
the regulation of the river intake structure in order to limit the intake of discharge fluctuations
into the system. Oncethe steady state conditions arereached, the operational requirementsof the
system are kept to an absol ute minimum and basically reduced to monitoring of the water level
targets. The actual discharge and water level targets on which the systems are operated tend to
be the same as those that were defined during the design, or latest re-modelling, of the systems.
For theKabul River Canal (KRC) system, for instance, all the operational targetsarestill derived
from the longitudinal design sheets from the last time the system was re-modelled — for the
different distributary canals these design sheets go back from the newest of 1976 to the oldest
of 1933. In other words, the canal operations are determined by the design targets, which are kept
essentially the same for a prolonged time, independent of the agricultural changes that might
have occurred since the completion of the last design intervention.

As a general rule, the ID tries to run their canals at the defined full supply levels for the better
part of the irrigation season, particularly at the heads. In most instances, one will find that these
head-end targets are reasonably well met, providing there is enough water available to meet the
design intake of the main canal. However, deviations from full supply deliveries are
implemented in response to either a shortage of water, or to excessive rainfall. The former
frequently occurs in the Punjab, for which the ID has to fall back on a rotational schedule at the
distributary level. Canals are then supplied with water on a rotational roster of first (FSL),
second (partly FSL) and third (hardly any supply) priority basis (cf. Kuper, 1997). The latter is
frequently practised as a damage control measure; after heavy or prolonged rains (say 40 mm or
more) the delivery to the canals is shut down in order to avoid overtopping or damages to the
canal.

Figures 3.2 - 3.5 present the water deliveries to the head of the canals (distributary, branches
and minors) of the Lower Swat Canal (LSC) system for 1975°. The water deliveries are
presented as the canal head gauge expressed as a ratio of its design target. Essentially all canals
should therefore run at the ratio of unity when the operation targets would have been met. The
first thing the data clearly show, is the ID’ s response to rainfall: during the winter rains in March
(when the crop water requirements are also still low) and the monsoon rains in August the canals
have been frequently (nearly) closed down in order to avoid damages to crops and canals. At the
beginning of the irrigation season in February the intake of water in the main canal falls short
of its design target, but thanks to the rainfall the rotational schedule initiated by the ID is

%2 Thiswas before the LSC was modernized through the Mardan-SCARP in the 1980s (cf. chapters 4 & 5), and
it was still a protective irrigation scheme.
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interrupted. During the Kharif season (from May to April) the operational target of FSL ismore
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Fig. 3.2 Water Deliveriesin Lower Swat Canal for 1975
Canal Head Gauge Readings (Ratio of FSL Target) [-]
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Fig. 3.3: Water Deliveriesin Lower Swat Canal for 1975 (cont.)
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Fig. 3.4: Water Deliveriesin Lower Swat Canal for 1975 (cont.)
Canal Head Gauge Readings (Ratio of FSL Target) [-]
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Fig. 3.5: Water Deliveriesin Lower Swat Canal for 1975 (cont.)
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Rashakai, Turlandi and Nowshera minors of Distributary # 8; Hoti and Toru Minors of
Distributary # 9; and Palosa minor of distributary # 6 — show a clear and classical tail-end
problem obtaining well below the minimum allowabl e target of 75 percent of FSL (cf. fig. 4.2).
Two canals (Kourakh branch and distributary # 4) receive structurally too much, while three
canals (Maho Dheri, distributary # 5 and Power House) receive about 80 percent of their target.
Another common operational strategy that can beidentified from thisdataisthetendency of the
ID to lower the supplies at the end of the season (November/December) to about 75 - 80 percent
of FSL, asthe suppliesintheriver are getting lower aswell asthe crop water requirementsreach
their minimum around 2 mm per day. It must be noted that this data taken from the official
Gauge Register of the ID ismost probably somewhat optimistic; the data suggests aremarkably
stable steady state flow which in reality proves not to be quite so stable. Nevertheless, the data
provide a clear indication of the operational intentions of the ID and their efforts to supply the
canal heads with their full supply targets.

The issue of tail-end gauges, however, is a completely different matter. With a well
functioning Crump canal, the tail gauges should reflect the same ratio of target fulfilment as
those under which the specific head gauges are operated (i.e. one foot water depth, under ideal
conditions and configuration). The official registration of tail-end gauges, unfortunately, tends
to merely reflect the official targets rather than the true field values. They thus frequently yield
situations in which the officia tail gauge values possess coefficients of variation that are
miraculously lower than their head-end gauge. As an indicator for performance, the officially
recorded tail gauges thus provide little meaning.

3.3.2 Dilapidation of the Hydraulic Profile

Oncethe canalsare supplied at the head with their full or designed water supplies, the hydraulic
property of ‘ self-acting’ proportionality should be ableto assureaproportional water distribution
among the outlets of a cana so that each tertiary unit receives its targeted water supply.
Although thisrequiresno active operational water control measures, the D bearsthe operational
responsibility to maintain the hydraulic profile of the canals according to the designed
proportionality criteria, to ensure that thesetargets of water delivery are met. An evaluation of
the water delivery performance should then concentrate on the capacity of distributing the
delivered head-end discharge proportionally over the outlets of a canal.

The most straightforward measure — if one has discharge measurementsto its disposal — of
water delivery performance isthen to evaluate the Delivery Performance Ratio (DPR) of water
supply among each outlet of the canal. This ratio evaluates the actual delivered discharge
through the outlet against its design value, thus yielding a value of unity for excellent
performance.> In the case of Crump canals, the DPR evaluation should thus yield a horizontal

53 Strictly speaking the DPR is defined as the ratio of actual water delivery against the targeted delivery rate (cf.
Murray-Rust & Snellen; 1993). For the self-acting proportionality this would strictly mean that the targeted
delivery rate would be proportional to the supply rate of the parent channel —i.e. when the distributary isrun
at 80 percent of full supply discharge, the targeted supply rate for the outlets would be 80 percent of design
discharge. However, by adopting the design discharge asthe target delivery independent of the supply level of

(continued...)
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line among the outlets of one canal; i.e. al outlets should be running at the same DPR as under
which the intake of the canal is running (DPR of unity when FSL is delivered at the head, or a
DPR of 0.8 when the canal is running at 80 percent of its design discharge, etc.).

Figures 3.6 and 3.7 present the DPR for two canals (Lagar and Pir Mahal distributaries) of
the Lower Chenab Canal (LCC), as have been presented by Murray-Rust and VanderVelde
(1994b). Both cases present atypical head-tail end problem of water distribution, in which the
head-end outlets tend to run at a DPR substantially more than unity, while the tail-end outlets
run at a DPR substantially below unity. This situation is commonly encountered in the present
day operations of protective irrigation systems in Pakistan, be it in different degrees of
severeness. (cf. Bandaragoda & Saeed-ur-Rehman; 1995, Bhutta& VanderVelde; 1992, Kuper
& Kijne; 1992, Kuper; 1997, Visser et al; 1998, Ahmad; 1999, Babar; 1999, Murray-Rust et al;
2000, Lashari & Murray-Rust; 2000) In general, the DPR evaluation will quantitatively confirm
the impression that athough the canals are nearly supplied with their design, or target,
discharges, the tail-end outlets are more often structurally deprived of their fair share of water
supply.

Interestingly, the DPR evaluation of distributary canals of LCC has been conducted by
Murray-Rust and VanderVelde to determine the impact of maintenance activities on the
improvement of the proportional water distribution. For this purposefigs. 3.6 & 3.7 present the
outlet DPR before and after atargeted desilting programme was carried out by the ID in order
to restore the hydraulic profile of the channels. In the case of Lagar distributary the data shows

Fig. 3.6;: Water Distribution Performancein Lagar Distributary
Outlet DPR Before and After Canal Desilting [-]
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%3 (...continued)
the distributary, one can easily compare the performances of one canal for its different supply levels.
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Fig. 3.7: Water Distribution Performancein Pir Mahal Distributary
Outlet DPR Before and After Canal Desilting [-]
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a dramatic improvement in the water delivery performance after the desilting had been
conducted, bringing back the DPR of tail-end outletsto avalue closeto the targeted unity. Inthe
caseof Pir Mahal distributary, the achieved improvements are much less successful. Inthelatter
case, the analysisindicates that the problems in achieving a proportional water distribution are
caused by adistortion of the hydraulic profile due to aterations in the hydraulic settings of the
outl et structuresthemsel ves, rather than by aproblemof siltation. (Murray-Rust & VanderVelde;
1994b)

Inany of these assessments of water delivery performance, afurther analysiswill awayshave
to be conducted in order to determine the precise cause(s) of the identified (and quantified)
deviationsin proportionality. In terms of the maintenance of the hydraulic profile of the canal
it is aways important to distinguish between two structural deterioration processes: (i)
alterationsin regime properties through siltation and/or scouring of the channel; (ii) aterations
in the hydraulic configurations of the outlet through tampering and/or changing of outlet
dimensions. Moreover, one should be aware of athird and more temporal process of operational
interference, in which the total or partial closure of outlet structures by water users lead to a
deviation of proportionality at the tail-end. Although thisis not a deterioration of the hydraulic
profile, it leadsto adeviation of proportionality in times of excess water supply (i.e. when ETc
isvery low) that can cause severe problems for tail-end tertiary units when they do not have
access to adequate drainage facilities.

Thewater allocation providesacrucial functioninthat, in principal, it should providefor the
design — or reference — values of the canal and outlet discharges on which the hydraulic profile
for the* self-acting’ proportionality should bebased. All the canal measures—FSL, the canal and
the outl et dimensions— should be derived from the all ocated discharges along each point of the
canal or system. One would thus expect, that such avital aspect would have been secured in a
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well defined management procedure. As has been explained in theforegoing, this has, however,
never occurred.

In the previous chapter it has been argued why the ID never managed to implement an
uniform procedure of water allocation. It is, however, evident that not only was the water
allocation not carried out along equitable division principles—which onitself hasno immediate
consequencesfor thederivation and controlling of therequired hydraulic profile—theallocations
were furthermore subjected to changes over time. The latter, of course, having great
consequences on the controlling of the hydraulic profile, asit impliesthat after each changein
water alocation the hydraulic profile should be construed anew by finding the proper balance
between new FSL and outlet(s) dimensions.

Figures 3.8 - 3.11 provide an overview of the water allocations for the KRC. Figure 3.8
presents the water allowances for the main canal® and the four distributary canals of the KRC
for threedifferent years. Thefirst thing that becomes apparent, isthat there are stark differences
in water allocation between the different distributary canals of the same system, in which their
allocated shares deviates substantially from the average water allocation for the system (defined
as the full supply intake at the system head divided over the total culturable command area).
Although the allocations belong clearly to a protective scheme, the ‘level of protectiveness
differs starkly for the different channels varying from ameagre 0.4 I/s/ha (5 cusecs/1000 acres)
to areasonable 0.8 I/s/ha (10 cusecs/1000 acres). The extreme high values of water allowance
—intermsof protectiveirrigation—for the Wazir Garhi and Pabbi branchesfor theyear 1912-13
are partly explained by the fact that the command areas of these channels were still under

Fig. 3.8: Historic Water Allowancesat Canal Head in Kabul River Canal System
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% For the main canal, the water allowance is defined for the water that has been allocated to supply the tertiary
unitsthat take-off directly from themain canal (i.e. thewater that isused to supply the distributariesis excluded
from this figure).
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Fig. 3.9: Official Water Allowances at Outlets[l/s/ha]
Hazar Khani Branch, Kabul River Canal System
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development at that time; in 1948-49 the total CCA of these channels had been extended
fourfold. The changesin allocation for the other canals, however, can not be explained in these
terms.

Whit regard to the water allocation towards the tertiary units within one distributary canal,
similar stark differencesin the values of the official water allowance appear. Figures 3.9 - 3.11
present the officially registered water allowances for all the outlets of the Hazar Khani, Kurvi
and Pabbi branches of the KRC, as can befound in the present day Outlet Register. The extreme
small tertiary units are not presented in the graphs, as they tend to have extreme high water
allowances due to the misfit between the small command area and minimum required size of
outlet structure. The presented differences in water allowances must thus be the result of
deliberate allocation decisions. That equity is not a primary objective of water allocation and
distribution is clearly reflected in this data. The stark differences in water allowances that can
be encountered among the outlets of one canal emphasize Gilmartin’s (1994) thesis that ‘the
level of protectiveness for whichirrigationwater isbeing supplied differsfor every tertiary unit,
andismainly theresult of theallocation ‘ agreements’ that have been reached betweenthe D and
the local communities.

3.3.3 Operational Management as a Rule Abiding M echanism

As has been argued in the previous paragraph, the daily operation by the ID of the protective
irrigation systemsis primarily governed by the effortsto meet the FSL targets at the head of the
canals. The meeting of thistarget constitutes by far the most important rule through which the
ID conducts its management activities. Thisis, by itself, not surprising, since the design water
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Fig. 3.10: Official Water Allowances at Outlets[l/9a]
Kurvi Minor, Kabul River Canal System
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Fig. 3.11: Official Water Allowancesat Outlets[l/g/ha]
Pabbi Minor, Kabul River Canal System
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levels comprised one of the principle operational targets of the concept of protectiveirrigation.
However, thereismoreto the operation and controlling of the ‘ self-acting’ proportionality than
meeting FSL targetsalone. The crux of managing the protectiveirrigationinthefield according
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to its design concept has always been to control the water alocation, the dimensions of the
hydraulic structures and the canal profile in order to maintain a specific hydraulic profile, in
which the FSL operation would ‘automatically’ lead to the desired distribution of water. The
former is very much a prerequisite for the latter to function as intended.

That the FSL operation continues to be implemented in the current day operations of the
protectiveirrigation systems, islargely dueto the well defined and relatively simple procedures
in which this operational task has been trandlated. From the very beginning, the operational
procedures have been defined in a clear set of rules that stipulate that the canals should be
operated in principle at FSL, that deviations from this target could be tolerated as long as the
minimum target of 75 percent of FSL could be reached, and otherwise arotational schedule on
the main systems should be implemented. A set of rulesthat have been incorporated inthe daily
management by the design and upkeep of the Gauge Registers, that provide the management tool
to monitor the actual canal operations and enablesthe ID to enter into asimple feed-back cycle
to reach its operational targets. This operational procedure has thus been effectively
ingtitutionalized within the ID, even to the extent that the present day Gauge Registers are still
drawn from the central government printing offices and have the same format as the ones
introduced in the 1930s.

Theissue of maintaining the required hydraulic profile of each canal by controlling the water
allocation, hydraulic structures and sedimentation processes have never been translated in such
well defined procedures, as those for attaining an FSL operation. Although the concept of
protectiveirrigation hasimplicitly always attached enormous significanceto these prerequisites
of ‘self-acting’ proportionality, the ID never managed to define a clear set of rules by which a
procedure could be established.

Controlling the Hydraulic Profile: According to the Concept...

In order to run the * self-acting’ Crump canals asintended, a primary management functionisto
control the hydraulic profile of the canalsaccording to their proportional settings so asto ensure
that the prerequisites of the ‘self-acting’ water distribution are met for the operation of the
system on water levels. This management function was partially given shape by Jesson (1940)
with the use of the Gauge and H-Registers in unison as operation and monitoring tools (see
section 2.7) Used together, these tools could identify any deviation of proportionality in water
distribution. Not only as an identification of whether deviations were taking place in a cana
(through the Gauge Register), but al so where along the canal the deviation was caused (through
the H-Register). On-site inspection would then be required to determine whether the deviation
was caused by problemsintheregimeof thechannel, or duetoillegal alterations(i.e. tampering)
of the outlet structures.

The Gauge and H-Registers were thus designed to shape a routine activity of monitoring the
water delivery as afirst step of afeed-back control mechanism of evaluating the actual water
delivery status against its operational targets. In order to exert control, asecond step isrequired
that defines the procedure that should be followed in adjusting the encountered water delivery
situation, once deviations are identified through monitoring, to meet operational targets. Ashas
been explained above, this was done for the operational procedures for delivering full supply
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level by defining a set of rules that specified three ‘tolerable’ classes of water level operation.
For the control of the hydraulic profile, however, this second step of adjusting the process of
water delivery, in case of occurring deviations from operational targets, has not been formally
defined. Implicitly, thiscontrol procedureisgoverned by the hydraulic principlesof ‘ self-acting’
proportionality; i.e. the hydraulic principles determine how the physical parameters of the canal
dimension and outlet structures should be ‘set’ and controlled in each particular situation in
relation to the steady state water levels of the normal supply, which onitsturnisdefined by the
water alocations. In essence, the rules for controlling the hydraulic profile are thus defined in
the hydraulic principlesthat need to be applied in each particul ar situation. However, thiscovers
only the technical side of the control mechanism.

From a management point of view, the control of the hydraulic profile entails an elaborate
procedure, as it basically implies that the control can only be effectuated by implementing an
(partial) overhaul of the canal infrastructure. Once a deviation from the operational targets has
been monitored, there are no simple operational procedures available to the management with
which to solve the problem. In terms of operation, the only option available isto implement the
tatiling; an option that is dreaded by farmers and ID staff alike, and moreover provides no
solution but just a mere mitigation of the problem. The restoration of the hydraulic profile
requires aphysical adjustment of the canal and its structures, that tend to be atime, labour and
cost intensive procedure that usually can only be implemented during the annual closure of the
system, providing that there are enough funds available to do so. Exerting control on the
hydraulic profile, thus basically requires the management to engage in a considerable
maintenance activity that requires careful planning and has to be submitted for (financial)
approval to the central provincial government. As such there are no explicit rules that can be
followed to engage the control of the hydraulic profile once defects have been detected through
theroutine monitoring. Instead the control function becomes part of the maintenance procedures
that have to be financed by the central exchequer and thus tend to get approved by the central
authorities on a case by case basis.

Management-wise, thearrangementsfor the controlling of thehydraulic profilearethusrather
peculiar. On the one hand, the canal officers of the ID have al the powers that are required to
exert this control endorsed by the Canal & Drainage Act: they can close the canals and outlets
when they deem necessary, levy hefty penalties on water users for the tampering with outlets,
modify outlets, and even (re)define the water allocations and normal supply conditions of the
channels. But on the other hand, they are dependent on the financial meansthat they are granted
by the exchequer, in responseto their requests, for the extent they will be able to implement the
required control measures.

...And According to Practice

Inthe present day situationin Pakistan, the H-registersare seemingly not maintained asaroutine
monitoring tool by the ID. The extreme difficulties in getting hold of an up-kept H-Register —
not WAMA, IWMI Pakistan nor | have ever been able to get one — however, raises doubts on
whether this tool is actually used by the ID in its daily operation and maintenance activities.
Sincethisregister wasdevised by Jesson asan O& M tool at arelatively late stage— he proposed
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totakeit up asaformal register in his contribution to the Punjab Engineering Congress of 1940
(cf. Jesson; 1940) — the question arises whether its use ever got institutionalised within the ID
at all. Neither do the tail gauge entries in the officiad Gauge Register always reflect the
conditions that are prevailing in the field. Effectively, the whole control mechanism for the
maintenance of the hydraulic profileisno longer part of the operational routine. Thisloss of an
important control mechanism might be regarded asindicative of the current oss of commitment
to the objectives of proportional water distribution in protectiveirrigation. It certainly has made
the administration of the current state of affairs—inwhich thedeterioration of the proportionality
characteristic has become an endemic feature — more easy. The occurrence of this deterioration
can only beindicated, at best, in general terms of non-realisation of thetail gauge targets. Asto
where the causes of this deterioration may lie (i.e. problems of regime or outlet dimensions) no
management informationismaintained. It will hardly requirealengthy expositionto explainthat
inthestructural absenceof such informationit hasbecomerather difficult to takethe appropriate
corrective measure of control in atimely and adequately manner. Contrarily, the absence of this
information gathering fortifies the personalised character of the allocation and distribution of
water, in which the discretional powers of the canal officers are further strengthened, and the
process of accountability can no longer be based on thisimportant information. For that matter,
any process of performance assessment has been made much more difficult. With the data of the
H-Register it would have been fairly simple, for instance, to conduct a structural hydraulic
flexibility analysis once amonth for the assessment of the water distribution performanceto all
the outlets.

Thisisnot to say that maintenance is no longer carried out. Rather, it is carried out as atask
initsownright, instead of being a closely linked support servicefor the control of the hydraulic
profile. Maintenanceisincreasingly being regarded asaroutinemeasureto get rid of thesiltation
in the canals, maintain or repair canal linings to reduce the conveyance losses, and to maintain
the (mainly gated) structuresin working conditions. Canal officersthustend to follow standard
procedures in the preparation of the maintenance schedules: the cana profile has to be
maintained ever X years, so every year Y metres of canal have to be cleaned and trimmed; the
gates of the structures need to be painted every X years, so Y gates get painted every year, €etc.
(GONWFP; 1992). These maintenance schedules are on their turn then submitted, in standard
formats and according to prefixed time schedules, for funding to the central authority at the
provincia level (i.e. the office of the Secretary of Irrigation). The Secretary then disperses the
available funds over the requests, after which the canal officers schedule the maintenance
activities according to priorities and available funding. In this manner maintenance has been
reduced to aroutine procedure, with a clear set of rules and guidelinesthat every officer in the
bureaucracy can follow. Whilein the original concept, where maintenance was supposed to be
intertwined with the control of the hydraulic profile, maintenance was primarily intended as a
corrective measure, rather than a routine procedure. Which of course is a rather awkward
principle for a bureaucratic organisation, as the submitting of the maintenance schedules then
becomes synonymous to the reporting of problems to one’ s superiors; equalling to a statement
that one has not been able to meet the operational targets.

The structural neglect of this crucial control mechanism in the daily management of the
systems has thus led in many instances to ageneral deterioration of the hydraulic properties of
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the canals. The price that had to be paid — mainly by the tail-end water users — has been the
gradual, but structural, loss of proportional water distribution. Even though desilting remainsto
be carried out from time to time by the ID as part of their general maintenance activities, its
impact on restoring the hydraulic propertiesfor proportional distribution cannot be targeted, | et
alone measured, with the information and procedures that are currently used by the ID. And as
the figures from the targeted desilting in LCC show, siltation is only one of the processes that
need to be controlled; as the data from Pir Mahal distributary suggests (cf. fig. 3.7) the
dimensions and hydraulic settings of the outlet structures also require a tight control. Figures
3.12 and 3.13 present the actual outlet dimensions compared to their officially registered values
for aset of sample outletsfrom the Pabbi and Hazar Khani branch canals of KRC. Although the
figures only present information on the outlet dimensions and not on the hydraulic settings —
which can even further offset the proportional properties of the canal — they provide a clear
indication of aloss of hydraulic control in which the ‘ self-acting’ proportionality can no longer
be attained. In the case of the KRC, where most canals and outlets are running for 25 to 60
years™, it is clear that an overhaul of the canalsislong overdue if one wishes to keep running
the system according to the objectives and procedures of protective irrigation.

An important issue in the inadequacy of maintenance of the hydraulic profile has been the
near absence of remodelling and rehabilitation activities as aroutine activity of the ID’s O&M
and irrigation development activities. The days when Jesson and Sharmacould ‘tinker’ for ten
yearson onedistributary canal, in order to get its hydraulic configuration and water distribution
properties just right (cf. Jesson; 1940, and Sharma; 1932), are long since gone. As has been

Fig. 3.12: Actual Outlet Dimensions of Pabbi Minor
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Sindh and Punjab are also still operated with such aging infrastructure.
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Fig. 3.13: Actual Outlet Dimensions of Hazar khani Branch
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argued above, the newly independent state of Pakistan had other and more pressing concernsto
attend to by protectingits1BlISfromthe adverse effects of partition. Although the share of public
investment in agriculture and irrigation were relatively high during the first two decades of
independence —around 30 percent for the period 1955-60, and about 46 percent during 1960-70
— the vast magjority of these investments were committed to the work of WAPDA in the IBP.
After completion of the IBP this share declined rapidly to the present level of about 17 percent.
Theannual O& M budget allocationsfor the provincial irrigation departmentssimilarly declined
over the years to the extent that even not all routine maintenance budgets can be met. An
important factor in the latter has been, that during the 1980s the collected revenues as a
percentage of O& M costs has declined from 53% to 38%. (Bandaragoda; 1999, cf. chapter eight)

Seen in light of the above, the relevance for the upkeep of the H-Register has as good as
vanished, when the ID is not provided with the means and capacity to address the problems of
hydraulic configuration and water distribution the register is meant to identify.

3.34 How toget away with a deteriorated water delivery

The gradual decline in water control and ensuing classical head tail end problems in water
delivery service have resulted, naturally, in many water management problems. In many
instancesit has serioudly affected the capacity of the ID to deliver the services as defined by the
concept of protectiveirrigation. Theinherently relative scarce water supply has been frequently
and considerably infringed upon for a large and growing number of tailenders. The intrinsic
nature of aprotective serviceinduceslow tolerancelevelsfor errorsin water supply, asafailure
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to deliver the restricted quantity tends to have an immediate and substantial negativeimpact on
the agricultural productivity of the affected water users. The question then naturally rises how
the ID can get away with such a gradual deterioration in its water delivery service. A question
that needs to be explored in two aspects of water management: the process of management
accountability and, the process of acquiring alternative sources of water supply.

Theinstitutional setup for water management of protectiveirrigation, as defined by the CDA
and the task and functions of the ID, restrict the opportunities for water users to engage in an
accountability process on the service they are provided with. Once water users are deprived of
their ‘protective rate’ of water supply at the tertiary unit, there is very little they can do. They
canfileacomplaint with the canal officersfor more water. However, the canal officerscanthen
decide, aspart of their discretional powers provided by the CDA, if they will grant the complaint
or not. A decision that can be made entirely circumstantially: since the water allocation is not
embedded in a clear cut procedure, it provides little legal possibilities to establish a specific
claim on water supply. Additionally the canal officers can always ‘formalise’ a shortfall in
supply as an unfortunate but necessary consequence of having to deal with a general shortage
of water or ‘technical’ problems as provided for under section 32 of the Act. The process of
accountability isfurther complicated by the fact that the service of water supply isdefined —in
itsconcept asinitsingtitutional setup —asarelative service: ashortfall in water supply can only
be contested aserroneousif the shortfall isdisproportional tothat of the other tertiary unitsalong
the canal; or on a higher level, to that of other canals in the system. Conducting accountability
thus requires knowledge of the state of water delivery throughout the distributary canal and
system — information which istypically gathered and kept by the canal officers of the ID.

When acomplaint is ruled upon unfavourably by the canal officers, the affected water users
have an option to appeal. The appeal, however, has to be submitted to the first class magistrate
canal officers(i.e. SE or hissuperiors) of the sameirrigation circleto whichtheinitial complaint
was filed. The appeal can thereupon be dealt with in the same circumstantial manner as the
complaintitself, beit that it isruled upon by asuperior officer. The process of accountability has
thus, to all means and pruposes, been made an internal management affair.

Thereis, however, onenotabl e exception when it comesto the quaternary andindividual level
of irrigation where the water supply service is defined by the Warabandi. The allocated time
share can not only be contested by awater user through the filing of a complaint with the canal
officers, but moreover it can be submitted for appeal to the Civil Courts. Thisinclusion of athird
party ruling, provided by the CDA, is made possible by the explicitly and unambiguously
defined procedure for the drawing up of the Warabandi roster. Although the procedure can be
lengthy and costly it iscommonly applied®, asit provides (in principle) an opportunity for water
usersto acquire ajustly and accounted for time share. In terms of securing an appropriate water
delivery service—that isto say, within the constraints of the protective irrigation concept —this
accountability procedure only provides the opportunity to a part of that service; i.e. the time

% Thatitcan bealengthy and costly (inlegal costs) procedureisillustrated by anumber of casesthat went all the
way up to the Supreme Court and could take up to twenty yearsto be resolved. In such casesit is not so much
the procedure of drawing up a Warabandi that is contested, but more often the prerequisites as which land
belongsto theirrigated command areaand not; can thisfield legally apply for extraorchard or land reclamation
time allocation, etc. (Halsema, van and Wester; 1994).
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share alocation. The very important aspect of accounting for the rate of water supply at the
outlet, which after all also determinates the adequacy of the water supply service, remains the
sole decision domain of the ID, asthe provisions of the CDA explicitly exclude the Civil Courts
(or any other third party) from interfering with the water distribution. (cf. Nasir; 1993)

Theauthoritarian like powersof the I D in the decision and accountability procedures of water
distribution do, of course, facilitate the normalization of a disproportional water distribution
practice. That is not to say that the ID can be completely indifferent to the problems and
complaints of the affected water users in the management of these affairs. Mounting pressures
from prolonged and accumulated complaints can lead to tedious appeal procedures or ‘social
unrest’ in the field that eventually may mark the affected areas as problem-prone, which might
affect in the end the very career opportunities for the responsible canal officers. However, it
provides the ID with the means and opportunities to settle the water distribution problemsin
accordance with the particular technical, financial and social circumstances of each case.

Instead of, or in addition to, trying to oblige the ID to restore the proportional water
distribution by holding it accountable to the objectives and ‘ spirit’ of the protective irrigation
concepts, aremedial strategy isto tap the groundwater by means of tubewells. This strategy has
been widely adopted in the Indus Basin, both privately and publically.

Since public tubewells have been frequently implemented in the tail end areas of the
command areas, where the water logging and salinity problems were mostly concentrated, they
have often served to compensate for thelossesin canal water supply. Assuch these programmes
have often served to indemnify the ID from having to restore the proportional water delivery
capacities of their canals, thus effectively undermining the emergence of an accountability
process. Not that these programmes have effectively eradicated the water management problems
of these area, since particularly in the Punjab and Sindh ground water has to be used in
conjunction with the canal water due to its saline qualities (cf. Murray-Rust & VanderVelde;
19944). However, in many instancesit has certainly alleviated the pressure to provide for more
irrigation water (cf. Halsema, van & Wester; 1994, Wahaj; 2001).

3.3.5 TheDynamics of Warabandi

“ Herve Plusquellec has pointed out that we have ignored another important aspect of
water management for groundwater control: the antiquated waribundi rotation system
at the watercourse level. This system, which has been in effect for over a century,
undoubtedly resultsinlocalized waterlogging aswell asinequitabl e distribution of water
below the moghas.” (Ahmad & Kutcher; 1992:94)

The problem of Warabandi, as highlighted in the above quote, is that it seemingly does not
square with the conceptions of ‘modern’ and ‘ adequate’ irrigation water delivery services that
have been devel oped and refined on the basi sof the scientificinsightsof crop water requirements
andyield responseto water. Theformal rigidity of the Warabandi roster, where every water user
is provided with afixed turn (i.e. at afixed timing), of fixed duration and — under theoretical
ideal delivery performance — of afixed rate and volume, isin clear defiance of the knowledge
that actual crop water requirementsvary starkly over time. It can thuslogically beinferred, that
Warabandi must be an ineffective and inefficient water distribution method that hampers
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production — when argued from the objective of optimising water management and crop
production per unit of land.

In the water management context of the IBIS, however, the Warabandi should primarily be
regardedinitsinstitutional capacity to regulatethewater management at thetertiary level within
the constraintsimposed by theirrigation system. Asso often, theformal and theoretical rulesand
procedures turns then out to be not quite so rigid in practice, when the institution is subjected to
the dynamics of the strategiesthat water users apply intheir daily water management activities.

The historical development of the Warabandi as a mechanism for water management at the
tertiary level, provides already apicture of its strategic application. It was taken up asaformal
roster for the regulation of the water distribution at the tertiary level with the formulation of the
Cana & Drainage Act in 1873. As Gilmartin (1994) shows, however, Warabandi was an
indigenous water distribution method that was in use in northern-British-India, particularly
among multiple owners of one well.>” It has thus been adopted in the Canal & Drainage Act,
whereformal rules have been set for the all ocation of the time-share of water delivered through
the outlet in proportion to the landholding (cf. chapter two, Malhotra; 1982, Nasir; 1993). At
first, however, the uptake of Warabandi in the Canal & Drainage Act was primarily ajudicial
provision for the settlement of water conflictsfor when they arose, and as they arose. Meaning,
that formal Warabandi rosterswould only be drawn-up after a conflict would be brought before
theirrigation authoritiesfor resolution (cf. Ali; 1988, Gilmartin; 1994). As stated, by 1939 only
an estimated half of all tertiary units had a formal Warabandi drawn-up by the irrigation
department (Gilmartin; 1994). Since independence this situation has changed, in the sense that
nowadays nearly all tertiary units have a formal Warabandi roster drawn-up by the irrigation
department (cf. Bandaragoda & Rehman; 1995).

Apart from amere element of time, the increase in formal Warabandi rosters also coincides
with the intensification of the irrigated agriculture and the mounting pressure on the water
resources. With the rapid increase in popul ation since independence, the number of water users
have increased manifold through fragmentation of landholdings. This has led to an increase of
therelative water scarcity, wherein the smaller landhol ding decreasesthe flexibility to adapt the
cropping intensitiesto water shortagesat theindividual level as people quicker reach thelimited
acreage of (economically) sustainable agriculture.® Not only does increase in relative water
scarcity tendtoinitially lead toincreasesinwater conflicts, theformal Warabandi rosters, once
drawn-up, clearly tend to be applied more strictly in times of water scarcity (cf. Halsema, van
& Wester; 1994, Bandaragoda & Rehman; 1995, Wahgj; 2001). The importance of the
Warabandi lies thereby primarily as a mechanism to regulate the water distribution at times of
water scarcity through its proportional time share allocation. It may thus be ancient and rooted
in indigenous practices, itsinstitutional role to prevent and settle conflictsin water distribution
has only grown and become more prominent with the passage of time when demand for water,
asitsrelative scarcity, have only grown.

" Gilmartin's has been the only references | have encountered to accounts of the origins of Warabandi that pre-
date the Canal & Drainage Act.

% For (very) largelandowners, as can till befound in Sindh and parts of Punjab, and to alesser extend in NWFP,
thisis of course not an issue. They face, however, a different ‘dilemma’ in that they have to patronage their
tenants and labourers, that usually form their political constituency.
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One thus tends to see that at times of severest water scarcity (i.e. during peak water
requirements), the Warabandi roster for canal water is applied more strictly. During periods of
less scarcity, however, adaptations to the scheduling roster are readily and frequently made to
accommodate more convenient and effective application timings and quantities. The most
commonly applied among these, is to exchange a Warabandi turn to lower the frequency of
irrigation to a fortnight or three weeks; i.e. turns are pooled among water users to lower the
irrigation frequency and increase the application volume. A practice that increasesthe ability to
refill the root-zone of deep rooting crops with one irrigation turn, and allows cultivators to
practice pre-sowingirrigation andfill their soilstofield capacity (cf. Beeker; 1993, Halsema, van
& Wester; 1994). During times of relative abundance, mainly restricted to the December, water
users will restrict their irrigation applications (both in volume as in frequency), and alteration
to the Warabandi are focussed on restricting night time irrigation — providing that adequate
drainage opportunities are available.*

The exchanges of Warabandi turns between water users of one tertiary unit, and sometimes
even between water users of different tertiary units, are usualy, as far as canal water is
concerned, not so much governed by the principles of trade, but by the socia principles of
kinshiprelations. Preferenceisusualy givento enter in exchange arrangementsfirst with family
members (usually brothers), then the khel® or extended family, and the tribe, before engaging
outsiders. Assuch these arrangementsrepresent rarely economic trades, but are primarily kinship
arrangements to improve the irrigation schedules for both parties (or, in modern economic
parlance, to create awin-win situation). The arrangement can be ad-hoc or on amore structural
basis. As a general rule, however, the scarcer the water situation, the more stringent the
arrangementsaremade. Meaning that, intimesof water scarcity irrigation turnswill usually have
to be returned by the next Warabandi cycle, while in times of relative abundance turns can be
granted or taken as part of investing in, and maintaining, ones kinship relations. (Halsema, van
& Wester; 1994, Leeuwen, van; 1997)

A different matter is the more structural arrangements that are made in the form of a kacha
Warabandi (i.e. unofficial) that is used instead of the pucca Warabandi (i.e. official), even
though thelatter exists. It isnot unusual to encounter such situation, particularly when the pucca
Warabandi dates back to the time when the ancestors were the owners of the land and holders
of the water rights and turns. In such situations, the kacha Warabandi in use can often lead to
disproportional time share allocations, in differentiation of what an updated pucca Warabandi
wouldyield. Thereare variousreasonsfor such differentiationsto occur. The most obvious and
common is that part of the command area has been taken out of production — be it through
expansion of thevillage or theroad network, or by abandoning waterlogged and salineland. The
time share of which, is then added to the remaining part of the holding. Other reasons are:
differentiations can be made in the non-registered inheritance arrangements of land and water
rights; old extra time share allocations for land reclamation and orchards are still in place;

% |n NWFP such drai nage opportunities are usually available in the form of natural Nullahs as in the case of the
Kabul River Canal System (cf. Halsema, van & Wester; 1994, Leeuwen, van; 1997). In regions as the Punjab,
where Nullahsare much lessfregquent, thereistendency for water usersto take waterlogged and saline areas out
of command and use them for ‘drainage areas’ (cf. Wahaj; 2001).

0 Thekhel isthe extended family unit with the tribal unit of Pokhtoon culture.
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tenants receive a disproportional time share from their landowners and official water right
holders. (cf. Bandaragoda & Rehman; 1995, Wahaj; 2001, Merrey; 1986a,b,c) The kacha
Warabandi isthen the meansto regul ate the water distribution schedule and adapt the outdated
pucca Warabandi to the present socio-environmental conditionsin the tertiary unit. Aslong as
serious conflictsdo not arise, that are brought before theirrigation department for settlement by
members of the tertiary unit, the kacha Warabandi can continue to govern the day to day water
management arrangementswithinthe Chak. When conflictsdo arise, asol ution or settlement will
first betried to bereached withinthelocal community withthe help of village elders. If required,
the Zilladar can be engaged to help set-up a new kacha Warabandi. The incentive to settle the
issue within thecommunity isgreat, becauseit allowsit to apply itsown equity principlesrather
than those formalised in the Canal & Drainage Act, and the drawing up of a pucca Warabandi
is costly and lengthily matter, not in the least because the actual landholding will have to be
officialy registered in the land-registry. (cf. Halsema, van & Wester; 1994, Bandaragoda &
Rehman; 1995, Leeuwen, van; 1997)

The matter is quite different for private tubewells. There where groundwater is extracted
through private entrepreneurship, water is usually sold in cash or kind transactions. The extra
water isthen purchased for conjunctive or supplementary use to canal water. The quality of the
water (i.e. its salinity content) isthen often a determinant factor in the market and whether it is
used for supplementary or conjunctive use. (cf. Strosser; 1997)

34 THE NEED TO RESPOND TO CROP WATER REQUIREMENTS

Despite the numerousimprovementsthat had been carried out during the 1960s and 1970sto the
IBISin order to enhanceits performance — mainly through the installation of tubewellsthrough
the SCARP and the lining of watercoursesthrough the OFWM projects—thereremained asense
that the system was still underachieving. The gains achieved by these initiatives were, after all,
mainly confined to increasing the command area (either through expansion or reclamation) and
increasing the cropping intensities. The overal productivity, in terms of yield per acreage,
remained at adismally low level, particularly when compared to international standards.®* These
low yields became arecurring problem that was mentioned in every major document (research
or policy) produced on irrigation in Pakistan, linking it to ever increasing concerns on how
Pakistan was to meet its growing food requirements.

In the second half of the 1970s there was a marked shift in the analysis of the irrigation
problemsof Pakistan, inthat increasingly thetraditional protectiveirrigation systemswerebeing
regarded as’ antiquated’ systemsthat placed too muchrestrictiononagricultural production. This
view was supported by recent developments in the irrigation sector as a whole. After the
development of the CROPWAT model inthefirst half of the 1970s and the mounting successes

®1 |t must be noted, however, that athough the average yield statistics that are used in national and international
policy documents dealing with Pakistan are always very low in comparison to theinternational standards, it is
not very clear wherethesefigurescomefrom, or how old they are. Figuresfrom specific cases obtained through
research projects always tend to provide higher than the national average figures, which raises some questions
about the accuracy and reliability of the national averages used.
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with the introduction of High Yielding Varieties during the Green Revolution, more and more
emphasis was placed on the need to increase the delivery efficiencies and closely match the
irrigation supplies with crop water requirements. The inherent low supply levels and rigid
rotation schedules of the protective irrigation systems were thus starting to be regarded as
impediments to the further development and ‘greening’ of the agricultural production in the
Indus Basin.

Studies into the performance of irrigation systems of the Indus basin were henceforth
increasingly being conducted along these lines of determining delivery and application
efficiencies and the ability to meet crop water requirements. The very low yields were coming
to be seen as almost endemic to the protective systems; where the per design shortage of water
was further being aggravated by huge losses in the conveyance of water in the main and tertiary
system, and the Warabandi rotation resulted in astructural mismatch between water supply and
crop water requirement.

With continuing concerns about the level of productivity that was being attained in the IBIS,
the need to match the supplies more closely with crop water requirements became gradually
recognised at the policy level. In 1979 WAPDA stated the problem of mismatch between
suppliesand requirementsasbeing caused by: (i) inadequate water suppliesthroughout theyear;
(ii) limitations of the design canal capacities. In 1988 the National Commission on Agriculture,
from the Ministry of Food and Agriculture, attributed the low productivity to: (i) the chronic
inequity affecting thetail enders; (ii) shortages during critical periods of the crop growth cycle.
This led it to recommend the development of macro-level water management plans for the
distribution of irrigation water supplies morein line with crop water requirements. At the same
time, however, the Commi ssion cautioned itsrecommendati on with adding that such crop-based
initiatives should be started initially only on apilot scale. A similar recommendation was made
during the finalising of the Water Sector Investment Plan for Pakistan in 1990, when Kirmani
concluded that: “ Morewater can be made availablefor productive use by changing the historic
withdrawal pattern to a crop needs pattern, by ensuring equitable distribution and by
conjunctiveuse of surfaceand groundwater storage.” (Kirmani (1990), quotedin: Bandaragoda;
1998: 5). (Bandaragoda & Badruddin; 1992, Bandaragoda; 1998)

Although the need to transform the existing systemsinto amore productive formof irrigation
got thus more acknowledged at the policy level, acautious strategy was adopted. At the heart of
policy there remained a sense that water was inherently scarce within the IBIS, delimiting the
scope for productive modernisation. After all, on the level of the Indus basin, the situation
prevailed that there was simply not enough water readily available to enlarge the water
alocations for the different canals. This stance inhibited the formulation of a policy to tackle
the paradox of restoring equity — caused to aconsiderable degree by head-endersthat try to meet
their crop water requirements — and simultaneously better match supply with demand. The
ensuing strategy wasthusto limit any initiativesfor productiveirrigation to those circumstances
where the potentials for raising supplies to match potential crop water requirements arose. The
intention being to gradually utilise the extra water made available within the I1BIS — through
increased storage capacity by the IBP and future savings through reduction of |osses—to match
supplies more closely with requirements, on a case by case basis.

Theinternational donorsreacted on this strategy by each formulating one project that would
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explore the introduction of productive irrigation as a pilot case; the World Bank through the
remodelling of the LSC with Mardan-SCARP, and the Asian Development Bank with the
development of the new CRBC. Both thus took up the initiative the moment the opportunity
arose, at atime when there was no policy to address this modernisation in any of its technical
or institutional issues. Presumably the pilot projects were to define the issues and prepare the
grounds for the formulation of policies.

It isimportant to note that thistentative strategy for further devel opment of the IBIS has been
formulated in line with the leading paradigm of irrigation development at the time; it is based
on the discourse that the enhancement of productivity should be sought through maximizing the
crop yield per acre —aview firmly established by the successes of the Green Revolution. The
alternative discourse, that of seeking yield maximization per unit of water, has not been fully
considered as an aternative development strategy. Even though this might have been an
appropriate alternative for Pakistan (that would follow upon the traditional philosophy of
protective irrigation), where water remains scarcer than land, and has been studied and
propagated by some scientists (notably Shanan (1986 & 1992), Narayanamurthy (1993 a & b)
and Perry (1993)), it has nevertheless not been taken up for the case of Pakistan by either
scientists, policy makers or donors. Undoubtedly, an important consideration in the chosen
strategy has been its long term implications for the water control facilities in the IBIS. The
matching of supplies with crop water requirements would inevitably lead to necessary future
increases in storage capacity within the IBIS. This prospect has always featured high on
WAPDA'’s ‘wish list’ ever since the completion of the Lieftinck (1968) report, and is argued
fiercely in the recurrent discussions on the desirability to build Kalabakh Dam.

35 DISCUSSION & CONCLUSIONS

The eraof independence marked the externalisation of the design and development of irrigation
in Pakistan. The enormous effort and investment that was put into the IBP as part of the nation
building effort, unwittingly disrupted the continuous search for seeking further improvements
and innovations in the delivery and use of irrigation water. With the IBP, the financial,
conceptual, ingtitutional and policy resources were ‘distracted” for 25 years towards the
realisation of thegrand ‘vision’ of creating the largest integrated irrigation systemin the world.
In thisvision, the creation of atechnical control and regulation capacity of the water resources
at the national basin level stood central, together with the establishment of WAPDA as the
federal authority that would all ocate, regul ate and generally manage the national water resources.
Thisvision was strongly fed by the technological positivism that marked the era, in which the
faith in technology, and designed physical systemsin general, was nearly unbounded.

With the IBP, the system boundaries, and analysis, were set at the national/basin level, with
ascentral processtheacquisition, regulation and conveyance of the national water resources. The
central problem and solution in thisanalysiswas primarily defined as atechnical one, ashaving
to secure adequate water resources for maintaining and expanding the irrigated command area
in the Indus-basin. Water scarcity had become the central problem and delimiting factor for
irrigation; initiated by the explosive growth of run-of-the-river canal systems in Punjab and
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Sindh during the 1920s -30s, and aggravated by the effects of partition. The objectives and
purposeof thel BPwerethereby set to capture enough water through storagefacilities, and create
anational conveyance network, with which the existing and future irrigation systems could be
supplied with adequate amounts of water at the right time.

The sub-systems of the canal networks and the irrigated agriculture were in principle left
untouched during these first years of securing the water resources — or so it seemed. Irrigation
and water management in the canal systemswere meant to continue as before (i.e. as devel oped
and established during the numerous ‘ Crump remodellings’ of the 1930s-40s), under the daily
auspices of the Irrigation Departments. The new canal systems built during this period as part
of the expansion policy, were only physically new. Conceptually they wereall * Crump canals’,
the majority of which were even designed during the 1930s-40s. The success of this national
irrigation policy has mainly been achieved thanks to two factors: (i) the substantial expansion
of the irrigated command area from 8 million hain 1947 to nearly 14 million ha by the end of
the 1970s; (ii) the intensification of cultivation to substantial higher intensities than originally
envisaged in the designs. Both were achievabl e thanks to the increased capacity to capture and
convey water at the basin level as aresult of the IBP.

The SCARP-tubewell programme was a technical initiative that sought to find a technical
solution to the problems of water-logging and salinity that increasingly emerged. It was
conceived and introduced as a promising alternative to horizontal drainage. The latter was
deemed too costly to be borne by the new nation alongside the IBP. Moreover, the former
seemed promising by enabling the conjunctive use of surface and ground water, that would allow
for further intensification of cultivation.

With the increasing demands for water, the importance of the (formal) Warabandi as awater
distribution mechanism in times of water scarcity grew, asisreflected in the widespread rise of
formally drawn up Warabandi rosters sinceindependence. The strength of the Warabandi asthe
central institution in the regulation of day to day water management at the tertiary level, liesin
its unambiguous all ocation through proportional time-shares. With the Warabandi dlip (i.e. the
water right statement) every water user hasaclear claimon ‘her/his’ water. It is on the basis of
this clear-cut claim that water users can engage in negotiations and arrangements with each
other, striking balances between the ‘willingness to pay’ (i.e. acquire someone's turn) and
‘willingness to accept’ (i.e. foregoing one’'s own turn) — although hardly ever in economic
payments as far as canal water is concerned. The multiple deviations that do occur in practice
when the water availability permits, show that the water users, in general, possess a great deal
of ingenuity and determination to optimise and ‘flexibilise’ the Warabandi to their irrigation
requirements and strategies.

With the passage of time, however, the constraints of the IBIS increasingly came to the
forefront. Notwithstanding the successes in expanding and intensifying the command area,
problems of water scarcity, distribution and stagnating productivity within the canal systems
became increasingly evident by the mid 1970s. Studies on water management practices within
the canal systems—spurred by therestricted opportunitiesfor further expansion of the command
area — divulged problems of disproportional water distribution at the main, secondary, and
tertiary level. In case of the latter, high conveyance losses, water scarcity and the rigidity of
rotation were presented as the main constraints to increased productivity.
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Beforeindependence, canal remodelling and ‘tinkering’, in combination with the Chakbandi
process, formed effective substitutesfor the control mechanisms of allocation and maintenance.
These periodic re-configurations of canals served to strike new balancesin water allocation and
distribution, and adapt the irrigation system to the changes in the socio-economic and physical
environment. They formed the dynamic control mechanism with which periodicaly new
equifinal states for the system could be defined and established, as a process of seeking
continuous improvements and innovation. With the post-independence change in institutional
setting, however, the ID lost this primary control mechanism to manage, develop and improve
the irrigation systems. In essence, it became institutionally reduced from managers and
developers of irrigation systems to administrators of the government inventory of irrigation
infrastructure.

Thisinstitutional degradationwasnot only aconsequence of the shiftinresponsibilitiesinthe
task of design and development of irrigation, but was also further aggravated by the ensuing
competition for personnel. With the creation of WAPDA as the principal counterpart to the
foreign consultancy firmsin the design and construction of the irrigation facilitiesin the IBIS,
theirrigation department lost one of its principal rolesasinnovatorsand devel opersof irrigation
withwhich it had madeits name. Theimmediate effect wasthat bright managers and innovators
such as the Sharma’s, Jesson’s, Crump’s, Kennedy’s, and Lacey’s of the past, where drawn to
WAPDA, asit quickly became the place to be for civil engineersthat were interested in design
and construction. In the course of time, this led to a complete externalisation of the design
process. The designers (foreign and domestic) possessed little or no operation and management
experience, while the staff of the ID no longer possessed the experience, or the opportunity, to
engage in design and devel opment.

The increasingly evident deterioration of the canal systemsinto structurally disproportional
water distribution systemsisthe striking phenomenon of these post-independence devel opments.
That isto say, of the aggravated disproportionality that evolvedinto structural tail-end problems.
With the increasing evidence produced from the mid 1970s onwards, two developments took
place: (i) the myth of equitable proportionality in water allocation and distribution of the
‘ Crump-concept’ became propagated as the design target and standard of the ‘ good past age’,
rather than the conceptual ideal it once was; (ii) the ID quickly became stigmatised for being
incapable of maintaining those standards and principles for equitable water allocation and
distribution.

This mythol ogisation and stigmatisation was not only based on afalse ideal, but also on the
false premise that the judicial and managerial rules and procedures were geared towards the
maintenance of this ideal. As was argued in this and the previous chapter, neither of these
assumptions can be sustained. In the absence of any formal and specific commitment to awater
allocation and distribution principle, the water users were, and continue to be, deprived of an
essential meansto engage the 1D in any accountability process. Rather, they were thrown back
on the strategy of their forefathers, to engage in individual and discretionary negotiations with
Canal Officersto cometo arrangements on the appropriate size of the outlet and command area.

The problem is thereby not so much the occurrence of disproportionality as such, which has
always been inherent to irrigation in the Indus-basin, but the gradual and steady degradation of
the hydraulic properties of the canals. Asthe ID no longer had the means to strike new water
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allocation and distribution balances through hydraulic re-configurations and remodellings of
entire canals, any changes agreed by discretion, are by default at the deprivation of the tail.

The enormous increase in the pressure on, and competition for, irrigation water —illustrated
by the growth in population from approximately 60 million in 1947 to 140 million at present —
has strained theirrigation systemsin the basin by demanding ever larger quantitiesof water. The
pressure has found its natural and traditional accommodation in the discretionary water
alocation and distribution provisions of the Canal & Drainage Act and the management
procedures. In these arrangementsthe 1D hastried to accommodate theirrigation systemsto the
changing environment by formally or informally granting adjustments to the three primary
parameters of irrigation; i.e. Water Allowance, Cropping Intensity and Irrigation Duty. By the
end of the 1970s it was already clear that in the mgjority of the irrigation systems a complete
overhaul and revision of the water allocation and distribution arrangements was long overdue.
Asin the times of Kennedy and Crump, there was an urgent need for a Chakbandi process, in
which anew congruent balance can be struck between thewater availability, allocation, delivery
and use. As has become evident from the fate of Crump’sirrigation concept, thisis, however,
not only amatter of technical intervention to gain physical control on the regulation of the water
resources. Such an overhaul of the irrigation system clearly needed to be accompanied by a
revision of the Canal & Drainage Act and O& M procedures, in which aclear and specific water
allocation policy isembedded. Thislatter isaprerequisitefor theinstitutionalisation of clear and
specific O& M targetsand control mechanismsthat are specifically geared towardsthe operation
and maintenanceof theirrigation concept. Thediscretionary powersof the Canal Officersclearly
needed to be curbed and subjected to aprocess of accountability, in which the maintenance and
improvement of the overall irrigation concept and water delivery service are the primary
concern, rather than the ‘pressing’ needs of individuals and localised developments.

Theinstitutional and technical developmentsthat have taken place since independence, have
not contributed to the reform of the water management sector. The irrigation programmes that
were initiated concentrated on technical interventions to increase the capability to physically
captureand regulatethe conveyance of irrigation water throughout the BIS. Theseinterventions
did notinvolveany conceptualisationsof irrigation water management or water delivery service.
They ‘simply’ sought to establish the IBIS as abasin level system, in which the inherent water
shortage would be alleviated by increasing the water acquisition and conveyance capacity and
efficiency. In the face of institutional competition with WAPDA, the ID not only stagnated, but
its O& M capacity deteriorated. The SCARP-tubewell and OFWM programmes have led in this
ingtitutional environment to antonymous side effects. Therelative increase in water avail ability
these programmes yielded have, on the one hand stimulated the discretionary ‘ re-adjustments’
to the water allocation and distribution, while they simultaneously served to indemnify the ID
from the poor distribution within the canal systems by mitigating its effects. As such, these
programmes became poor surrogates for the remodellings of yesteryear. At the same time, the
high O&M costs for the tubewells strained the budgets of the irrigation departments further, at
the cost of regular maintenance.

Towards the end of the 1970s, however, the stagnating growth in irrigated agriculture gave
impetus to achanged approach inirrigation development for the IBIS. Clearly new concepts of
irrigation water delivery were needed, both technically and managerial. It was no longer asole
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matter of reducing the water scarcity, but of seeking higher productivity and efficiency in water
delivery and use, through innovation and modernisation of the water delivery systems. With the
decision set to seek to establish aform of ‘productive’ irrigation within the IBIS, by opting for
concepts of crop- or demand-based irrigation, the policy makers, donor agencies, WAPDA and
consultants entered straight into the management domain of the I D. Thisphase of modernisation
provided thus the opportunity to re-address, 50 years after the implementation of Crump’'s
concept, the issue of water allocation and distribution, by striking a new congruence between
water availability and use. Fromthe success and shortcomingsof theimplementation of Crump’s
concept it isevident that such aconceptualisation for modernisation needsto beinternalised and
institutionalised within the ID. Not only in the realms of technical and hydraulic water control
and its operational targets, but also in the realms of water management, in which the allocation,
scheduling and maintenance procedures are specifically and explicitly geared towardsthe O& M
of the concept. How the modernisation initiatives have fared in this challenge, isthe topic of the
following chapters.



CHAPTER FOUR

DESIGN & CONCEPTUALISATION OF A RESPONSIVE
WATER DELIVERY SERVICE

—

THE CASE OF MARDAN-SCARP

41 INTRODUCTION

The previous chapter shows that the extensive and long running ‘ protective’ irrigation systems
of the Indus Basin wereincreasingly running into problems. By the 1980sthe moment had come
to readdress the developments in irrigation by exploring the possibilities to depart from the
traditional protective mode of water delivery and aim, instead, for amore ‘ productive’ mode of
water delivery more in response to the actual crop water requirements. The North Western
Frontier Province (NWFP) provided excellent opportunitiesto commence thisinnovation, asit
had arelative surplus of water available to meet future crop water requirements.

Thedevelopment of the new ChasmaRight Bank Canal (CRBC) and the modernisation of the
existing Lower Swat Canal (L SC) by the Mardan-SCARP project (seefig 4.1), both initiated at
the late 1970s, were thefirst interventions in the Indus Basin that explicitly sought to establish
such a new mode of water delivery and distribution. For the first time, these projects aimed at
establishing anew irrigation concept in which the operation and management of water delivery
would be specifically geared at responding to the crop requirements. Both projects, though
different in scope and detail, were meant to introduce, for Pakistan, new technologies in
infrastructure and new operational procedures that would enable the management of varying
flows in response to changing crop water requirements. At the time of their inception these
projects seemed to exemplify a new phase in the development of the Indus Basin, in which a
modernisation of the irrigation sector would beinitiated by coordinated efforts in adapting the
irrigation policy, management and technology to meet the requirements for increasing
productivity.

This chapter will treat thisfirst phase of irrigation modernisation in Pakistan by scrutinising
the conception, design and implementation of the Mardan-SCARP project. Firstly it will treat
the processof conceiving anew concept of modernirrigation for Pakistan, and the objectivesand
assumptions set and made in choosing for crop-based irrigation. The modernisation of LSC by
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Fig. 4.1: Project Locationswithin IBIS
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Mardan-SCARP is then treated in some detail. First in how the notion of crop-based irrigation
has been trandlated into a detailed design in which particular choices have been made on water
control and operational management, and its devel opment into anew system. Section 4.4 details
how the modernised L SC should be operated and managed, according to the Mardan-SCARP
O&M manual. The central issue here is the way in which the project conceived new water
scheduling and distribution mechanisms, expecting thereby the water users and the ID to
radically transform their water management practices, without giving adequate attention to a
process of change management to realise such atransformation. Section 4.5 treats the ensuing
conflict between the Mardan-SCARP project and the ID, in which the choice of outlet, and the
issue of water schedulinginresponseto water requirementscumdemandsbecame contested. The
section ends with the subsequent pilot project that was undertaken to address the operational
management issue, but which failed to settle the conflict as it focussed primarily on
demonstrating the advantages of demand-based irrigation, rather than on testing and working out
practical operational proceduresfor the new canal system. The final section (4.6) concludes by
showing the eventual repudiation by the ID of the demand-based irrigation concept and the
O&M proposals of the project.
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demonstrating the advantages of demand-based irrigation, rather than on testing and working out
practical operational proceduresfor the new canal system. The final section (4.6) concludes by
showing the eventual repudiation by the ID of the demand-based irrigation concept and the
O&M proposals of the project.



Design & Conceptualisation of a Responsive Water Supply Service 113

42 THELOWER SWAT CANAL & ITSIRRIGATION PROBLEMS
4.2.1 100 Yearsof Irrigation in the Lower Swat Canal

The Lower Swat Canal, positioned in the Peshawar Va e covering the plain between Charsadda
and Mardan (seefig 4.2), wasthefirst irrigation cana in NWFP to be built by the British. When
is was commissioned in 1885, it had no particular features that discerned it from the other
systems built in the Indus Basin. It was built as atypical run of the river protective irrigation
system that served a modest command area of 60,000 ha (149,105 acres GCA) by taking its
water from the Swat River at Munda. In contrast to the Punjab, it crossed aterrain which had a
relatively steep slope and was cut by a number of natural drains. The distributaries and minors
thus featured relatively more drop and cross structures. In terms of water availability and
distribution, however, the L SC wasjust acommon system of itstime, providing relatively scarce
water through Warabandi rotation. The irrigation duties by which it was operated did not differ
significantly from any of the other systemsin India (seetable 4.1).

In 1935 the L SC, like most of the other systemsaround that time, was remodelled according
to Crump’s water control concept. In addition to the new APM and Open Flume outlets, a
movable control weir was constructed across the Swat river at Munda headworks in order to
secure the intake during low flows. Henceforth, the irrigation water could be supplied to the
60,000 ha on a continuous basis by the ID by operating 25 water control points (mainly at the
heads of the distributaries and minors) and monitoring 95 gauges.

After commissioning in 1885 the command area was relatively quickly developed,
establishing irrigation intensities of 70 percent annually during the first ten years and settling
around 120 percent for the next fifty years after full devel opment of the command areawith the
completion of Kalpani distributary®in 1897 (seefig. 4.2). With arelatively modest capital cost
of Rs 28 per irrigable acre, the LSC thus became quickly an ‘administratively productive’
system, yielding a good 11 percent net revenue on capital outlay between 1913 and 1918
(Buckley, 1920). By the time of moduling the L SC canals along Crump’ swater control concept
in 1935, irrigation became fully developed, marked by a shift in cultivation practice in that
henceforth the Kharif cropping intensity would exceed that of the Rabi season (seefig 4.3); an
indication that more high value perennial crops— such as sugarcane and orchards — were being
cultivated.®®

62 Although Kalpani distributary ishydraulically part of the LSC system asit takes-off from distributary # 9 (i.e.
tail main canal), iswas not taken up in the modernisation conducted by Mardan-SCARP asit isadministratively
part of the Swabi sub-division of the Irrigation Department that is responsible for the O& M of the Upper Swat
Canal. Kalpani was therefore modernised/remodelled as part of the Swabi-SCARP project, that made
substantially different design choices than Mardan-SCARP. Both Kalpani and Swabi-SCARP arereviewed in
detail in chapter seven.

The increase in perennial crops has a marked effect on the statistics of irrigation intensities, since these crops

are counted only once, during the Kharif season, and subsequently lead to an undervaluation of the Rabi
intensities.
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Table4.1: Irrigation Dutiesin Indian Canals 1913 - 1918 [acr es/cusec]
Rabi Kharif
13/14 14/15 15/16 16/17 17/18 13 14 15 16 17
United Provinces
Betwa Canal 286 154 214 121 133 68 12 21 45 23
Ken Cana 44 113 116 129 136 57 40 56 51 41
Upper Ganges C. 206 262 215 183 202 | 146 115 126 125 156
Lower Ganges C. 254 209 225 214 183 | 130 117 99 88 127
AgraCand 215 213 184 136 121 ] 165 139 103 163 149
Eastern JumnaC. 226 199 225 210 194 | 125 127 116 140 125
Rohilkund Canals 150 116 126 148 151 | 129 106 123 87 120
North-West Frontier P.
Lower Swat River C. 194 239 222 196 223 | 118 120 117 133 130
Kabul River C. 98 106 101 83 266 80 101 80 93 99
Punjab
Western Jumna Canal 158 135 186 150 155 | 110 107 82 120 108
Sirhind Cand 202 165 222 183 158 94 120 99 92 87
Upper Bari Doab C. 219 240 263 285 267 | 110 113 83 117 132
Lower Bari Doab C. 163 65 119 149 105 25 76 45 79 87
Upper Chenab C. 52 32 102 72 90 61 438 51 97 86
Lower Chenab C. 236 190 230 230 197 73 74 73 79 95
Upper Jehlum C. 110 106 72 61
Lower Jehlum C. 166 181 179 216 179 81 80 67 89 91
Bombay
Nira Canal 225 176 94 102 891 197 179 186 170 95

4.2.2 Problem Definitions and Objectivesfor Modernising LSC

(Buckley; 1920)

Theformulation of the Mardan-SCARP project took five years, from 1977 to 1982, to cover the
different planning stages reflected in the Project Planning Report (1977), the Staff Appraisal
Report (1979), Final Project Plan (1981), and finally the mandatory PC-1 (1982). The project
had been set up as a multilateral aid project jointly funded by the International Development
Agency (of the World Bank), the Canadian International Development Agency and the
Government of Pakistan. The project wasimplemented jointly by WAPDA and the Government
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of NWFP, with the aid of Harza/lNespak Consultants and the Canadian Drainage Team.

The problem analysisin the early stage of Mardan-SCARP was fairly straightforward and
concentrated on the ailments of an aging system. From 1935 onwards the irrigation intensities
in the LSC had been steadily rising to alevel of 150 percent (see fig.4.3) according to official
statistics, eventhoughthewater intakefor irrigation remained at its 1935 design capacity of 28.4
m?3/s (1000 cusecs)®, or 0.53 I/s'ha. Water had thus been getting gradually scarcer by the year.
Particularly thetail-end areas of the distributarieswereincreasingly affected by water shortages.

As in other areas of the IBIS, the LSC was increasingly facing problems with the double
menace of water logging and salinity in its command area as a result of arising water table
during anear century of continuousirrigation supply. Even though the L SC possessed relatively
good natural drainage facilities when compared to systems in Punjab and Sindh, about half of
its command area was assessed as being affected by water logging or salinity by 1980.

The*traditional’” SCARP method to tackle such problems through the massive installation of
deep tube-wells to lower the water table and provide for additional irrigation water had come,
by the late 1970s, under discussion for its disappointing effectiveness and high operation and
maintenance costs. By making use of the opportunity to use extra river water, the Mardan-
SCARP project intended from the outset to seek asol ution by devel oping anintegratedirrigation
and drainage system. The water logging and salinity menace was to be tackled through the
implementation of a surface and sub-surface drainage system designed to maintain the water
table at sustainablelevels, whiletheirrigation system wasto be modified to meet the crop water
and salt leaching requirements in order to reach a sustainable salt balance in the root zone. As

Fig. 4.3: Historic Cropping Intensitiesfor Lower Swat Canal (1887 - 1947) [%]
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% Theofficial design capacity of LSC in 1935 was 700 cusecs. However, the officially authorised discharge was
raised to 830 cusecs, and could be exceeded temporarily during the season to 1000 cusecswhenever river flows
aloud.
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thelatter element implied that future irrigation deliverieswould have to anticipate, and respond
to, cropping patterns, the objective to transform the LSC into an ‘agriculturally productive’
system, by supplying irrigation water in response to actual requirements, was added at an early
stage of the project. It wasfelt, that with the considerable investment to be made with Mardan-
SCARP, the L SC should be gradually transformed into a demand-based system without further
large investments in the near future.

TheMardan-SCA RP design and implementation team—consisting of WAPDA, Harza/Nespak
and the Canadian Drainage Team —were thus entrusted with the task to remodel the L SC system
according to the following three main modernisation objectives:

»  Toraise the water delivery capacity of the system to the extent that it would be able to
meet the future crop water and salt leaching requirements,

»  To provide for drainage facilities that would maintain the water-table at productive
sustainablelevel sand furthermoreallow for reclamation of water logged and salinesoils;

»  Providefor irrigation facilitiesthat would allow theirrigation operationsto be gradually
transformed into a‘modern’ demand-based responsive water delivery service.

Sincethefirst two objectives provided fairly straightforward technical guidelinesfor thedesign,
the project team concentrated from an early stage on the extensive design and construction work
to be done. Although the third objective has a number of implications for the structuring and
organisation of operational management, the project team seems to have regarded it mainly as
a technical design issue. In the end, Mardan-SCARP met the objectives by technically
refurbishing the L SC system so that demand-based irrigation would be technically possible in
future, seemingly assuming that the gradual transformation of operations would be carried out
after the implementation of the design by management specialists. In the next paragraph the
conversion of these objectivesinto a concrete design for Mardan-SCARP will be presented, in
order of complexity and difficulty of resolution.

43 INFRASTRUCTURAL DEVELOPMENT: WATER DELIVERY & CONTROL
CONCEPTS

4.3.1 The Drainage Network

The major part of the Mardan-SCARP project comprised of the design and construction of the
drainage system, and constituted a technical innovation for Pakistan in that for the first time an
irrigation system became fully integrated with a sub-surface and surface drainage network. As
the use of sub-surface drainagetechnology wasrelatively new to Pakistan, the project team gave
alot of attention to determinethe physical design parametersthrough extensive surveying of the
project area and determination of the hydrologica water balance. Basing the drainage
requirements on the 1in 5 wet year, the design cropping pattern determined by the project and
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assuming that crop water requirements would be fully met by irrigation, the project defined the
following design criteria/parameters:

» A design water table depth of 1.07 m (3.5 ft);
» A drain centre depth for sub-surface drains of 1.98t0 2.13 m (6.5 - 7.0 ft);
» A design drainage coefficient of 3 mm/day.

Besides being determined as the economically optimal depth, the drain centre depth of 6.5 ft
would also ensure that during periods of no recharge the water table would fall sufficiently low
to prevent salinisation of the root-zone through capillary risein the predominantly loamy soils.
In order to maintain a sustainable salt balance below 1400 ppm at the bottom of the root-zone,
the leaching requirement was determined to amount to 165 mm/year (6.5 inches/year). The
hydrol ogical water balance, however, determined that thisleaching requirement would beamply
met during an average year when theannual ground water recharge— culminating from effective
rainfall and irrigation applications —would amount to 335 mm/year (13.2 incheslyear). (Harza-
Nespak; 1984)

Based on these design parameters, the ensuing drain spacing amounted to 80 - 140 m (260 -
460 ft) depending on the specific soil conditions. Making use of PV C drain materials, agravel
envelop and mechanical installation, the cost for construction of the sub-surface drainage alone
was budgeted for US $1,250 per ha (US $500 per acre) (in 1984 value), when commissioned in
contracts of 10,000 ha (25,000 acres) to take advantage of economies of scale. The construction
of the sub-surface drainage system was carried out in two phases; the first one covering of
10,676 ha (26,689 acres) CCA was carried out from 1982 to 1986, while the second one covered
another 23,607 ha (59,018 acres) of CCA and was completed in 1992,

In addition to the sub-surface drainage, the surface drainage was completely remodelled to
accommodate the sub-surface drainage flows and additional surface drainage. In total some 480
km (300 miles) of surface drains —the majority already existing — were re-dimensioned by the
project to divert the drainage water of the LSC back into the Indus Basin through the Swat and
Kabul rivers. The secondary surfacedrainswere dimensi oned to accommodate the surface runoff
of alin 5 year 6 hour rain storm of 50 mm (2.0 inches) with a maximum intensity of 23
mm/hour (0.9 inches’hour). However, in order to collect the sub-surface drainage outflow,
disposed of at atertiary collector depth of 2.4 - 2.7 m (8 - 9 ft), the secondary surface drains had
to be deepened to around 3.4 m (11 ft) below surface. Thislatter design criterion proved in most
casesto providefor ampledischarge capacity. Besides collecting the sub-surface drainagewater,
surface drain outlets were constructed every 450 m (1,500 ft) along the secondary surface
collector drainsin order to providefor tertiary surface drainage opportunities. After completion
of the drainage works, Mardan-SCARP had thus created a rather unique situation for Pakistan,
inwhich 50 percent of the CCA was provided with an adequate sub-surface drainage system that
could accommodate 3 mm/day, and every tertiary unit bordered to asecondary surface collector
drain into which it could dispose any quantities of surface drainage water it wanted.
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4.3.2 Thelrrigation Network and its Water Delivery Capacity

The design and development of the irrigation system proved to be considerable less
straightforward than that of the drainage system. From the on-set — as explicitly formulated in
the Final Project Plan (FPP) — the objective was set to transform the L SC in a demand-based
irrigation system. A notion that clearly captured the intention to transform the LSC into an
‘agriculturally productive’ systeminwhichthe crop water requirementscould bemet by varying
theirrigation water supplies according to crop needs. However, asadesign objectiveit was still
abroad and general guideline — particularly if considered when it was formulated® —, leaving
the project team to define the degree and method of water supply variation, and congruent water
control technology, for which the system should be designed. Asaconsequencethe project team
was thus entrusted with defining, through its design, the methods and procedures of operational
management by which the system should be used (defining new rolesand tasksfor the Irrigation
Department as well asfarmers) — rather than being guided by explicit design criteria stemming
from well-defined operation methods and procedures by which the system was planned to be
used. Mardan-SCARPwasthus set-up in such away, that the project team had to make anumber
of critical decisions in its design of the irrigation system that would have far reaching
implications for the institutional set-up of the future water management arrangements.

With the need to establish concrete design criteria, the project structured the design of the
irrigation system around the obj ective of having to meet crop water requirements. Asafirst step
(as part of formulating the FPP) it set out to determine the required capacity of the system. For

Fig. 4.4: Design Cropping Pattern for Mardan-SCARP [%]
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% One should take into account that the classification of clearly defined types and methods of irrigation delivery
scheduling (such aslimited rate demand, arranged, limited rate arranged, fixed duration arranged, etc.) wereonly
formulated by the ASCE in 1987 (Clemmens, 1987a & b).
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this purpose, and subsequent design criteria, it defined adesign cropping pattern with an annual
cropping intensity of 180 percent (see fig. 4.4). The design cropping pattern implies thus an
increase in agricultural production by raising the projected cropping intensity from 150 to 180
percent, withamodest increasein perennial and cash crops; setting sugarcane at 30, tobacco and
sugarbeet at 10 and orchard and vegetableat 5 percent.®® Combining this design cropping pattern
with the average climatol ogical datafor the project area, the expected crop water requirements
and their temporal variation were determined and used for the definition of subsequent design
criteria.

Using the crop water requirements of the design cropping pattern aswater delivery targetsfor
the remodelled irrigation system, the following design criteria and parameters were defined:

» lrrigation application efficiency of 75 percent;
»  Water course conveyance efficiency (after remodelling) of 80 percent;
»  Effectiverainfall determined using USBR method,;
»  Water delivery capacity criteria
Command Area Delivery Rate Delivery Capacity
(CCA) (QT)
[acres] [cusecs/1000 acres]  [cusecs)
<100 Separate Outlet not provided
100 - 200 19 (1.34 1/5/ha) QT=0.019(CCA)
200 - 10,000 19-11 QT= 0.040(CCA)"0.86
> 10,000 11 (0.78 1/5/ha) QT=0.011(CCA)

»  Canal delivery conveyance losses of 283 I/s per 93 thousand sgquare metres of wetted
perimeter (10 cusecs per million square feet), or Q(L) = 0.13 (Q(T) 0.5) * L, in which
Q(L) isthe seepage loss in cusecs, Q(T) the capacity at tail of reach in cusecs, and L
length of reach in canal miles.

»  Beableto control variationsin water supply accurately, so that the calcul ated variations
in irrigation requirements can be met (seefig. 4.5).

Thewater delivery capacity at the water course head was thus set at 1.34 1/s/ha (19 cusecs/1000
acres) for command areas ranging between 40 - 80 ha (100 - 200 acres), in order to meet the
expected crop water requirements. Although the peak water requirementsof the design cropping
pattern were determined to amount to 0.78 I/s/ha (11 cusecs/1000 acres), the design team
recognised that in practicetherealised cropping patterns could be different than the one assumed
for design. By setting the maximum delivery capacity at 1.34 |/s/ha, the design provided for the
flexibility for farmersto diverge from the design cropping pattern and still be able to meet their

% However, if one takes into account that the official cropping statistics are undervaluing the actual realised
cropping intensities because perennial crops are only accounted for once a year, the design cropping pattern
would represent an official cropping intensity of only 155 percent. In terms of cropping intensities this would
thus hardly represent a significant rise in productivity. This has been acknowledged in the Final Project Plan,
whereit is stated that the planned for cropping intensity of 180 percent is not significantly higher than the pre-
project realised 175 percent (Harza-Nespak, 1981). However, in later documents only the official statistics of
150 percent are mentioned, thus giving the incorrect impression that the project was aiming for a 30 percent
increase in cropping intensity.
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peak crop water requirements. That isto say, the value of 1.34 I/s/hais based on the trade-off,
that it would allow for thefull irrigation of all crops, except sugarcane which would havea 10 -
20 percent water shortage during the month of June. The overall capacity of the system,
however, is based on the design cropping pattern, and thus a tertiary unit delivery capacity of
0.78 I/s/ha, expecting thus that, on average, the realised crop water requirements would not
exceed that of the design cropping pattern. An expectation that was defended explicitly in the
project documents by arguing that the objective was mainly to raise the crop yields, rather than
enhancing the cultivation of cash crops.

Thisrelative over-dimensioning of the canal capacities at the lower levels of the secondary
and thetertiary system was donewith the clear intention of establishing aform of demand-based
water delivery service. Thisiscommon practicein order to avoid that the capacity of the system
will act as a constraint on the freedom of the water users to demand cum request for the water
delivery they requireto meet their crop water requirements, and assuch will curb the managerial
flexibility that demand-based systems seek to provide. This is, however, only intended to be
made use of to temporarily meet higher than ‘normal’ and localised peak water requirements, as
the main system capacity can not provide such higher than ‘normal’ peak water requirements
when they would occur on alarge scale and simultaneously. The premisebeing, that itisrealistic
to assume that farmersin the course of time may diverge from the assumed/designed cropping
pattern and thereby exceed the anticipated peak water requirements. The system is hence
designed to cope with this, aslong as this does not occur on a massive scale and/or the higher
peak demands are staggered over time. Aslong asthese conditionsare met, farmersarethusfree
to choose their cropping pattern and intensity (as has been common practicein the Indus-basin
where crop localisation was never practised, unlike in India (cf. Mollinga; 1998)). The lower
capacity at the main system (i.e. that of 0.78 |/s/Thacompared to 1.34 |/5/ha) is supposed to work
asaconstraint on the massive exceedance of the ‘normal’ anticipated peak water requirements.

Fig. 4.5: Mardan-SCARP Irrigation Requirementsat Water Course Head
for 400 ha (10-day periods) [I/g]
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Whether this constraint will be effective, depends on the extent to which the peak water
requirements of the assumed/design cropping pattern reflects the actual realised average peak
water requirements, and on whether the actual delivery capacity of the main system is indeed
limited to arestricted supply.

Thecapacity of the LSC wastherefore enhanced to carry amaximum design discharge of 54.9
m?®/s (1940 cusecs). A delivery rate with which it would be able to meet the determined peak
irrigation water requirements of 0.78 |/s/ha during the five 10 day periodsin May and June (cf.
fig. 4.5). Of these 54.9 m¥/s, 7.3 m¥s (or 13 percent) were expected to be lost through seepage
inthe main distributary system up to thetertiary unit. In order to accommodate thisnew delivery
capacity, theintake of the LSC was doubled by adding anew intake structure at Munda, parallel
and in addition to the old intake structure. The carrying capacity of the 35 km (22 miles) of main
canal, 112 km (70 miles) of branch canalsand 133 km (83 miles) of minor canalswereincreased
by deepening and widening of the existing canal infrastructure. The remodelling of these canals
was done through the application of the Manning equation for open channel s, using amaximum
velocity criterion and empirically determined roughness coefficients. Theuse of Lacey’ sregime
equation was discarded because the remodelling had to make use of the existing bed slopes.®’
Theroughness coefficientswere determined on anumber of measurementstaken for thispurpose
at the LSC and USC.

4.3.3 Water Control Concepts & Facilities

In order to be able to meet the variations in crop water requirements in a precise and adequate
manner the design had to provide for more water control options. The anticipated operation of
varying delivery schedules required an active control of discharges— as opposed to a control of
merely water levels—at different level sof the system. Eventhough the project wasawaysaimed
at agradual transformation of the system'’s operation, the intention has been for the design to
prepare the LSC for the highest level of envisaged water control — i.e. the one that would be
required for the last stage of water control. Envisioning a highly responsive (48 hrs) demand-
based irrigation water supply system, the design thus sought to maximize the water control
options.

First, a crucial, but obvious, change in water control had to be made at the pivot of water
management: the outlet. Provisions had to be made at thisdelivery point to actively regulate the
discharge in order to meet varying crop water requirements cg. demands. At the time of
formulation of the FPP, however, the project proposed to introduce these flow regulation gates
for outlets at a later stage. Anticipating a gradual transformation of canal operations, the FPP
came up with an outlet design that consisted of a‘gated APM” (see fig. 4.6). Initidly, it was
proposed, the pre-fabricated outlets would be installed as ‘original” APM with the roof-block
fixed in place. While at alater stage, the fixed roof-blocks would be replaced at relatively low
cost with a movable regulation gate enabling the active control and regulation of varying

7 Accordi ng to the design team the use of Lacey’s regime equation would lead to substantial flatter and wider
canals due to the increased capacity; features which were deemed undesirable for the remodelling of existing
canals.
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Fig. 4.6: Gated APM Outlet; Mardan-SCARP design as presented in FPP
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discharges. Basically, thedesign proposedto transformthe* traditional’ APM at alater stageinto
Crump-deGruyter outlets, beit with a straight edged gate instead of the rounded off gate of the
original Crump-deGruyter (cf. De Gruyter; 1926, 1927a& b, Bos; 1976). However, during the
design phase of Mardan-SCARRP, this proposal was dropped for non-documented reasons, and
replaced by another outlet design.

Theinitially proposed ‘ modified’ or ‘regulable APM’ outlet was replaced during the detailed
design of the LSC with the American-type Metergate outlet. Although it is not clear why this
important design decision was made at this stage of the project, nor how it was reached
(Bandaragoda, 1998), it represented an accel erated introduction of ‘modern’ canal operations.
Theintroduction of the Metergate outlet (seefig. 4.7) implied animmediate switch to controlled
discharge operations at the 520 outlets of the LSC. The hydraulic conditions of the Metergate
outlet, which operatesunder submerged conditions, would requirethat thel rrigation Department
take immediate active control over an additional 520 water control and regulation points. The
loss of hydraulic jump at the outlet would no longer permit for the gradual transition of
operations as planned, in which the first phase would have alowed for the replication of the
passive proportional water distribution (Harza-Nespak, 1981). Perhaps the choice for the
M etergate was born out of the requirement to adjust the delivery rate accurately and frequently
when the canal operations would be conducted in response to demands placed 96 and 48 hours
in advance. This was suggested for the third and fourth operational transition phases in the
operation and maintenance manual produced by the project, in which also the Metergate was
introduced asthe chosen outlet. Although the M etergate has a proven record for such conditions
in the US achieving discharge measurement accuracies of 3 to 6 percent, the Crump-deGruyter
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Fig. 4.7: Metergate Outlet

(Bos; 1976)

outlet would have performed just aswell with proven accuraciesof 3 percent whileretaining the
hydraulic jump (Bos, 1976). Moreover, the Crump-deGruyter has the added advantage it is
basically amodified APM outlet on which the roof block is made regulable by transforming it
into adliding gate.

For the design of the water control structures of the main and distributary system, it was
decided that the variations in water delivery would have to be achieved by:

»  operating the main system under steady-state hydraulic conditions;

»  matching the varying water requirements cum demands by varying the intake of water
at the headworks at Munda accordingly — i.e. no water storage facilities would be
provided for in the main system.

In order to makeit possibleto control the flow variationsthroughout the system under the above
conditions, thedesign aimedto providefor control and regulation facilitiesof discharges, aswell
as water levels, at al the maor distribution points. Obviously, all head-regulators of
distributariesand minorswerethereforeto be supplied with dischargeregul ation gates; for which
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the project chose the classic undershot diding gate, which can also operate under submerged
conditions.

In order to control, and possibly regulate, the water levels (and hydraulic heads over off-take
structures) the design sought to make maximum use of the potentials provided by the 221 drop-
structures in the system. As these structures had to be remodelled in any case to accommodate
the new discharge capacities, it made sense to optimise them simultaneously for the purpose of
water level control. The design came up with two types of drop/control structures. The big drop
structures in the large distributaries (No 6, Nisatta Branch, No 8 and 9) were fitted with one or
two radial undershot gatesfitted on top of rectangular inclined drops, which dueto the available
drop could operate under free-flow conditions. The remaining drop-structures(i.e. the majority)
were designed and constructed as rectangular inclined and vertical-check drops, depending on
the size of flow and the height of drop. For the control and regulation of water levels, the design
proposed that these drop-structures would be fitted out with vertical undershot sliding gates at
a future stage, when the third and fourth phase of demand-based operations would come into
effect. Consequently, these structures do not possess theideal hydraulic features to function as
overflow cross-regulators during the period they have to be used without gates and asthey have
been constructed. The overflow sectionisdeliberately kept small to the size of thefuture gate(s),
operating under asmall head to allow for future undershot operations. Naturally, the ‘ temporal’
overflow weirs are neither sharp or broad crested, so that they are also not very suitable for
discharge measurement.

In addition to the discharge and water level regulatorsfor the delivery of irrigation water, the
design also provided for the construction of wasteways at every head and tail section of
distributary and minor canals. Although these wasteways could have been taken up inthe design
asanintegral and crucial part of thewater control strategy, thishas not been the case. According
to the design criteria in the FPP,* Canal wasteway structures serve two major purposes. (1)
disposal of excesswater reaching the canal and (2) dewatering of a section of canal for routine
maintenance or emergency repair of a damaged section of canal” (Harza-Nespak; 1981:iv-24).
Basically they were thustreated as ordinary drainage and emergency featuresfor the protection
of thecanal infrastructure. A notionthat issupported by thefact that thesewastewayshave never
been built. Theinitial design, however, proposed that each head reach of adistributary or minor
canal would befitted with aside-channel spillway and agated turnout; the latter to be equipped
with amanually operated vertical slide gate. The type of wasteway structure to be fitted at the
tail reach of the distributary and minor canals, was not further specified other than that it would
bea®simple” structurethat would allow the diversion of water into the surface drainage system.

Besidesthe crucial water control structures needed for operation, the design also included the
necessary conveyance structures such as siphons and aqueducts and transportation facilities as
roads and bridges, which had all to be remodelled in order to accommodate the new increased
design capacities of the channels.

The preliminary design presented in the FPP expected that the total remodelling of the
irrigation infrastructure of LSC, comprising of remodelling approximately 945 structures and
earthwork of 2.3 million m* (3.0 million yd® ), would be completed in six years without
interrupting the supply of irrigation water to the fields. Due to a conflict on the desirability of
installing M etergate outlets, however, the actual construction of theirrigation workstook much
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Fig. 4.8: Mardan-SCARP Design Water Allowance at Distributary Head [I/5/ha]
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longer, and wasfinally completed in slightly modified form in 1994. Except for the outlets and
wasteways, the design has been implemented according to the detailed design, as described
above. As aresult, the carrying capacity of the LSC canals was more or less doubled as when
compared with the situation prior to the project (see fig 4.8).%

44  TRANSFORMING OPERATION & MANAGEMENT: CONCEPTS OF
DESIRABLE PRACTICES

“ An effective operation and mai ntenance programfor anirrigation and drainage project
isimperativefor its success and therealization of the maximum long-term benefitsfrom
the constructed or rehabilitated project. No matter how well constructed, an irrigation
or drainage system fulfills its intended function only when properly operated and
maintained. [...] [The manual’s] function is to outline and discuss the necessary
operation and maintenance procedures which must be followed if the project is to
function asintended and continueto function satisfactorily over itsdesigned lifespan.”

(Mardan-SCARP Operation and Maintenance Manual, emphasis added, Harza-Nespak;
1985: 1)

% The new water allowances as based on the desi gn capacities of the canals are dightly different due to the
differencesin command area, which results in different maximum capacities asin accordance with the design
capacity criteria presented in section 4.3.2.
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4.4.1 Organisational Structuring for the Management of Demand-Based Irrigation

Theseintroductory remarksto the Operation and M aintenance manual give an impression of the
ways of thinking adopted in the design and construction of the remodelling of LSC by the
Mardan-SCARP project. They convey the message — almost unconscioudly, asif it isthe most
natural way of modernising irrigation — that the project has painstakingly devised a modern
irrigation system that fulfills the highest standards of the field and now, in order to work
properly, will have to be put to use in accordance with those standards. It makes clear that the
approach adopted for modernisation was to introduce new externally available technology and
concepts, and subsequently train the usersin their water management practicesfor their correct
application. The O& M manual produced by Mardan-SCARP was clearly intended for thislatter
purpose, and as such providesuswith apicture of what kind of irrigation system the project team
had in mind when they designed the system. Asit triesto spell out thenew O& M proceduresthat
it expects the ID and water users to adopt to make effective use, as intended, of the new
irrigationfacilities, it revealssome of the crucial design assumptionsthat have beenmade. It also
reveals the high expectations the project has placed in the capacity and willingness of ID and
water users to adapt their water management practicesto its design. As such, the O& M manual
epitomises the adopted design strategy and project set-up of Mardan-SCARP, which has been
primarily governed by seeking an ‘optimal’ technical solution and facility for the creation of
demand-based irrigation, rather than customisethefacilitiesfor O& M proceduresthat have been
planned and developed in advance (or alongside the design) in conjunction with ID and water
users.

Targets and Objectives for I nstitutional Change

Realising that the shift towards demand-based irrigation requires quite a change in water
management practicesfrom both | D and water users, and in accordance with the proposal s of the
FPP, the O&M manual describes four operational phases that gradually increase the
responsiveness of water delivery and ultimately lead to the intended demand-based operations.
In defiance of the recommendations of the FPP, the first phase for operations starts aready
immediately with controlled variations of water deliveries, requiring thusthe I D toimmediately
change their system’s operation from the moment of commissioning. The four phases of
operation, as described in the O&M manual, are:

»  Centrally Determined Scheduling This operational phase, as an introduction to demand-
based and crop water requirements sensitive operations, foresaw that the | D would adjust
the supply rates in accordance with the mean crop water requirements. Based on the
design cropping pattern and the mean climatological datafor Mardan, the O& M manual
calculated the mean crop water requirements and subsequently tabulated the ensuing
water indents at water course and canal heads for each ten day period. The manual
proposed that the D would follow these cal culated and tabul ated water indentsas afirst
acquaintance with the concept of controlled variations in water supply. The imposition
of these supply variations would, according to the manual, simultaneously provide the
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water users with alearning phase in which they could get acquainted with the concept
of crop water requirements.

»  Centrally Determined Crop-Based Scheduling This second phase proposed that the 1D
would adjust the variations in water delivery in accordance with the actual crop water
requirements. I nstead of thetabul ated water indents of the O& M manual, the D wasthen
supposed to determine the water indents ‘freshly’, by calculating the actual crop water
requirements on the basis of up to date recorded cropping patterns and monitored
climatic conditions. For water users this phase constituted, according to the manual, a
period of continued refinement of their knowledge and application of crop water
requirementsin their water management practices.

»  Arranged-Demand Scheduling Inthisthird phase of irrigation operation, the water users
were supposed to play an active role in scheduling water deliveries, by placing their
irrigation demands— expressed asa specific rate (discharge) —through their Water Users
Associations (WUA) 96 hours in advance with the ID. The ID was then supposed to
accumulate all the demands and prepare the water indents for canal and water course
heads, and vary the water supply accordingly. The manual does not, however, specify
whether the water users would be restricted to place their demands on specific days (i.e.
resulting in fixed scheduling cycles of four days), or whether they would be freeto place
demands, or changestherein, whenever they likeaslong asit is96 hoursin advance(i.e.
possibly resulting in daily scheduling and flow variations).

»  Arranged-Demand Responsive Scheduling This fourth and final stage of irrigation
operation, which presumably constitutesthe intended function of theremodelled LSC as
envisioned by the designers, is basically the same as the previous phase with the
difference that the time required for placing an irrigation demand in advance has been
reduced to 48 hours.

These four phasesfor the operation and water management of the modernised L SC contain two
distinct conceptualisations of how the varying water requirements should be met by controlling
flow variationsinthedelivery systeminaplanned and controlled manner. Both conceptscontain
assumptions on, and prescriptions for, the way the ID and water users should structure and
execute their operation and water management, to make progressively optimal use of the new
system. These concepts are centred around the issue of gaining information on the (crop) water
requirements, and to vary and control thewater supply inthe systemto match thoserequirements
as efficiently and accurately as possible. For both issues, each of the proposed phasesis geared
towards gradually improving the efficiency and accuracy with which the varying water
reguirements can be matched with supply.

The four phases of operation and the two conceptualisations of irrigation they are based on
are reviewed below on the assumptions they contain on the ‘desired’ behaviour of the ID and
water usersin operation and water management, and how the operation and water management
should be changed and structured to realise the objectives imbedded in the concepts and the
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design. The first two operational phases represent the initial stage for ‘gradual’ change of
operation and management, and are structured by the concept of ‘centrally crop-based
scheduling’. Phases |11 & 1V represent an other stage for changing operation and management,
which is structured by the concept of ‘arranged demand-based scheduling’.

Structuring Operation & Management: for Crop-Based Irrigation...

The first phase for operation was intended to represent a‘ crude’ form of crop-based irrigation
operations, to be adopted in the first year after commissioning. Initially, during the conception
of Mardan-SCARRP, this phase was intended to require only minor changes in operation and
management from both ID and water users. With the gated APM outlet, initially proposed in the
FPP, theintention wasto install this outlet during thisfirst phase with afixed roof block (i.e. as
an origina Crump APM) (cf. Harza-Nespak; 1981). This initial proposal thus did not foresee
the ID having to regulate the flow (variations) at the outlets during theinitial stage of operation
after commissioning. Thefirst phase of crop-based operations were thus meant to be simplified
asfollows:

The crop water requirements were to be predetermined for the first year of operation on the
basis of the design cropping pattern and the mean climatological datafor Mardan, resulting in
equal relative water requirements for all outlets. The main system could then be operated with
acrude variation in supply, that would more or less match the requirements. Theidea basically
was, that the system could be operated at different levels of supply (say four or five) that would
crudely follow the variation in crop water requirements. At the secondary level, these supply
levels would then be distributed ‘automatically’ over the outlets through the self-acting
proportionality of the APM. At the tertiary level, the water users could ssimply adhere to
Warabandi asthey were used to. The only effective change proposed, wasthusfor the D to start
varying the supply in the main system in crude steps.

Although thisis seemingly anice proposal that would allow the ID to get acquainted with the
new hydraulic configuration of the system and the planning and controlling of flow variations,
it was hydraulically unfeasible. Due to the over-dimensioning of the lower levels of the canal
system up to 1.34 |/s'ha, which was required for the future demand-based operations, the APM
outlets would not function proportionally (i.e. around an f value of unity (cf. section 2.7)) to
distributethevariationsin supply. Thisbecomesimmediately evident fromfig. 4.9, which gives
the new design capacity or FSL for Sheikh Y ousaf Minor, the crop water requirements of the
design cropping pattern, and the 70 percent FSL minimum threshold value® below which APM
outletsshould not be operated. Asthefigureclearly indicates, only two operational supply levels
would be hydraulically feasible to meet the variation in crop water requirements. The initial
proposals of the FPP thereby contained a hydraulic contradiction that had to be solved by the
Mardan-SCARP project team in its design and implementation for LSC.™

% 70 percent FSL isequalled hereto 55 percent FSQ, on the basis of the Q-H relationship for open channel flow,
in which Q isrelated to H"5/3 (see chapter two).

© The hydraulic contradiction was created by proposing both the use of APM outlets and creating the over

capacity for demand-based operations at the lower levels of the system (cf. Harza-Nespak; 1981). An option to

(continued...)
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Fig. 4.9: O& M Manual Water Delivery Targetsfor Sheikh Yuousaf Minor
(10-day periods) [I/4]
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Thishydraulic contradiction onwater control for thefirst operational phasewasthusresolved
by the design team by choosing an entirely different outlet structure: the Metergate. With this
gated outlet, the discharge could be regul ated and controlled over the entire range of crop water
requirements. Furthermore it enabled the precise matching of water requirements cum demands
with the possibility to optimisethewater delivery initsefficiency and efficacy in al operational
phases.

As a consequence, the first operational phase for the first year after commissioning already
required drastic changes from the ID in its operation and control of water supply. The water
control and regul ation pointsthat the | D would have to operate would be increased by morethan
2000 percent (from amere 25 to nearly 600). Moreover, afundamental change in the operation
of these water control points was expected from the ID, in that in addition to mere feed-back
control these structureswould al so have to be operated through feed-forward control in order to
implement the scheduled variationsin water delivery. Asthe schedules and variation in supply
would have to be effected and controlled in discharges and volumes, the ID was expected to
gather dataand processinformation on hydraulic heads, gate openings, discharges and volumes
on an unprecedented scale. The only simplification left over for thisfirst phase of operation was
that the ID would not yet have to conduct the scheduling and water delivery planning. Thiswas
predetermined in water delivery targets on the basis of the design cropping pattern, and the

(...continued)
solve this problem could have been to lower the FSL operational level for the initial stages, so that the use of
APM would become hydraulically feasible and effective; i.e. the strategy adopted by Swabi-SCARP whichis
treated in chapter seven. Since the APM functions under awide range of hydraulic flexibility in response to
water level variations (see section 2.7), a proper hydraulic configuration for initial self-acting proportionality
would also have required the use of Open Flumes at the lower levels of the system asin Swabi-SCARP.
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variations in supply to be implemented and controlled would be uniform for the whole system.
The efficiency and efficacy targets for the controlled variation of supply were, however,
immediately set high by proposing to vary the supply with a high frequency of thirty-three 10-
day scheduling periodsin ayear.™

In the second phase of operation, the ID would have to take control over the crop-based
scheduling procedures, in order to adjust the water delivery schedulesto the actually occurring
crop water requirements, rather than using those of the predetermined design cropping pattern.
Thegoal herewasto further improvethe efficiency and efficacy of the crop-based water delivery
service, and to further increase the scheduling and water control and delivery capacity of thelD.
Thiswould imply two important changes from the ID:

(i) It would haveto collect up to date data of the actual cropping patternsof all the 520 tertiary
units, and convert this data into crop and irrigation (adding for losses) water requirements
through the application of CROPWAT cal culations—for which the method and procedureswere
specified in the O&M manual. This represents a marked shift for the collection of cropping
pattern data as performed by, and institutionalised in, the ID hitherto, in which the Patwaris
collect those data for the purpose of revenue assessment. The timeliness and accuracy
requirements for using cropping pattern dataas an input for the crop-based scheduling, demand
aradical change from thetraditional task and procedures with which the Patwaris conduct their
work. The O& M manual provides no clear proposal for effecting this.”

(ii) The scheduling of water supply variations in response to actual crop water requirements
couldresultinalargedifferentiation of supply variationsover different localitiesintheirrigation
system, when the actual cropping pattern diverges over the command area. Thisrequiresthe ID
to differentiateinits scheduling and water delivery accordingly. Although thisforms one of the
prime purposes and objectives of crop-baseirrigation operations, it represents amarked shiftin
thinking and acting for the ID staff.

For the water users of LSC thisinitial stage of crop-based irrigation was meant to represent
alearning stage to acquaint themsel ves with, and sensitise their water management practicesto,
matching irrigation applications with crop water requirements as embedded in the CROPWAT
paradigm. In essence they would still remain at the receiving end of the water supply service,

™ This choice reflects the influence of the CROPWAT paradigm, and its objectives embedded in the irrigation
conceptsto meet crop water requirementsasprecisely and accurately aspossible. Although the‘ assumed’ water
reguirements for Mardan-SCARP vary with a steep curvature (see fig. 4.9) it would still have been an option
to suggest a‘learning’ schedule consisting of eight delivery periods, instead of the proposed 33. This would,
however, imply that the system would be operated with losses, either operational or applicational, at either the
secondary or tertiary level, which clearly goesagai nst the embedded objectives of crop-based and demand-based
irrigation.
The thirty-three 10-day delivery periods in a year are derived from incorporating the annual closure of the
system during the month of January.

There are three aspectsto this collection of cropping pattern datawhich are not well accounted for in the O& M
manual in light of traditional practices of the ID: (i) the data would have to be collected at the start of each
growing season, as quickly and early as possible, for the entire command area requiring much larger capacity
for data collection and processing; (ii) the frequency of data collection would have to be increased, as the
traditional Rabi/Kharif datado not provide adequateinformation onthewater requirementsduring thetransition
periods between the seasons (i.e. April-May and Octaber); (iii) the issue of accuracy of the data collection in
relation to its use for revenue assessment.

72
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receiving varying water supply ratesthat would supposedly matchtheir crop water requirements.
At thetertiary level, the water users were supposed (according to the proposals contained in the
0O&M manual) to continue distributing and applying the high and frequently varying delivery
rates according to the traditional Warabandi schedule.

The O&M manual does not clarify how the water users were supposed to deal with the low
water flows during the Rabi season, which would only amount to 0.2 to 0.3 of the peak flowsin
their Warabandi practices. These substantial lower flowswouldinevitably result in much higher
relative conveyancelosses, and requireincreasesintheduration of applicationto makeirrigation
practical, which upset the strict implementation of the Warabandi schedule. Neither does the
manual makeany allowancesfor therefusal of water at the outl et (not even for the demand-based
stages), as water is supposed to continue to be delivered continuously for 24 hours.

Thelatter supply criteriais a consequence of having no storage facilitiesin the main system.
Permitting higher supply rates during Rabi to facilitate the application of the Warabandi, would
result in operational losses that would undermine the efficiency and efficacy objectives of the
modernisation. Alternatively, rotational supply schedules could have been devised, either aslow
requirement tatils at the secondary level or at the main system level. Such ‘tradtional’
operational procedures were, however, not considered in the O& M manual.

A curious, but easy to repair, mis-alignment in the proposed operational procedures for the
first two phases of the transformation of water management in LSC, relates to the proposed 10
day scheduling cycle. The proposal to vary the irrigation water delivery in accordance with
(average, and later actual) crop water requirements every 10 days, does not align with the
proposal to retain the 7 day Warabandi distribution schedule at the tertiary units during these
same operational phases.

A logical alignment of these main and tertiary level scheduling cycleswould beto shortenthe
main system scheduling to a cycle of 8 days. This was the normal practice for main system
rotation scheduling, allowing thus one day for the new flow settings to stabilise. To further
stimulate steady-state flow conditions, one could even contemplateto split up the systemintwo
scheduling divisions that are scheduled four days after each other, to minimise the flow rate
changesin the main system.

...and for Demand-Based I rrigation

Thesecond stagefor modernising operation and management in L SC intended to further improve
the efficacy and efficiency of varying thewater delivery in accordance with the actual variations
of (crop) water requirements. The potential mismatch between delivery and actual requirements
wereto be minimised by increasing the frequency and consequently decreasing the scale of flow
variations (i.e. targeting the actual requirements more accurately in their variation). Thiswould
allow for changesin water delivery to be effectuated on 96 hours advance notice (phase three)
and later even on 48 hours notice (phase four). The principle and mechanism for the scheduling
of the flow variations were, however, to be changed into a demand system.

Instead of having the ID conduct and control the scheduling centrally on the basis of crop
water requirement calculations from data of actual cropping patterns and climatological
conditions as in stage one, the water users were to be permitted to conduct their own water
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scheduling at the tertiary level, and place their demands for variations in supply directly to the
ID. Operating staff from the ID would then collect those demands and dispatch them to the
central office for the system-wide scheduling and transformation into operational ordersfor the
flow regulation and water control pointsin the system. The ID was thus still supposed to retain
the overall control over the overall scheduling and water distribution in the system, by being
permitted to decide whether or not it could fulfil the water demands of the water users. It was
thus never the intention of the design team to grant the water users any control over the outlet
and water distribution, not even to the extent of permitting closing down the outlet.”

In placing their water demands cumrequeststhewater userswerethusexpected by theauthors
of the O&M manual to adhere to the principle of meeting their actual crop water requirements
as accurately as possible:

“ Daily evaporation records should be published, and the Irrigation Department and
Extension Service as well as the OFWM Directorate should cooperatively initiate a
program of irrigation scheduling among farmers. This program would correlate
evaporation pan data with crop consumptive use and will greatly assist in the education
of farmers to good irrigation practices. It will assist them in ordering water in
accordance with crop demands.” (Harza-Nespak; 1985:47-48)

Thewater demands/requests, to be placed in specific rates of flow (i.e. cusecs|[l/g]) at the outlet,
were thus seemingly expected to be computed by the water users through application of the
CROPWAT principle.

Thewater management principlesat thetertiary level were expected to changefundamentally
during this stage of ‘demand-based’ operation, in which the Warabandi was no longer to be
practised, as water users were supposed to finetune their irrigation practicesto their crop water
requirements by ordering variationsin outlet supply every four to two days. The Warabandi was
to be replaced by atertiary unit ‘water scheduler’, termed ‘common irrigator’ by the O&M
manual (see next section), which was to be appointed by the water users through their newly
formed WUA.

An issue which is not well accounted for in the O& M manual is, on which principles the
tertiary unit irrigation scheduling should be conducted, and how this should be related to the
water allocation rightsas specified under section 68 of the Canal and Drainage Act (that provides
aproportional time share of the water delivered through the outl et to landhol der of the chak). In
cases of diverse cropping patterns, in which different water users are supposed to meet different
crop water requirements under a continuous flow, the common irrigator will inevitably haveto
revert to variationsinthe duration of the schedul ed irrigation turns— particularly sincethe O& M
manual stipulates that each water user is supposed to receive the full outlet flow. Thejuridical

™ For thisreason | have chosen to use the notion “arranged” in my classification of the four operational phases.
Strictly speaking the notion “ demand-based” schedulesisreserved by the ASCE classification (cf. Clemmens;
1987a& b) for schedules in which water users are granted some freedom in adjusting the water supply
themselvesin one ore more of itsthree parameters of rate, frequency and duration. The scheduling mechanism
as proposed here, ismore based on placing “requests’, rather than “demands’, for changesin water supply that
have to be “arranged” (i.e. agreed upon) between ID and water users. The use of the notion “ demand-based”
by Mardan-SCARP isto be considered rather unfortunate, asit fed the ensuing confusion and trepidation of the
ID.
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issue of thewater allocation rights should not pose a problem aslong as al demands can be met,
but raises the question whether the allocation principles of section 68 should be attained as a
basic right in times of scarcity or not. Practical rules should nevertheless be in place with which
the common irrigator can deal with the multiple demands of the water users of the tertiary unit,
that alow him/her to delimit the individual’s requests in frequency as in volume. No
deliberationswere made on thisissueinthe O& M manual, that treatsthe chak asaunitary entity
to be represented by the common irrigator, rather than an entity containing multiple users with
possibly multiple irrigation and cropping strategies.

4.4.2 Reorganisation Requirementsfor Responsive Water M anagement

In order to realise the above described changes in operation and water management practices
both ID and water users would have to effectuate some significant changes in the tasks,
procedures and organisation of their operation and management activities to produce the
‘desired’ institutional changes. The O&M manual provides some specifications on the kind of
changes Mardan-SCARP would have liked to see effectuated after the commissioning of the
remodelled LSC, by the ID aswell asby the water users. Although neither of these partieswere
full participants in the design and implementation of Mardan-SCARP or its formulation of the
manual, the expectations of the project team were initialy high towards the feasibility of
achieving these changes:. “ A reasonable time for changing to the demand system would appear
to be five years fromthe time that the systemisremodelled and measuring gates areinstalled.”

(Op.cit.:28) (i.e. implementation of the third operation phase).

Reorganisation Plans. for the Irrigation Department...

The task of irrigation water delivery scheduling was supposed to become a central task and
control mechanisminthelD’ soperation and maintenance of the new L SC system. Asstipulated
inthe O&M manual, Mardan-SCARP suggested to give shape to this crucia task by creating a
new office of ‘Water Dispatcher’ within the Mardan Irrigation Circle and the implementation
of some form of Irrigation Management Information System (IM1S). This Water Dispatcher,
suggested to work alongside the Executive Engineer (the canal officer responsiblefor the O& M
of the LSC system), would thus be responsible for executing the water scheduling for the entire
system and define the discharge targets and operation instructions for all the flow regulation
points. A task which would change in nature according to the stages of operation.

The scheduling of the first stage of crop-based operations would require a lot of data
collection and information processing to conduct the up to date computations of the actual crop
water requirements throughout the command area. Apart from having to structure and control
the timely and accurate collection of all the data, it requires a management information system
for thetimely processing and disbursement of the required information. Thiswas acknowledged
in the manual by suggesting that the Water Dispatcher should be equipped with a personal
computer to facilitate his/her task; no more and no less. No further deliberations are made for
effectuating the change within the ID to institutionalise such an IMIS, except that the ID staff
would require somein-housetraining on operation, scheduling, water control and datacollection.
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This lies in sharp contrast to other developments in the field, where the development and
implementation of IMIS were often regarded as irrigation management improvement
programmesin themselves. | n such programmes primary attention would begiventothetraining
of Agency and WUA staff in the collection, processing and use of data and information.

Furthermore, the Water Dispatcher would be required to monitor the operational status of the
system, on the basis of discharge data from all the flow diversion and regulation points
(including all outlets). Datawhich (s)hewould receive on adaily basisfrom the Gauge Readers.

In the second stage of arranged-demand scheduling theinformation processing would change
again, to a system in which the Water Dispatcher would ‘simply’ receive the water
requests/demandsfromthe Gauge Reader s, rather than computethe delivery targetshim/herself.
Presumably, the IMIS of the first stage would be kept in place so as to enable this officer and
his/her superiors to check on whether the placed demands for water conform to the actual
calculated crop water requirements. Thisinformation can then be used inthe decision on whether
or not to grant the water request/demands in the system scheduling.™

The Gauge Reader swere proposed to perform the actual operation of the system by manning
the gates and becoming the executors of the feed-back and feed-forward scheduling and water
control onthe canals. To be upgraded in their functionsfrom government scale5to0 9, the Gauge
Readers (although Gate Keepers might have been a more appropriate nomination) were
envisioned to interpret a pivotal role in the operation of the system, by having to embody the
service point where water passesfrom the D to the water users. Right after commissioning (i.e.
during the first phase of operation) these Gauge Readers would bear the responsibility to
regulate the flow through all the gated outlet structures in addition to that of the canal head
regulators.”

To facilitate their duties, Mardan-SCARP would equip all outlets and flow regulation and
control structureswith calibrated gauges. For outlet regulation, the gates of the M etergate outl ets
would be locked, and be operated exclusively by Gauge Readers. The tasks of these operators
—that traditionally consisted of the monitoring of afew head and tail gauges and the execution
of operational orders on alimited number of canal head regulators for usually not more than a
dozen times per year — would thus change tremendously right from the moment of
commissioning. Fromthefirst day they would be expected to daily collect dischargedataonall
outlets and canal flow division structures (i.e. head regulators), as well as water level readings
of the cross-regulators and tail gauges of the system under their command; in other words, they
wereto provideall the monitoring input dataon water distribution for the Water Dispatcher and
his’/her IMIS. Furthermore, they would have to implement the flow variations in water supply
and distribution according to the orders issued by the Water Dispatcher and hig’her superiors
with an initial frequency of every 10 days. The latter requires considerable hydraulic skillsin

" Thisisacommon procedure for arranged-type schedules that make use of IMIS. It allows schedulersto apply

priority scheduling in times of water scarcity, on the basis of, for example, crop water consumption classes.

TheO&M manual isnot clear onthe quantity of Gauge Reader sthat would be needed to operatethe new system
according to its proposals. At one point it suggest to appoint one Gauge Reader for a hydraulic system unit of
approximately 2000 ha (5000 acres), which would add up to 28 Gauge Readersfor the whole of LSC, whereas
elsewhereit suggests to appoint 15 Gauge Readers. Thefirst suggestion seems, however, to bein linewith the
normal standards for such type of operation.
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order to control the water fluctuations in the canal system; particularly since the water supply
schedul es are based on steady-state water control. Needlessto say, dealing with and controlling
such relatively high and frequent flow variationsin the canal system, comprises fundamentally
new requirements when compared to their traditional skills and practices. This was
acknowledged by Mardan-SCARP by their proposal to substantially upgrade their functions
within the ID. However, this acknowledgement was simultaneously undermined by proposing
that the ID could impart the required skills through house training of these staff.”

Interms of theformal ‘ hard-systems’ structuring of the operation and water management for
LSC, the job-description of the Gauge Reader would seem rather straightforward and de-
socialised; almost as if the Gauge Reader would be expected to act as a technical sub-process
of the IMIS and scheduling processes by collecting and following instructions of dry technical
dataand parameters. However, in the second stage of arranged-demand operations particularly,
the Gauge Reader wasbound to become an agent in the scheduling and di stribution process, with
the difficult task of having to act as a ‘ negotiator’ between the central scheduling (i.e. Water
Dispatcher) and the water users with the task of elaborating a consent on the matching of
demands/request with scheduled deliveries. Morever (s)he will bear the responsibility, if not
formally at least informally in the eyes of water users, to maintain the water distribution along
the secondary canal adequately, reliably and equitably. As has been increasingly documented
over the years, secondary canal operators responsible for active (i.e. not self-regulating) water
distribution are proneto conduct the actual water deliveriesaccording to their own discretionary
alocation and scheduling principles, particularly when the formal and centrally conducted
scheduling does not meet water users wishes and expectations (cf. Booth; 1977, Bottrall;
1981,Zaag, van der; 1992). This raises the issue that operation and management proposals of
Mardan-SCARP can be perceived as a threat by the canal officers of the ID, as embedding an
unwanted encroachment of their discretionary powersby subordinate staff that traditionally form
part of one of the lowest layers of the administration’s hierarchy.”’

Although the cropping pattern dataare traditionally collected by the Patwarisfor the revenue
assessment, no suggestions were made to re-organise their tasks so that they comply with the
requirements of the crop-based irrigation scheduling. It is thus not clear whether, or in what
form, the tasks and functions of the Patwaris and Zilladars (the former’ s superior) would play
arole in the operation and management of the system; nor if the traditional method of revenue
assessment and collection would be upheld.

The tasks and duties for the canal officers remained basically the same according to the
proposals of the O&M manual, be it that they would have to supervise the work of the Water
Dispatcher and the Gauge Readersin their new tasksresponding to crop water requirements and
water users' request in their scheduling and delivery. However, the manual provided no new

" Another issuein this regard is, that it might be impossible to skip four Government grades at atime within the
bureaucratic structure and rules of the administration. Which would have meant, that the existing staff of Gauge
Readerswould haveto bereplaced and augmented with peoplethat are permitted to occupy grade nine positions.

In the traditional system of self-acting proportionality the flow through the outlet can, as explained, not be
regulated. As a consequence water users who want to increase their water supply with formal or informal
sanction from the ID, had to engage in elaborate negotiations with the canal officers (usually XEN and/or SE
or even their superiors).

7
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rules and procedures by which the canal officers could execute this supervision. Further, the
manual proposed that an extra unit would be added to the ID to take care of the maintenance of
the drainage system, comprising of two extra XEN (onefor drainage and one for the mechanical
office), each supplied with two junior engineers and four sub-engineers. No further significant
changeswere proposed by the manual for the I D, whilethe project expected the 1D toimplement
those changes when taking over. No project component was defined for transforming the
management procedures, nor did the manual foresee any further incentives (like equipment, or
training programmes) for the ID to implement the required changes.

...and for the Water Users' Water Management Practices

The water users were supposed to learn to schedule their irrigation applications in accordance
with their actual crop water requirements. During the first stage of crop-based operations, the
OFWM programme and the agricultural extension service of the Department of Agriculture
(DoA) were expected to train the water users in this element. Within the tertiary unit, the
Warabandi would remain to be applicable, be it that the supply rate would be varied by the ID
in accordance with the crop water requirement of the unit.

For the implementation of the second stage of arranged-demand operations, however, the
tertiary level water management practiceswould have to change significantly. Most drastically,
the Warabandi would have to cease to exist as a central institution to make room for the
managerial flexibility of allowing changesin water delivery to be requested on afour - two day
notice. It isvirtualy impossible for the ID, and generally for irrigation systems of such ascale
asL SC, to deal with all the potentially diverse water requirements and requests of the numerous
small individual farmers and water users. Thus some practical organisational structure would
have to be created that could function as an intermediate managerial structure and domain
between the ID and the individual water users. The obvious and most common way to do this,
isto establish formal Water Users Associations(WUA) at all thetertiary units. Such WUA could
then organise their water scheduling and requests at the tertiary level, permitting the ID to treat
them as unitary entities.

The task of setting up and bring into existence the 520 WUA in LSC was delegated by the
O&M manual to the OFWM section of the DoA, that was involved in Mardan-SCARP for the
remodelling of the water courses and the on-farm land levelling. This thus put considerably
higher demands on the work of OFWM, which had developed an effective modus operandi in
which the WUA created for the purpose of watercourse remodel ling ceased to exist the moment
the work was completed (cf. chapters three and eight). For the second stage of demand-based
operation the WUA, however, would have to take an active role in the tertiary level water
management.

To act asan intermediary between the WUA and the Gauge Reader, it was further proposed
that each WUA would appoint a representative:

“ The Chairman, or some designated representative of a WUA should collect the water
orders from the water users on the watercourse. He would serve as a water order
coordinator and might be called a‘Common Irrigator’ asisthe casein some countries.
[...] The Common Irrigator should be reimbursed for his services and hiswages should
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be paid by the WUA from fees levied on the members.” (Harza-Nespak; 1985:30-31)
As has been argued in the earlier paragraph, the function of the Common Irrigator was bound

to entail rather more than merely *collect the water orders from the individual members. To
cometoapractical organisation of all theindividual requestsand requirements, (s)hewould have
to act as a tertiary unit scheduler, in replacement, or also not unlikely, emulation of the
Warabandi.

4.4.3 |ssuesof Control
For Water Distribution & Allocation

Mardan-SCARP decided to dimension all the outlets to a maximum relative delivery capacity
of 1.34 I/s/hato meet the potential peak water requirements during demand-based operations.
Themain system’ srelative capacity, however, issupposedly delimitedto 0.781/s/ha. Thisraises
the issue on how an equitable and fair water distribution should be controlled in the system, and
prevent astute water users cumtertiary unitsfrom appropriating thein-built extra capacity at the
cost of tail-enders, as has been the ingrained practice since yesteryear.

Supposedly it isthe responsibility of the Water Dispatcher and his/her superiorsto guard the
fair distribution of water during peak water requirements periods by putting limitations on the
maximum rate and/or volume of water supply that can be granted during this time. The O&M
manual, however, only contains sparse guidelines for the procedures and principles in such
events:

» in case the total water requirements cum demands/requests exceed the total available
flow, the Water Despatcher should “ apportion the available water in accordanceto the
cultural command area” (Harza-Nespak; 1985:51);

» “In the event the crop irrigation requirements exceeds the design capacity of the
channel, due to a larger than normal acreage of high water use crops, it will be the
responsibility of the Irrigation Department and the WUA to guide the farmersin their
cropping patterns so that peak demand does not exceed design capacity.” (Op.cit.:25)

In order to delimit and prevent the occurrence of such contingencies, it is suggested that the ID
and WUA guide (i.e. convince) thefarmersto restrain themsel vesfrom growing cropsthat result
in larger than anticipated peak water requirements. In the absence of any control mechanisms
to impose such restrictions on cropping patterns, this guidance is euphemistically described as:
“The situation is not expected to occur often but if it doesit will only take a season or so for the
farmers to adjust their cropping patterns according to the capacity of the irrigation system.”
(Ibid)

This might work while this phenomenon is restricted to the tertiary level and its relative
capacity of around 1.341/s/ha. Onthe secondary level of minor and distributary canals, however,
where the design capacity is supposed to be restricted to 0.78 1/s/ha, the restriction of water
requirements becomes a matter of agreement, if not enforcement, between several tertiary units
cum WUA.. The question thus arises what measures the ID should (be able to) apply to reach a
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consent on the restriction of cropping patterns at the secondary and main system levels; and
whether practical restrictions on the maximum rate and volume to be granted during peak water
requirements are required. This in turn raises the question on how such restrictions should be
backed by, and imbedded in, the water allocation rights and rulesto be adopted in a modernised
L SC. In the absence of such arrangements, one can only hope that the assumed design cropping
pattern on which the system capacity has been based indeed turnsout to reflect theirrigation and
cropping objectives of the water users of LSC in the face of increased water availability.

Hydraulic Limitations for Water Control

When considered against the intended methods of operation, the designed and constructed
infrastructure for LSC possesses two important limitations for effective water control: in
handling silt-loaded water, and in containing unsteady-state flow conditions.

Although the project team acknowledged the fact that the water of the Swat River is heavily
loaded with silt, it decided to use the Manning equation (with maximum velocity criteria and
empirically determined roughness coefficients) for the remodelling of the channels. However,
in order to avoid siltation of the channels, a minimum velocity criteria should have been
determined to define the lower limits of canal operation — like the clearly defined 70 percent
lower limit of yesteryear. As a consegquence the operational procedures set out in the O&M
manual do not take into account operational limitsin order to avoid siltation, but ssmply allow
the scheduling to freely follow the crop water requirements. The resulting water delivery
schedules, as proposed by the manual for the first phase of operation, thus anticipate a high
degree of flow variation in response to changing crop water requirements, in which the water
supply in the channels would vary between 20 and 85 percent of the design capacity (cf. fig
4.9)"®, When taken over afull year of irrigation supply (comprising of 33 delivery periods), the
main canal of LSC would have to run between 81 and 100 percent of its design capacity for a
mere 24 percent of time, while for 33 percent of the time it would have to run below the
traditional lower limit of 70 percent of FSL (i.e. 55 percent of FSQ) (cf. fig 4.10). No efforts
were made to determine the lower limits of ‘regime operation’, nor practical experiences have
been gained with running channels at such low supply levels for such a prolonged time under
these silt conditions (i.e. below 40 percent of FSQ for 21 percent of time). It isthus questionable
whether theremodelled L SC could be operated sustainably according to the proposed schedul es;
particularly since the presence of the numerous check-structures would significantly lower the
flow velocities under low supply.

Sincetheintention has alwaysbeen that the remodelled L SC would be operated under steady-
state flow conditions, while managing avariation in water delivery without storage facilities, it
would be essential to operate the system in accordance with its intrinsic lead-time in order to

8 The fact that the proposed water delivery rate does not reach the 100 percent of design capacity of the
distributary channel isaconsequence of over-dimensioning distrubutary channelsthat supply acommand area
smaller than 4000 ha (10,000 acres), allowing for amaximum water allowance of 1.341/s/ha(19 cusecsper 1000
acres) while the main canal capacity and proposed schedule is based on the assumed design cropping pattern
that requires awater allowance of only 0.78 |/s/ha (11 cusecs per 1000 acres).



140 Trial & Re-Trial: The Evolution of Irrigation Modernisation in NWFP

Fig. 4.10: Mardan-SCARP Main Canal Water Delivery Rate
Percentage of time canal isrun at different ratios of FSQ

81 - 100 (24.24%)
20 - 55 (33.33%)

56 - 80 (42.42%)

(Harza-Nespak; 1985)

avoid unsteady-state conditions. Thisisto say, the delivery scheduling should take into account
the time the system needs to settle a flow variation into a new steady-state flow, and that its
scheduling cycle should always exceed this lead-time.” However, with the formulation of the
operational proceduresinthe O & M manual, the limitationsimposed by the intrinsic |ead-time
have not been taken into account, nor have they been determined. Though the numerous drop
structures in the system would aid the stabilisation of the water flow, this hydraulic advantage
has been significantly neutralised by the submerged outlets that magnify the sensitivity of the
system to changes originating from the outletsand tertiary units. Thusit isquestionable whether
the proposed 96 and 48 hours demand response delivery of phase Il and IV would be
operationally feasible under steady-state conditions, particularly whenthe cross-regulatorswould
also be fitted with gates, as proposed, increasing further the points in the system from which
destabilising flow variations could originate.

7 Apart from the mere length of the canal system, the lead-time is also significantly affected by the hydraulic
configuration of the canal system. The latter being paramount in defining how the flow variations will be
propagated throughout the system, and how sensitive the system will be to propagations of flow variations as
aresult of flow changes made within the system.
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45 IMPLEMENTATION: (UN)CONFIRMING DESIGN ASSUMPTIONS

Thedesign for theremodelling of L SC and its anticipated mode of operation, asdescribed in the
previous paragraph, were produced and formulated in the draft version of the O & M manual in
1985 by the Mardan-SCARP Project team. Set against theinitial design objectivesfor Mardan-
SCARRP, the design could be little else than approved by the Project Coordination Committee
(PCC) and Donors (World Bank and CIDA), asit met all three of the objectivesby: (i) doubling
the discharge capacity of the system; (ii) providing adequate drainage facilities; (iii) setting out
a specific path for changing into demand-based responsive irrigation water management. Asa
result, the project went ahead with the implementation of the infrastructural works as stipulated
by the design presented in the draft O & M manual of 1985.

During the course of design implementation, however, the Mardan-SCARP project soon
enough ran into increasing opposition from the part of the ID against the installation of the
proposed Metergate outlets. Though it has proven difficult to reconstruct this clash in opinions
inall itsdetails and procedures, the main issues are now analysed. The ensuing dispute between
the project and the I D sealed the fate of the impact that the moderni sation attempt of L SC could
have. In order to fully appreciate how this conflict between designers and operators could arise,
it is necessary to explain the institutional set-up of the Mardan-SCARP project and the formal
roles allotted therein to the different parties in the conflict.

The Mardan-SCARP project did not differ significantly in its set-up from any other SCARP
or major irrigation project conducted in Pakistan since theinitiation of the IBP. Aswascommon
practice, a leading role at centre stage was allocated to WAPDA and the consultants, who
together comprised the project team that had the task to design and oversee and manage the
construction of the remodelling of LSC. In order to provide the project team with an adequate
mandate to manage the construction work, the |D’ swater management responsibilitiesover the
canal system were temporarily suspended and handed over to WAPDA for the duration of the
construction period.® These management responsibilitieswereto be handed back formally tothe
ID when the latter would accept and resume the operation responsibilities of the system after
commissioning — to take place officially one year after completion of the construction work.

Theformal role granted to the I D in the execution of the Mardan-SCARP project was limited
to amembership on the PCC, and the execution of the conversion of water coursesinto minors
according to criteria and specifications set forth in the design.®* Acting as the representative of
the Government of NWFP, the PCC was set-up at the secretariat level, with the participation of
the Departments of Irrigation and Agriculture, WAPDA'’s General Manager (North), headed by
the Chief Secretary Planning & Development. Further participation was granted to the
Commissioner and Deputy Commissioners of the Civil Administration from the project area.

8 Not all management responsibilitieswere handed over to WAPDA. The 1D retained the responsibility over fee
collection, all matterspertaining to thetertiary unit, and administration of the Canal & Drainage Act. All matters
pertaining to the operation and maintenance of canals and outlets, however, were subjected to WAPDA.

The design criteria adopted specified that the discharge capacity of new outlets should not exceed 141.51/s (5
cusecs). In those cases that the existing tertiary unit had a CCA larger than 105 ha (263 acres), the command
areawould therefore have to be split up, converting thus the original outlet and main water course into asmall
supply minor to the newly defined units.

81
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Fromthe composition it becomesalready clear that the forum of the PCC was not created to deal
with the nitty gritty details of design criteria, nor to partake in the tedious process of iterating
design decisions. Rather, it was set-up to monitor the progress of the Mardan-SCARP project on
behalf of the Government of NWFP against the objectives set forth in the Project Planning, FPP
and (most of all) PC-1 documents — on the basis of which the loan agreement was made — and
to facilitate the implementation process by directing the activities of the different agencies
involved® and endorsing thetimely dispersion of funds. Asmentioned, the PCC had littlechoice
other than to approve the design against the broader project objectives and proceed with its
implementation. Subsequently, it mainly focussed its activities on the demanding task of
supervising thenumerous contractsandimplementation activities. (Cf. Bandaragodaet. a .; 1994,
Bandaragoda; 1998).

All seemed to go well asfar astheinstallation of the drainage facilities and increase in canal
capacity were concerned. These were two of the main project activities that encompassed the
majority of the construction work (particularly at the beginning), and that were directly related
to clear cut objectives. However, things went less well with the operational management
component. Even though the project team had made an attempt to clarify the operational issues
for Mardan-SCARPinitsO& M manual, thisremained a project el ement that continued to foster
ambiguities among the different parties involved. To settle this issue, the donor agencies
proposed to work out aworkabl e sol ution by means of an operational management pilot project.
Asbecomesapparent fromthedonor review missions, however, the project continued to struggle
with the paramount issue of operation.

In the summer of 1988 the Donor agencies, during one of their review missions, suggested to
tackle the operational issues through the set-up of a specific Operation & Maintenance project
component for which a separate PC-1should be submitted by the autumn of that same year. At
thetimeit was suggested that thisO& M component would follow the procedures set forthinthe
draft manual, and seek to further specify and try these through apilot project inwhich WAPDA,
together with the consultants, would provide the required expertise and training of the line
Agencies. However, this project component never materialised as such, as even the called for
PC-1 was never submitted.

In the next review mission of February 1989 no reference is made to the PC-1 requested by
the previous mission. Instead this mission suggested that a new pilot area®® would be selected
along distributary No. 8, comprising about 300 acres, recommending “[...] that pending the
construction of the head regulator, WAPDA, Irrigation Department, Agriculture Department
(Extension and On-FarmWater Management) and Consultantswill formulatea plan for demand
irrigation trials in the pilot area, which would comprise a plan of action and a program for
training of Irrigation and Agriculture Extension personnel and farmers in determining crop
water requirements and irrigation scheduling and system operation.” (Bandaragoda et. al.;

8 Thisis primarily related to the coordination of implementation activities, where the Agricultural Department
isinvolved through OFWM in land-levelling and water course remodelling, the ID in the conversion of water
courses into minors, and WAPDA in overseeing the contracts for canal remodelling and drainage installation.

8 Seemingly theintentionsinitially wereto start apilot schemein the head-reach of the system along distributary
No. 3. Oneof thefew reasons mentioned why this plan has not been followed-up, isthat the sel ected areawould
not be representative in its social-cultural and landholding structures. (Bandaragoda, et. al; 1994, EDC; 1991)
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1994:24)

In October 1989 the review mission stated that it was not pleased with the progress booked
so far with the pilot scheme along distributary No. 8. It recommended that the pilot scheme be
extended to the 300 acresasoriginally envisaged and that thedemand i rrigation specialist returns
to provide further assistance. Furthermore it revised the objectives for the pilot scheme,
downgrading significantly its role for the Mardan-SCARP project as awhole: “ It was agreed
that the pilot scheme will not directly benefit this project, but that its results if positive could
benefit future projects.” (World Bank/CIDA review mission, Oct 25 - Nov 2, 1989; quoted in:
ibid)

May 1990: ID, WAPDA and Consultants were requested by areview missionto completethe
pilot scheme and to expand it “expeditiously” to the 240 acres still to be covered and to keep the
Donorsinformed of their progress.

During thereview mission of July 1991 the I D requeststhe Donorsto suspend theinstallation
of the Metergate outlets. The mission agrees, on condition that the pre-fabricated outletswill be
stored by the D for future usewhenit isready to resume demand-based operation of the system.

In October 1991 the ‘wind-up’ mission of the Donors concludes that “ Now that more than
90% of the project works have been completed, serious attention should be given by the
Irrigation Department to ensuring satisfactory O & M of all completed work [...]" . Without
referring further to any implications of demand-based irrigation, the mission urges the ID to
“vigorously” pursue the implementation of the 1985 draft manual, adding to it that the
“Irrigation Department isto ensure equitable distribution of water among the users.” (World
Bank/CIDA review mission, Oct 15 - 24, 1991; quoted in: op.cit:25)

From these Donors' s review missions it becomes blatantly clear that something went wrong
during theimplementation phase of Mardan-SCARP whilethe project attempted to devel op new
operational procedures. One gets the impression that the Donors gradually gave up on their
intentionsfor, and expectationstowards, the devel opment of demand-based i rrigation operations
for LSC. The events during two crucial stages of the implementation phase shed some light on
how the problems around operation haven been brought to the surface and basically remained
unsolved: the pilot scheme, and the early operational experienceswith thefirst remodelled canal.

Though marred by someinitial hiccups, the pilot schemefor the determination of, and training
in, demand-based operational proceduresfinally got under way in 1989 under instigations of the
Donors at the newly selected site along distributary No. 8. Focussing on the need to explore the
implications of demand-based irrigation, the project and Donors made arather peculiar decision
at this stage by opting for the implementation of asmall (24 ha (60 acres)) demand-based pilot
scheme that would deliver water to the farm through a low-pressure buried pipe system. With
the aid of the internationally acclaimed specialist and advocate of such ‘flexible’ delivery
systems, this‘ demonstration’ scheme, that departed completely formtheoriginal project design,
was installed at one tertiary unit. Consisting of a level-top feeder water course, that takes its
water from distributary No. 8, the system was designed to deliver three 28.31/s(1 cusec) streams
over apiped network supplying the farm outlet valves (Merriam; 1991). With adesign delivery
capacity exceeding 2.5 times the one adopted by the project design (i.e3.5v 1.341/s/ha (50 v
19 cusecs/1000 acres)), the pilot scheme intended to demonstrate the benefits of a flexible
demand-based irrigation system where farmers could optimize their irrigation practices by
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irrigating when and as long as they wished with a limited delivery rate of 56.6 |/s (2 cusecs).
Though theincorporated water delivery flexibility of the pipe system was designed to allow for
thewater usersto eventually operatetheirrigation scheduling and delivery, the pilot schemewas
initially meant to beused asa‘training ground’ for the personnel of thelineagenciesand farmers
in matching irrigation water deliveries and applications with crop water requirements. For the
latter purpose, personnel of the ID wereto operatethe farm outlet valvesin responseto farmers
requests, while the personnel of OFWM and Agricultural Extension could concentrate on
determining the optimum irrigation applications on an ‘example farm’.

Notwithstanding the frequent urges of the Donor missions towards the project and ID to
extend their demand-based operation trials to the remaining 96 ha (240 acres) of the initially
selected pilot area of 120 ha (300 acres), no further activities were undertaken in the operations
pilot scheme. It is also not clear what the intentions of the Donor missions were for these
remaining 96 ha (240 acres). Although reference has been made for the extension of the low
pressure pipe systems with a further 12 ha (30 acres), the remaining 84 ha (210 acres) were
supposedly to be operated with the Mardan-SCARP rrigation facilities. It is, however, difficult
to foresee how scheduling and delivery procedures can be effectively tried and practised on such
asmall scale (which hardly exceeds onetertiary unit), and how these practices should berelated
to the vastly different ones obtained with the buried pipe system. The eventual ‘ downgrading’
of the piped pilot scheme by the donors, to ageneral experimental sitethat might providelessons
for future projects instead of preparing operational procedures for Mardan-SCARP, therefore
seems to have come as a logical consequence.® As far as the lessons provided by the pilot
scheme are concerned, the involved line agencies all eagerly agree that the system provides
optimumirrigation facilitiesfor theimplementation of demand-based irrigation, but that thehhigh
required capital costs prohibit its replication on alarge scale in the current circumstances.®

By 1990 the canal remodelling had proceeded to such an extent that the first distributary
canals were being compl eted according to the design specifications of the 1985 O& M manual;
i.e. featuring adoubl e discharge capacity, Metergate outlets, and cross-regulators. Thetimewas
thus approaching to gradually hand back the operation and maintenance responsibilities to the
ID. In 1990, distributary No. 3 was one of the first canals to be entirely completed and which
presented itself for handing over. However, in the absence of clear and agreed upon operational
procedures for the newly remodelled LSC —the O&M manual, after al, had never passed the
status of Draft version — this proved to become a problematic issue. The completion of
distributary No. 3 thus created a deadlock situation, in which WAPDA opined that itsrole and
responsibilities were clearly ended with the completion of the design and construction work,
whilethel D refused to assume operational responsibilitiesinthe absence of aformal operational

8 Thisconclusion of events around the pilot trials seems essentially preceded by the review mission of February
1989. It’ sstated objective (see above) for the pilot areaon distributary # 8 indicates already ashift in focusfrom
operational trials towards establishing a learning ground and training programme for the application of the
CROPWAT paradigm in on-farm and tertiary level water management, rather than on testing and refining the
operation and scheduling procedures for the secondary and main levels.

Apart from the high capital costsrequired, further objections could be raised from technical considerationsthat
would follow from alarge scale implementation and which have not been worked out so far; such as how to
provide for enough storage capacity within the main system under regime conditions.

85
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plan and the means and funds to implement such a plan. As a consequence, distributary No. 3
was basically |eft to operate by itself and its water users. In the absence of any ID personnel or
water users organi sation to take and conduct an effective water control on the distributary level,
the water distribution along the outlets of the canal ran quickly out of hand. Since all the outlet
gates were installed without locks, the head-end water users were quick to take full advantage
of the situation by operating their own outlets to take water to such an extent that they could
refrain from night timeirrigation. As a consequence the tail-end outlets only received adequate
amounts of water during the night time. The ID was subsequently quick to use this anarchic
water management situation as a vindication of its objections against the M etergate outlet, and
to stepinto enforceitswater control by fixing all the outlet gatesinto afixed position. (cf. EDC;
1991)

Following this ‘ uncontrolled experiment’ with the new water control structures provided by
Mardan-SCARRP, the ID thus requested the donors for the suspension of the installation of the
Metergate outlets, which was subsequently granted in July 1991. The Metergate outlet thus
became effectively the (technical) focal point of the objections and discontent of the ID
against/with the design and proposed operations of Mardan-SCARP. Regarded as the
materialisation of the demand-based water delivery concept, the experiences at distributary No.
3 had effectively shown that the situation in the LSC system was not yet ready to effectively
implement such demand-based operations. ‘ One could clearly not entrust the water users with
responsible behaviour in the distribution of water, and the ID should therefore regain the full
control over the outlet so that it would be able to ensure an equitable distribution along the
distributariesand the system at large’ . After July 1991, the ID was allowed to do just that, when
it resorted to the installation of gated AOSM outlets instead of the Metergates. The ID thus
subsequently implemented the outlet of the original design as presented in the FPP, be it with
a modification of the gate-structure, which was completely encased and required a special
operation key so asto thwart any tampering in water distribution by water users.

46 THEID'SREPUDIATION OF THE DEMAND-BASED CONCEPT

From the eventsdescribed aboveit becomes clear that the outl et structure becamethefocal point
of the ensuing conflict between the ID and Mardan-SCARP project on the implications of the
‘demand-based’ irrigation design on the manageability of the system. Although the outlet isa
rather logical focal point, as it performs a pivota role in water control and operational
procedures, the technicalities of design seemto have overshadowed the operational issuesinthe
playing out of the conflict. The issue of who was to exert control at the distributary level and
through which procedures, however, lay at the heart of the conflict, while the technicalities of
outlet design were effectively used to stall a process of change that was increasingly regarded
as unfeasible and unwanted.

Thedraft O& M manual of 1985 and the set-up of the Mardan-SCARP project resulted in two
interrelated problems in shaping new operational procedures for the L SC system that nurtured
to asignificant extent the ensuing conflict between the I D and the project. First of al, the O& M
manual, and the project at large, dramatically failed to provide a clear cut operational plan by
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creating much ambiguity about ‘ modern irrigation water management’ through its injudicious
use of notions as ‘demand-based’ irrigation and ‘flexibility’ in confusion with ‘ crop-based’
irrigation and ‘ arranged scheduling’. Secondly, the I D was compelled to defend itsinstitutional
interests as the project set-up had essentially reduced its role to becoming atarget for change,
instead of a participant in designing and effectuating change.

Although Mardan-SCARP never intended to transform the L SC into atruly demand system,
but rather designed it for arranged scheduling operations in which the water delivery could be
varied according to crop water requirements (i.e. ‘ crop-based’ irrigation), theinsistent stressing
in the manual on having to respond to farmers demands in the operation of the outlets
constituted a threat to the traditional jurisdiction of the ID. In failing to provide a clear
distinction between crop-based arranged scheduling, where the control and decisional powers
over water distribution remain entirely with the agency, and that of a demand-based delivery
system, where some of the control and decisional powerson therate, frequency and duration are
devolved to water users, the project allowed this to become a main concern for the ID. This
concern was further aggravated by the minimal staff deployment proposed by the manual, in
which only one water dispatcher would be added to the ID staff while 15 of its filed staff
members would be trained and upgraded for the operation of more than 500 gates in response
tofarmers’ demands. With the proposed transformation of operational management for LSC, the
core issue of water control was at stake. The crucial question of according to whose discretion
would the water delivery and distribution be conducted in future, was left for implicit
interpretation. By focussing mainly on the need to meet crop water requirements, the project
allowed this crucial issue to be blurred into the background. The first reaction of the ID in
response to the proposals presented in the O& M manual wasto try to buttress its presence and
control at the distributary level, by arguing that it would require at |east one operator for every
3- 4 gatesif it wasto implement any form of ‘ demand-based’ irrigation operation (EDC; 1991).
Not surprisingly, such an over-kill of operational staff was unacceptable to the Government of
NWFP, who would have had to foot the bill.

The implementation of the Mardan-SCARP design was thus quickly hampered by an
emerging dispute on how the operational management of the remodelled L SC should be given
shape. It became evident at an early stage that the proposals contained in the O& M manual for
the shaping of operational management were not deemed feasible and desirable by the ID.
However, the project continued with its planned schedule for implementation of the physical
worksinthe belief that it would be able to amend the operational procedures adequately before
the time of commissioning.

Evidently, the outlet played a crucial role in this whole episode of the project, as it quickly
became the object that embodied all the operational issues at stake. Something the project never
seems to have fully grasped; or in any event at too late a stage. The choice for the Metergate
outlet was a crucial one, that polemicised the issues of devising an adequate level of water
control and appropriate operational procedures; not only for the ID, but for the project aswell.
The Metergate outlet undermined to asubstantial degreetheinitial project intentionto gradually
transform the operational management of L SC in phases of increasing water control and water
delivery accuracy.

Having failed to substantially increase its staff, based on the recognition that it would be
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required to drastically modify itsoperational proceduresand practices, the D started to question
the feasibility of the operational procedures of the O&M manual and the very necessity of
installing the M etergateitself. With the benefit of hindsight it isclear that at thiscrucial junction
the project made a capital mistake, gravely migudging the situation and issues at stake. It could
have tried to appease some of theimplicit and explicit concernsraised by the ID by elaborating
on the concrete scheduling and delivery tasks for the operation of the future system. After all
therewere enough reasonabl e obj ections (hydraulic and ingtitutional) that could berai sed against
the Metergate outlet and the system’s as well as the ID’s capacity to control highly and
frequently varying water flows in response to changing requirements/demands. Instead the
proj ect seemed to have opted for a‘ head to head’ defence of itsoutlet and recipe for operational
management. The only line of defence it could take for the justification of its choice for the
Metergate outlet, was in terms of the water control that would be required to implement the
‘demand-based’ irrigation of operational phasesthree and four, and the enormous benefits such
‘demand-based’ irrigation operations would bring to the project area. So, instead, and in
defiance, of being originaly earmarked as a mid to long term management objective for LSC,
‘demand-based’ irrigation operationswas suddenly pushed to the forefront asamajor issue that
required immediate attention and clarification. After all, the‘ preposterous’ suggestion of the D
that it would require one operator for every 3-4 gates clearly showed that this concept of how
a‘'modern’ and responsiveirrigation system could be operated still needed alot of clarification
and education.

By 1989 this need for clarification and education was officially acknowledged by the project
donors, who subsequently called for apilot schemeto be devel oped in which water management
procedures could be tried and tested, and in which operational staff and water users could be
trained accordingly. But the decision to opt for the small scale buried-pipe system in order to
explore the implications and procedures of demand-based irrigation, simply defies any
understanding from the part of this researcher. It is, however, certain, that by opting for the
buried-pipe system — instead of ‘simply’ trying to implement and elaborate the four phases of
operation as presented in the O&M manual along one distributary cana (if need be, with
different types of outlets) —the project and donors gave space for action by the ID. The results
and experiences obtained with the buried-pipe system easily captured the hearts and minds of
every sceptical canal officer into acknowl edging the huge benefitsdemand-based irrigation could
offer. However, the considerable cost of its installation and its complete departure from the
Mardan-SCARP design and its system capacity effectively prohibited its replication for the
whole of LSC, and thereby that of the implementation of ‘ demand-based’ irrigation operations
in the system. The project thus ‘lost’ the justification for its choice of the Metergate outlet and
with that its recipe of responsive outlet operation by the 1D to the requirements/demands of the
water users.

The first water management experiences obtained at distributary No.3 under the new
conditions created by Mardan-SCARP served to further seal the fate of ‘demand-based’
irrigation operationsfor L SCinthemindsof thelD. Theshort lived experience of anarchic water
management clearly showed that the canals and outlets of Mardan-SCARP did not provide the
hydraulic benefits of the buried-pipe system, where every user could be easily supplied with the
water (s)he wanted or needed. If anything, the resulting skewed water distribution had clearly
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shown that there was a need for the ID to step in and resume its firm control over water in order
to oversee and guarantee its just distribution. The latter was precisely what the ID was
subsequently allowed to do when it was granted the permission by the donors to suspend the
further installation of Metergate outlets and replace them with their own gated AOSM.

4.7  DISCUSSION & CONCLUSIONS

The pre-fabricated Metergate outlet structures scattered around the embankments of distibutary
# 6 and stored in the back yard of the ID, as we encountered at the end of our canal safari in
chapter one, epitomise the conflict that ensued in Mardan-SCARP on the appreciation and
conceptualisation of what should constitute a ‘modern’ irrigation system. The repudiation of
thesealien technol ogical productsformthe caricature of the externalised design processthat took
placein Mardan-SCARP. Although seemingly atechnical dispute, the outlet conflict embodied
the essence of the transformation that was sought to be effectuated with the modernisation of
L SC. Namely, to regul ate the water delivery in response to the varying crop water requirements
cum water demands.

The set-up of the project, with WAPDA and consultants coming in to conduct the design and
remodelling of the L SC, hasfrom the start hampered the process of conceptual accommodation
between D, water usersand the designersand constructorsof theremodelled system. The set-up
essentially conformed to the one presented in fig. 1.1, in which the development process is
compartmentalised into the stages of inception, design, construction and operational guidelines.
The conceptualisation of demand-based irrigation produced by the Mardan-SCARP design, was
essentially fed by contemporary engineering concepts of modernity. As such, it primarily
consisted of atechnological packagefor adesigned physical system that technically enabled the
regulation of water delivery in response to varying demands. The two primary shortcomingsin
the project set-up were:

»  The project team was set to work with too general aterms of reference, in terms of the
objectives and characteristics for the modernisation of LSC. As a consequence, the
designers had to make decisions and assumptions in the specification of the irrigation
concept that had far reaching consequences on the operational management. The final
design became thereby too prescribing on the water management objectives and
strategiesto be adopted by thel D and water users, without being founded on consultation
and agreement.

»  There was no specific and substantial project component for the elaboration,
implementation and institutionalisation of the transformation of the water management
procedures and practices of ID and water users. In the end there was hardly any means
and space available to conduct a process of operational change management. This
element was relegated too easily to in house training and extension.

Rather than devel oping and accommaodating a concept of the to be established system with the
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ID and water users, and on the basis of their practices, concerns, strategies and objectives, the
Mardan-SCARP design led to an imposition of a‘modern’ technological concept to which the
primary actors responsible for operation and management would have to conform.

Within the institutional set-up this has led to a further aggravation of the degradation and
frustration of the ID. With Mardan-SCARP it was yet again made clear, that the ID was no
longer acknowledged as managers and devel opers of irrigation, who can devel op and innovate
the irrigation systems on the basis of experienced problems and shortcomings. The
modernisation of LSC became thereby more of an attempt to replace an old system with a new
one, rather than an attempt to devel op anew equifinal state and control mechanismsto adapt the
existing system to its changed environment.

Theensuing conflict and deadl ock on whether the Mardan-SCA RP design wasfunctional and
appropriate for the institutional and natural-physical environment of LSC, or not, was not only
a matter of political obtuseness. The externalised process and import of the concept for the
modernisation of the system, led to afailureto properly address some of the paramount concerns
and issues that have governed the daily practices of water management.

Sediment and canal operation strategies for regime maintenance, has been discarded too
lightly as an old-fashioned hydraulic and operational paradigm that would be incompatiblewith
the modern requirements of controlled variability. While this has been one of the major issues
that have shaped the operational rules, procedures and experiences of the ID. Ironically,
WAPDA aso did not take this issue serious in the case of Mardan-SCARP, whileit has shown
no reservations whatsoever to bring sedimentation and regime maintenance forward as one of
the primary concerns of operational management, when it had to bear the O& M responsibilities
itself in the case of Chasma Right Bank Canal (cf. chapter six). Apart from the regime
considerations, thetechnical controllability of theextremeflow variationsfor crop/demand based
operations remained questionable in the hydraulic configuration of the remodelled LSC, in the
absence of an unsteady flow and hydraulic sensitivity analysis.

At thelevel of main system operation, the organising, processing and regul ating the demands
and arrangements for varying water deliveries was too much regarded as a‘simple’ matter of
balancing the numbers of water availability and requirements in the computer of the water
dispatcher, and dividing them as operational dischargetargetsthroughout the system. Instead of
producing a congruent plan for transforming the monitoring, feed-back control, scheduling and
hydraulic discharge control capacities of the ID. At the tertiary level, the institutional strength
and functionality of the Warabandi was discarded, without providing any concrete alternative
for thewater usersto conduct their tertiary water management arrangements. The misalignment
of the 10-day scheduling cycle with the 7-day Warabandi roster, isin thisrespect exemplary of
the focus on the tertiary unit as an unified entity of water requirements cum demands. No
provisions were made for how the Gauge Readers and Common Irrigators would have to come
to an accommodation of thedivergingindividual water requestsand requirementsinto apractical
and ‘implementable’ schedule. Thereby negating the prospect, that the scheduling and water
distribution processes would be centred around these middle level operators, as being the most
deterministic for the individual water user, rather than at the central level of the Water
Dispatcher with which the Canal Officers could keep control over the system.

Thechoicefor the Metergate outlet had far reaching implicationsthat effectively impeded the
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gradual and stepwise transformation of the operational management processes and control
mechanisms. These consequences, and the ensuing conflict it ignited, effectively inhibited the
option to initiate an appropriation process to search and develop operational alternativesto the
ones presented in the O& M manual and the customary practices. The buried-pipe pilot exercise
has neither been very conducive in this regard, as it primarily served atheoretical issue in its
attemptsto put up adefencefor theinherent advantages the concept of demand-based irrigation
has to offer, rather than trying to develop concrete operational aternatives. In the continued
absence of any concrete provisions for operational management, the functionality of the
remodelling of LSC remained to emerge out of the adaptations that the ID and the water users
would make in their water management practices in order to establish a new equifinal state of
water delivery service.



CHAPTER FIVE

ADAPTING WATER MANAGEMENT STRATEGIESIN THE
NEWLY REMODELLED LOWER SWAT CANAL

—

OLD HABITS& NEW OPPORTUNITIES

“Theirrigator, the owner of the water right, knows only one test of the efficiency of the
canal management — does he have an ample supply of water whenever needed by his
crops? The success of an irrigation enterprise depends on the success with which this
test is answered; that is, upon the system of distribution of water under the canal.”
(Widstoe, quoted in Mahbub & Gulhati; 1951:4)

51 INTRODUCTION

With the commissioning of the LSC in 1994, Mardan-SCARP had come to an abrupt end. The
physical worksin drainage and irrigation had been completed, while the project failed to define
and implement a new operational procedure with the participation and consent of the ID. A
situation had thusarisen, inwhich thephysical and environmental constraints(i.e. water scarcity,
water logging, potentially limited water control) that had governed the irrigation practices
heretof orewere substantially changed by the proj ect, while no new management procedureswere
yet established to take optimal advantage of the newly created opportunities. Although ageneral
increase in irrigation performance was to be expected due to the general aleviation of the
physical and environmental constraints, it remained to be seen to what extent this would also
induce changesin theirrigation practices of both the ID and water users. By comparing the post
commissioning performance of L SC with that realised prior to the project, an assessment can be
made of the impact of the improved drainage and water availability, as well as of the extent of
changes in water management practices. To this end a research programme was set-up within
WAMA to gaininsight in the current water management practicesin Lower Swat Canal, and to
assess the impact of Mardan-SCARP in changing those practices and the overall performance
of the system. Thischapter isbased on the research results obtained at WAMA during atwo and
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half years study of LSC from mid 1995 till the end of 1997.

The chapter starts with the assessment of the general impact of Mardan-SCARP on the
operational practicesof thelD at themain systemlevel, and on changing cropping strategiesand
improved agricultural production. While Mardan-SCARP had little impact on changing the
operational procedures and strategieswith which irrigation water isdelivered and controlled, as
the traditional rules of FSL operation were quickly reinstated, the increased capacity and
drainage facilities of LSC have markedly improved the irrigation conditions for water users.

Section 5.3 provides a more detailed picture on how the increased water supply is controlled
and distributed at the secondary level, by focussing on the Sheikh Y ousaf Minor. It becomes
clear that a marked turn-around has taken place in LSC, in which it has been transformed from
awater scarce systeminto asystem of relative water abundance. For the I D asfor thewater users
this has made the control of excess water one of the prime objectives of operation and
management: for theformer by concentrating on reacting initsmain system operationtorainfall;
for the latter by refusing canal water when crop water requirements are low. The relative
abundance of water has resulted in a clear increased tolerance from the part of the ID towards
water users' interventionsin the minor.

Section 5.4 focuses on how the abundant water supply and the control of excess water have
changed the water management practices of water users at the tertiary level, and in section 5.5
what impact this has had on the use of Warabandi as a water allocation and distribution
mechanism originally devised to deal with water scarce conditions. To establish how irrigation
and drainage have been integrated in the daily water management practices, adetailed study was
conducted on two drainage units of Sheikh Y ousaf Minor during the second half of 1996.

The conclusions review the established operation and management practices in the newly
remodelled L SC, and the current water management practicesand strategiesof both I D and water
users are discussed in light of the initial concepts and objectives of Mardan-SCARP. The
integration of irrigation and drainage in the daily water management practices, combined with
the informally established division of water supply and drainage tasks between ID and water
users, have clearly taken away the incentives for a tight control of supply variations and
matching crop water requirements with water supply at the main system level. Questions are,
however, raised on the sustainability of the current water management practices, and on the
relevant issues in the conceptualisation of irrigation for future developments.

52 THE‘NEW RICHNESS OF FULL SUPPLY OPERATION

Thefailure of Mardan-SCARPto institutionalise new water scheduling and delivery procedures
within the D, meant that the latter had, at the time of commissioning, little choice than to resort
to the old practices and procedures of operation. This situation isillustrated in extremis by the
fact that the ID still usesthe 1930s gauge register format to administer the water distribution in
L SC. The problems surrounding the implementation of the water management pilot scheme had
prevented the conversion of any of thewater scheduling and delivery ideasand optionsasvented
in the O&M manual into concrete procedures and methods. The office of water dispatcher was
never created, nor was any information system set up to collect and process any data and
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information on discharges and water requirements. The required discharge calibration curves of
the new control structures and canal head-gauges were not even available at the time of
commissioning. In short, none of the water management procedures of the ID had been adapted
at the time of commissioning to the new water control options of the LSC.

Reinstating FSL Operations at the Main System Level

Resuming full responsibility for operation and maintenance of the LSC, the ID reverted to the
‘normal’ practice of Full Supply Delivery (FSD). Asit wasanyway unableto control discharges
in the absence of updated calibration curves, the practice of monitoring and managing head and
tail water levels was resumed, thus making use of the same paper register formats as used prior
to Mardan-SCARP. With no means and procedures available to assess the water requirements
and match supply accordingly, the water distribution had to be supply driven. Applying the old
operational procedures for the main system level, the water distribution at the secondary level
had to be managed accordingly. The D imposed the old water distribution procedures by setting
all the outlet gates, both of Metergate Outlets as of the gated flumes, in fixed positions and only
regulated the inflow into the head of the distributary canals. In short, the ID resorted to operate
the remodelled LSC as before, be it on ahigher level of water supply.

Water delivery at the main system was thus resumed as before the project, with the aim of
delivering astable delivery around FSL. When comparing the water levelsat main system level
for the years 1975, 1985 and 1995 (cf. fig. 5.1) no significant differences in operation can be
discerned; FSL operationisaimed at throughout the year, while the regul ation of water delivery
is primarily governed by reacting to rainfall and a general reduction of supply towards the end
of the irrigation season. The operational target remained thus to run the system at or near full
capacity whenever the river flows at Munda permit, with three exceptions to the rule:

»  Intimes of rainfall the ID hasto react by closing down or drastically reducing supply in
order to protect their canals and avoid overtopping;

» At the end of theirrigation season the water requirements become very low due to very
low evapotranspiration, permitting lower levels of supply that coincide with declining
river discharges;

»  Intimes of water shortageswhen FSL can no longer be sustained, arotation schedule at
main system may be applied.

The first two occur annually, while the third occurs occasionally at the start of the irrigation
season. Eveninthelatter occasion, which occurredin March 1997, the I D resorted ssmply to the
old operational rules and procedures, by implementing the rotational schedule among the
Charsadda and Mardan divisions of LSC. This amounts to an eight day rotation schedule,
permitting thusthe completion of one seven day Warabandi schedul e, inwhich thewater supply
isrotated between Charsadda (distributaries 1 till 6) and Mardan division (distributaries 7 till 9).
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Fig. 5.1: FSL Operationsin LSC Main Canal
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Although at the time of commissioning the ID had thus little choice than to resort to its old
supply driven water delivery method of minimum interference and regulation, the favourable
conditions provided by Mardan-SCARP of adequate drainage facilities and generous water
supply levels also made this a viable option. Even though the full capacity of the system was
nearly doubled by the project, theriver Swat in general supplies enough to enable afull supply
delivery, whilethenewly installed drainagefacilitieseffectively dispose of any excesswater that
might reach the command area.

General Impact of Increased Supply and Drainage

Theincreased delivery capacity and newly constructed drainage facilities greatly improved the
irrigation conditions at the tertiary level. Two of the major production constraintsthat prevailed
prior to Mardan-SCARP—i.e. those of water shortage and water logging —werethus effectively
eliminated after commissioning. Bothimprovementscould be expected to haveapositiveimpact
on the agricultural production within LSC.

Based on the official statistics of the ID, a dlight, but significant, increase in cropping
intensities can indeed be discerned. Figure 5.2 presents the cumulative cropping intensities set
against therelative distance from theintake at Munda, for theyears 1985, 1991 and 1995. These
years represent three stages of the project: 1985 prior to the improvements; 1991 when nearly
all the drainage workswere compl eted, but work on increasing the delivery capacity had not yet
begun; and 1995 the second year after commissioning. In the first instance, primarily the
drainage seems to have had an impact on increasing cropping intensities by reclaiming water
logged areas of the command area that were previously left out of production. The impact of
these has been variable over the system, leading to larger increases in cropping intensities in
those areasthat werethe most affected by water logging. By contrast, theimpact of theincreased

Fig. 5.2 Cumulative Cropping Intensitiesin Lower Swat Canal (Except Kalpani)
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delivery capacity would seem rather small, restricted to amere 2 - 3 percent increase in overall
cropping intensity towards the tail of the system. However, as with that of the drainage works,
the impact of increased delivery capacity varies per distributary canal, over a range from no
significant changeto anincrease up to 10 percent; thelatter mainly occurring at thetail-end areas
of the system. The combined impact of both improvements, though positive, does not seem to
eradicatethetraditional head-tail differences, leaving thetail-end areas|agging behind about 30
percent in cropping intensity.

Taken overall, the impact of Mardan-SCARP on the productivity in LSC would thus seem a
little disappointing with regard to the scal e of improvements undertaken. However, the scopefor
increasesin cropping intensitieswas limited in thefirst place, as expressed in theinitial project
objectiveto raisethe cropping intensity for LSC from 175 to180 percent (cf. note 66). Moreover
theabovefiguresrepresent the performancerealised according totheofficial ID statistics, which
tend to undervalue the realised productivity by about 20 percent, as is confirmed by the data
collected in the field and presented in table 5.1 below. This also explains the relatively low
impact of theincreasein delivery capacity; with true cropping intensities as high as 180 percent
thereislittle scope left for further intensification, particularly when mainly perennial crops are
grown.

Table5.1: Cropping Intensitiesin LSC after Mardan-SCARP (at selected water cour ses)

Location Sample Size Kharif Season Rabi Season Annual
Head 30 94 88 182
Middle 30 93 96 189
Tail 30 62 88 150
Overall 90 85 93 178

(Source: Khan et al; 1997)

In order to assesstheimpact of the Mardan-SCA RP improvementson theirrigation performance
in LSC, one thus has to take into consideration the cropping pattern. Here the changes
effectuated after commissioning of the system have been much more profound, exceeding the
assumptions made during design. Although the delivery capacity for L SC wasdetermined onthe
assumption that water userswould continueto grow avariety of crops(i.e. sugarcane, maize and
wheat, cf. fig. 4.4), in reality farmers were quick to exploit the improved irrigation conditions
to their maximum benefit. In the case of LSC this meant a huge increase in the area cultivated
with sugarcane, asisshowninfig. 5.3. Stimulated by favourable economic conditions—inwhich
theinput requirementsand costsfor sugarcanearerelatively low, whilethe marketing conditions
for the produce are good, either through sugar refineriesin the area or through home processing
of Gur for thelocal and Afghan markets — the area cropped under sugarcane quickly rose to an
average of 60 percent of the command area (cf. fig. 5.3). That the actual are cropped with the
high water demanding cash crop sugarcane exceeded the design assumptions by 100 percent,
thus accounts for how farmers responded to the extra water made available through Mardan-
SCARP.

By removing the constraints of water shortage and water logging, the production conditions
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Fig. 5.3: 1995 Average Cropping Pattern in Lower Swat Canal [% CCA]
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were also improved to allow for a substantial increase in yields; which was after all one of the
main objectives of Mardan-SCARP and the prime reason behind introducing demand-based
irrigation. Although the yields of the three main crops may still fall considerably short of the
potential maxima, there hasbeen aclear impact in LSC, raising the established yields per hectare
of maize, sugarcane and wheat in 1995 to 386 , 172 and 161 percent respectively of those
established in 1986 (cf. fig. 5.4).

Fig. 5.4: Crop YieldsBefore & After Mardan-SCARP (sugar cane top-scale) [kg/ha]
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The newly established increases in water delivery throughout the L SC system have also had
a marked impact on the conjunctive use of groundwater in irrigation by means of tubewells.
Before Mardan-SCARP both public as private tubewellswere widely used for the dual purpose
of augmenting irrigation water supply and combating the effects of waterlogging. After
completion of Mardan-SCARP both constraints on irrigation were basically eliminated by the
increases in water supply and the construction of an effective drainage network. As a
consequence, expensive groundwater is hardly used anymore within the command areaof LSC
and the tubewells are no longer used, or even dismantled altogether.

53 THEDELIVERY OF ABUNDANCE AND CONTROL OF EXCESS

Although seemingly no drastic changeswere effected after commissioning by thel D inthewater
control and delivery procedures for the main system, one would expect the mere increase in
water availability to affect the water management strategies and practices at the secondary and
tertiary level by creating a hitherto unknown level of flexibility in the regulation of water
demand and supply. The room for manoeuvre thus created by the relative abundance of water
supply was in effect further enhanced as a consequence of operating the system at design
capacity rather than at the assumed crop-demand capacity. By building in this extra demand
delivery capacity of 1.34 I/s/ha (19 cusecs per 1000 acres) at the secondary and tertiary levels
of thecanal system, therealised high RWSat secondary level came asapredictable consequence
of implementation under the given management procedures. In order to gaugethe effectsof these
changes in the dynamics of water management, and gain insight in the changes that have been
effected in the field, the water management practices at Sheikh Yousaf Minor (SYM) were
monitored for 24 months, and are presented below.

Shelkh Yousaf Minor

Sheikh Y ousaf Minor is atypical medium sized minor of LSC, situated at three quarters along
the system, taking off from distributary No 8 as the third minor (cf. fig. 4.2). With it length of
5,781 m (1867 ft) it supplies a Cultural Command Area of 856 ha (2140 acres), divided over 11
tertiary units. Of these 11 units, 9 units are supplied with water through the Metergate barrel
outlet fitted with the ID enclosed gate structure, while the two tail-end units are served by a
traditional tail-structure comprising of two Open Flumes. The fact that all upstream outlets are
uniformly fitted with the Metergate structure according to the Mardan-SCARP design, is a
consequence of the short lived intention of using SYM as a pilot case for the Crop-Based
I rrigation Operations (CBIO) project (cf. Chapter Six).% SY M contains one other feature thanks

8 After theinitial experienceswith the Metergate outletsin distributary No 3, the I D tried to convince the project
team and donorsto install gated flumes of their own design. For the CBIO project it was agreed, however, that
the original Metergate outlets would be installed, be it with the ID gate, while in the remaining distributaries
and minors, the installation of outlets was slowed down or suspended. As a consequence, one can till find a
diversity of outlet structuresin many of the other distributary canals, comprising of Metergates, gated flumes

(continued...)
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to this short lived intention, namely an escape structure at itstail through which the supply can
be drained off into the surface drainage network.®” As the command area of SYM had been
classified as water logged, the whole command area was fitted out with a sub-surface drainage
network in the second phase of the drainage works, disposing off its effluent water into the
remodelled Narai and Kandar surface drains. The total command area of SYM is served by 18
drainage units, that weredrawn on hydrol ogical boundariesthat do not coincidewithtertiary unit
boundaries of the water supply system. The CCA of the tertiary units varies from 17 ha (43
acres) to 157 ha (393), which isa common variation in the old systems of NWFP.

Although SY M benefited to some extent from being targeted for the CBIO project, this has
had only small consequences for its infrastructure. Since the CBIO was in fact never
implemented in LSC, SYM did not benefit in other potential areas, such as being fitted out with
calibrated measuring structures/devicesor the organisation of operational management. Likethe
rest of LSC, there are no formal WUA present among the tertiary units, and it is operated like
the other canals by the normal ID staff. At thefield level, SYM is operated by one gate keeper,
aMalik and four Patwaris, and falls under the jurisdiction of the SDO of the Mardan division.

Water Delivery & Distribution at the Minor

Dueto its medium sized command area, the design capacity of 906 I/s (32 cusecs) for SYM far
exceeds the assumed water requirements of the design cropping pattern on which the capacity
of the main system wasdetermined (cf. fig. 4.9). However, sincethe | D opted to operatethe LSC
according to the old strategies by fixing the outlet gatesin place and operating the canalsaround
their FSQ, one would expect the deliveriesto SYM to substantially exceed its delivery targets
as defined by the O& M manual, as long as the main system would be able to provide enough
water. On afirst sight, this seemsindeed to have been the casein SY M. Figure 5.5 presentsthe
water deliveries at the head of SYM for July 1995 to August 1997, averaged out for the 10 day
delivery periods.28 Compared with the O& M manual delivery targets for SYM, based on the
designed cropping pattern, it is clear that substantially more water is being delivered to SYM,
making use of the extrademand-based capacity of 906 |/s (32 cusecs). However, when the O& M
delivery targetsarereplaced by theactual crop water requirements— by substituting the designed
cropping pattern with the average cropping pattern found in the field (cf. fig. 5.3) — a rather
different picture emerges. The actual water deliveriesthen fulfil quitewell the actual crop water
requirements at the level of the minor, suggesting that the actual water deliveries comply with

(...continued)

and even original old outlet structuresin some cases. However, since 1997 the ID has resumed the installation
of the original Metergate outlets with 1D gates, gradually thus replacing the original old outlet structures.
Although the original design of Mardan-SCARP foresaw the implementation of escape structures at all the
distributary canals, thishas not been carried out consistently during implementation. Asaconsegquence of which
only asmall minority of the canals actually do possess an escape structure.

The actual deliveries at the head of SYM are derived from own daily measurements of the head gauge, and
calibration thereof on arange of discharge measurementstaken during the research period. Thedesign delivery
targets are derived from the O& M manual, while the actual crop delivery targets are computed by substituting
the assumed design cropping pattern with the actual average cropping pattern and applying the water demand
calculations set forth in the O& M manual.

87
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Fig. 5.5: Water Delivery at Sheikh Yousaf Minor Head July 1995 - Aug. 1996
(10-day periods) [I/9]
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crop-based irrigation operations. The two exceptions where the actual deliveries exceed or fall
short of the requirements are furthermore perfectly justifiable: (i) the relative water shortages
occurring during the Kharif season are consi stent with the design assumption that the demand-
based water allowance of 1.34 /s (19 cusecs per 1000 acres) would yield a 10 - 20 percent water
shortage in the case of ‘excessive’ cultivation of sugarcane; (ii) the relative excess of water
during the end and start of the irrigation season when the crop water requirements tends to be
low, is explained by an adherence to the operational requirements of regime maintenance that
stipulates that canals should not be run for extended periods below 75 percent of their full
capacity.

When regarding the distribution among the outlets, the above pictureisfurther strengthened,
confirming the strategy of the ID to operate the system on the full or * demand-based’ capacity,
rather than the lower intended system capacity for the assumed cropping pattern. Figure 5.6
presents the water delivery rates to the outlets of SYM when the minor isrunning at or near its
design capacity. The first thing the figure makes clear, is that Mardan-SCARP has realised
enormous benefits for the water users by nearly trebling the water delivery to the tertiary units.
The fact that al the outlets are provided with a delivery rate that lies near the ‘demand-
allowance’ of 1.34 |/s (19 cuesecs/1000 acres) rather than the system’s  SCARP-allowance’ of
0.78 1/s (11 cusecs/1000 acres) is a natural consequence of the ID strategy to fix all the outlet
gatesin place. After commissioning of the canal, the ID opted to fix the outlet gatesinto place,
and by doing so, opted to fix them according to the traditional rules: i.e. at full supply capacity.
In the case of SYM, this meant that once the Metergate outlets were installed according to the
design criteria, thefull supply capacity of each outlet would be determined by the size of the pre-
fabricated barrel and/or the full capacity of the water course (whichever isthe limiting factor).
The fixing of the gate to its maximum opening then determines the maximum flow that can be
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Fig. 5.6: FSL Délivery Rates at Sheikh Y ousaf Minor Outlets
Befor & After Mardan-SCARP [I/ha]
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supplied without the risk of overtopping.

The diversity of water delivery rates among the SYM outlets can then be explained as a
consequence of two factors: (i) thosetertiary unitsthat have a CCA larger than 80 ha(i.e. outlets
4,5, 6 and tail right) are supposed to have per design a lower demand water allowance that
ranges between 0.78 and 1.34 1/s/ha, depending on the size of their CCA; (ii) apart from the
carrying capacity of the water courses, the delivery rate is determined by the size of the pre-
fabricated barrel of the outlet, which can lead to ‘misfits between the actual size and the
required design capacity. Table5.2 liststhe design capacities, actual size of theinstalled barrels
and the actual delivery capacity for the outlets of SYM. From these data, it becomes clear that
outlets5 and 6, although receiving closeto their demand water allowances, arereceiving slightly
less because of a relatively small barrel size, while for outlet 2 the opposite is the case and
receives a bit more than it should. Outlet 9 is an exceptional case, that has afar too large barrel
size, permitting it to withdraw much more water than it should. Outlet 1 iscut alittlerelatively
to its design capacity, which can only be explained by either atoo low gate setting, or alimited
capacity of the water course. Both tail-end outlets receive generous delivery rates through their
‘custom-made’ open flumes, indicating that they are slightly over-dimensioned or that the tail
water level inthe minor isactualy slightly higher than anticipated or that the outlets have been
set dlightly too low.
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Table5.2: Sheikh Yousaf Minor Outlet Design Capacity and Barrel Sizes

Reduced CCA Design Installed Barrel Actual
Distance [ha] Capacity Size (diameter) Delivery
Outlet No. from Head [ft] [I/s] [inches] Capacity [I/9]

1 880 68 91 18 81
2 3981 44 59 12 69
3 5950 56 75 18 74
4 8418 157 193 24 209
5 12075 98 128 18 116
6 12125 134 168 18 129
7 13920 49 66 18 75
8 14280 35 47 12 57
9 15358 17 23 18 66
Tail Left 18967 53 71 na 87
Tail Right 18967 145 180 na 258

By fixing the outlet gates into place, the ID opted to operate the newly remodelled L SC system
as a supply-based system — be it on demand-based water levels —in which the water supply is
regul ated at the main systemlevel and in which farmersareforced to react to the received supply
intheir water management activities. Although Mardan-SCA RPincreased the potential for flow
regul ation manifold, by adding numerouscontrol structuresthroughout thesystem, thel D clearly
remained to concentrate its water control activities on the traditional points of the system; i.e.
the intake structure and the head regulators of the distributary and minor canals. Figure 5.7
presents the gate movements at the cross-regulator in distributary No. 8 and the head-gate of
SY M for the 24 months measurement period. Itisclear that theradial gates of the cross-regul ator
in distributary No. 8 were hardly used for active water control, particularly since the |eft-bank
gate never touched thewater surface (except for avery brief and insignificant period in February
1996) and therefore never produced a water control effect. Over the 24 month period, the left
hand gate was operated a mere three times (even though to no avail), while the right-bank gate
was operated eleven times. Of the latter one, ten of the eleven operations were concentrated in
thefirst 11 months of the measurement period. The head-regulator of SY M (atraditional control
point) was operated slightly more with 15 gate movementsin 24 months. Overall, the operation
strategy of thelD isto set theright-bank radial gate at asteady depth withwhichit canfeasiblely
operate the flow variations up-stream of the control structure. Operations of the gate are limited
to react to too low water levels in distributary No 8 that threaten the supply of SYM with its
share of water. In contrast, the operation of the head-regulator of SYM follows the seasonal
distribution pattern, in which the water supply is cut during the cold Rabi season and increased
to FSQ during the hot Kharif season. The control of damage due to excessive rainfall which
brings the risks of overtopping and bank erosion continued to be managed traditionally by
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Fig. 5.7. Gate Operations at Sheikh Yousaf Minor & Distributary # 8
July 1995 - Aug. 1997, Rainfall [mm] (right-hand scale), Gate Opening [cm],
System Closure
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closing down the system at theintake; thiswasimplemented el even times over the measurement
period.

Control of Excess: Water Users' | nterventionsin the Minor

Not withstanding the seasonal and damage control flow regulation to SY M, the supply based
character of the water supply and the relative high water delivery ratesto the tertiary unitstend
toresult in arelative abundance of water at the head of thetertiary units. Water userswould have
to react to thisin order to avoid damage to, or suffocation of, their crops (cf. next section). The
traditional concern of trying to acquire additional water to supplement the scarce water supply
has been effectively turned around in LSC into a concern of having to manage excess water
without causing damageto crop or infrastructure. Although the rules regarding the management
of secondary canal water have not been changed, the water usersof SY M defy them on aregular
basisin order to take effective control of the excess water they are supplied with. An effective
and straight forward measure to do so, and which has been much applied in SYM isto refuse
water supply by partially or completely closing down the outlet. Figure 5.8 clearly shows that
refusal of water at the outlet has been a much applied water strategy in SYM over the
measurement period for the first nine tertiary units that are served by a Metergate outlet.
Although there is a considerable variation in the frequency with which this strategy is applied
by water users of the different tertiary units (cf. table 5.3), it is an effective water control option
that has been applied at all nine Metergate outlets. The fact that at some outlets this strategy is
applied less often has to do with that some of them are lesswater abundant (i.e. No. 1, 5 and 6),
and/or that the water usersfind it more convenient to apply an alternative strategy; namely that
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Fig. 5.8: Water Refusal at Sheikh Yousaf Minor Outlets July 1995 - Aug. 1997
Days outlets were completely or partially closed;(outlet number [-]) Rain [mm] (right-hand)
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of directing the received water flow entirely or partially into a surface drain (cf. next section).
Since the gate structures of the outlets have been fixed in place by the ID, water usersin SYM
regul atethewater refusal at the outlet by traditional meansby partially or completely obstructing
the flow through the outlet barrel by silt, bags, twigs and stones.®

Under the traditional circumstances of ‘ protective’ irrigation such frequent refusal of water
at the outlet through interference of water users would inevitably and quickly lead to problems
of overtopping and flooding at the tail-end of distributary canals, rendering this an unfeasible
water management option—asisstill largely the casein the Punjab (cf. Wahaj, 2001). Inthe case
of SYM, however, this has become afeasible water management option after Mardan-SCARP,
thanks to the availability of adequate drainage facilities at the tail of the canal that permit the
effective disposal of excess water into the surface drainage network. Although thisincludes a
pucca escape structure equipped with an undershot sliding gate, placed on the right-bank of the
canal just up-stream of the tail-end structure, this facility is not used on aregular basis for the
regul ation of excesswater. Over the 24 months measurement period this structurewas only used
three times (cf. figure 5.9) to dispose of the excess water reaching the tail. Thisis largely a

8 Water refusal at the outlets was recorded on adaily basis during the measurement period. For each outlet the
state of flow was recorded, in which total refusal was easily detectible. The occurrences of partial closurein
order to cut therate through the outlet, have been determined through an analysis of the recorded up- and down-
stream water levelsfor each outlet. To determine the days of partia closure alinewasfitted by eye through the
main concentration of readings. All readings for down-stream water levels that are less than 75 percent value
of theline are then identified and treated as instances of partial closure. While this method is not fool proof, the
results are fully consistent with observed water users' behaviour: the days of partial closure are al associated
with periods of high rainfall or of reduced evapotranspiration.
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consequence of the failure of the ID to take operational control of this structure. Asthisis a
formal gated structure, the operation of the escape falls formally under the operationa
responsibility of the ID. But, since the presence of operational staff along the canal iskept to an
absol ute minimum according to the supply-driven operation strategy, the ID has not been able
to provide an adequate and timely operation of this structure. Consequently, the escape structure
has become a crude regulation device that can, and is, operated by water users, but can only be
opened completely by taking out the entire gate structure (including the gate casing). The use
of the escape structure is thus limited to a binary regulation of open/closed, that limits its
usefulnessto those instances of total water refusal. During the measurement period, the use was
thus limited to three instances when more than 100 mm of rain fal in the area and none of the
water users were thusin need of any irrigation water. The escape structure is operated by water
usersaround thetail-end area of the canal, who can respond immediately in instances of intense
rainfall and numerous outlet closures (i.e. 5 and more), to avoid any damage due to overtopping.
Generally they were quick to respond in such occasions, in which their actions tended to take
effect one or two days before the system was shut down at the intake by the ID.

To increase the drainage opportunities at the tail of SY M, the water users of outlet No. 11
(tail-right) have ‘ constructed’ a kacha escape structure by cutting the right-bank masonry wall
of their water course, just down-stream of their open flume. This structure permits them to
dispose off a substantial part of their water flow into the surface drain through a purpose-dug
earthen canal that runs back under the Charsadda-Mardan road, linking up to the surface drain.
This kacha escape permits them to adequately control the excess water reaching them, in aless
cumbersome and more accurate manner than the pucca escape of the ID. By regulating the size
of the escape opening with silt, bags and stones, they are able to adjust the drainage flow to
adequate and desirable rates. Asis depicted in fig. 5.9 this kacha escape is frequently utilized

Fig. 5.9: Water Refusal at Sheikh Yousaf Minor v Water Requirements
July 1995 - Aug. 1997; # of Outlets closed (right-hand scale) and
days escapes are open & system s closed
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by thewater users of tail-right. The figure also makesit immediately clear that the kacha escape
isused in response to outlet closures upstream the minor that cause an increase in excess water
at tail-right intimes of intensiverainfall or low evapotranspiraton, and for themselves actsasan
effective method of ‘closing’ down their own outlet.

Table5.3: Frequency of Operational Management Activitiesat Sheikh Yousaf Minor, July 1995 -
August 1997

Frequency of Official
Location Operation Operator Actual Operator Remarks

Main Candl 11 [times] ID ID Closure of main system after
more than 70 mm of rainfall
in one week

Cross-Regulator in | Left: 3 (times) ID ID Mostly in response to low

Disty No. 8 Right: 11 (times) water levels

Head Gate SYM 15 (times) ID ID To adjust water level in
SYM to seasonal supply
level

Outlets (Days closed) ID Water Users Outlets are closed or

No. 1 19 partially closed in response

No. 2 135 torainfall or low

No. 3 100 evapotranspiration.

No. 4 14

No. 5 31

No. 6 21

No. 7 109

No. 8 9

No. 9 61

Pucca Escape 3 (times) ID Water Users After very intense rainfall
(>100 mm/week)

Kacha Escape 141 (days open) None Water Users To control tail, and adjust
flow for No. 11

54 WATER USE & REFUSAL%®*

As has become clear from the anaysis of Sheikh Yousaf Minor, the water management
conditions have been significantly changed at the tertiary level. The realised turnabout in water
availability at tertiary unit has, on the one hand, significantly increased the opportunities for
water management by eliminating the stringent constraints of water scarcity, allowing a more

% Thesections5.4and5.5arel argely based on the paper: Managing Excess Water: Drainage Strategiesin Sheikh
Yousaf Minor, Lower Swat Canal, (Halsema, van 1997).

| want to thank Ronald Loeve for the collection of the discharge datawithin the tertiary units and the cropping
data, which he collected aspart of hisM Sc work and of which | make ample use of in this section. Many thanks
are also due to WAPDA, who rehabilitated the groundwater observation wells and took the water table
measurements.
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flexible use of theirrigation water. On the other hand, it has brought anew set of constraintsthat
need to be taken care of in order to avoid damage to cultivation and infrastructure. The water
users of SYM were quick to take stock of these new conditions and adapt their water
management practices and application of the Warabandi accordingly. The two predominant
factors, allowing more flexible arrangements for water use and managing excess water, have
been incorporated into the daily water management practices in such a manner that the
management of irrigation and drainage water have become fully integrated at the tertiary level.

54.1 TheRateof Excessand its Temporal Variability

Managing excess water forms an integral part of water management activities in irrigation
systems along with water acquisition, allocation and distribution activities and it merits special
attention due to itsintrinsic characteristics. For example, when excess water becomes a matter
of drainage, it requires specific infrastructure that will enable the diversion of excess water
outside the hydrological sub-unit of theirrigated areato avoid future waterlogging and salinity
problems. Thetype of infrastructure and in particular the drainage opportunitiesit enables, will
affect the type of water management activities and organisational requirements that prevail in
any given unit.

The management of excess water is also heavily influenced by the rate of excess
accumulation. In the ‘classical’ approach to drainage, the management of excess water is
correlated in time with seasonal activities; drainage is then treated as a ‘response’ water
management activity, eliminating temporary excesses of water primarily caused by rain.
However, when the management of excess water is viewed in the context of other water
management activities, an additional relationship becomes evident. The temporal changein the
rate of excess accumulation of water is an important factor in shaping a water user’s water
management strategy for choosing between water acquisition, water distribution, drainage, and
water refusal.

Field observations reveal that the transition from water distribution activities to drainage
activitiesisnot abrupt, but gradual. Whenever feasible, the first amount of excesswater is used
to increase flexibility in water distribution in the form of higher distribution losses, rather than
an immediate shift to drainage. As excesswater increases, the amount of distribution lossesthat
passthrough the sub-surface and surface drainagefacilitiesal so will gradually increase until the
main activity becomes drainage instead of water distribution.

Itisthus primarily the interaction between water diversion opportunitiesfor distribution and
drainage, derived fromthe physical infrastructure and therate of excesswater accumulation, that
determine the character of water management by water users at any given time. Through the
assessment of the rate at which excess water is increasing in relation to the available
opportunities for water diversion, water users will decide to engage in individual or collective
water management activities. Given thetemporal character of excesswater, itisno surprisethat
water management practices also change over time.

Inorder to give adetailed picture of the water management activities at thetertiary level, two
of the 18 drainage units of SYM were selected for monitoring. Although the drainage units do
not form an organisational unit for water management activities, they were nevertheless chosen
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as unit for analysis so that a water balance could be made for the period of measurement. The
two units selected for monitoring are situated towards the tail of SYM (cf. fig. 5.10), and were
selected because WAPDA had installed a network of water table wells that were rehabilitated
and monitored during the measurement period.

Water Control Facilities at the Tertiary Level

In addition to the sub-surface drains provided by Mardan-SCARP, every tertiary unit also
possesses ample facilities for diverting excess water into open secondary drains through the
surface drainage network. As each tertiary unit borders an open secondary drain, many parts of
the watercourse network have been enhanced so that water can be drained off easily. In some
cases there are small canalsin which water is collected from different parts of the tertiary unit
for disposal at aspecificlocation onitsborder. Initially it isnot always clear which channelsare
used for water distributionand which areused for drainage. However, field observationsindicate
that it is not very useful to attempt such a differentiation to these tertiary canals. Much more
important isthat every tertiary unit possesses adense network of surface canalsthat can be used
either for irrigation or drainage purposes, and that water can be readily disposed into
thesecondary drainage network outside the unit through various points in the network (cf. fig.
5.10).

The sub-surface drainage network was designed to maintain the water table at 1.07 m (3.5 ft)
below the surface. In order to achieve thistarget, the depth and spacing of the lateral quaternary
drainswere determined with adesign drainage coefficient of 3.5 mm/day (cf. section4.3.2). This
provideswater userswith an automatic drainagefacility that can effectively dispose excesswater
at arate up to at least 3 mm/day, allowing them to over-irrigate their crops by the same rate
without having to take any specific drainage measures.

The network of tertiary canals providesthe water userswith amplefacilitiesand possibilities
for diverting water anywhere inside the command area for irrigation purposes or outside the
command areafor drainage purposes. In each of the drainage units studied there are at | east four
locations in the tertiary canal network where water can be directly diverted into the secondary
surface drainage network (cf. fig. 5.10). In addition to these ‘exit’ points, there are various
locations where excess water can be diverted into an internal tertiary drain that |eads to one of
the‘exit’ points. In drainage unit No. 1, for example, there are no lessthan four locations where
either the entire flow of water, or aportion of it, can be diverted into the drain al ongside the | eft
bank of SYM. At two of these locations a pucca nakka, normally used for farmers' irrigation
inlets along the watercourse®, has been installed in alined section of the watercourse in order
to facilitate the diversion of excess water into the drain. This adaptation of the pucca nakka as
adrainage outlet in the watercourse network is frequently encountered in LSC, and it has been
the first place were such use has been recorded. In addition to their use for drainage, many
tertiary drainage channels can be and are used for delivering irrigation water viaa shorter route

%2 The pucca nakka consists of asimple pre-fabricated concrete division box with two or more circular diversion

wholes that are placed under an angle, and which can be very easily closed with acircular concrete lid. This
device has been developed and introduced by OFWMP in the 1970s and has been its most successful product
that iswidely applied, and can even be purchased commercially at local workshops.
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Fig. 5.10: Map of Selected Drainage Unitsin Sheikh Yousaf Minor
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to farmers’ fields than through the formal watercourse. An alternative, and frequently applied,
management strategy for dealing with excesswater isto refuse supply at the outlet, as discussed
in the previous section.

Adapting Management Strategies to Relative Water Supply

The Relative Water Supply (RWS) at any given timeis an important factor in the assessment of
the need for and the nature of management of excesswater. To determinethe portion of thewater
supply that can be considered to be in excess, the net crop water requirements were subtracted
form the available supply. A value is thereby obtained that can be expressed either as mm/day
or I/s/ha, and which can also be expressed as a percentage of the available supply.

The quantum of excess water will aways vary in time for three reasons. (i) seasona and
operational variation in water supply —which in this case is determined by the canal operations
of the ID and the refusal of water by water users at the outlet ; (ii) variation in net crop water
reguirements over growing seasons and changes in cropping patterns; (iii) therainfall. Plotting
thisrate over agiventimeframefor different locationswill then provide anindication of where,
when and to what extent water supply produces a need for integrating drainage with irrigation
water management activities.

It isimportant to note that the rate or amount of excess water is determined against the net
crop water requirements. Thus not all of the water expressed in the rate is truly in excess, as
someof itisrequired for distribution and application losses. Thereisa preference, however, for
expressing thisrate against net crop water requirements, since the amount of water used to meet
distribution and application losses may vary over time and form part of awater user’s strategy
for coping with excess water.
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Assessing Excess Water Supply

Drainage units 1 and 2 are reasonably typical for the area, with representative cropping patterns
that are dominated by sugarcane and irrigation supplieswell above net crop water requirements
for substantial part of the irrigation season. To determine the net crop water requirements a
reference cropping pattern was developed comprising the five major crops and a correction
factor. The composition of thiscropping pattern was based on survey dataobtained fromthetwo
drainage units and associated watercourse command areas; the data are presented in table 5.4.
It proved difficult to assessthe cropping pattern during thetransition from Kharif to Rabi season
from these data when sugarcane is being gradually harvested and either replaced by a wheat-
mai ze-sugarbeet crop sequence or intercropped with other crops. However, since all crops are
dry crops, the Kc valuesfor the four main crop stages are very similar and of comparable value.
By supplementing the July cropping pattern of unit 1 with the wheat in the same proportion as
mai ze and adding a correction factor with aK ¢ value of 0.7 to bridge the gap between maize and
wheat, an indicative net crop water requirement is obtained for the whole unit. The overall Kc
valuesfor the whole unit (including the non-agricultural area) thereby obtained, variesfrom 0.7
to 0.9 throughout the year, with its peak in the months of May and June. Actual water
requirements were probably slightly lower, especially during Rabi when wheat is semi-dormant
and during the ripening stages of most crops.*®

Although unit 2 had a dightly different cropping pattern than unit 1 (i.e. somewhat less
sugarcane and more maize), the same ETc values were used. The differencesin ETc would be
marginal and given the nature of the analysis, caution suggests setting crop water requirements
dightly higher rather than too low.

Table 5.4: Cropping Patternsin Drainage Units 1 and 2 of Sheikh Y ousaf Minor [ %]%

Unit 1 Unit 2 Unit 1 Unit 2 WC 7-A WC5
Crop July 1996 July 1996 Nov. 1996 Nov. 1996 March ‘97 March ‘97

Sugarcane 73.2 63.4 455 48.8 53.9 40.0
Wheat | - | @ - 07.1 15.2 253 319
Orchard 03.2 00.3 03.2 003 | @ - 00.5
Vegetable 01.9 0’6 | - | | e
Maize 10.9 O A I s I T
Fllow | - | - 26.4 21.4 019 02.0
Other | -— | - 07.6 01.7 04.0 03.2
Non-Ag 104 11.9 10.4 11.9 14.3 21.2

% The applied ETo has been cal culated with the Penmann-M onteith method using climatic datafrom the Mardan
Sugarcane Research Institute, except for the windspeed and sunshine hours which have been taken from the
mean climatological datafor Peshawar as provided by the FAO.

Because November is in the period of transition from Kharif to Rabi, the cropping pattern data for Rabi were
corrected with data obtained in March in the command areas of watercourses 5 and 7.
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Infigs. 5.11 and 5.12 therate of canal water supply, rainfall and net crop water requirementsare
given in mm/day for both units 1 and 2 for the period September, 1996 through annual closure
in December, 1996. Canal water supply rates are based on daily measurements at all the inflow
points, for which avariety of measurement structures were used (Cut-throat and RBC Flumes,
V-notch and rectangular weirs). As shown in these figureswater was abundant during the period
of measurement. Drainageunit 1 (cf. fig. 5.11) had acanal water supply that on average wasfour
times the net crop water requirements, while unit 2 (cf. figure 5.12) received a less generous
supply of just twice net crop water requirements. From the data depicted in these figures, the
amount of excess water at any time can be derived by subtracting the net crop water
requirements from the total amount of canal water supply plusrainfall. Figure 5.13 presentsthe
amount of excesswater for both unitsthroughout the September - December, 1996 measurement
period. Excesswater isplotted asthe average of the seven preceding daysto adjust for short term
peaks caused by rainfall and variability in canal discharge. As expected from the datashownin
figs. 5.11 & 5.12, net excess water for unit 1 was two to three times the amount for unit 2. The
sharp peaks of excesswater during September and October are caused mainly by the monsoon
rains, subsequently thelevel of supply and thus of excess declineuntil theend of November. The
rise in excessin December results primarily from low net crop water requirements.

Fig. 5.11: Supply - Demand: Drainage Unit 1, Sheikh Y ousaf Minor
Sep.-Dec. 1996 (rainfall right-hand scale) [mm/day]
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Fig. 5.12: Supply-Demand: Drainage Unit 2, Sheikh Y ousaf Minor
Sep. - Dec. 1996 (rainfall right-hand scale) [mm/day]
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Fig. 5.13: Rate of Excess Water; Drainage Units1 & 2, Sheikh Yousaf Minor
Sep. - Dec. 1996 (7-day avg.) [mm/day]
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5.4.2 When & Where does Excess Water Become Drainage

From the above figures it becomes clear that the water supply in drainage units 1 & 2 were
substantially in excess of the net crop water requirementsduring the end of Kharif and into early
Rabi season. The amount of excess water varied from three to six times the amount needed to
meet net crop water requirements. Assuming that water supplieswereat | east inthisrange during
the hot summer monthsof May - July (an assumption that is corroborated with the data presented
infigs. 5.5 & 5.6), irrigation water supply then also significantly exceeded the net crop water
requirements during the summer. Other data appear to confirm this pattern (cf. figs. 5.16 and
5.17). In drainage unit 1 the full supply rate ranged between 17 - 20 mm/day (cf. fig. 5.11); a
guantumwell abovethe net crop water requirementsthat peaked at about 6 mm/day inlate May -
June - July, 1996 (cf. fig. 5.16). Even in drainage unit 2, about 45 percent of the full supply rate
of 11 mm/day (cf. figs. 5.12 and 5.17) was in excess of the net crop water requirements for the
period May - June- July, 1996. Thesefindings arerather surprising insofar aswater usersin the
study area said that these Kharif months continued to be aperiod of water shortage, no surface
drainage occurs, and consequently the Warabandi is strictly implemented.

In order to assess the utilization of excess water during the May - July period, is was
necessary to look at the performance of the sub-surface drainage system during those months.
Theaverage groundwater level below surface and the sub-surface drainage discharge are shown
infigs. 5.14 and 5.15 for both drainage units for the entire year of April, 1996 to April, 1997.
Fromthesefiguresit becomesimmediately evident that both sub-surface drainage networkswere
discharging throughout the entire measurement period, except during the month of January in
the case of unit 2. It isalso apparent that the rate of sub-surface drainage fluctuated in response
to changes in the water table and with rainfall. The correlation coefficients between changein
water table and the sub-surface drainage rate for units 1 and 2, were 0.90 and 0.91, respectively.

Interestingly, the rate of sub-surface drainage was on average 3 timesas high in unit 1 asit
wasinunit 2, at 4.5 mm/day versus 1.5 mm/day (cf. figs. 5.14 and 5.15). However, part of the
higher drainage discharge rate from unit 1 can be allocated to seepage |osses originating from
SYM itself, which flows across this drainage unit. The correlation coefficients between the
amounts of excess water and the rates of sub-surface discharge and change in water table levels
were much poorer for both units:

Unit 1: excess vs water table change: Corr. Coeff. = 0.12
excess vs sub-surface Q: Corr. Coeff. = 0.16

Unit 2: excess vs water table change: Corr. Coeff. = 0.38
excess vs sub-surface Q: Corr. Coeff. = 0.16

The absence of a good correlation between either water table rise or sub-surface drainage
discharge and excess water indicates that large amounts of surplus water were diverted out of
both hydrological sub-units through the surface drainage network during the months of
September - December, 1996.
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Fig. 5.14: Water Table & Sub-Surface Drainage Rate; Unit 1 Sheikh Yousaf Minor
April 1996 - April 1997 (drainage rate at righ-hand scale)
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Fig. 5.15: Water Table & Sub-Surface Drainage Rate; Unit 2 Sheikh Y ousaf Minor
April 1996 - April 1997 (drainage rate at right-hand scale)
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Over-lrrigation & Sub-Surface Drainage

During the hot summer season of May to early July, when according to water users they still
faced ashortage of water rather than an excess, two * patterns’ of excesswater management could
be distinguished. Despite the water users’ claim, and the fact that hardly or no surface drainage
occurred, the sub-surface data indicate that a substantial amount of excess water was flowing
through the root zone during this period. In both drainage units, the groundwater table shows a
rising trend from May into July, before the start of the monsoon in the last week of July, 1996
(cf. figs. 5.14 and 5.15). Thisis clear evidence of over irrigation, asthe rise in water table can
be attributed only to excess water flowing downward through an over-saturated root zone.
Taking into account that the lateral sub-surface drainswerelaid at a depth between 1.9810 2.13
m (6.5 - 7.0ft) below the surface, it becomesclear that this process of water tabl e recharge began
from the time water users started to irrigate seriously in April, 1996.

Water users continue to perceive the pre-monsoon Kharif as a problematic period of relative
water shortage, blaming the sub-surface drains for drying their soils. The data collected in
drainage units 1 and 2, however, strongly indicate something el seishappening. Thediscrepancy
between thewater users' perception and the collected dataindicate aproblemwiththeirrigation
application methods used in SYM. Water users have not changed or adapted their irrigation
application methods to the new situation, and continue to apply the full stream flow on their
relatively small borders or borders/furrows. The nearly trebling of the stream flow as a
consequence of Mardan-SCARP then induces alower application efficiency at field level. This
isfurther corroborated by the data, asthe greater amount of over-irrigation occurring during this
time at unit 1 ismost likely caused by the higher discharge water users have to manage at field
level, roughly 120 /s (4.2 cusecs) compared to about half that amount in unit 2. Furthermore,
the reduction of over-irrigation at the end of the Kharif season coincide with areduction in the
level of canal water supply, and thus tends to support this view. This tendency to over-irrigate,
is furthermore enhanced by the traditional irrigation practice, stemming from the days that
irrigation water was still relatively scarce, that one should make sure that with each application
one’ s soil isfilled to the brim, which meansin practice that the soils areirrigated to abovefield
capacity. With the sub-surface drainage network, the fields are drained to field capacity within
aday, instead of the couple of daysit used to take, feeding thus the perception that they areto
blame of drying-out the soils.

The amount of excess water flowing through the soil can be quantified by expressing water
table fluctuations as a rate of water supplement or extraction. For this purpose, water table
fluctuationshad to be converted into net water volumes, asthe unit of water tablemainly consists
of solid soil and only asmall fraction consists of pores that actually contain excess water. For
a silty clays soil Kabat and Beekma give an effective porosity value mu = 0.04, thereby
indicating that one metre of water tabl e rise represents 40 mm of net water volume added (K abat
and Beekma, 1994: 405). By applying this relationship it was possible to quantify the amount
of water that flowed in excess through the soil. For any given day, the excess was determined
by the change in water table — a rise having a positive value, while a drop is quantified by a
negative value — plus the rate of sub-surface drainage.
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The results of this analysis to quantify the rate of over-irrigation are presented in figs. 5.16
and 5.17, for oneyear, from April, 1996 to April, 1997. To reduce the effect of daily variability
and occasional rainfall events, therate of over-irrigation hasbeen cal culated asamoving average
of the previous 14 days. To facilitate easy comparison, the amount of over irrigation is plotted
together with net crop water requirements; both expressed in mm/day. It is apparent from these
figuresthat during the hot summer period (mid-May to late-July), excesswater has been applied
to the soil by means of irrigation, distribution losses, and substantial application losses. For unit
1 the amount of over-irrigation amounted to about 4 - 5 mm/day and for unit 2 about 2 mm/day
against a peak net crop water requirement of 5.5 mm/day. The larger part of this excess water,
around 80 percent, was diverted out of the hydrological sub-unit through the sub-surface
drainage system. As a consequence, the water table rose immediately in response to rainfall.

In contrast to the hot summer period, the occurrence of heavy monsoon rain showers
represented a period when the rate of excess water showed an acute and drastic rise. By
comparing figs. 5.14 and 5.15 with figs. 5.16 and 5.17, it can be concluded that part of thisacute
excess water has been diverted through the soil. An already rising water table wasimmediately
recharged by substantial amount of water, and the sub-surface drainage network responded to
therising water table by an increasing discharge rate which drained the water tablein the course
of afew days. The sub-surface drainage network, however, could accommodate only a portion
of the acute excess caused by rainfall. Therefore, asubstantial amount of excesswater delivered
through the irrigation system had to be managed through other means.

Animmediate and logical water users' response observed in the field wasto divert the entire
watercourse flow into asurfacedrain. Thisstrategy enabled the larger part of excesswater to be
removed immediately from the hydrological sub-unit. In cases of very intensive rainfal, a
portion of excesswater resulting from rain could also be disposed off through surface drainage
by means of direct runoff from the fields. Water users implemented this latter strategy by
opening their field bunds; apracticethat isnecessarily restricted to thosefieldsbordering surface
canals that are primarily used for drainage and lie below field level.
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Fig. 5.16: Rate of Over Irrigation; Drainage Unit 1 Sheikh Y ousaf Minor
April 1996 - April 1997 (14-day mov. avg.) [mm/day]
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Fig. 5.17: Rate of Over Irrigation; Drainage Unit 2 Sheikh Yousaf Minor
April 1996 - April 1997 (14-day mov. avg.) [mm/day]
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Surface-Drainage & Water Distribution

The amount of surface drainage that took place was determined by subtracting the amount of
sub-surface drainage and the change in water table (in net volume) form the amount of excess
water for any given period. Figures 5.18 and 5.19depict excess water and surface drainage as
ratios of canal water suppliesfor units 1 and 2 for the period September - December, 1996 as a
7 day moving average. In both units, it becomes apparent that during the end of the monsoon
rains in late September to early October, 75 - 100 percent of canal water supply was drained
through surface drainage.

When the rain is intensive and frequent, causing prolonged periods of excess water, water
usersin SYM command demonstrated a tendency to change their water management strategy.
Instead of continuing to drain the entireirrigation supply through the surface drains, canal water
was frequently refused by closing the outlet partially or fully to reduce therisk that full flowing
surface drains will damage crops and houses (cf. previous section). In addition to reducing the
guantity of excess water that water users have to manage, when timely applied, the practice of
refusal also may enhance drainage from the fields; however, no observations have been made
yet for this purpose.

Once the monsoon rainswere over, the amount of excess water temporarily dropped because
of lower canal supply levels, particularly inunit 2 (cf. figs. 5.11 and 5.12), and field preparations
for the sowing of Rabi crops. From thispoint on, the water table continued to declinewell below
the design depth until about the beginning of March. This indicates that the amount of over-
irrigation was reduced bel ow the capacity of the sub-surface drainage network. However, from
the beginning of Rabi until canal closure the amount of excesswater actually increased again to
about 90 percent of the supply, primarily because of lower net crop water requirements.

Fromfigs. 5.18 and 5.19 it can be deducted that for a period of about 30 days (22 October to
21 November, 1996) more than 50 percent of the supply rate was used for irrigation, of which
asmuch as 25 percent wasin excess of net crop water requirements. From the end of November
until canal closure the larger part of excess water — 80 to 90 percent — was drained through the
surface drainage network; an amount as much as 75 percent of thewater supplied. Itisclear from
these datathat thereisampleflexibility for water distribution within these units, even enabling
water usersto skip night time irrigation atogether during the month of December.

% |n fact, the data suggest that as much as 125% of the water supplied has to be drained through the surface
drainage network during heavy rainfall. Although thisvalue may result partly from cumulative inaccuraciesin
water measurement, it is strongly indicative of run-off drainage due to afully saturated soil.
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Fig. 5.18: ExcessWater & Surface Drainage v Supply; Unit 1 Sheikh Yousaf Minor
Sep. - Dec. 1996, Expressed as ratio to supply [-] (7-day mov. avg)
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Fig. 5.19: Excess Water & Surface Drainage v Supply; Unit 2 Sheikh Yousaf Minor
Sep. - Dec. 1996, Expressed as ratio to supply [-] (7-day mov. avg.)
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55 RE-ARRANGING THE RULES OF WARABANDI

In the foregoing sections it has been made clear that the dynamics of water management have
been changed significantly for the water users of LSC, and those of SYM in particular, due to
the changes in infrastructure and irrigation conditions effected by Mardan-SCARP. It should
therefore come as no surprise that they have opted for a practical adaptation of the Warabandi,
exploiting its potential flexibility in defiance of the formal rigidity that tends to be underscored
in the professional literature.

Despite all the changes brought about by Mardan-SCARP the Warabandi remained
unchanged for all the tertiary units of LSC.% This occurred to the extent that all the newly
prepared Patwari maps of the command area are not used in practice by the Patwaris, as it
proved more convenient to simply keep using the old pre-project mapswhile upholding the pre-
project Warabandi rosters. Formally thisal so meansthat no changesin water management at the
tertiary level have been endorsed by the I D, and that the water users of L SC are held accountable
to the Canal & Drainage Act in exactly the same manner as before the project. For the water
usersthismeant that they wereill prepared for the new water management conditionsthey faced
after commissioning, and that they were basically forced to adapt their practices along the way
until they would find a workable adaptation.

It is clear from the data presented above that the water users had to control excess water by
integrating drainageintotheir irrigation water management practices. Notwithstanding the abrupt
transition that took place with the commissioning of theremodelled canal system, the conditions
turned out to be favourable in two important aspects for water user to transform their water
management practices: (i) the drainage facilities are effective and provide many opportunities
for water usersto dispose of any quantities of excesswater through either surface or sub-surface
drainage, without causing immediate damage to others; (ii) due to the relative abundance of
water, the management of the ID hasrelaxed asthere is no need for tight operational control to
address problems of water scarcity and distribution. Thefirst condition permits ahigh degree of
flexibility with whichindividual scan addresswater management needs, whilethelatter hasbeen
instrumental for the high degree of tolerance of the ID towards water refusal at the outlets.

The question thus arises how water users have coped with the abundant water supply and the
need to control excess water, in the face of the opportunities available to them. Have the
principlesand strategies with which they conduct their water management for decades changed,
or have the new reguirements for excess water control and drainage, as well as the increased
flexibility this provides, been accommodated in the structuring principles of the Warabandi? In
other words; does the formal Warabandi, which was devised and used specifically to deal with
relatively water scarce situations, still have practical significance in the conditions of LSC? Or
has it informally ceased to be an institution with which water users shape their water
management practices?

Asdiscussed, onestill findsthe official pre-project Warabandi roster at the centre stage of the
day to day water management practicesin SY M. Evidently, the nature in which the Warabandi

% Except for the one tertiary unit where the low-pressure buried pipe system was introduced as a pilot-project,
where the Warabandi was abolished in order to experiment with ‘demand-based’ irrigation operations.
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is used in the shaping of the post-commissioning water management practices, has changed
starkly from the pre-project era. The function of the Warabandi as an institution for water
management has clearly shifted; where it once clearly shaped the scheduling and minute-to-
minute distribution of water in the Chak, it today predominantly serves as a water allocation
principleto whichthewater usershaveto conformintheir water management practices. Besides
providinga‘reference’ distribution schedul e from which adaptati ons can be made, its paramount
function isto define the allocated water share — defined as atime share of the total water course
flow — of each individual water user in the tertiary unit. It is by providing an unambiguous and
transparent definition of the allocated water share in a manner with which water users are well
acquainted with, that the Warabandi can continue to serve as the principle means by which the
arrangements of water management are made. Furthermore, the maintenance of the pre-project
Warabandi roster provides two additional important advantages for the organisation of water
management. It is well known among all the water users of one unit”, and it provides a
considerable degree of freedom for individual and ad-hoc collective action. The latter being
highly valued by the Pathan (cf. Leeuwen, van; 1997 and chapter seven).

Sub-Classifications of Water & their Rules of Use

Although the water table data of drainage units 1 and 2 confirm that water supply isin excess
of thewater requirements during the hot summer months of May - July, water usersin SY M still
perceivethisperiod asoneof comparative scarcity. During thisperiod the pre-project War abandi
roster is therefore maintained and implemented fairly strictly in eight of the eleven tertiary
units.®® Deviations from the water distribution roster are kept to a minimum during this period,
and if it occurs through the sharing or lending of water turns between water users, the turns as
arulemust be repaid within the next Warabandi turn. Even though this peak requirement period
continuesto be perceived as arelative water scarce period by the water users, thefact isthat the
official complaints about water theft or non-compliance with the Warabandi filed at the office
of the Deputy Collector in Mardan have dropped from a pre-project average of 200 per year to
apost-commissioning of 2 per year for SYM aone. Thisindicates ahuge improvement of water
availability that corroborates with the measurements conducted in drainage units 1 and 2.

During the monsoon rains the primary concern of water users in SYM is to manage the
substantial amounts of excess water they receive. There are two waysin which they can control
this excess water; depending on the situation, one or both are applied. As discussed, the first
optionisto utilize the surface drainsto divert as much asthe entire watercourse discharge from
the command area. In addition to actively draining the surface flow, the cana water supply is
also partially or fully refused at the outlet.

%7 The distinction between well acquainted with, and well known, is used here to make the following distinction:

well acquainted with is used to indicate that water users are familiar with Warabandi and know how it works;
while well known is used to indicate that the specific content (in terms of time share defined turns) is known
by the water users of one unit and that the knowledge is not only limited to ones own individual turn but also
of the turns of one’ s fellow water usersin the unit.

Unit No. 9, with its over-sized outlet is an exceptional case, that due to its extremely high delivery rate can
afford to deviate from the Warabandi even during these peak water requirement months. This exceptional case
is not further treated here.
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Manipulation of canal water supply at the outlet is done by individual water users who take
the initiative based upon an assessment of the excess supply situation. Even though thisis a
logical and frequently used strategy during the monsoon season, water usersin SYM continue
to be reluctant to admit doing so; probably because it remains a serious breach of the Canal &
Drainage Act. In contrast, however, all water users freely admit to re-opening closed outlets
whenever they are in need of water during such periods of outlet closure. The general rule
applied in SY M isthat anyone who needswater, irrespective of their position in the Warabandi
roster, is allowed to re-open a closed outlet.

During periods of perceived excess water when at least part of the supply is being diverted
into the surface drains, there are ampl e opportunitiesto increase flexibility in water distribution
at thetertiary level. Water that is flowing freely into surface drainsis classified as ‘free’ water
by the water users, which meansthat it can be used by anyone who needsit. Every sharehol der,
of course, also continues to retain a proprietary claim to the water during his/her respective
Warabandi turn. The use of ‘free’ water istherefore subject to certain rules aswell. Any water
user using ‘free’ water isresponsiblefor restoring the flow of water to asurface drain once (s)he
isfinished using it, or handing it over to another user in the command area. The right to claim
use of ‘free’ water varies from location to location. Often the rule of ‘first-come, first-served’
is applied, and those who claim it later will have to wait until those who claimed it earlier are
finished using it. In other cases, farmerslocated closer to the outlet of the watercourse are able
to use their more favourable upstream position to stake a privileged claim.

Clearly, using ‘free’ water to irrigate outside of one’s own Warabandi turn carries some risk
that it will belost to others— particularly to the proprietor in whose turn oneisirrigating — or of
having to negotiate among multiple claimsfor use. One way water users are able to managethis
riskisto ‘book’ or reserve‘free’ water in advance with another sharehol der who doesnot intend
to (fully) utilize his’/her Warabandi turn. In such an agreement, those who ‘book’ ‘free’ water
only can be obligated to return it within the next Warabandi cycle (i.e. like the traditional
exchanging of turns). However, such reciprocity typically is practised only during the period of
the pre-monsoon Kharif. Water users whose scheduled Warabandi turn falls during the night,
naturally, prefer tofollow thestrategy of ‘ booking’ water in order to shift to, and secure, daytime
irrigation.

Whether or not it is necessary to ‘book’ water depends strongly upon both the amount of
excess water at the time and a local assessment of the relative availability of ‘free’ drainage
water. For example, whenever the amount of ‘free’ or surface drainage water falls below 50
percent of the canal water supply (cf. figs. 5.18 and 5.19) there is still opportunity to irrigate
outside of the Warabandi turn, but ‘ booking’” may be essential to secure accesstoit. In contrast,
when the amount of ‘free’ water reaches about 75 percent of canal supply, water is sufficiently
abundant so that the risk of accessing it freely at any time is minimal and there is no real
necessity to ‘book’ it in advance. During these periods night time irrigation is completely
abandoned in SYM and no structured water distribution pattern can be discerned at the tertiary
level.

Field data and observations clearly demonstrate that water management in SY M command
islessawell organised activity involving groups of farmers acting together than it is a series of
interventions undertaken by water usersprimarily on anindividual and ad-hoc basis. To besure,
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the existence of certain rules concerning the use of surplus water and the categorisation of
surfacedrainagewater as'free’ under certain conditionsby water usersdoesimply awidedegree
of community agreement or consent. However, this should come as no surprise, asit is highly
consistent with thetraditionsof tertiary level water management and highly compatible with the
dynamics of Warabandi. Therulesthat have arisen in SY M to adapt the Warabandi to the new
day-to-day requirements of water management also underscore this prevailing preference for
individual action. It is on the basis of knowing each other’ s formal turns, that individual water
users are able to classify water in their water course as being ‘free’, ‘claimed’ or ‘booked, and
that enables them to engage in face-to-face arrangements with their fellow water users.
Consensus agreement among water users at the time of action also isrequired for the closure of
watercourse outlets and the operation of the escape structures. However, this is typically
achieved through informal rather than formal leadership.*® Moreover, in the case of outlet
closure, anyone is permitted to intervene to change the action, so long as the result does not
damage another’ s property.

This prevalence of informal and ad-hoc arrangements, that enhance the individual’ sfreedom
for choice and action, in the newly emerged water management arrangements in SYM are of
course largely supported by the conditions created after Mardan-SCARP. That a high relative
water supply tends to favour informal and ad-hoc water management arrangements, has been
known since Levine (1977) introduced the RWS parameter to explain the correlation. That the
need for excesswater control hasnot required any formal and organi sed arrangements, islargely
thanks to the effective drainage system provided by Mardan-SCARP. The latter standsin sharp
contrast to the conditions prevailing in Punjab and Sindh, where the refusal of excess water by
some inevitably leads to the water logging problems of others, and requires formal regulation
and arrangements to be effectively addressed (cf. Wahaj; 2001).

5.6 DISCUSSION & CONCLUSIONS
On Actual Water Management Practices

In our canal safari visit to the tail of Sheikh Y ousaf Minor, it became immediately evident that
the irrigation conditions in LSC were significantly changed as a result of the remodelling by
Mardan-SCARP. Water was flowing everywhere: through the minor, outlets, watercourses, and
even the tile and surface drains. Water had seemingly become so abundant that even at the tail
outlet water userswerein aposition to refusewater and drain off substantial part of the delivered
flow; an unusual sight in irrigation systems of the IBIS.

As a result of these changed conditions, in water availability and water control and
management opportunities, new water management practices have emerged in LSC; if not so
much on the main system level, certainly on the secondary- and tertiary level. Regarding the
impact Mardan-SCARP has had so far, however, it is hard to resist the ironic remark —

% See van Leeuwen (1997) for an excellent treatise that specifically deals with the role of informal community
leadership in water management in Pathan culture in NWFP.
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particularly when one takes into consideration the project’ s initial ambitious intentions — that
according to Widstoe's criteria of a successful irrigation enterprise quoted at the beginning of
this chapter, Mardan-SCARP apparently has donewell: water users of LSC certainly did get an
ample supply of water whenever needed by their crops. It remains remarkable how both the ID
and the water users have reacted to the new conditions and opportunities created by Mardan-
SCARP. Theformer haveincorporated the new supply level swith aminimum of changesintheir
operational practices. The latter have adapted their irrigation and water management practices
in order to take hold of the newly created opportunities. Even though both responses were more
or less predictable given the circumstances of commissioning, it remains remarkable how they
managed to find rel atively quickly aworking mode of operationinwhich they not merely coexist
but also synergise.

The data from Sheikh Y ousaf Minor underscore the capacity of both the ID and water users
to respond to the excess water conditionsin such amanner that thereis comparatively little risk
of crop damage through excess water delivery. The remarkable thing about this whole process
isthat it isdonewithout any communication between agency and water users, or, for that matter,
among water users of different localities along the canal. It works, because there appearsto be
sufficient infrastructure available for either water users or ID to make logical and rational
decisions about disposing of excess water. It is this combination of infrastructure and water
availability that allows the ID to limit its own operational interventions to a minimum. It can
feasibly tolerate a higher degree of water users intervention at the secondary level water
management as long as this does not |ead to an exacerbated skewed water distribution or flood
damage.

In general, thewater users of SY M command appear to have made good use of thisincreased
tolerance of the ID, managing excess water throughout most of the year very effectively. They
makefull useof all available means, adapting their strategiesto meet the excesswater conditions
they encounter. Thelone exception to thisgeneral conclusion occurs during the three months or
so of dry, hot summer weather. The variability of excesswater throughout the irrigation season
in conjunction with opportunitiesfor drainage leadsto three basic modes of water management:

»  During the hot summer season water is still not perceived as being in excess; all excess
water isdrained passively, and perhapsunconsciously, by percolationfromover-irrigated
crops into and through the sub-surface drainage network.

»  During times of perceived excess, especially from the onset of the monsoon rains until
annual canal closure in winter, water is actively managed through the surface drainage
network. This is done primarily through individualised action and is based on
‘classifying’ irrigation water asexcessand diverting that portion of itsflow into asurface
drain. Because surface drainagefacilitiesare availablethroughout each tertiary unit, this
activity does not require group operation. Effective rules have been established
concerning the user of surface drainage water within atertiary unit which enhance the
irrigation management options for individual water users. The result isthat water users
now have a higher degree of flexibility in water distribution for much of the year, even
to the extent that night time irrigation can be abandoned completely during the start of
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the Rabi season.

»  Attimesof heavy rainfall when excesswater becomesan acutethreat to cropsand during
time of low crop water requirements, the amount of excess water is reduced by
manipulating the rate of canal water supply at the outlet. In practice this activity is
undertaken by informal individual leaderswho make an assessment of the need to reduce
the canal water supply. Water management flexibility is ensured, however, by the
practical rule that anyone in need of water at this time can increase canal supply
conditions.

Theonly immediate scopeavailableto improve the management of excesswater inthecommand
of SYM seemstolieinthe apparent structural tendency of water usersto over-irrigatetheir crops
during the hot summer months.

In Relation to the Design Concepts of Mardan-SCARP

From the water management strategies that emerged in LSC after commissioning of Mardan-
SCARP, it becomes apparent that the current practice of abundant FSL delivery isfeasiblethanks
to the newly established drainage facilities and opportunities. | n essence the water management
strategy that emerged is based on ‘letting’ the water user match their crop water and irrigation
requirementsthrough regul ation of the drainage effluent; rather than seek to control and regul ate
such a match at the secondary and primary levels of the irrigation network. This ‘simplified’
option for ‘ crop-based’ water management was surprisingly not contemplated within Mardan-
SCARP. There are two primary shortcomingsin the process of conceptualisation that lay at the
foundation of this:

(i) The project neglected to contemplate the role and function of drainage in water
management and its interrelation with irrigation (i.e. no integrated approach was taken).
Irrigation and drai nage were predominantly regarded astwo separate componentsand processes,
eachwiththeir own*technical’ management and control objectives. Thiswasfurther exacerbated
by the fact that the design and implementation of the irrigation and drainage components were
conducted by two separate project teams; the Canadian drainage team and the Harza-Nespak
irrigation team.

(i) The scale of conceptualisation: The boundariesof the system were set to coincidewiththe
hydraulic boundaries of the LSC (except for the peculiar administrative boundary of Kalpani
distributary). The basin level has not been regarded by Mardan-SCARP as arelevant system of
integrated water management — as has become increasingly common nowadays. The ID,
however, wasquick to bring thisforward asajustification for itsestablished practi ce of abundant
water supply. Reasoning that with the effective drainage system the excess water is made
available again for re-use at the basin level, asit isall diverted back into the Kabul river which
is atributary to the Indus. An integrated conceptualisation at the basin-level would normally
form part of WAPDA'’ s responsibilities as manager and regulator of the IBIS. It’ sinvolvement
in Mardan-SCARP, however, was primarily at the practical level with the provision of
counterpart engineers for the design and construction supervision who tend to get quickly
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absorbed inthe details of their daily work. Arguably, theintegration of the management aspects
of irrigation and drainage, and its conceptualisation on awider hydrological system, should have
been taken up at the stage of project definition, during the formulation of the final project plan
and at the level of the provincial project coordination committee.

Given the circumstances of commissioning of Mardan-SCARP, and the failure to initiate a
change process with ID and water usersto transform their water management procedures along
awell established plan and strategy imbedded in their appreciations of water management, the
outcome that eventually emerged comes as no surprise.

At the tertiary level, the water users adapted their water management practices to take
advantage of the opportunities provided by relative abundance of water and drainage facilities.
Their adaptations of the Warabandi reveal adifferent appreciation of the concept of managerial
flexibility than the one that is applied in the design (or engineering) concepts, and that was
adopted in Mardan-SCARP. Whereinthegeneral conceptsof ‘ modern’ irrigation efficiency and
flexibility are presented as reinforcing elements — when water users are enabled to get the rate
of water supply at the timings and for the duration that best meet their requirements — the
practicesin LSC have exposed an opposite relationship. Thisis, however, less remarkable than
it might seem. The management proposal sof Mardan-SCARP might have provided for flexibility
and efficiency at the outlet, but not necessarily for the individual water user. With the
intervention of both the Gauge Reader and Common Irrigator inthe scheduling and distribution
of water, the actual flexibility for the individual water users would have to be subdued to the
practicalities with which these intermediates would have to devise a workable schedule. The
practices that actually emerged, in contrast, do provide an individual flexibility, thanks to the
combination of relative water abundance and adequate drainage facilities.

Within the present context of post Mardan-SCARP, there are little incentives left for either
the ID or water users to seek a tighter control over the water distribution within LSC, and
improve the water use efficiency within the hydraulic boundaries of the system. The only
prospect in the near future to induce another transformation of water management seemsto lie
in asignificant rise of the water charges to provoke water users to seek water savings out of
economic reasons. Which, given therecord for price control over thelast decadesintheprovince
seems unlikely to occur any time soon. Similarly, the prospectsto induce the ID and water users
inLSC totake aleadinthereformsand decentralisation of water management (cf. chapter eight)
are considerably reduced with the transformation achieved with Mardan-SCARP. In the current
context, whereagood water delivery serviceishbeing realised with considerable managerial ease
for both 1D and water users, thereislittleincentivefor change. The opportunity to establish some
form of participative irrigation management in LSC by providing an institutional capacity
building and managerial change process during the Mardan-SCARP project, was unfortunately
mi ssed.

The principle scope for further improvements lies now with the issue of over-irrigation, that
might lead to a structural leaching of soil fertility and fertilizers, and thus act as an obstacle to
productivity. Thisis, however, primarily anissueto be addressed through training and extension
services, rather than a matter of irrigation modernisation or reform.



CHAPTER SIX

CROP-BASED IRRIGATION OPERATIONS:
IN SEARCH OF A VIABLE ALTERNATIVE OF MODERN
IRRIGATION

—

THE CROP-BASED IRRIGATION OPERATIONS PROJECT IN
CHASMA RIGHT BANK CANAL

6.1 INTRODUCTION

The next attempt to introduce some form of crop-based irrigation operations as a path of
modernisation of the IBIS was, despite the events in Mardan-SCARP, taken up for the
development of Chasma Right Bank Canal. After the experiences in Mardan-SCARP the aim
remained to find aviable alternative to realise ‘ productive’ irrigation in Pakistan, wherein the
water supply could be feasibly varied in accordance with the crop water requirements. For this
purpose, a separate project component was initiated — the Crop-Based Irrigation Operations
project (CBIO) —with the task to test and define operational proceduresfor ChasmaRight Bank
Canal, in which the crop water requirements could more or less be met. From the start, the
intention was to come to aworkabl e solution in the water management context of Pakistan, that
would yield alternative operation and management procedures that would both be practical and
feasible. To thisend, the notion of ‘ crop-based’ and ‘ modern’ irrigation had to move away from
that of ‘demand-based’ irrigation, that had caused so much contention in the case of Mardan-
SCARP.

This second attempt to give shape to a concept of varied water supply in response to crop
water requirements, is briefly presented in this chapter on the basis of the CBIO project results.
Inthe schemeof irrigation developmentsundertakeninthelBIS, it representsanimportant stage
in the attemptsto define a concept of ‘ productive’ irrigation that isworkable within the context
of the IBIS. The fact that a separate project component was specifically set up to address this
issue, even beitintheform of ‘mere’ technical assistance project, would seem promising, given
the eventsin Mardan-SCARRP. In practice, however, the separateness of the project turned out
to be one of the obstaclesto success. The scope for transforming the operation and management
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of ChasmaRight Bank Canal into acrop-based system were too much delimited by institutional
and technical constraintsimposed by operational practices of the line agencies and the already
completed design and configuration of the canal system itself. The CBIO project in the end did
not succeed to elaborate an integrated and congruent conceptualisation of crop-based irrigation,
bud had to delimit its scope to a performance and feasibility study. Likein Mardan-SCARP, the
attemptsin Chasma Right Bank Canal were eventually bogged down by atechnical discussion
ontheviability of controlling theflow variationsin the main system, which the CBI1O sought out
to settle through hydraulic modelling.

Section 6.2 provides a description of the CBIO project and its objectives, and how it set out
to define a concept of crop-based irrigation for Chasma. It is shown how the concept of the
CBI O possesses remarkabl e similarities to the one devised by Mardan-SCARP for the first two
stages of management transformation. In section 6.3 a description of the Chasma Right Bank
Canal isgiven. Section 6.4 provides an overview of the operation and management realitiesthe
CBIO encounteredinthefield, and the constraintsthese practicesimposed onthe CBIO. Finally,
the delimitated scope of the CBIO outcomes are discussed, with regard to its conception of crop-
based irrigation, and its focus on the technical control of flow variability.

Fig. 6.1: Map of Chasma Right Bank Canal Stage |
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6.2 SEGREGATING WATER MANAGEMENT FROM IRRIGATION DESIGN
6.2.1 TheNeed to Conceivea Crop-Based Irrigation Operation Concept

The disappointing experience of Mardan-SCARP inits attempt to introduce some form of crop-
based or demand-based irrigation concept, had not gone unnoticed. The ensuing conflict around
theoutlet structuresand the | D’ srepudiation of having to regul ateflow variationsfrequently and
at numerouslocations, |eft the question unanswered on how to introduce awater delivery service
that better met crop water requirements. The policy objective to improve the productivity and
efficiency of Pakistan’ sirrigation systemswas, however, still firmly in place; particularly with
the multilateral donor agencies involved such as ADB and World Bank.

Theimmediatelesson that was drawn from the Mardan-SCA RP experience, wasthe obvious
one: it had failed to devise an appropriate technological and managerial package with which to
introduce crop-based irrigation in the context of Pakistan, and was thus deemed non-replicable.
The search for an appropriate concept and means to realise crop-based irrigation operationsin
Pakistan, had therefore to continue. Thisquest wastaken up by the ADB when it commissioned
the International Irrigation Management Institute (I1MI) in the autumn of 1991 to conduct the
Crop Based Irrigation Operations (CBI1O) project with theaimtointroduce crop-basedirrigation
operations at the Chasma Right Bank Canal.

Through the CBIO project 1M1 was asked to investigate, test and formulate a “ flexible
operational management approach that could respond to crop water requirements’.
Acknowledging the similaritiesbetween Chasmaand M ardan-SCARP—indevel oping amodern
irrigation operation management that would be able to respond to changing crop water
requirements—the ADB requested I IM| alsoto take up the case of Mardan-SCARPinthe CBIO.
This request was born out of the realisation that it could at least draw some further valuable
lessons for the endeavours at Chasma, if maybe not quite provide a solution to the problems
Mardan-SCARP was facing.'® In the inception of the CBIO project it was namely already
concluded that in Mardan-SCARP:

“[The ADB Fact-Finding Missionand | IMI staff in December 1989] noted the confusion
resulting from apprehensions of those who tend to interpret the term * demand-based
irrigation’ to mean complete freedom for farmers. The actual intent of the design
changes appears rather to have been aimed at the general purpose of reducing the
mismatch between water deliveries and crop water requirements.” (Garces &
Bandaragoda; 1991.:2)

[IM1’ s task was therefore also to resolve this ensuing confusion, and show through the CBIO
project that crop-based irrigation did not entail * complete freedom’ (or anarchy in the view of
some) for farmers, but could be a feasible option for Pakistan to achieve its increases in

100 Throughout this chapter the term Chasma will be used to indicate the Chasma Right Bank Canal system or
project, as the side by side use of the acronyms CRBC and CBIO might easily lead to confusion.
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productivity and efficiency of irrigation.*™
6.2.2 CBIO: In Search of a new Crop-Based Operation Method

The CBIO project was commissioned by the ADB asaTechnical Assistance project, that should
provide assistance in devising crop-based operationa procedures for the Chasma canal system
that was being devel oped by means of aloan agreement of the ADB. The specific objectivesfor
the CBIO project were defined as:

[. *Ildentify aflexible management approach for irrigation operationsthat respondto crop
water requirements under prevailing supply constraints;

[1. Increase understanding of crop-based irrigation operations by agency personnel and
farmers, and identify training needs;

[11. Field test and refine the management approach identified for crop-based irrigation
operations; and

V. Evaluate the benefits of crop-based irrigation operations and identify costs and
opportunities for implementation on a wider scale.”
(Garces & Bandaragoda; 1991:14)

The CBIO project seemed thus specifically amed at giving attention to the operation and
management aspects of establishing a crop-based irrigation delivery service: apositive change
after Mardan-SCARP, where the aspects of operation & management were only addressed by
the O& M manual. The emphasis on operation & management, however, entailed at the same
time adegree of ambiguity asit leadsto aformal split of responsibilities. The main thrust of the
Chasma project financed through the loan agreement was aimed at designing and devel oping the
Chasma canal system, to be executed by WAPDA and itsinternational consultants; while [IMI
was brought in through aTechnical Assistance project to get the operation & management right
for realising crop-based irrigation. This raises questions on how the issue of devising concepts
of water control for the planned and controlled variation of water delivery for crop-based
operations could be addressed through such a compartmentalisation. This issue became
immediately problematic, asthe CBIO project had to conduct itswork in the already completed
stage | of Chasma, that, as it was quick to point out, was not really designed for crop-based
irrigation (see below).

101 Although the CBIO was initially requested to also conduct its work on Mardan-SCARP and to clear up the
confusion that had ensued there during the implementation, [IMI quickly decided to concentrate its efforts on
Chasma. Even though an agreement had been reached with the World Bank and the ID to use Sheikh Y ousaf
Minor asapilot for the CBIO in Mardan-SCARP, [IMI thought that in light of the ensuing conflict between the
ID and Mardan-SCARP project, it would not be conduciveto conduct apilot project for crop-based operations.
It therefore decided during inception to limit its activitiesin Mardan-SCARP to study the eventsthat led to the
conflict and refusal of the Metergate outlets.
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The objectives of the CBIO project also reflect this ambiguity of segregation, as they
explicitly demand for the devising of operational plans and procedures, but refrain from
addressing any technical elements of water control. As became quite evident from the early
stages of the CBIO project, however, the context in which the project was defined and had to
work in, played a magjor role in this as well. The conflict that had ensued in Mardan-SCARP
around the outlet structure, was an example of how technological choices could easily lead to
agitation of the ID. This had to be avoided for the transformation towards crop-based irrigation
operations to stand any chances to succeed.

Defining a Crop-Based Irrigation Operation Strategy for Chasma

“[...] thereisa continuum of options on how theirrigation service can be provided. The
water delivery mode ranges from one where the user plays an entirely passiverole, in
which decisions are taken without hisinput (strict Rotation), to one where the user has
complete control over the water delivery decision-making process (pure Demand). The
concept of crop-based irrigation operations, while part of the continuum as indicated
above, should not be defined in terms of the frequency, rate and time during which water
isdelivered to the field. Rather, it should be thought of as being a concept that places
itself parallel to the Demand-driven side of the delivery options. The terminology
emphasi zes the need to seek a better match between the water requirements of the crops
and theamount of water availablefor delivery. It doesneither advocate nor encourages
theidea that usersshould be ableto satisfy, at all times, their individual needs. Thecore
of crop-based irrigation operationsliesin that the systemneedsto have a certain degree
of design and managerial flexibility, and that users need to play a more active rolein
determining beforehand what their water needs might be.” (Garces-Restrepo et.al.;
1994.3-4, emphasis added)

Itisdifficult to foresee how onewould be ableto devise aconcrete water control and operational
strategy that isnot defined in terms of the frequency, rate and duration of water supply. After all,
it are precisely these three elements of the water delivery service that define the degree of
managerial flexibility for water usersin concrete terms, and provide the guidelinesto define the
scheduling mechanisms to plan the water delivery in advance to the expected requirements or
processed demands, which ontheir turn produce concretewater delivery targetsfor theoperation
and water control. One would think that in order to make sure that the crop-based irrigation
concept is not misunderstood — which was one of the prime reasonsto start the CBIO project —
isexactly why it should be defined in terms of frequency, rate and duration of water supply. This
IS anecessary step anyway in defining an operational plan, and it makes immediately evident
which limitations/freedoms will be imposed on the end users, and at which specific level of the
system. Of course, thereis not one definition of crop-based irrigation in these terms; but that is
exactly why it is necessary to make explicit choices on the kind of crop-based scheduling and
operation one seeks to implement in any particular system when one wants to avoid confusion
on the operational issues.

The CBIO project made an explicit choice not to define the operational plan for Chasmain
terms of frequency, rate and duration of the water delivery service. However, from its start the
project regarded the choices made in the design of Chasma, and the infrastructure as
implemented in stage I, as constraints within which it had to operate. The scope for defining
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crop-based irrigation operations in terms of frequency, rate and duration might then seem too
limited.

Like Mardan-SCARP, the CBIO project started itsconceptuali sation of crop-based irrigation
operationsfrom aliterary interpretation of the notion. It simply took the design cropping pattern
of Chasma(cf. fig. 6.2) to calculate the varying crop water requirements at thetertiary level, and
used these to calculate the water indents/targets at the different levels of the system. Having
taken a brief look at Mardan-SCARP and the ensuing row on its outlets, it is rather astonishing
that the CBIO project also decided to translate these cal culated crop water requirementsinto a
10-day scheduling frequency (cf. fig. 6.3). One can thus hardly avoid the impression, that the
CBIO project simply took the first two operational phases as proposed in the O& M manual for
Mardan-SCARP as a starting point for Chasma, notwithstanding the dilemmas this had created
in the former.

Taking thispropositionto ‘simply’ follow the crop water requirementsin the water delivery
schedules one step further than in Mardan-SCARP, the CBI O project set out to seewhether such
delivery schedules with highly varying water deliveries could be implemented in stage | of
Chasma. Tothispurpose, the CBI O project decided to useahydraulic simulation model for stage
| of Chasma, with which it could run anumber of water scheduling and delivery scenarios. The
application of the model, wasto serve adual purpose: (i) to check whether controlled operation
of varying water supply and crop-based scheduling was feasible with the infrastructure and
hydraulic configuration provided by stage I; (ii) to define and test concrete operational
procedures with which crop-based scheduling could be implemented. The model used by CBIO
for these purposes was the Simulation of Irrigation Canals (SIC) developed by CEMAGREF. A
model that had already been previously used by IIMI.

In order to be ableto run the SIC model, the CBIO project had to concentrate a great part of

Fig. 6.2: Design Cropping Pattern Chasma Right Bank Canal [%]
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Fig. 6.3;: Chasma Right Bank Canal Irrigation Requirements
At Watercourse Head for 400 ha (10-day periods) [I/s]
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its ‘field activities' on calibrating the model for Chasma stage |. To this end the main canal of
stage | with al its water control structures and the distributaries # 3 and # 4 were selected for
simulation inthe model (cf. fig. 6.1). Apart from the calibration for the hydraulic modelling, 20
tertiary units were selected for intensive monitoring to gain insight in the present operation of
stage | and in the dynamics governing the water supply and water requirements in Chasma. Of
the 20 tertiary units, 8 were selected in each distributary # 3 and # 4, covering head-, middle- and
tail-section, and an additional 4 in the Girsal Minor. The latter is a minor of the old Paharpur
system, that is supplied by the tail of distributary # 3. The water supply, distribution and use
were monitored in these supply channelsand tertiary unitsfor four consecutive seasons; namely
Rabi ‘91/92, Kharif ‘92, Rabi ‘92/93 and Kharif ‘93.

6.3 CHASMA RIGHT BANK CANAL: DESIGN & MAIN FEATURES

With the completion of the ChasmaBarrage on the Indusin 1982, as part of the IBPfor the head
regulation of the new Chasma-Jehlum Link Canal, Pakistan gained its third reservoir with a
storage capacity of 0.6 km? (0.5 MAF). This new storage and water regul ation facility provided
the potential to further increase the IBIS with a new large-scale irrigation system on the right
bank of the Indus. The Chasma Right Bank Canal was conceived and financed to make use of
the extrawater made avail able by the barrage and add another 230,675 ha (570,000 acres) to the
Indus system. When construction of thefirst phase started in 1979, the design and water control
concept for the main system did not differ substantially from the ones used in the Indus-basin
up till then. Thisisreflected in the design discharge capacity of the main canal, which was set
at 138 m*/s (4,879 cusecs) and thus yields an average overall Irrigation Duty of 117 acres/cusec
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for the command area.’® When this value is compared to those listed in table 4.1, it becomes
clear that the relative water supply to be provided by this new system was a perfectly average
one that is similar to those achieved in the older systems during the Kharif (cf. Lower Swat
Canal, Lower and Upper Ganges Canal, Upper Bari Doab etc. in table 4.1).

Theaimtoasotransform Chasmaintoa’‘ productive' irrigation system by way of crop-based
irrigation operations was added to the project at afairly late stage, when the construction of the
first phase had aready begun. The restrictions on the discharge capacity for the main canal and
other parameters of the irrigation system were thus already set, defining general performance
targets for the project that are more in line with the ‘protective’ systems, rather than the
‘productive’ . With the economic rate of return analysis conducted during the project inception
phase to secure the financing, the project performance targets were defined as achieving
Lieftinck’ s cropping intensity of 150 percent over thetotal CCA of 230,675 ha (570,000 acres).
This meant that the total discharge capacity of the system would have to be spread out to an
average Water Allowance of amere 0.6 I/s/ha (8.5 cusecs/1000 acres); which islessthan that of
the traditional Kabul River Canal system. The late addition of the objective to make of Chasma
a crop-based irrigation system, has led to a peculiar project set-up in which the design of the
physical infrastructure hasbeen seemingly separated from that of the operation and water control
concept.

6.3.1 TheDesign & Construction of Chasma

Duetoitslargesizeand thefact that it ismainly anew irrigation system, the Chasmadesign and
construction project has been split-up from the start into three stages of design and construction.
The command area on theright bank of the Indus between the Chasmaand TaunsaBarrageshas
beendividedintothreeareasfor the devel opment of Chasma. I n each consecutive stage, themain
canal, distributaries, outlets and tertiary command areas were to be completed and devel oped
before progressing into the next stage. Table 6.1 lists the main features of each stage.

Table 6.1 Main Features of Chasma Right Bank Canal Stages

Stage | Stage || Stage 11 Total
Length of Main Canal [km] 87.88 40.56 157.17 285.6
(in thousand canal ft from head) (0-260) (260-380) (380-846)
No. of Distributaries 5+ (4 links) 8 36 53
CCA [ha] 57,605 35,547 135,523 230,675
Y ear of Completion 1987 1992 2002

(Strosser & Garces; ?7?, www.aht-inter.com)

102 \Nith the planned crop-based irrigation cropping pattern that foresaw acropping intensity of 90 percent in Rabi
and 60 percent in Kharif, the actually achieved Irrigation Duty was thus planned to fall down to a mere 70

acres/cusec during the Kharif.
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Apart from the development of Chasma in three stages that are consecutively completed and
brought under irrigation, it features one more peculiar feature: the command area of Stage Il
trespasses the Provincial border between NWFP and Punjab. The issue of water allocation and
distributionishereby burdened with Provincial politicsthat trespassthe boundaries of the project
and system, and are supposed to be regulated by the Indus Water Apportionment Act of 1991.
Not surprisingly, the fact that Punjab’s command areais entirely concentrated in the tail-end of
the system that is currently still under construction and development in Stage 111, while the
majority of NWFP' s command area is already developed and provided with irrigation water,
complicates matters further.

The initial design for Chasma followed basically the traditional ‘ protective’ water supply
concept, by designing the canal network according to Regime criteria, minimizing the amount
of control structures, and aiming for awater supply variation between 75 and 120 percent of FSL
to be delivered through the traditional undershot slide gated head regulators at the secondary
canals. One important deviation from the traditional design approach, isthat no decisions were
taken on the type of outlet structuresto be used in Chasma; instead of settling this crucial issue
before the construction and initiation of irrigation, the project went ahead by opting for the 19"
century approach of using temporary pipe-outletsduring thefirst yearsof irrigation devel opment
and settlement. The only exception, being the old Paharpur irrigation system that was absorbed
in the Chasmacommand area of Stage |, and which has been connected through four link canals
to the Chasma main canal. The old Paharpur irrigation system has been remodelled for the
increased discharge capacity, while the remodelled outlet-structures remained the Open Flume
and AOSM type.

Thisisquitearemarkable decision, asit forfeitsthe possibility to establish hydraulic control
on secondary level water distribution that was made possible by the advances in hydraulic
science at the start of the 20™ century and thereafter. Particularly since the choiceto revert back
to the use of temporary outlets during the first years of irrigation development, was essentially
the 19" century British approach with which it had encountered great difficultiesin controlling
the water distribution and command area devel opment (both in terms of acreage asin cropping
intensities). The painstakingly devised approach for the development of colony canals in the
1930s, inwhich al the tertiary units were layed-out and connected to well designed outlets that
were configured to supply a particular equitable proportional share, was after all more than a
mere fluke of ‘ modernity’. One of its main purposes wasto gain finally someform of control on
the allocation and distribution of water. (cf. chapter two)

The main canal is a contour channel that is run along a fairly flat slope along the highest
feasible contour. Thefirst 29.5 km (97000 ft) are unlined and designed to settleinto its Regime
dimensionsfor it FSQ of 138 m*/s (4,880 cusecs). During Stagel WAPDA and consultants opted
for the early 20™ century method of constructing the main canal in over-dimension, in order to
let it silt up to its Regime dimensions. This method has, in principle, the advantage that the
planned siltation of the channel will produce arelatively water tight layer of silt that helps to
reduce the seepage losses. The remaining length of the main canal is lined, using Manning's
equation with a roughness coefficient value of 0.016.

Inthefirst section of themain canal build during Stagel, therearetwo crossregulatorsat Km
29.5 and Km 77.5, and also include two escape structures where water can be spilled from the
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main canal back into the Indus. The main canal in Stage | feeds nine distributary canals, whose
discharges can be regul ated through traditional manually operated undershot sliding gates. The
Takkarwah and Kot Hafiz distributaries, Kargarh Minor and Link Feeder # 4 feed the old
Paharpur Canal Irrigation system, while the additional distributary was added to the original
design to include some additional command area, and the distributaries# 1 till # 4 supply water
to newly devel oped command area, aswell asold command area of the Parharpur system (except
for # 1, which only supplies newly developed command).

In the ‘new’ distributaries # 1 till # 4, asin the remaining newly to develop command area
of Chasmainstages|l and 11, it was decided to use temporary pipe outlets during thefirst years
of irrigation development. Normal pre-fabricated pipes with a diameter of 9 inches were used,
invariably of the actual command area, that were installed at various depths, under various
hydraulic downstream conditions (Garces et al;1992b). The distributaries were provided with
purposefully built escape structures at their tail-ends, or with a connection to the old Paharpur
canal that can function as such. The drop-structures in the distributaries were not purposefully
configured to function as cross-regulators, but can act as such when stop-logs or barriers are
placed on top of them.

6.3.2 Thelnstitutional Setting of Chasma

The ingtitutional set-up of the Chasma project has not been very conducive for the trial of a
modernisation of irrigation management. Inall, threeline Agencieswereinvolved in the project,
whilethe CBIO project became aimost an ingtitution in itself. Dueto itsinter-provincial nature,
WAPDA isto be responsible for the operation and maintenance of the main canal, even after
completion of stage I11. Thisis aunique situation for Pakistan, where WAPDA will retain the
operation and maintenance responsibility of an irrigation canal even after the design and
construction have been completed. However, since WAPDA bears the responsibility for
administering thewater allocation and distribution of the Indus Water Apportionment Act inthe
IBIS, it was agreed that it would take the O& M responsibility not only of Chasma Barrage, but
also of the Chasmamain canal itself. Equally unique, the O& M responsibilities of the Irrigation
Department are confined to that of the secondary level; the distributaries and their minors. As
in the case of Mardan-SCARP, the OFWM programme of the Agricultural Department was
responsible for the development of thetertiary units; by constructing the water courses with the
aid of WUA that were specifically set-up for that purpose, and the execution of the land
levelling.

The CBIO project was added to Chasma as afourth element at alate stage, when the design
and construction of stage | was already completed, and WAPDA and 1D had both commenced
with operating the system in their own mode. The CBIO’s task to devise and field-test an
innovative operational procedure, was thus further complicated by the need to coordinate and
integrate the daily operational procedures of two line Agencies that heretofore have not
cooperated closely, and whose relationship is characterised by an intense institutional and
political competition. From an early stage, the CBIO project got caught in the middle of these
ingtitutions, and inthe end did not manageto get the staff of both agenciesto integrate, or closely
cooperate, in their operational task, nor to participate collaboratively in the CBIO project itself
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(cf. Garceset al; 1992a& b, Garces,; 1993). Asaconsequence, the CBIO project never really got
to the stage of practically field testing a new operational procedure for Chasma, but had to
delimit itself to a presentation of the analysis of the optionsfor crop-based irrigation operations
in Chasma, and a set of recommendations.

6.4 ASSESSING THE PROSPECTS: POTENTIAL OPTIONS v CONSTRAINED
PRACTICES

From the onset the CBI O proj ect sought to define someform of crop-based operational plan that
could be adopted in Chasma, irrespective of the major limitations in water control structures
(whichwereregarded as design constraintsto copewith), or the differing objectivesof WAPDA
and ID (which were expected as conservative resistance to change that the project would have
to seek to overcome). From the onset the CBIO project already made a particular interpretation
of crop-based irrigation operations, which it set out to try for Chasma. This interpretation was,
asmentioned, based onthe notion that irrigation water suppliesshould match ascloseaspossible
actual varying crop water requirements, and hence the irrigation water supply should be
controlled according that variance on al threelevelsof theirrigation system. That the variation
of water supply should be controlled on the three levels of the irrigation system with the
objective to match as close as feasible the crop water requirements, raises questions on the
suitability of the approach adopted by CBIO. Particularly, sincethisnotion of controlling highly
varying supplies at the main and secondary levels had failed in Mardan-SCARP, and it was
acknowledged by the CBIO project from the start that Chasmawas not really designed for such
operations. Notwithstanding these considerable draw-backs, the project went ahead with its
pursuit of trying to match the water deliveries in Chasma as close as possible to the actual
varying crop water requirements. Not surprisingly, it quickly found out during the calibration
of itsmodel and the monitoring and research of actual water delivery and use practices, that the
implementation of its notion of crop-based irrigation would run into a number of practical,
hydraulic and institutional problems.

6.4.1 Hydraulic & Managerial Constraintsat the Main System L evel

In practice WAPDA was operating the releases from Chasma Barrage into Chasmamain canal
in afixed supply mode, just likethe ID in Mardan-SCARP, beit at substantial lower discharge
levels than the design capacity (cf. fig. 6.4). It soon turned out, that WAPDA’s primary
operational objectivesfor the Chasmamain canal were based on anumber of specific hydraulic
concerns:

»  The unlined section of the main canal (i.e. the first 29.5 km) had a far bigger cross
section that designed after construction. In particular, the bed level turned out to be more
than 3 m (10 ft) lower than designed, causing excessive seepage in this‘in fill’ section
of the canal. A primary objective of WAPDA was thus to induce siltation in this head
reach to gain height and reduce seepage. Thefirst cross regulator at km 29.8 (98,000 ft)
was operated to thisend. Infour years of operation, they have thus been ableto raisethe
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Fig. 6.4: Water Releasesinto Chasma Right Bank Canal Oct. 1991 - Dec. 1992 [m¥/s]
Irrigation, Escape and L oss Rates
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bed level up to 2.4 m (8 ft).

»  Dueto thefairly low supply levels on which the canal was operated (i.e. 50 - 60 percent
of FSQ, cf. fg. 4.34), WAPDA was facing some problems in establishing sufficient
hydraulic heads over the off-takes. After thetrial operations, the barrels of the four off-
takes feeding the Paharpur system were already lowered to tackle this problem.'®
Notwithstanding thismodification, thewater at thetail cross-regulator (km77.5[257,000
ft]) has to be headed up 1 m (3 ft) to secure sufficient hydraulic head for an off-take 18
km (11 miles) upstream. This had reduced the flow velocity at the lined ‘tail section’ of
stage | to such an extent, that siltation became a prime concern.

As becomes immediately clear from fig. 6.4, there was more than abundant water available in
the main canal for WAPDA to supply all the distributaries of stage | with all the water they
needed — or for that matter, could carry. The measurements and monitoring carried out by the
CBIO project at the head-regul ators of the four new distributaries(i.e. # 1 - # 4) soon confirmed
that this was indeed what happened. The project came to the conclusion that the distributaries
were suppliedin atraditional manner, where the supply istried to be kept around FSL during the
Kharif season and around alower level (i.e. 75 percent FSL) during the Rabi. It was evident that
no attemptswere undertaken (yet)** to regul ate the suppliesto thedistributaries according tothe

103 Actually they built new off-take structures, but then at a lower level. Hence today, one can see two off-take
structures at these locations, one of which is ‘hanging high and dry’ in the embankment.
104 This should, of course, come as no surprise, asthe CBIO project was established in the first place to formulate

and try out crop-based operation procedures for Chasma. Reading through the project’ s progress reports and
(continued...)
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crop water requirements. However, also a problematic issue became evident; namely that the
distributaries were not merely supplied with their FSL during the Kharif, but with substantially
more than their designed (and thus in principal allocated) FSQ. The actually delivered supply
would range from 115 - 160 percent of FSQ for distributaries# 2 - # 4.1®

6.4.2 HydraulicConstraints& Management Strategiesat theSecondary & Tertiary L evel

At thedistributary level itself, the state of water distribution and delivery was clearly governed
by the hydraulic conditions of thetemporary outlet structures. In the distributaries monitored by
the CBIO project (# 3 and # 4), the conditions could be described —from adelivery point of view
—as an absence of hydraulic control, in which even the discharges through the outlets were not

Fig. 6.5: Water Distribution Performance of Disty # 3; Chasma Right Bank Canal
Result of calibrated simulation for different supply leveles, DPR [-]
(With operation intervention for 36% FSQ)
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104 (_..continued)

thethree Volumes of thefinal report, one might think 1M started to conduct the CBIO project more and more
like aresearch project —in terms of performance assessment of, and feasibility study for, crop-based irrigation
in Pakistan — rather than an implementation project as it was originally formulated. This seems partly a
consequence of the numerous set-backs the project faced in getting collaborations with the ID and WAPDA of
the ground. The shift towards research, however, isa so partly admitted in guarded termsby 1M1 when it states
that is has somewhat underestimated the time, staff and budgetary requirements for such a project at the time
of itsinception (Garces; 1993:27). It must be noted in thisregard, however, that the ADB was seeking alot from
ameretechnical assistance project, which isalwayslimited initsfinancial and time scope. Theimportant issue
of operational management would certainly be better served if was taken up as anintegral part of the Chasma
project. That this was not the case, but that it was delegated to a‘mere’ TA project, is aready remarkablein
itself.

105 pjstri butary # 1 received around 90 percent of FSQ. According to the CBIO thiswas dueto two reasons: (i) the
difficulties in providing sufficient hydraulic head at this off-take; (ii) the slow development of the command
area
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Fig. 6.6: Water Distribution Performance Disty # 4, Chasma Right Bank Canal
Results of calibrated simulation for different supply levels, DPR [-]
(No operational interventions)
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controlled. The causes hereof lie clearly in the indiscriminate use of the standard sized pipe
barrel, irrespective of the tertiary command area, and the variety of hydraulic heads, and hence
hydraulic flexibility, under which they function. The result is that nearly all the outlets of
distributary # 3 and # 4 (cf. fig. 6.5 & 6.6) are ableto draw off more than their design discharge.
While 1/3 of them is even capable of drawing off in the range of 150 - 300 percent of design
discharge.

Almost as by practical default, the water users in the newly developed area had to control
their own water supplies at the outlet, by water refusal operations (i.e. closing down of the
outlet). The project found that this water management strategy was indeed commonly and
frequently applied in the distributaries monitored. Interestingly, avery peculiar and imaginative
adaptation to the outlet structure evolved in the area to facilitate this operation. In the
‘dispersion’ box at the downstream side of the outlet, asimple pre-fabricated Pucca Nakka from
OFWM is ingtalled, with which the flow stream can be easily stopped by closing off the
‘dispersion’ box with the tight fitting pre-fabricated lid.

This water refusal strategy can work reasonably well in Chasma, as there are (unlike in
Mardan-SCARP) very limited means to drain off the excess water at the tertiary level. Water
usersdo thus need to take good careto avoid damagesto cropsand infrastructure from excessive
water entering their tertiary unit. Itismainly dueto the widespread and frequent refusal of water
at the outlet (cf. fig. 6.7), in combination with generous supplies at the distributary head, that
water still reached the secondary tails in adequate amounts.
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Fig. 6.7: Water Refusal at Distributary # 3, Chasma Right Bank Canal
Rabi 91/92 - Kharif 1992, Percentage of Time Open/Closed
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(IIMI; 1994)

These operational practices at the secondary level have had two significant impacts at the
water course/tertiary level:

» Hardly any official Warabandi roster had been drawn-up in the newly devel oped command
area of Chasmaduring thefirst five years of operation. Although there was a clear tendency
to draw-up unofficial (i.e. kacha) Warabandi rosters under mutual consent; which provides
the opportunity to deviate from the strict proportional time share allocation in order to
accommodate differencesin social status, water losses and soil types. However, in the day
to day water management practices, most Warabandiswere not strictly adhered to. Of the 20
water coursesin distributary # 3, only 3 had no form of Warabandi, while the remaining 17
had all a kacha Warabandi; of the 36 water coursesin distributary # 4 only 14 had aform of
War abandi drawn-up, two of which had an official pucca Warabandi administered by thelD.

» With the generous supply level at the distributary level, and practical ability to interfere on
the water supply delivered through the outlet, water users in the new command area of
distributaries # 3 and # 4 were quick to develop a marked preference for high water
consuming cash crops, asrice and sugarcane. Although the overall cropping intensity did not
differ significantly from that of the ‘ design cropping pattern’, the area under rice cultivation
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was much larger than foreseen, while that of sugarcane was on the rise'® (cf. Table 6.2).

Table 6.2: Established Cropping Patternsin Distributaries# 3 & #4, CRBC.
Rabi 1992/1993, and Kharif 1993, compared to design values.

Crop Distributary # 3 Distributary # 4 Design Crop Pattern
[%] [%] [%]

Wheat 61.0 56.0 45.0
Gram/ Pulses 16.5 12.5 5.0
Sugarcane 75 125 15.0
Fodder (Rabi) 75 55 10.0
Oilseeds 5.0
Orchards 1.0 5.0
Misc. (Vegetables) 0.5 0.5 5.0
Rabi Crop. I ntensity 93.0 88.0 90.0
Rice 26.0 315 20
Sugarcane 9.0 135 15.0
Fodder (Kharif) 45 55 10.0
Maize 10.0
Millet 3.0
Cotton 05 10.0
Orchards 0.5 1.0 5.0
Misc. (Vegetables) 05 05 5.0
Kharif Crop. I ntensity 40.5 52.0 60.0

(Garces-Restrepo et.al.; 1994b:84)
6.4.3 TheFeashbility of Imposing Controlled Supply Variation

Based on the above described water management characteristics that had evolved in Chasma
stage | during thefirst five years of operation, the CBIO project set out to devise a crop-based
operational plan appropriate for Chasma. As mentioned, the primary aim it set itself, was to
improve the regulation of water delivery in line with the actual requirements, by setting clear
water delivery targetsthrough crop water requirement cal culations based on the design or actual
cropping patterns (i.e. the proposed phases | & Il of Mardan-SCARP). In this endeavour to
formulate some form of responsive water delivery operations the CBIO project somehow could

19 Theintensity of sugarcanewasinitially hold back by the preferred crop rotation of rice and wheat. Though still
under the design value, the cultivation of sugarcane was starting to rise.
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not, or dared not, to raisetheimportant i ssue of thetemporary outlet structures and the adequacy
of the hydraulic configuration of, and hence water control capabilities at, the secondary level.
Even to the extent, that no references are made at all to this very important issue in the
recommendations the project madeinitsfinal report (cf. Garces et al; 1994a)."” Asaresult, the
project had to concentrate itself in its recommendations on controlling supply variations at the
heads of the distributaries and the main canal.

As part of its hydraulic simulation activities, the CBIO project had calibrated the head
regul atorsof thedistributaries. Thegeneral tendency to generously over supply thedistributaries
became quickly one of the major concerns the project tried to focus on in its operational
recommendations. The CBIO’s intentions in this regard were to induce a tighter control and
regulation of the amount of water supplied to the distributaries. First of all to delimit the
maximum supply to the‘alocated’ design values, and secondly to regulate avariation in supply
in response to variations in actual crop water requirements.

One of the concrete recommendations the CBIO made in order to facilitate the
implementation of flow control and regul ation at the distributary head, wasaproposal to replace
the traditional, and often inaccurate, head-gauges with proper flow measuring structures, as
broad crested weir or flumes. The CBIO was, however, unable to start implementing the
controlled supply at the distributary heads during the three years of the project. The flow
measuring devices were never installed as part of the project, and actually never got past the
stage of recommendations in the final report; nor were the calibration data generated by the
project effectively utilized to implement a tight control of the water supplies at distributary
heads. The latter has been attributed to the staffing problems the line agencies had in providing
sufficient and adequately trained field staff, and to the lack of an adequate communication
structure between WAPDA and ID, and between system managers and field operators. The
suggestions made by CBIO to improve the operations of the distributary head-regulators during
the course of the project were, however, also not very simple to implement under the given
circumstances. From the start, CBIO has put the emphasis on having to respond to the varying
crop water requirements, and to react to the water refusal operations of water users on their
outlets, in a planned and systematic manner. This presupposes the existence and functioning of
a communication and information gathering and processing structure, which was simply not
there.

The accurate flow regulation and control at the secondary level was virtually impossible
given the prevailing hydraulic configurations of the ‘temporal’ outlets. Nevertheless, the CBIO
project has tried to show in its model that it was ‘theoretically feasible’ to supply the
distributaries with the minimum crop-based water requirement of 36 percent of FSQ (cf. fig.
6.5). Thepractical feasibility of thissimulated scenariois, however, very questionable, sincethe
majority of off-takes were programmed at taking off a discharge equivalent to 36 percent of
FSQ, to show that it was theoretically feasible to provide enough hydraulic head for the
problematic outlets (i.e. # 2, 13, 15, 17 and 18) by heading up the water in the distributary by

107 of course, the outlet structure had become a sensitiveissue, and it is understandabl e that the CBIO wanted to

avoid raising a polemic issue as the one that governed Mardan-SCARP. It is, however, quite another thing not
to raiseit as an issue that needs to be addressed.
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using stop-logs on the drop-structures. The recommendations eventually made by CBIO inits
final report regarding the distributary system operations fall short of what could have been
expected given the initial objectives of the project. However, by being unable to address the
issue of the ‘temporal’ outlets and their hydraulic configurations, any recommendations in
improved operations at the secondary level were necessarily to be delimited in scope.

Again, the primary aim of the recommendations was to induce an active regulation of the
water delivery in accordance with the actual crop water requirements. The recommendations
made centre around two propositionsto introduce responsive operations of the distributary head-
regulators:

» “ThePID could incorporateinto their daily system monitoring activitiesthe assessment
of open/closure of outlets with the end-objective of deriving a method that will allow
gatekeeper s, based on the number of outletsclosed inaparticular distributary, to modify
water deliveries.” (Garceset al; 1994a:x)

» “This points to the need to formulate and develop a simple method that will allow the
PID to calculate on aregular basisthe seasonal crop demandsthat can be fed back into
operational plans.” (Op.cit.:xi)

The first proposition would seem logical, following up on the widespread practice of water
refusal operations by water users. Furthermore, it would entail aformalisation of the practice of
some head-gate operators that aready reacted to outlet closures on an individual basis, by
diminishing the water supply during the night in periods of low demand. It is, however,
guestionabl e to what extend the practices of flexible refusal operations can be sustained, when
the relative water supply at the distributary head is supposed to be delimited to its maximum
design value of 0.6 I/s/ha — as was recommended by CBIO — while there are no proper means
available (both in terms of operational procedures as in water control structures) to properly
regulate the distribution among the outlets along the distributary. In the continued absence of
hydraulic water control with the ‘temporal’ hydraulic configuration, the delivery of design
discharges, let alonethe delivery of lower ‘ crop-based’ rates, becomesanear impossibletask to
perform equitably. Moreover, with adrop in relative water supply, the refusal operations at the
outlets are bound to become less frequently applied as well. The loose discharge and water
distribution control, coupled with the established preferencefor rice growing, risksto favour the
development of serious tail-end problems, where the tail end will be perpetually short of water
or only receive an adequate supply during the night, as was the case in the first weeks of trial
operation in distributary # 3 of Mardan-SCARP.

The second proposition is dissapointing, in that in light of the objectives| & 111 formulated
during the inception of the project, one would have hoped this to be a concrete output of the
project, rather than a mere recommendation for future activities. The added suggestion that, “ A
management information system (MIS) package will assist in tackling this type of problem.”
(Garces et al; 1994axi) entails a guarded answer to the question as to why the CBIO was not
ableto provide someconcrete operational and scheduling plans/proceduresinthefirst place. The
main thrust of the project activities were concentrated on the hydraulic simulations of the
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existing conditions in Chasma and on monitoring and analysing the established operational
practices and irrigation performances at the three level s of the system. By avoiding the issue of
the ‘tempora’ outlets, it never got to a stage were a decision was made on the principle of flow
regulation and water delivery scheduling to be adopted at the secondary level, and that hence
could have been tried out as a pilot on one of the distributaries. Thisimpeded the project from
developing a MIS itself, where attention could have been given to monitoring and scheduling
procedures to be adopted by the ID.

With the hydraulic simulations in the SIC model, the CBIO tried to address some of the
problems WAPDA was facing in the main canal, as well as trying to enable the control of
varying flows in accordance with crop-based operations. A clear concern of WAPDA with
regard to the latter, which the CBIO tried to address, was the problems it faced in running the
canal at low flows. Initially, the minimal flow for the main canal, based on thelowest crop water
requirements of the design cropping pattern, was defined as 40 m®s for the whole completed
Chasma. Of these 40 m¥s, 30 m*/s would then have to be passed through past the tail of stage
I. WAPDA has had clear reservations from the start as to the feasibility of operating the canal
at such low levels. The simulationsin the SIC model also clearly showed that it would be very
difficult to operate the canal at such alow level, with the limited number of cross-regulators
situated far apart. CBIO tried to address this particular issue — which it regarded as a basic
principle of crop-based irrigation operations — by running a scenario for the main canal that
featured one extracross regulator to facilitate the control of the required hydraulic headsfor the
distributaries of stage|. This proved, however, to be not such asuccessful alternative, sincethe
added cross regulator would create further low flow velocities in the main canal, and hence
further increase the risks of siltation.'® In the end, CBIO had to recommend that the initially
planned minimum flow for the main canal be increased to 50 m¥s, in order to facilitate
distribution to the distributaries of stage | while retaining adequately high flow velocities
throughout the main canal.

In the various simul ations run through the hydraulic model of the main canal, concerns about
its carrying capacity at full supply cameto light. According to the simulations run at 85 percent
(i.e. 105 m?¥s) of theintended full supply discharge —and verified with the measured hydraulic
data set — the main canal would face capacity problems, as it started to infringe already on its
recommended freeboard at its lined-unlined transition point (RD 120+000) and the lined tail of
stage |. According to CBIO this problem is associated with the Manning roughness coefficient
that was used for the design of thelined sections of Chasma, in which astandard text-book value
of 0.016 was used. From the measurement and calibration of the hydraulic model, however, it
turned out that the empirical value of this coefficient is closer to 0.022, which results in lower
flow velocities and higher water levels than foreseen. (A similar issue arose in Swabi-SCARP,

108 The problem of low flow velocitiesin the main canal is directly related to the type of cross regulator, and type
of water control, that has been adopted in Chasma and in the simulation scenario of CBIO. In Chasma, the
undershot cross regulator is used, with the idea of heading up the water levels, and hence reduce the flow
velocities, at times of low supply in order to secure enough hydraulic head for the off-takes. This particular
problem relating to theissue of regime and siltation problems, can be better addressed by an other type of water
control and cross-regulator. By using over flow long-crested weir type cross regulators, that are configured to
maintain a specific water level at minimum flow, no ponding of water, and hence low flow velocities, are
required to maintain sufficient hydraulic head.
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where the designers used the same low Manning value, and hydraulic simulations and analysis
of ACOP canal measurements resulted in the same empirical value of 0,022). Added with the
siltation problemsthat were already arising at thetail of stagel, worries arose about whether the
full capacity flow of 138 m%s could be carried by the canal.

6.5 DISCUSSION & CONCLUSIONS

The CBIO centred its efforts to propagate crop-based irrigation operations in Chasma on two
related issues. It entered head-first into the ongoing * modernisation debate’ in NWFPin defence
of the desirability to control avariable water supply in accordance with the variable crop water
requirements. The notion of crop-based irrigation was strategically chosen to overcome the
skepticism of the ID and WAPDA about varying and responsive water control in general, and
demand-based operations in particular. The strategy applied by CBIO was thus to show that it
was feasible to control supply variations required to closely match crop water requirementsin
asystem like Chasma, and furthermore that it was possible to do thisin a manner that retained
the centralised control of canal operations. The use of the hydraulic simulation model served to
show that such varied canal operations were indeed possible, in defiance of the entrenched
convictions of theline agenciesthat, out of Regime considerations, canalsin Pakistan should be
run around their FSL and not below their 75 percent FSL threshold.

What does not seemto have been fully acknowledged by CBIO, however, isthat the whole
exercise of hydraulic modelling covers only part of the operational management requirements
of any form of planned and controlled irrigation water delivery. Hydraulic modelling
concentrates on only one, abeit an important, aspect of operational management: the
operationalisation of the operational plan. In other words; defining the executable tasks and
targetsthat operatorswill have to execute on the irrigation infrastructure in order to implement
any particular water delivery. As such it forms an important means to define the interaction
between technol ogy and management. By meansof calibrationsand enhanced specific hydraulic
understanding it shapes the operational management by defining the capabilities of hydraulic
water control one can exert and the option it possesses to implement different water delivery
schedules. However, in management terms, thisis only part of the tasks. The planning process
itself, as adirective control on the operational execution, isalso an inherent part of operational
management. In case of crop-based irrigation, it is exactly this planning that forms the main
thrust of the feed-forward mechanism that is required to engage in a pro-active management for
tuning water deliveries with anticipated requirements or arranged demands. Generally this
planning entails more than a mere decision taken in the sel ection of an alternative out of a set of
pre-defined options. Crucially, it entailsaweighing of theavailablewater agai nst the anti cipated
requirements/requests, and a prioritisation of delivery in accordance with the allocation rules.
Assuchitisaprocessthat requiresits own set of information, procedures, tasks and objectives
and targets. Within the CBIO project this planning was conducted by the project itself. It
subsumed a set of delivery strategies and targets — primarily based on the appreciation that the
water delivery should match the crop water requirements of the designed or actual cropping
pattern — to direct the operations within the hydraulic model. The required monitoring,
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information processing, scheduling and target setting would thus be conducted by the project
itself (almost as a black box) in the continued absence of an appropriate MIS. For each set of
operational strategies and delivery targets, the model would then come up with the required
procedures and sequence of operation activities, that could then be used as instructions to the
various operators within the cana network.

In asense the CBIO project got carried away with the effort of using the hydraulic model as
ameans of identifying feasible optionsfor the operational management of crop-based irrigation.
The model requires ahuge effort to calibrate and validate it to the field conditions, whichin the
end consumed amajor part of the time and effort of the project. To befair, thisyielded quite an
unique situation, in which all the major control structureswere calibrated and provided with the
necessary operational meansas gaugesand calibration curves/tables; aprerequisitefor any form
of tight operational water control. The CBIO project, however, failed to define and implement
any procedures for the planning of crop based water deliveries that are required to direct the
operationalisation of scheduling options by means of the hydraulic model. Adopting the
assumptions of matching the crop water requirements, it proved that the new canal configuration
at the main level was able to deliver reduced and varying rates at the distributary heads; be it
with some difficulties and by raising the minimum target discharge. It did, however, not
convince WAPDA or the ID for adapting their operational practices.

Intheend, it seemsthat CBIO spent too much effort on trying to show that variationsin water
delivery could beimplemented in Chasmafor the sake of winning an argument, without carefully
considering whether this was really necessary, or the most appropriate solution, to win the
‘debate’. Given the ingtitutional set-up, and taking into consideration the technical difficulties
of themain canal of Chasma, it isquestionableif indeed the main systemitself hasto be operated
according to crop-based flow variation criteria. The hydraulic simulation results have made it
clear that the traditional operational methods would ease the technical distribution problems of
supplying al the off-takes, as well as facilitate the regime settlement of its head-reach, while
reducing the risks of siltation in the lined reaches. This would seem to counter the whole
intention of introducing someform of crop-based and responsiveirrigation operation. Thisdoes,
however, not impede the introduction of such operations at the lower levels of the system. It
would enable to regard the main canal of Chasma more as atraditional link canal, that supplies
the secondary sub-systems managed by the ID. The operational responsibilities could then be
split according thetraditional agencies’ domainsand the hydraulic units of the system. WAPDA
would in such case, be ableto administer thewater distribution asit does currently for thewhole
IBIS, wheredaily intakesat the | D’ s systems are monitored and processed. Any amount of water
carried in abundance through Chasma main canal could then be diverted back into the Indus at
thevariousescapelocations. By concentrating on amonitoring and information system, inwhich
the water is accounted for, the Chasma diversion into the Indus can be taken into account of the
downstream releases for Tunsa and Sukkur Barrages at Chasma.

The CBIO could then have concentrated itself straight away on delimiting the maximum
delivery at thedistributariesto the‘alocated’ design discharges. Thesedistributaries could then
be operated by the ID on the same principle asfor theintakes of their systemsintheBIS, where
they havetoindent their intake, and wherethedaily intakeis measured and supplied to WAPDA.
In afirst phase of crop-based operations, attempts could then be made to vary the distributary
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flows crudely, say on a quarterly basis first. Since escape facilities are available at the
distributaries, the spillage of operational losses are feasible. This is a feature that could have
been used favourably in trying to devise as simple as possible operational procedures. A clear
recommendation should have been made, and preferably tried out, by CBIO to choose a
permanent outlet structure that facilitates and formalises the refusal operations by water users,
which at the same time allows for a hydraulic control of the water distribution along the
distributary at different supply levels. One can think of a Crump-deGruyter outlet structurewith
refusal gate, with which the operating agency can simply control the maximum supply by
regulating the orifice at the desired discharge level; while water users can keep fine-tuning the
supply by closing and re-opening the refusal gate.'® Such outlets would then have to be
configured with ahydraulic flexibility of f << 1.0, toaim for aF >> 1.0 at the distributary itself
(cf. section 2.6).

Such an approach would simplify the operational requirements, allowing for agradual fine-
tuning of the supply to the requirements by aiming for a gradual decrease of the operational
‘losses’ at thetail. By simplifying the operational requirementsto an easy ‘ setting’ of discharges
at the head regulator and the outl ets, more emphasis can be given to monitoring and information
gathering. An MIS system can then be slowly built-up, with the principal aimin afirst phaseto
account for the water supplied and used, while concentrating in subsequent phases on devising
scheduling procedures that are feasible and that aim at gradually minimizing the operational
‘losses’.

After completion of the CBIO project the ‘ modernisation debate’ is still going on in general
terms of whether the close matching of the water supply to the crop water requirements at the
main and secondary level is desirable and feasible. While still no concerted efforts have been
made yet to simply try out aform of controlled flow variation at the secondary level, in which
the ID can retain control of the scheduling and distribution arrangements. This is unfortunate.
In the continued absence of any concretetrial sthat provide exampleson how therate, frequency
and duration of theirrigation water delivery service can beregulated in order to cometo abetter
service and a closer match between supply and requirements, the line agencies can continue to
put forward their entrenched objections to change. While water users are left with little options
than to try to capture advantages in water delivery service and flexible water management
opportunitiesby incorporating drainageand water refusal strategiesaswater control mechanisms
in their management of relative water abundance.

199 Another solution might be to use a Neyrpic type of outlet structure, with which the supply level can be easily
regulated by the number of compartments that are locked/un-locked, while water users can conduct their
finetuning by simply closing and re-opening the unlocked compartments. It is, however, to be feared, that this
type of outlet will not take its due share of silt, dueto itsrelatively high setting. The Crump-deGruyter outlet,
isbasically amodified APM structure with a calibrated regulable roof-block, and like the APM, is known to
take its due share of silt.



CHAPTER SEVEN

TRYING OUT NEW MODERNISATION STRATEGIES

—

BACK TO THE 1920s& INTO THE 215" CENTURY:
THE CASES OF SWABI-SCARP & PHLC

“Itisclearly preferableto have a sub-optimal systemthat is seen to work, than to have
a system with the potential for better performance which can not be made to work.”
(SSC; 1991h:9)

71 INTRODUCTION

The difficulties and draw-backs experienced with the attempts to introduce some form of crop-
basedirrigationin Mardan-SCARP and CRBC, | eft the question on how to moderniseirrigation
in Pakistan un-resolved and still open to debate. The question itself, however, wasimmediately
rai sed again with the Swabi-SCARP and Pehur High Level Canal (PHLC) projectsthat foresaw
new irrigation developmentsin the Peshawar V ale, making use of the water share still available
to NWFP after the Indus Water Apportionment Act. Swabi-SCARP is a project similar to
Mardan-SCARRP, in that it entails the remodelling of the existing Upper Swat Canal system
(USC) and the near doubling of itswater delivery capacity, while PHLC consists of developing
anew irrigation system making use of Tarbelareservoir, but linking its main canal to the USC.
Both projects were also clearly aimed at providing some form of ‘productive’ irrigation with
cropping intensities above 150 percent, in which therelatively high water availability provided
the potential to match the irrigation water delivery with crop water requirements.

Asto how to match the water delivery to the crop water requirements in a congruent water
control and irrigation management concept, Mardan-SCARP and CRBC had failed so far to
come-up with a tested and accepted ‘solution’ that could be adopted and refined in Swabi-
SCARP and PHLC. If anything, Mardan-SCARP had clearly brought to the fore the
controversies in varying water deliveries at the outlets and secondary level, and the objections
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of the ID to the notion of having to vary the water flow in response to farmers needs or
requests/demands. Both Swabi-SCARP and PHL C had thus to re-address this whole notion of
controlled variation in water delivery in their designs, taking stock of the experiences and
polemics of Mardan-SCARP and CRBC. Not in the |east because both projectswereto work on
irrigation systems in which the Mardan-circle of the ID —the same circle that is responsible for
the L SC remodelled under Mardan-SCARP—would bear the O& M responsibilities(cf. fig. 7.1).

Inthischapter both Swabi-SCARPand PHL C are presented together, asafter compl etionthey
will form a hydraulically interconnected system that will have to be operated in an integrated
manner in order to optimise the water use of two sources. They are also treated here together as
they represent two components of a second phase of irrigation modernisation interventions that
wereto re-try to conceive new water control and operational concepts that were suitable for the
context in NWFP, taking into account the experiences of the previous attempts in Mardan-
SCARP and CRBC. In terms of the water control concepts adopted by Swabi-SCARP and
PHLC, however, they would seem a remarkable grouping, as they opted seemingly for
diametrically opposed strategies. Swabi-SCARP opted for a rehabilitation of the proportional
water distribution and Crump’ swater control concept; while PHL C opted for the automation of
downstreamwater control and theflexible delivery of water through alow pressured pipesystem
up to the farm gate. This chapter takes up the story behind the first part of the canal safari in
chapter one.

In the next section a brief description is provided of the Upper Swat Canal, and the problem
analysi sfromwhich the moderni sation objectivesfor USC and PHL C have been derived. Section
7.3 presents the conceptualisation of the self-acting proportionality by Swabi-SCARP, with an
analysis of the considerations for technical water control and the operational control

Fig. 7.1: Map of Project Locations (Mardan & Swabi SCARP, and Pehur High Level Canal)
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mechanisms. Section 7.4 providesthe results of post-construction performance eval uationsthat
have been conducted on two distributaries of Swabi-SCARP. Theissue studied, waswhether the
newly remodelled canals performed proportionally, and whether the hydraulic configurations
where conform the concept and the design. Section 7.5 givesabrief description of the automated
downstream control concept of PHLC, in which issues of both technical and operational water
control, are discussed. Finally some conclusions are drawn on the ‘modernisation’ attempts
undertaken, and on the process of conceptualising new water control and delivery strategies.

7.2 THE UPPER SWAT CANAL AND ITSIRRIGATION PROBLEMS
7.2.1 General Featuresof Upper Swat Canal

When the Upper Swat Canal (USC) was commissioned in 1914 it represented the apotheosi s of
British irrigation engineering. It was build to command an area of 120,000 ha (300,000 acres)
of crown waste land at the northern fringes of the Peshawar Vale, at the border of the British
Indian Empire itself. The mountainous terrain, with its numerous ridges, and the numerous
natural streams or nullahsthat cut across the plain, formed natural obstacles to the conveyance
linethat required considerable engineering skillsto overcome. Furthermore, the water intake of
the system from the Swat river had to be situated north of a mountain range, for which atunnel
had to be build to convey the water to the command area on the plain south of the Malakand
pass.'® The costs for the construction of USC, that required numerous tunnels, aqueducts and
siphons to defy the natural obstacles imposed by the terrain, were thus formidable. At acost of
Rs 66 per acreirrigable, it was the second most expensive irrigation system built by the British
in 1920; more than twice the cost of Rs 28 per acreirrigable of L SC (Buckley; 1920).* That the
construction of USC was neverthel ess approved by the Colonia Authorities, is dueto political
reasons. The USC was developed as a political settlement area to induce the wandering and
“unruly’ Pukhtoon tribes from the surrounding hillsto settle into administrable agricultural live
(cf. Stone; 1984, and Whitcombe; 1983)

The USC takesits water from the Swat River at the headworks situated at Amandara, north
of the Malakand pass. The headworks include a regulator across the Swat river, to secure the
intake of water during the Rabi season when river flows are low. From the intake the water is
conveyed through a 6 km long contour canal before entering the 3 km long Benton tunnel
through the Malakand range. At the exit of the tunnel a20 MW power house was built by the
British to try to recoup some of the investment costs through energy generation. After thisfirst
power station the water flow is split at the Malakand trifurcator, where 28 m*/s (1000 cusecs) is
diverted along a contour canal to the second 20 MW power generator at Dargai. The remaining

19 Theintake of USC at Amandaraon the Swat River wasthus formally located outside the British Indian Empire,
at the confines of the kingdom of Swat. Winston Churchill was posted there during hisfirst military serviceand
spent quite some time guarding this Empire frontier, manning watch towers around Amandara.

1 The Upper Jhelum Canal wasthe only canal that exceeded the costs per acreirrigable of the USC. The average
unit cost of Rs 90,127 per mile of main canal of the USC, however, was never surpassed in other systems.
(Buckley; 1920)
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water flow is diverted downstream into the USC main stone pitched channel, or through the
escape when the system is closed or requirements are particularly low. The stone pitched main
channel continuesits flow downstream over a number of small steps (i.e. falls), over which the
water cascades down into the Vale. Before reaching the trifurcator at Dargai, the 28 m®/s (1000
cusecs) used at the second power station are returned to the main canal. At Dargai (cf. fig. 7.2),
the USC is split into two branches; Abazai and Machai (also at Dargai there is an escape
structure into the Dargai nullah, which forms the third part of the trifurcator). The right bank
Abazai branch isthe smaller of the two and runs for approximately 18 km (60,000 ft), feeding
5distributariesand 2 minors. The Abazai branch itself features 7 siphonsand 17 falls. Thelarger
left bank Machai branch runs for approximately 76 km (250,000 ft) and feeds 3 branch canals,
14 distributaries, 3 minorsand 61 direct outlets. The canal itself features 5 siphons, 5 agueducts,
6 tunnels and 20 falls to negotiate the natural drains and obstacles in the terrain. The stone
pitched cascading main canal between the Benton tunnel and Dargai trifurcator, and the
agueducts, siphons and falls in high quality masonry work, are al impressive works of
engineering and beauty. That all these works were still in proper order and use after 80 years,
makes them all the more impressive.

Apart from itsimpressive main canal works, the USC was asimilar irrigation system as the
LSC and other systems build in the Indus basin. With a FSQ of 51 m®s (1800 cusecs), it
provided for a Water Allowance at the outlet of 0.35 I/s/ha (5 cusescs/1000 acres). After 1922,
the Open Flumesand APM wereinstalled, and in some canals modified Crump outletsfeaturing
a ‘stilling box’ at the upstream end (i.e. in the parent canal), to provide for the self-acting
proportional water control.

Fig. 7.2: Map of Upper Swat Canal System
(Research sites of Kalpani & Jalala distributaries indicated)
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7.2.2 Problem Definition and Objectivesfor Modernising USC & PHLC

Theoriginal design of 1914 for USC foresaw acarrying capacity of 68 m*/s (2400 cusecs) at the
mainline canal. However, the construction of the Benton tunnel had yielded some minor
problems, dueto whichits maximum capacity wasrestricted to 51 m*/s (1800 cusecs) only. After
commissioning the USC was thus chronically short of 17 m%s (600 cusecs), which hasimpeded
the full development of its planned for command area and cropping intensities, particularly in
itstail-end areas. Thetail reachesof the Machai branch canal actually never ran at morethan half
their design discharge, depriving a good 40,000 ha (100,000 acres) of its intended Water
Allowance. (SSC; 1992b) With the Swabi-SCARP/PHL C projectsit was not only the intention
to eradicate this chronic water shortage and tail-end problem by supplying the entire original
command of USC with anew increased normal supply of 0.63 |//ha. It was also to provide the
possibility to further expand the command area; 12,500 ha (31,250 acres) within the command
of USC and 8,500 ha (21,250 acres) in the command of PHLC (Bozakov & Laycock; 1997).
Fromthe start it was clear that the Swat river at Amandarawould not be able to provide enough
water during the Rabi season to meet al these new increased requirements (cf. fig. 7.3). The
PHLC would have to supplement the water supply substantially with water from Tarbela
reservoir. From the onset, when the first plans for PHLC were made in 1971 during the
construction of Tarbela, it has therefore been the intention to connect the PHL C to the Machal
branch canal of USC at Km 73.7 (RD 242+000), to provide additional supply for the 32,000 ha
(80,000 acres) of its chronically water short area (cf. fig. 7.2). For Swabi-SCARP it was thus
important to conceive, from the start, a water control and operational plan for the USC main
system in which both water supply sources (i.e Swat river and Tarbela reservoir) would be

Fig. 7.3: Water Availability & Requirement at Amandara Head Works
Avg. monthly discharge in Swat river at Amandara; monthly water requirements for USC &
PHLC command [m®s]
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integrated. In order to do so, it needed to settle the question on how much water, and according
to which criteria, could be supplied from PHLC to the tail of USC, and consequently how big
the carrying capacity of the conveyance network upstream would have to be.

Water Supply Objectives and Criteria for Integration of USC & PHLC

With the Indus Water Apportionment Accord of 1991, it was decided that NWFP would receive
an annual volume share of the water stored in Tarbela reservoir of 0.65 km?® (0.53 MAF) for
irrigation. The preliminary indications by the ID were that this volume should be used over the
growing seasons as follows: 0.21 km® (0.17 MAF) in Rabi and 0.44 km? (0.36 MAF) in Kharif.
These values thus represented the maximum volumes to be used by PHLC. Theinitial idea, as
expressed inthefeasibility study and ToR of Swabi-SCARP, for integrated management of USC
and PHLC, was to transfer a fixed water supply of 9 m*/s (320 cusecs) from USC at Machai
branch km 73.7 (RD 242+000) downstream, and supplement any shortcomingswith water from
PHL C. However, froman early stagethe Swabi-SCA RP project team questioned thisoption, and
set out to explore different options for the integrated use of both water sources, seeking
maximisation of the water use and simplification of operational procedures. As can be derived
fromfig. 7.3, themain problem for USC hasawaysbeen thelow water availability at Amandara
during the Rabi season. Typically the winter river discharges available for USC at Amandara
drop down to 23 - 38 m*/s (812 - 1340 cusecs), less than half its old full capacity of 51 m¥/s
(1800 cusecs). These low winter flows form alimiting factor for the irrigation development in
USC, asthe proportional water control requiresrotational water distribution to be applied at the
main system level during the Rabi season. The development of PHLC thus provided the
opportunity to alleviate these winter shortages in Rabi with additional supplies from Tarbela
reservoir, which isfull at the end of Kharif and the greater part of the Rabi season.?

The Swabi-SCARP project team explored two basic options for the integration of USC and
PHLC. Thefirst one consisted of ‘transferring’ the tail command area of 32,000 ha over to the
PHLC, in the sense that the latter would fully supply the irrigation requirements of this area™
The USC would only have to supplement some shortages from Machai branch Km 73.7 (RD
242+000) during the periods of peak requirementsin Kharif. The PHL C would then haveto draw
off from Tarbelareservoir at its foreseen maximum capacity of 28.3 m*/s (1000 cusecs) during
much of Kharif, including during the peak requirement month of June. In order to be able to
draw thisfull capacity of 28.3 m%s (1000 cusecs) during June, the operational rulesfor Tarbela
reservoir would haveto be modified by guaranteeing aminimumwater level inthereservoir that
is3 m (10ft) higher than the current operational ‘silt flushing’ rule (cf. Note 112)."** This option

12 Tarbelareservoir isdrawn down towardsthe start of Kharif, reaching itslowest level in June. During thismonth
itisoperated at itslow level in order to flush as much silt as possible out of the reservoir with relatively high
summer Indus discharges; it is then filled up quickly over the two months of monsoon in July and August.

3 The delivery capacities for PHLC and USC were based on the calculated irrigation requirements and water
delivery criteria adopted by Swabi-SCARP; these are treated in the section below.

114 This analysis could be made by Swabi-SCARP prior to the initiation of PHLC project, since the PHLC was
conceived already in 1971 during the construction of Tarbelaitself. Asaconsequence, the intake tunnel from

(continued...)
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had the advantage for Swabi-SCARP in that it would require a lower intake and carrying
capacity for USC (79 m*/s (2800 cusecs) instead of 88 m*/s (3100 cusecs)) at itsmain canal, and
considerably lesscapacity, and henceremodelling, of theMachai branch canal. Furthermore, the
Rabi water shortageswould be considerably alleviated by the virtual transfer of nearly onethird
of the command area to the PHLC. In the end, this option did not get approved by the
government of NWFP, although it had theinitial preference of the Swabi-SCARP project team.
Themainreason that it was not approved, wasthat PHL C should economise asmuch aspossible
on the water of Tarbela reservoir, which has a high economic value in terms of the power
generated with it at Tarbela.

The second option explored by Swabi-SCARP consistsin essence of areversal of the supply
criteriafor PHL C. The USC would thus be remodel | ed for amaximum capacity of 88 m*/s (3100
cusecs) supplying as much as possible its tail-end area below the confluence point at Machai
branch Km 73.7 (RD 242+000), where PHLC would supplement any shortcomings in water
supply. Inthisoption, USC would then supply up to 21 m*/s (748 cusecs) to the areadownstream
of the confluence point, while PHLC would be required to supplement this with up to 12 m*/s
(407 cusecs) during peak requirement periods (compared to the 19 m*/s (657 cusecs) in thefirst
option). Thisoption got eventually approved, with theimportant addition, that PHL C would take
over the complete supply of the areas downstream of the confluence during the for USC water
short Rabi season, reducing substantially its need for rotation of water supply at the main level
once PHLC is completed. (SSC; 1992a& b)

7.3 BACK TO THE BASICS: IMPROVING USC BY RE-APPLYING CRUMP’'S
SELF-ACTING PROPORTIONALITY

The Swabi-SCARP project, asinitially defined in its feasibility study and Final Project Plan
(FPP), bore remarkable similarities to that of Mardan-SCARP. In essence Swabi-SCARP was
not merely conceived as a followup to Mardan-SCARP, but also as an extension of the
remodel ling and modernisation objectivesto USC. WAPDA, and potentially its consultantsfor
Mardan-SCARP, could thus‘roll on’ to Swabi-SCARP after completion of Mardan and reapply
asmuch wasfeasiblethe design and implementation proceduresin USC. However, the polemics
that had arisen around the outl et structure and the * demand-based’ irrigation concept of Mardan-
SCARP during the early stages of implementation, made this scenario unfeasible. The water
control and delivery conceptsto be applied in Swabi-SCARP had clearly to be re-addressed, as
even before the start of the project it had become evident that the Irrigation Department Circle
of Mardan refused to accept the ‘demand-based’ operation concept of Mardan-SCARP (cf.
chapter four). Swabi-SCARP had thusto start anew in conceiving an appropriate water control
and delivery concept with which to meet the remodelling and modernisation objectives of the
project. Tellingly, a different consortium of consultants was commissioned in 1990/91 (i.e.
Swabi-SCARP Consultants (SCC)) to execute this task together with WAPDA.

(...continued)
Tarbela reservoir, which delimits the maximum discharge capacity to 28.3 m®/s, was aready built in 1974.
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7.3.1 Post-Mardan: Re-Interpreting the SCARP Remodelling Objectives

The general objectives for the remodelling of USC by Swabi-SCARP, as defined by the
feasibility study and FPP, werethusvery similar to those of Mardan-SCARP (see section 4.2.2):

I. increase the water delivery capacity of the systems;

[1. providefor sub- and surface drainage capacity and the reclamation of 16,000 ha (40,000
acres) of CCA affected by water logging and salinity;

[11. provide ‘enough’ flexibility in the system so that some form of ‘modified-demand’
operation can be established.

As in Mardan-SCARP, the water delivery capacity for USC was determined on the basis of
meeting crop water requirements of an assumed cropping pattern, by application of the same
methodology. Both the cropping pattern as the irrigation requirement calculations were
determined by the FPP for Swabi-SCARP. The cropping pattern assumed for USC was dlightly
different from the one used for Mardan-SCARP, with a cropping intensity of 175 percent (90
percent in Kharif and 85 percent in Rabi), with dlightly lower intensities for sugarcane and
orchards & vegetables, and slightly higher intensitiesfor Tobacco (cf. fig.7.4in comparisonwith
fig. 4.4).

The*normal’ increased water supply capacity for Swabi-SCARP was defined as providing a
water allowance of 0.64 l/s/ha (9 cusecs/1000 acres), with which the peak crop water
requirements of the assumed cropping pattern could be met (cf. fig. 7.5)."> The ‘modified-
demand’ **® water delivery capacity for USC was set at the same level asfor Mardan-SCARP, at
aWater Allowance of 1.341/s/ha (19 cusecs/ 1000 acres). Thisvalue was derived from the crop
water requirement analysis for the design of LSC (cf. section 4.3.2)

15 The peak crop water requirements of the design cropping pattern for USC actually exceed the normal Water
Allowance of 0.64 I/s/ha. Thisis, however, dependent on the calculations. The value of 0.64 was determined
inthefeasibility study for Swabi-SCARP. Although the cal culations conducted by Swabi-SCARP Consultants,
as presented here, yielded slightly higher crop water requirements than the feasibility study, the original value
of 0.64 |/s'haasnormal Water Allowancewasretained for the project. In these calculations, it was assumed that
the overall tertiary unit conveyance and application efficiency would lie around 60 to 75 percent. (SSC; 1991a)

118 1t is curious to see this notion of * modified-demand’ pop-up in Swabi-SCARP documents as early as 1991. It
isnot clear wherethisnotion camefrom, apart that it hasbeen introduced in the vocabulary of themodernisation
debate in NWFP after the troubles started in Mardan-SCARRP. In the latter project, documentation always
referred to demand-based irrigation. The CBIO also started using the notion * modified-demand’, alongside its
preferred notion of ‘ crop-based’. What is clear, however, is that the notion * modified-demand’ was intended
to appease some of the fears of the D that surfaced during Mardan-SCARP, in which demand-based was being
associated with freedom of water use.
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Fig. 7.4: Design Cropping Pattern for Swabi-SCARP
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Fig. 7.5: Swabi-SCARP Irrigation Requirements
At Watercourse Head, for 400 ha (10-day periods) [I/5]
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From an early stage, in 1991 when the conflict around the operational management procedures
for Mardan-SCARP was reaching its highest intensity, the project team (consisting of WAPDA
and a consortium of foreign and national engineering companies named SCC) explicitly
guestioned the feasibility of introducing controlled variation of water supply in USC in the
immediatefuture. The experiencesin Mardan-SCARP prompted the Swabi-SCARP project team
to postpone any decisions on the ‘ modified-demand’ operations and water control concept to a
future stage. Instead, it proposed to remodel the USC for proportional supply at the increased
‘normal’ supply of 0.641/5/ha, but with enough capacity to accommodatethe‘ modified-demand’
capacity of 1.34 |/s’ha, so that the system could be ‘upgraded’ for modern operations in the
future with relatively low investments in water control structures and regulable outlets. This
proposition was readily approved by both the Government of NWFP, as the ADB.

Swabi-SCARP thus opted for a phased modernisation processfor USC, in which the decision
on responsive canal operations and water scheduling methods were postponed into some future
stage. In the first phase, conducted by the Swabi-SCARP project, the USC would be upgraded
for itsfuture water requirements, while the self-acting proportional water distribution would be
re-established for the new normal supply level. Inthisphase, the remodelling of USC would thus
be mainly restricted to the improvement of the irrigation conditions —in terms of higher water
availability, improved drainage conditions and rehabilitation of the proportional water
distribution — under traditional water management practices. Once these improvements were
established under traditional management practices, they would create potentials to modernise
the operation and management for a more responsive water delivery service at a future date.

As becomes evident from a comparison between the irrigation requirement figures for
Mardan- and Swabi-SCARP (cf. figs. 4.5 and 7.5), the option to revert back to Crump’s self-
acting proportionality — while simultaneously better meet the crop water requirements — was
much morefeasiblein the case of Swabi-SCARPthanthat of Mardan. Thevariation of irrigation
requirements is less pronounced in the case of Swabi-SCARP, while the periods of low water
reguirements have to be met by rotational water supply dueto the shortagesin water availability
at Amandara (i.e. October - March), or by reducing or closing down the system suppliesin
response to monsoon rainfall (i.e. July - August) as has been common practice for decades (cf.
fig. 5.1). Swabi-SCARP s choicefor reapplying Crump’ s self-acting proportionality thus bares
remarkable similaritieswith the original ideasfor the operational stage one of Mardan-SCARP,
as expressed in the latter’s FPP (cf. §4.4.1).

The drainage component of Swabi-SCARP followed, as originally intended, largely that of
Mardan-SCARP, in which the same machinery and drainage materials were used for the sub-
surface network, and further work continued on establishing the optimal drainage coefficients
and drain spacings.

Proportional Distribution and Rotational Delivery

At thesecondary level of the system the self-acting proportional water distribution, asconceived
by Crumpin 1922 (cf. § 2.6), wasto bere-established by Swabi-SCARP by using the traditional
Open Flume and AOSM outlets. In order to maximise the benefits of the increased supply and
the potentials for future modernisation, the Swabi-SCARP design foresaw in adding a down-
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stream refusal gate on all the outlets. The design thus anticipated the practice of water refusal
operation by water users, asevolvedin LSC and CRBC, by opting for purposebuilt refusal gates.
Water users would thus be formally allowed to close their outlets and start taking into account
their actual water requirements in their water management practices. This, as was frequently
stressed by CBIO, is agood preliminary stage for the modernisation of canal operations. The
relatively low ‘normal’ Water Allowance of 0.64 |/s/ha (9 cusecs/ 1000 acres) does, however,
not provide much excess supply for such an inducement of refusal operations (cf. fig. 7.5),
particularly when water will be supplied in rotation during Rabi. In order to accommodate the
water refusal operations of the outlets, the design foresaw provision of escape structures at the
tail of each distributary and minor, and at | ocations al ong these canal swhere the freeboard would
be reduced by 50 percent when 60 percent of the upstream outlets are closed.

The carrying capacity of the distributaries, minorsand water courses had to be determined by
the* modified-demand’ water requirements, so asto prepare the system for future modernisation
of operation and management. Since during the first phase the canals would be operated at the
normal supply level, and the maximum supply of ‘ modified-demand’ would be required only
during short peak-demand periods, the distributaries and minorswere designed to accommodate
thishigher flow intheir freeboards. The outletswere thusto be configured according to Crump’s
criteria for the ‘normal’ full supply level of 0.64 I/s/ha. The determination of the ‘ modified-
demand’ canal capacitieswas done by applying the same criteriaas Mardan-SCARP (cf. section
4.3.2):

CCA < 250 acres (100 ha) Q =0.019 * CCA (including losses)
250 acres < CCA < 10,000 acres Q =0.057*(CCA)"0.8 (+ canal losses)
CCA > 10,000 acres Q=0.009 * CCA (+ canal losses)

Based on the decision that PHLC should supplement the shortages in USC, rather than vise
versa, the maximum capacity for USC main canal was set at the high option of 88 m®/s (3100
cusecs). Once PHLC would be completed, the water delivery capacity of USC would be
supplemented with water from Tarbela to alleviate any water shortages in the tail of USC and
allow for the further expansion of its command areawith 12,500 ha (31, 250 acres). This meant
that Swabi-SCARP had to take into account in itsdesign for Machai branch and the operational
plans for USC, three different stages of water supply and command area devel opment:

I.  USC remodelled, but PHLC not yet completed and no new area devel oped;

[1. USC remodelled and PHL C completed, but not all new area within USC command yet
developed;

[11. both projects completed as well as all new areafully developed.
Themainissuebeing, that therotational requirementsand ‘ blocks would change over theyears.

Following-up on the traditional proportional water distribution methods of the ID, Swabi-
SCARP intended to apply the winter rotation at main system level according to the traditional
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rules. sub-dividing the command areain two halves, each of which receivesitsfull supply flow
(or all available flow) for eight consecutive days, after which the other half is supplied. The
rotation isrequired as soon asthe supply levelsfall below 75 percent FSL, in order to securethe
proper proportional functioning of the self-acting outlets. This is a feasible option since crop
water requirements are much lower during winter. As can be derived from figs. 7.6 and 7.7 the
pivot point for rotational flow on Machai branch will move upstream (from RD 115+000 to RD
50+800) after compl etion of PHL C, reducing the command arearequiring rotational supply from
USC by about one third. Cross regulators, that allow for complete closure, were thus required
at these locations. However, since Machai branch also feeds 61 direct outlets with a command
area of 3400 ha (8,500 acres), cross regulators are also required to assure their proper supply
during their rotational turns. The Swabi-SCARP design therefore included 12 cross regulators
in total on the Machai branch.

7.3.2 Choicesin Technical Design Criteria

The remodelling or upgrading of an existing irrigation system, like USC and LSC, places
particular demands on the design and construction, that have to be taken into account by the
project from the start. The most important are the requirements to make optimal use of the
existing infrastructure and conduct the construction phase with the minimal disruption of the
existing irrigation and cultivation seasons. Particularly the latter is a most demanding
requirement from a project’s point of view, since it usualy means that the construction of the
main and secondary conveyance network needs to be conducted in the delimited time-span of
the annual closure and maintenance period (i.e the month of January in this case). This means
that the construction has to be phased out over a number of closure periods, while during such
periods construction at various sitesin the system hasto be carried out simultaneously in order
to make optimal use of the scarce time. In aproject like Swabi-SCARP the design should thus
take these requirements into account, in that it seeks the least time consuming construction
method, and facilitates the supervision of multiple construction sites.

Increasing Canal Capacities and Regime Considerations

For the conveyance canal sthe above requirements mean that preferenceisgivento enlargetheir
capacity within their existing width and alignment. One thus has to seek to increase their depth
and/or flow velocity in order to accommodate their increased design capacity. Furthermore, in
the case of USC, and Pakistan in general, the issue of silt and Regime will have to be taken into
account in order to guarantee stable canal dimensions. To address the latter issue, the Swabi-
SCARP design team decided to review ten different hydraulic formulaefor the dimensioning of
canals (including Lacey, Manning, Tractive Force and others) on the basis of a hydraulic data
set of existing canals compiled by ACOP, and the use of the computer programme DORC
(Design of Regime Canals) developed by Hydraulics Research, Wallingford (cf. SSC; 1992b).
Since“[t]he design parameters, cal culated using Manning, did not differ widely fromtheresults
of other methods’ it wasjustified according to the design-team to apply Manning for the design
of theremodelled USC canals, “ especially sincethecanal[s] will bepartiallylined” (Op.cit.:29).
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Fig. 7.6: Rotational Blocksfor Rabi Deliveriesin Upper Swat Canal
After completion of Swabi-SCARP and before completion of PHLC

Fig. 7.7: Rotational Blocksfor Rabi Deliveriesin Upper Swat Canal
After completion of Swabi-SCARP and after completion of PHLC
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The strategy adopted by the designers for the canal design forms alogical consequence of the
afore mentioned requirements. The design uses the original canal alignment, and creates the
increased discharge capacity by raising the canal banks and the flow velocity. Thelatter isthen
primarily achieved, in theory, by reducing Manning's n-factor by applying side or complete
lining of the canal. This has been an important method to make optimal use of existing canal
alignments, enabling quick lining at multiple sites during closure period, and accommodate the
increased design capacity. For the unlined canal sections, the designers adopted a n-value of
0.021 - 0.025, which was derived from the measurements taken by ACOP. For thesideand fully
lined sections, the n-val ue adopted ranged from 0.016 - 0.019. Theselower valuesfor lined canal
sections are common for normal flow conditions reflected in the hydraulic text books, where
differentiation is made between the relative smoothness of lined surfaces and the relative
roughness of natural embankments. In the case of Swabi-SCARP, this differentiation in
Manning’ s roughness coefficient is quite crucial, in that it enables the designersto increase the
canal capacitiesto the required level through the application of canal lining, particularly for the
extra capacity required for the ‘modified-demand’ operations for the future. It is, however,
guestionable in how far this differentiation in n-valuesisvalid for the high silt-load conditions
encountered in USC and Pakistan. (SSC; 1992b, 1993a) As Chow (1959) clearly states on the
issue of suspended material and bed load: “ The suspended material and the bed load, whether
moving or not moving, would consume energy and cause head loss or increase the apparent
channel roughness [i.e. the n-value].” (Chow; 1959:106) The latter has been supported by the
findings of the CBIO project in CRBC, which found n-values in lined sections equal to the
Swabi-SCARP unlined values of 0.021, and by the hydraulic smulation of Swabi-SCARP's
Jalaladistributary in Duflow, which also found similar valuesfor the lined sections (cf. Durani;
1999 and section 7.4.2). This after all isnot so surprising, since observationsin thefield reveal
that lined canals are quickly covered by athin layer of silt on the sides, while bedload continues
to move over the bed. How far this actual increase in roughness coefficient will lead to canal
capacity reductions remains to be seen. In the case of Jalala distributary, it turned out that the
drop-structures were far more decisive in determining the actual water levelsin the canal than
theManning factor. Thiswill, however, bedifferent for eachindividual canal, and in those cases
whererelatively low n-valueswere used (i.e. 0.016) concernson whether the* modified-demand’
capacity can be carried might be warranted. Furthermore, the installation of Vortex tubesin the
mainline canal, just downstream of the headworks, is expected to take out 50 percent of the silt-
load during the Kharif season, and might result in lowering the actual Manning roughness
coefficients emerging in the lined canal sections. There is, however, no reliable method to
guantify this relationship beforehand, and will thus have to be established empirically after
commissioning of the newly remodelled system.

Pre-Fabricating Traditional Outlets

Although the traditional Open Flume and AOSM type outlet structures were used by Swabi-
SCARP for the remodelling of USC, the project decided to apply new construction methods to
facilitate the implementation. In stead of using the traditional method of in-situ masonry work,
it gave the preference to use pre-fabricated concrete outlet structures, that could be produced at
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a few production sites and once produced fairly quickly installed in the canals. This method
should facilitate the construction quality control by delimiting inspection to a few sites and
enable itsregulation through the issuing of certificates. The Swabi-SCARP design itself for the
outlet structures did not differ significantly in a hydraulic sense from Sharma's (1940)
improvements to Crump’ s original design. It consists of pre-fabricating three basic partsin re-
enforced concrete that can be used for both the Open Flume as the AOSM outlet: (i) a bottom
plate with crest; (ii) adownstream curved side wall and; (iii) an upstream protruding side wall.
For the AOSM an additional roof-plate consisting of a concrete filled steel roofblock is
constructed that can be placed on top of the side wallsto create the orifice. For the installation
of the outlet, the bottom plate is then to be installed at the required depth, conform the desired
hydraulic configuration, and the side walls placed on top of the bottom plate according to the
required throat width. The walls can be locked into place using two metal bars at the top of the
walls. In case of an AOSM theroofblock isthen placed on top to the desired orifice height above
the crest. The whole structure is then to be cemented in place and backfilled with earth. Since
a new construction method was used, calibration tests were done to determine the discharge
coefficients of these ‘new’ outlets.*’

Further innovations to the outlet structures consisted of the intended installation of a
downstream water refusal gate, and standard installation of a gauge in the upstream outlet wall
fromwhichtheH-value(i.e. water depth above crest) could bedirectly monitored. Thefirstitem,
however, did not get implemented. The‘H-gauge’ got implemented after Kal pani by impressing
the scale during construction in the cement of the upstream side wall.

For those | ocations where more than 10 percent of the parent channel flow isto be drawn-off
by the outlet, a proportional flow divider isinstalled instead of an Open Flume or AOSM. This
structure consists of a Crump weir that regulates the water level across the parent channel, on
which one or two partition walls are placed to subdivide the flow in proportional shares (cf. fig.
7.8). This structure is also used to regulate the flow division between distributaries and their
minors.

The water distribution at the main system level would be regulated through the traditional
means, in which all the distributary heads are equipped with a manually operated undershot
diding gate. In order to facilitate their operation and the general monitoring of the water supply,
the Swabi-SCARP design added the installation of a Crump-weir in the head reaches of each
distributary for discharge measurement. This feature represents a marked improvement on the
traditional monitoring of the staff gauges, which are prone to inaccuracies and sensitive to
siltation and other hydraulic changes in canal parameters. For the regulation of the water
distribution in Machai branch, 12 new cross-regulators consisting of manually operated radial
undershot gates were installed by Swabi-SCARP.

Another innovation introduced by Swabi-SCARP was the use of pre-fabricated concreted
parabolic canal sectionsfor thelining of water courses and minors of relatively small flow. The

17 Not surprisingly, the discharge coefficients did not differ much from the ones established in the 1930-40s. For

the AOSM it remained the same: i.e. Cd = 7.3 for Q= Cd*B* Y *(H-y)"0.5. While for the Open Flume, the Cd
varied dlightly for different throat width: Cd =2.85for 0.2<B <0.3; Cd=2.90for 0.3<B < 0.6, and Cd=2.95
for 0.6 <B < 1.5, in Q= Cd*B*(H)"1.5. (All measuresin imperia values) (SCC; 1994b)
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Fig. 7.8: Proportional Crump Divider
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philosophy behind this choiceisthe sameasfor the outlet, inthat it facilitatesthe quality control
and providestheopportunity for regulationsthrough certification of producers. In Swabi-SCARP
the water courses were not built under OFWM, but under the SCIAP/ADC project, which was
a Swiss financed project conducted with the Department of Agriculture (cf. Durrani; 1999 and
chapter eight).

Conscious of the ‘engineering heritage’ that the original canals and structures of USC
represented, the chief designer of Swabi-SCARP tried to accommodate the new discharge
requirements for USC by preserving as much as possible the origina engineering works that
were still in good condition. This included the headworks and Dargai trifurcator, which were
virtually kept in tact and enlarged by adding the necessary compartments, and the stone-pitched
main channel between the Benton tunnel and Dargai, which could be kept in tact by raising its
embankments. In order to accommodate the extra discharge capacity, an auxiliary tunnel was
driven through the Malakand range parallel to the Benton tunnel, with a maximum capacity of
51 m¥s (1800 cusecs) and the Benton tunnel repaired. On the Machai branch the existing
agueducts were retained by enlarging their capacities by raising their embankments and/or
adding parallel new structures. Onthe Abazai branch, however, the majority of theexisting falls
and syphons were replaced by new re-enforced concrete structures, as recounted in the canal
safari of chapter one.
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7.3.3 Operation & Management: Traditional Practicesor Old | deals?

Having opted for the re-establishment of the traditional self-acting proportional water
distribution in USC, no major changes were foreseen for the operation and maintenance
procedures after completion of Swabi-SCARP, except for the modification of the rotational
schedules during Rabi. The obligatory Operation & Maintenance manual produced for the
remodelled USC istherefore largely in essence areplication of the ‘traditiona” O& M manual.
The latter was first produced in 1943 as “The Manual of Irrigation Practice’ , and primarily
intended asapractical handbook for canal officerson the subject pertaining to O& M, rather than
a proper manual that contains al the rules and procedures concerning operation. “ Due to its
great utility for theIrrigation Engineersthefirst edition was soon sold out and for awhileit was
difficult to get hold of a copy of the document.” (GoONWFP; 1992:foreword) In 1963 it was once
reprinted without revisions, to satisfy the great demands for it. But in the 1980s it was
completely revised and updated by the Irrigation System Management Project of USAID, and
resulted in the Operation and Maintenance Manual for Canal Systemsin NWFP in 1992.

Equitable Water Allocation & Maintenance of Hydraulic Configuration

The Swabi-SCARP O&M manual thus replicated in essence the procedures described in the
‘Provincial manual’, with its emphasis on full supply level operation and the administration of
the operation registers; i.e. Outlet, Irrigation, Gauge, and H-register. These procedures and
register will not beduplicated here, and readersarereferred for acomprehensive synthesisto van
Halsema & Wester (1994), or the ‘provincial manua’ itself (GONWFP;1992). There are,
however, threeissuesthat in light of Swabi-SCARP are worthwhile to comment upon: (i) water
allocation and its equity; (ii) the H-register and (iii) the rotational schedules for Rabi.

The remodelling of USC has been conducted by Swabi-SCARP on the commonly applied
assumption, that the proportionality principle of water distribution is aso applied to the water
allocation, and thus results in an equitable water allocation and distribution pattern to the water
courses served. In the case of Swabi-SCARP this has thus resulted that all the outlets are sized
onthisprinciple, to provide an equitable water delivery of 0.64 |/s/hafor every tertiary unit. As
isexplained in chapter two, this principle of equitable water allocation might have been part of
the intentions of the self-acting proportional water distribution concept, but never got strictly
implemented as such, nor formalised in awater allocation policy or law (cf. 8 2.5). Thisissue
was touched upon by the Swabi-SCARP project, when it complained about the exuberant outlet
sizesthat were drawing off more water than the designed for 0.64 |/s/habefore remodelling, and
thus posed problemsfor implementation aswater userstend not to readily accept lesswater after
remodelling than they had before.*®

18 The project was highly concerned about this phenomenon, especially after theinitially experiencesin Kalpani,
foreseeing difficultiesin controlling the outlet dimensions during implementation, and saw this as an issue that
needed to be set straight by the ID, implicitly assuming that all withdrawals above 5 cusecs/1000 acres (0.35
I/s/ha) constituted illegal tampering. To assess how grave and widespread this phenomenon was in the canals

(continued...)
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In relation to the above issue, the matter of the H-Register is of particular interest. The H-
Register, which is supposed to contain the monthly monitoring of the water level above outlet
crest, wasintended as atool to control the proper hydraulic configuration of the outlets and the
self-acting proportionality of the distributary canals. In the case of Swabi-SCARP it thusforms
animportant tool in the maintenance of the design dimensions and configurations of the outlets,
and as such to safeguard the equitable water allocation and distribution imposed by the design.
As has been explained in chapters two & three, the H-Register has seemingly never been
institutionalised within the | D asamanagement tool and control mechanism for the maintenance
of the hydraulic profile. Neither are there any indications to warrant an assumption that the ID
circle of Mardan would suddenly start to use it for this purpose after completion of Swabi-
SCARP.

Rotational Supply and the Limits of Self-Acting Proportionality

As has been mentioned in the previous section, the remodelling of USC by Swabi-SCARP will
not eliminate the necessity to apply rotational water distribution at main system level during
Rabi. The need to apply such rotational distribution will actually increase during the interim
period after Swabi-SCARP and before completion of PHLC, when the whole command area,
including that served by Machai branch, will haveto be served by USC, whilethe normal supply
level has been increased from 0.35 I/s/ha to 0.64 I/s/ha. This means that in normal years the
available flow at Amandarawill fall well below the new full design capacity of USC —i.e. 40
m?3/s (1200 cusecs) in relation to a FSQ of 88 m*/s (3100 cusecs) (cf. fig. 7.5) —whileit is not
unusual that the available winter flowsfall down to onethird of FSQ—i.e. around 28 m¥/s (1000
cusecs) as the one in five years average low (SSC;1992a). In order to safeguard the proper
functioning of the self-acting proportional water distributioninthedistributary canal's, rotational
distribution will have to be applied at the main system to ensure that the secondary level is
operated above its theoretical threshold value of 70 percent of FSL. Swabi-SCARP thus
proposed to apply thetraditional rotation rulesin USC, which state that whenever suppliesfall
short of the 75 percent threshold value, the water supply should be rotated over two blocks that
aternatively receive their full supply level for eight consecutive days.

Thisrule was derived from the limitations encountered during Rabi in the numerous systems
developed during colonial time which, however, as ageneral rule would not face shortages far
exceeding 50 percent of their full capacity. Swabi-SCARP has followed this principle by sub-
dividing the command area dependent on the USC in two more or less equal rotational blocks
(cf. figs. 7.6 & 7.7). During the interim period, however, the available Rabi flow will thus fall
well below 50 percent of FSQ and render impossible the full supply operation in rotation. The
Swabi-SCARP 0O& M manual therefore suggests to further sub-divide the flows below 43 m¥/s

(...continued)
prior to remodelling, the project issued a public tender through its ADC component for the measurement of all
outlet dimensions and discharges. Although WAMA'’ s bid was by far the lowest, it did not get commissioned.
It istherefore not possible here to provide any quantification of the dis-proportionality of water distributionin
USC prior to remodelling, and to what extent this practice had been legally formalised by the ID through
annotations in the Outlet and Irrigation Registers.
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(1500 cusecs) proportionally over the command area of a rotational block. To this end the
manual contains two tables (one for the interim period, and one for the period after completion
of PHLC) that list the proportional division at Dargai between Abazai and Machai branch and
the distributaries of Machai upstream of Km 73.7 (RD 242+000), for various available flows at
Amandara below 43 m?/s (1500 cusecs).

Unfortunately, a small mistake has been made in the composition of these tablesin the 1994
draft version of the O&M manual, in that they simply list the proportional division of the
available low flow over the command areas served by the canals of the rotational turn. They do
not take into account the limitationsimposed by the minimum threshold discharge above which
the self-acting proportional distribution is secured (in case of the table for the interim period),
nor the maximum value of the canals' FSQ (cf. SSC; 19944). In theory the minimum threshold
value for canal operation is 70 percent of FSL, or 55 percent of FSQ™. In the flow distribution
table for the interim period, this theoretical threshold value is reached for available flows at
Amandarabetween 30 m*/s (1050 cusecs) and 32.5 m*/s (1150 cusecs). In practice, however, the
actual threshold value will depend on the hydraulic configuration of each particular canal after
construction, and is highly sensitive to the depths of the crests and roofblocks in relation to the
actual established water levels. The actual values will thus depend on the accuracy of
construction and the degreeto whichthedesign water level sreflect theactual water levels. These
issues are dealt with in the next section. The hydraulic simulation of Jalala distributary after
remodelling reveal ed, however, that the actual threshold valuefor minimum operation liesmuch
higher than the theoretical value, around 80 percent of FSQ (cf. Durrani; 1999); a value that
would be aready reached, according to the draft O& M manual table 2.8, at an available flow of
41 m¥/s (1450 cusecs) at Amandara. It is therefore questionable whether it is feasible to rotate
the low Rabi flows over two blocks during the interim period, even when the theoretical
threshold values are assumed to take hold, without running into water distribution problems at
the distributary level. To avoid such problems, it would thus be advisable to rotate the low Rabi
flow over three rotation blocks. Thisis an option that should be fairly easy to implement with
the relatively large amounts of cross regulators available at Machai branch after completion of
Swabi-SCARP.*% 121

119 This value is derived from the Q-H relationship for open channel flow, where Q ~ HA(5/3) (cf. §2.6).

120 After completion of PHLC and the substantial reduction of the Rabi rotational command area of USC, these
problems of water shortages are essentially eliminated. The actual threshold value of 80 percent FSQ for Jalala
isthen only reached at alow flow of 27.5 m®s (975 cusecs) at Amandara, whileits FSQ of 4.3 m*/s (155 cusecs)
isalready reached at aflow of 34 m*¥s (1200 cusecs) at Amandara, making thus more water available for other
areasin the system than has been acknowledged by table 2.9 in the draft O& M manual.

21| do not know if the Swabi-SCARP draft O& M manual has been converted eventually into afinal version, and
whether in that case the errorsin the water distribution tablesfor rotational operation have been corrected. The
continuing referencesto the establishment of two rotational blocks, rather than three, during the interim period
inlater publications concerning the PHL C (cf. Bozakov & Laycock; 1997), however, suggest not. However, the
ID can betrusted to stick to itstraditional operational rules of not supplying canalswith lessthan 70 percent of
their FSL, nor much more than 100 percent of their FSL, providing thus a practical resolution.
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74 IMPLEMENTATION: CASTINGWATERDELIVERY PERFORMANCEINTO
CONCRETE

The self-acting proportional water control concept, as applied by Swabi-SCARP, requires an
accurate construction of the water control structures and canal profilesin order to establish the
desired hydraulic configuration (cf.8 2.6). Due to the non-regulability of the water control
structures, there are no operational means to adjust the water distribution after implementation
to compensate for inaccuracies in construction, or amend the water alocation and distribution
pattern. Once construction is completed, the water distribution pattern of each canal isliterally
cast into concrete, allowing modificationsto be made only through re-configuration of thewater
control structures. Therelative ease of operation of the * self-acting’ water distribution requires
thusan accurate control of the construction. The hydraulic flexibility, determined by therelative
hydraulic head over each outlet structure, is crucial with regard to the establishment of the
minimum threshold value of each distributary canal, above which the self-acting proportional
water distribution is secured, and water can be delivered without rotation at the main level.

Below two distributary canalsremodelled by Swabi-SCARP are evaluated to determinetheir
hydraulic performance after commissioning, and to ascertain whether they indeed meet the
criteria of Crump’s self-acting proportionality as those of the designers. The next section
presentstheresultsof the performanceeval uation of Kal pani distributary that WAMA conducted
right after its commissioning on regquest from the ID, and with funding from the ADB. The
evaluation was carried out from February till May 1997 through an intensive measurement,
calibration and monitoring programme. In section 7.4.2 the performance of Jalala distributary
is evaluated after its commissioning in 1998. This evaluation has been carried out by Durani,
with support from WAMA, as part of his MSc-degree at IHE. The evaluation of Jalala
distributary differs from that of Kalpani in so far that a higher emphasis was given to the
simulation of hydraulic and operational scenariosin ahydraulic model, asameansto determine
the hydraulic behaviour of thecanal. Both evaluations, however, clearly identify thefactorsthat
undermine the hydraulic performance of the canals: in terms of inaccuracies and deviationsin
construction (Kalpani & Jalala), and in deviations in hydraulic parameters as adopted by the
designers (Jalala). The evaluation of Jalala also shows that despite some changes made by
Swabi-SCARP in the implementation procedures and introduction of proportional dividers as
outlet structures after Kalpani, the attainment of good and adequate levels of hydraulic
performanceremainsaproblematicissue. Theconfiguration of self-acting proportionality proves
to be sensitive to multiple disruptions.

7.4.1 Hydraulic Performance Evaluation of Kalpani Distributary*?
A peculiar administrative set-up of thelrrigation Department Circle of Mardan, enabled conduct

of ahydraulic performance evaluation of Kalpani distributary, before the completion of Swabi-
SCARP. Hydraulically Kalpani distributary forms part of the Lower Swat Canal system, but

122 This paragraph is largely based on previous publications, notably Halsema, van & Murray-Rust; 1997a and
Murray-Rust & van Halsema; 1998. Further details are provided in the three reports of the evaluation study,
Halsema,van & Murray-Rust; 1997b, ¢ & d).
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administratively it is part of the Upper Swat Canal division (cf. fig. 7.2). Due to this anomaly
Kapani was not part of Mardan-SCARP, but of Swabi-SCARP and was thus remodelled
according to the Swabi-SCARP design criteria of self-acting proportionality, rather than
‘modernised’ accordingtothe‘demand-based’ design criteriaof Mardan-SCARP. Thehydraulic
performance evaluation of Kalpani was conducted by WAMA on request of the Irrigation
Department Circle of Mardan, and through finding of the ADB. The ID wanted assurance that
the canal sub-system wasworking asintended (i.e. according to design) before resuming O& M
responsibilities for Kalpani distributary.

Kalpani distributary was thefirst canal remodelled by Swabi-SCARP according to the new
delivery and distribution criteria. The remodelling started in 1995 and was completed in 1996
inwhichall the constructionworkswere conducted by alocal contractor. AsKal pani distributary
takes off from distributary # 9 (i.e. tail main) of the Lower Swat Canal, the capacity of which
was enlarged by Mardan-SCARP, the hydraulic performance of Kalpani could be evaluated in
1997 under the new full supply capacity conditions.

Table 7.1 Kalpani Distributary after Remodelling
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Distributary or Minor Canal = > O g *
Kalpani Distributary 45 | 15614 1887 21 4
Kodinaka minor (take off at 10,000 m) 1.28 8247 1344 16 11
Taus Minor (take off at 15,610 m) 119 | 6471 1432 12 7
Mohibanda Minor (take off at 2,047 from Taus) 0.29 2918 365 5 2
Total 23260 5019 54 24

Kalpani distributary and itsthree minor canals supply acultural command areaof 5,019 ha. The
basic datafor this sub-system are presented in table 7.1. Before Swabi-SCARP, the distributary
and minor headswereregulated through undershot gate structures. Themajority of the 52 outlets
were Crump type outlets, while the remaining few were pipe outlets. Kalpani distributary had
8 AOSM outlets of which 7 were located in the upper half of the canal, as is consistent with
Crump’ s design concept. Three of the sixteen outlets along K odinaka minor were AOSM, and
there was one AOSM on Taus minor; al other outlets were open flumes.

With the remodel ling undertaken by Swabi-SCARP, thefull capacity of Kalpani distributary
has been increased to 4.50 m¥s (127 cusecs) in order to supply al tertiary units with the new
‘normal’ Water Allowance of 0.64 Is/ha (9 cusecs/1000 acres). In the head reach of Kalpani
distributary a Crump weir has been installed at RD 7+075 ft (2156 m) as a discharge
measurement structure, that simultaneously serves as a cross regulator for the first outlet. The
off-take structure to Kodinaka minor at RD 33+100 ft (10, 000 m) has been converted into a
proportional divider on top of aCrump weir (cf. fig. 7.8); while the off-take serving Taus minor
at RD 51+200 ft (15,600 m) has been built as an overflow weir. In accordance with the Swabi-
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SCARP design criteria al pipe outlets were to be eliminated, while the use of AOSM outlets
would berestricted to canal head-reacheswherethe use of Open Flumesor proportional dividers
would not be feasible. On Kodinaka and Taus minors several outlet structures were to be
combined in proportional dividers. However, in thisfirst remodelling contract these structures
were not implemented as Crump dividers as presented in figure 7.8. They were built as
traditional tail-end structures consisting of two or three Open Flumes, placed at 45 or 90 degree
angles and with their crest levels placed at the same height.

Performance Assessment Criteria

The basic approach to hydraulic performance was to determine the Delivery Performance Ratio
(DPR) at as many points as possible in the secondary canal system. The DPR compares the
actual discharge recorded to the intended (or target) discharge (cf. footnote 53). Since itisa
dimensionless ratio, values can be compared from different locations even though the target
discharge at each location isdifferent. In this casethetarget values were taken asthe full supply
discharges, asit provides an easy assessment of the proportionality of water distribution —i.e.
at full supply delivery all DPR values should ideally be equal to 100 percent, while at 80 percent
FSQ all values should equal 80 percent, etc.

To test the overall integrity of the system, discharges were measured at three operational
levels: full supply level (100 percent of design discharge) which represents the normal
operational target of the Irrigation Department; 70 percent of FSQ which represents the winter
delivery flows; and 50 percent of FSQ which lies around the minimum theoretical threshold
target.

The tolerance levels for the measured values of DPR represent the standard criteria of the
[rrigation Department, whereby actual discharges should alwaysbewithin + 10 percent of target
(cf. GONWFP; 1992). Thus, if the canal is operated at full supply level, al discharges
irrespective of location in the system should be within + 10 percent of the design discharge. If
the canal were operated at 70 percent of FSQ, all discharges should be within + 10 percent the
revised target discharge (i.e. 63 - 77 percent of design discharge). Although this is a fairly
rigoroustolerancecriteriait has proved workabl e asatarget for many decades (cf. Sharma; 1932
& 1940). Values obtained within this range of + 10 percent of target were thus considered as
acceptable or good performance, while values outside this range were considered poor. An
additional tolerance level was added, however, to identify locations where deviations from
design were unacceptable. It was agreed that in locations where the deviations were more than
30 percent off target, the performance was classed as unacceptable and would require some
special investigation to determine why such conditions could have occurred.

Methodology Adopted in the Performance Evaluation

With the cooperation of the Irrigation Department special efforts were made to regulate
discharges in the entire Kalpani canal system, so as to provide as stable water conditions as
possible for several days at atime. During each measurement period the head water level was
kept constant insofar as possible. To avoid unwanted fluctuations in water levels during each
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measurement period, no measurements were taken during the first 48 hours of flow. The head
end water conditions were monitored at |east twice aday to ensure such unwanted fluctuations
did not occur.

Discharge measurementswere all made using current meters. Three current meterswere used:
one larger Ott meter for main and secondary canal measurements, and two smaller Ott Pygmy
meters for watercourse discharges. The current meters were regularly cross-checked with each
other to ensure consistency. In the main and secondary canalsreadingsweretaken at 0.2 and 0.8
of thewater depth acrossthefull width of the canal. The spacing between readingswasnormally
about 1.0 metre. Wherefeasible, thereadingsweretaken in lined sections. All measured sections
were straight and with as little vegetation and sedimentation as possible. Since the main canal
had been desilted immediately prior to the measurement programme, all cross-sectionswerein
good condition. Watercourse discharges were measured as closeto the outlet as possible. Where
lined sections were available current metering was done in these sections. In most watercourses
readings were restricted to a single measurement at 0.6 of the water depth due to shallow water
conditions and the parabolic cross-section of the channel.

All current meter measurements were repeated until there were three revolution readings
which varied lessthan 3 percent; the other readingsbeing discarded. Intwo locationsinthemain
canal wheretherewere control structures (Crump weirsin both cases) the discharges cal cul ated
using the FLUME programme (cf. Bos et.al;1984) were within 5 percent of the measured
discharges. The least satisfactory readings were those when the main canal was operating at 50
percent of design discharge. It was impossible to maintain steady state conditions for the five
days requested (i.e. two days for attaining stable flow conditions, and three for measurement).
All readings were taken in a three day period but the head discharge fluctuated + 10 percent
during this period. In the other measuring periods the head discharge was stable.

Hydraulic Performance of Kalpani Distributary and its Minors

Within the secondary canal system it was feasible to measure discharges accurately at severa
locations: six along Kalpani distributary itself (cf. table 7.2), while additional measurements
were taken at the head of each of the three minors. Actual discharges and DPR values of each
of the measurement locations are indicated in table 7.2, while DPR values for each set of
readingsareshowninfig. 7.9. The performance of Kalpani distributary was unsatisfactory when
the discharge at the head gate was in the order of 50 percent design discharge. The inflow was
measured as 2.35 m*/s (83 cusecs) — some 52 percent of the design discharge of 4.50 m%/s (159
cusecs). However, tail-end DPR valueswereonly in the order of 30 percent of design discharge.
These measurements show that the performance was unacceptabl e when the canal was operated
at half of its design discharge, underlining the importance of maintaining discharge conditions
above the minimum threshold value.

When the canal was operated at 70 percent of design discharge, measurements show that the
DPR at the tail of Kalpani distributary was in the order of 50 percent; just around the margin
between poor and acceptable performance. Given that Taus and Mohibanda minors are both
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Fig. 7.9: Hydraulic Performance of Kalpani Distributary, DPR [-]
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downstream of this location, they could not achieve acceptable performance levels at their tail
locations. From an operation perspectiveit meansthat if the water requirementsat thetail would
drop down to 50 percent of design, the discharge into the system would have to be maintained
at or above 70 percent of design discharge, unless there is a systematic closure of head end
outlets.

Table 7.2: Hydraulic Performance of Kalpani Distributary after Remodelling
Actual Discharge Conditions

FSQ High Medium Low

Location & DistancefromHead | [m%s] | [m¥s] DPR | [m¥s] DPR [ [m¥s DPR

Head of Kalpani (152 m) 450 | 403 9 | 313 70 | 235 52
Crump Weir (2157 m) 436 | 390 89 | 300 69 | 200 46
U/S Siphon (2820 m) 428 | 376 88 | 291 68 | 189 44
D/S Siphon (4878 m) 408 | 337 83 | 276 68 | 175 43

K odinaka Bifurcation (10000 m) 3.59 291 81 211 59 1.26 35
Tail of Kalpani (15396 m) 1.26 1.03 82 0.66 53 0.37 29

A final set of readings was meant to be taken when the canal was being run at design capacity.
The discharge at the head of the canal wasincreased to the point where water started spilling at
the escapes immediately upstream of the two siphons located at 2,850 m and 4,878 m
downstreamthehead. Additional dischargeinto Kalpani distributary would haveresultedineven
further spillage. The head discharge under this condition was 4.03 m¥s, or 90 percent of design
capacity. However, this value had to be considered as the full supply discharge due to the
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conveyance constraintsimposed by thetwo syphons. Under these conditionsthe discharge at the
outlet of the second siphon — 4,800 m from the head — was measured at only 83 percent of
design, whilethedischarge at thetail of Kalpani was 80 percent of design. Again, theminorsfed
by Kalpani performed less well than this. With these constraints imposed by the two syphons,
roughly 90 percent of the command area could only obtain 83 percent of the intended maximum
discharge.

These results indicate that the overall performance of Kalpani distributary was poor when
operating at maximum capacity, and certainly did not meet the designers’ expectations. Some
improvement in performance could be expected if the constraints imposed by the two siphons
were to be removed. However, it would be unlikely to reach acceptable levels, since there was
apersistent and steady deterioration in DPR values from head to tail at all the three measured
supply levels. Thisimplies some systematic problem that affects performance irrespective of
discharge, and which requires investigation before remedial measures can be undertaken.

Performance of Outlets

Parallel with the discharge measurements taken in the secondary canal system a series of
discharge readings were taken in a set of sample outlets along Kalpani distributary and each of
thethree minors. A total of 17 watercourses were sampled, some 35 percent of the total number
of watercourses in the sub-system. Asfar as possible watercourses were selected at random to
represent a combination of head, middle and tail conditions, aswell as different types of outlet
structure design. Asit is not possible to accurately measure all watercourses due to backwater
effectsand branching of ditchesimmediately downstream of the outlet, thesitesactually selected
were all ones where rating curves could be devel oped with some confidence.

The outlet performance along Kapani distributary (cf. fig. 7.10) indicates that almost
irrespective of theinflow conditions, upper end outletsreceived far morethan their proportional
share. When the distributary was operated at about 90 percent of design, the head end outlets
received between 140 and 160 percent of their design target, whileat thelowest operational level
(46 percent of FSQ) the outlets still received about 125 percent of design. The effect on tail end
outletsis obvious: most DPR values were in the order of 40-80 percent of design, although two
outlets recorded still higher values.

Kodinaka minor shows asimilar picture (cf. fig. 7.11). It should be noted that the maximum
DPR obtainable at Kodinaka minor head was only 80 percent of design, when the inflow at
Kalpani head was at its maximum capacity of 90 percent. DPR values were about 100 percent
for most of the outlets, falling to around 80 percent at the tail. However, when the inflow was
in the order of 55-60 percent of FSQ, the outlet DPR values ranged from 80 percent at the head
to less than 30 percent at the tail, with the tail outlet even falling completely dry.

Taus minor showed a more complicated situation (cf. fig. 7.12). Thereisacluster of outlets
near the head that account for much of the total discharge of the minor. When it was operating
at 70 percent of design — the maximum discharge that could reach the head of Taus when
Kalpani was running as full as possible — some outlets still managed to obtain DPR values as
high as 150 percent, while others were closer to 60 percent. When Kalpani distributary was
operated at
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Fig. 7.10: Kalpani Distributary, Outlet Performance DPR [%]
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Fig. 7.11: Kodinaka Minor, Outlet Performance DPR [%}
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Fig. 7.12: TausMinor, Outlet Performance DPR [%]
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medium flow, all outlets performed poorly with the tail only receiving 15 percent of design
discharge — a consequence of the extreme low supply level (36 percent of FSQ) on which Taus
minor could be operated. When Kalpani was operated at low flow, no reliable measurements
could be obtained at Taus minor as most of the outletsfall dry.

There are two immediate observations to be made from these data: there is a considerable
variation in the values of DPR recorded between outlets along the same canal, and there is a
persistent head totail declinein all three cases. Both of these observationsimply some problems
with the outlets: if correctly constructed they should not show great variation, whileif there are
oversized outlets near the head, they will receive more water than intended and deprive the tail
end outlets of their share.

Because the canal system had been desilted immediately prior to the measurement
programme, sedimentation was not the cause of the poor performance, in contrast to similar
studies in the Punjab which could be alleviated through selective desilting (cf. Bhutta &
VanderVelde; 1993, Murray-Rust & VanderVelde; 1994b). A more credible explanation liesin
defects in the construction of the outlets.

Deviationsin Outlet Types and Dimensions

A survey of the type of outlet installed and their condition at the time of survey revealed that
there were many cases where there were differences between the design and actual conditions.
Table 7.3 providesasummary of the differences encountered in the survey of the 49 outlets (the
five outlets of Mohibanda minor were not included in the survey). The Swabi-SCARP design
called for 49 outlets, but only 48 were constructed due to objections of one group of water users
over the planned intervention. Seven outletsdifferedintypefromthedesign: four AOSM outlets
were constructed as open flumes, one open flume was constructed asan AOSM, and two flumes
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were never built, temporary pipe outlets being used instead. These changes were made at the
time of construction and were never incorporated inthe design spreadsheetsused for determining
the hydraulic conditions along the canal

A further nine outlets were installed as designed but were subsequently bypassed by pipe
outlets. In someinstances even both, the original outlet and the additional pipeoutlet, were used.
The causes of pipeinstallation appear to vary from caseto case. In someinstancesit isclear that
the ‘official’ outlet was installed too high and would not be able to deliver adequate water. In
other cases the pipe wasinstalled to overcome problems experienced in the transition from the
old to the new system: during construction there were delays in completing the two siphons
along the distributary canal, so the system had to be operated for severa months at the old
discharge level rather than the increased new one. This lower supply level clearly created
problems for some outlets during thistransition period. Thirdly, and by no meansinsignificant,
was a degree of intransigence on behalf of some powerful farmers who installed pipe outlets at
the time of installation to obtain more water. As this power was sometimes backed by adisplay
of weapons, many illegal pipe outlets remained.

Table 7.3 Condition of Outletsin relation to Design

Status of Outlet # of Outlets % of Total

Outlet installed as designed and not damaged 28 57
Outlet installed as designed but damaged 4 8
Outlet installed as designed but bypassed by/with additional pipe 9 16
Outlet not installed as designed 8 16

The remaining 32 outlets were of the same type as the design called for in the original
specifications. However, four were damaged in such a way as to change their hydraulic
behaviour — either deliberately or through collapse of the outlet structure. Thus only 28 out of
49 outlets (or 57 percent of the surveyed total) showed a direct correspondence between outlet
design and the type of outlet actually installed in the field. Thisis too high a deviation to be
acceptablefor asystem remodelled lessthan one year before. The survey also included detailed
measurements of the dimensions of each outlet structure. This revealed that there were major
deviations from design specifications that can easily account for the observed pattern of DPR
values for the sample outlets.

The Swabi-SCARP design planned for the construction of 13 AOSM outlets, nine of which
were to be installed in the head reach of Kalpani distributary, as is consistent with the design
philosophy of Crump (1922). In practice, however, 10 AOSM outlets were constructed —all in
the upper reach of Kalpani distributary — of which only 8 were functioning (the other two being
bypassed). M easurements of the width and height of each of these eight structures showed that
the area of the orifice was, in all cases, larger than designed. If the water levelsin the supply
channel were to reach their design levels, all of these AOSM structures would deliver excess
rates; the excess being directly proportional to the oversizing of the orifice. Table 7.4 compares
the design and cal culated discharges for the AOSM modules, assuming the canal is operated at
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full supply level and the outlet isinstalled at the correct elevation.*® None of the outlets would
deliver within 10 percent of the design specification under these conditions, while four would
deliver at least 30 percent more than design discharge. In total the eight outlets would draw an
excess of 127.3 I/s (4.5 cusecs) over design if the canal were operated at full supply level; an
excess that is equivalent to the average design discharge of two downstream outlets.

Table 7.4: Expected Performance of Functioning AOSM Outlets
(based on FSL conditions and actual dimensions)

Outlet # DischarG [/ Disarta g S

2 37.1 42.5 +15

3 40.2 67.6 +68

4 35.9 419 +17

6 19.2 47.3 +146

7 44.7 56.6 +27

8 58.9 75.6 +28

10 24.6 35.9 +46

11 53.8 74.4 +38

Total 314.4 441.8 +41

A similar degree of discrepancy in actual and design dimensions was observed for the open
flumes. The width of all open flumesis comparatively easy to check, but on several occasions
it was al so possible to make observations on therelative elevation of the crest of the flumeto the
elevation of its associated drop structure. On these occasions it was thus possible to determine
the hydraulic configuration of the outlets in terms of their hydraulic flexibility. Although the
design clearly specified the construction of bi- and trifurcations with identical crest elevations,
considerable deviations were found in the field that significantly affect the water distribution.
Outlets whose crests are lower than the crest of the cross-regulator are hydraulically sub-
proportional (f < 1.0) and will receive more then their due share, while outlets whose crests are
higher than the cross regulator will receive less water than intended and function hyper-
proportionally (f > 1.0). Thelower the water el evations becomein the supply channel, the more
pronounced the discrepanciesin water distribution will become. An additional potential source
of error isthewidth of the crossregulator, which directly affectsthe water level over the outlets,
and hence their discharge.

Based on measurements of width or the combination of width and relative elevations to an
associated drop structureit wasthus possibleto predict the performance of flumeswhen they are
all operated at 100 percent of design discharge. Of the 24 open flumes that are functioning

123 This assumption had to be made as no funds were made available to conduct a true survey of Kalpani sub-
system under the Hydraulic Performance Eval uation study. Consequently it was not possible to verify the true
hydraulic configuration of the outlet structuresin relation to the normal full supply water levels.
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correctly, only 21 percent would deliver dischargeswithin 10 percent of design target, while 58
percent would deliver more than 30 percent off from their design target (cf. table 7.5).

Thereason for the poor performance of both AOSM and open flumesisclear froman analysis
of the deviations of actual measurements from design. Of the 40 dimensions measured for 8
AOSM (width and height of roofblock) and 24 open flumes (width only), exactly half were more
than 25 mm too large, while afurther 9 (23 percent) were more than 12.5 mmtoo large. It isnot
unreasonable to expect that outlets can be built more precisely than this; the technology is
standard and outlet construction has gone on for years in Pakistan at better levels of tolerance
than this.

Table 7.5 Expected Performance of Open Flume Outlets
(based on FSQ conditions and actual dimensions)

Extent of deviation of actual discharge from design discharge # of Outlets % of Total
Within + 10% of design discharge 5 21
Within + 10 - 30% of design 5 21
Greater than + 30% of design 14 58

These datasuggest that there was a systematic problem inherent in the construction process, and
onethat was not remedied asaresult of the surveillance and monitoring of as-built construction
in the field. Without additional information it is not possible to determine the exact cause of
imprecise construction: it could be poor performance of the contractor, it could be independent
tampering by water usersat thetimeof construction, or it could be aconsequence of rent-seeking
by the contractor in collusion with water users. It is, however, clear that there were some
problemswiththe contractor that carried out the construction work of Kalpani. Immediately after
completion of the performance study, the upstream syphon of Kalpani distributary had to be
temporarily put out of use, diverting thewater instead through the smaller old British syphon still
in place. The newly constructed syphon was still settling, with the effect that the pressure at the
connection between the upstream lined canal section and the syphon became too large and
eventually cracked. Asboth survey benchmarksin thevicinity of the syphon had been dislocated
during the construction work, it wasdifficult to accurately monitor thisongoing settling process,
or check the elevations of the syphon’sin- and outlets. The problem was attended to by Swabi-
SCARP and the syphon repaired and put into proper use soon afterwards.

Whatever the cause, these deviations in as-built structures far exceeded the normal
specifications for installation of outlets, which requires that they can be built to deliver within
10 percent of the design discharges. It isobviousthat if outletsin the upper reach of acanal are
ableto draw morethan their fair sharethen thetail end reach will automatically be deprived of
its fair share because the total volume of water delivered is directly related to the designed
discharge of each outlet.
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7.4.2 JalalaDistributary: Performance under threat...

After Kalpani the implementation procedure was slightly changed, in that the outlets were no
longer to be installed by contractors, but by the Irrigation Department itself.*** An other
important change concerned the outlet structures to be used in the remaining canals of Swabi-
SCARRP. In all instances where 10 percent or more of the parent flow would be taken-off by an
outlet, the proportional Crump divider (cf. fig. 7.8) would be used instead of the open flumes.
Construction-wise the Crump divider has many advantages over the complex flume structures
used in Kalpani. Most notably the use of one sill, instead of two or three, provides for
significantly less potential errors in construction to upset the hydraulic configuration of the
composite structure, while the exact width of the structure is relatively insignificant aslong as
the partition wall isplaced on the proportional location of the sill. With the composite structures
used in Kalpani, the exact width of the cross regulator was a determinant for the establishment
of the water levels, and thus hydraulic configuration, over the off-takes, requiring exactitudein
itsinstallation.

In 1998 the remodelling of Jalala distributary (the first distributary taking off from Machai
branch (cf. fig. 7.2)) was completed along these new implementation procedures. The canal
capacity was increased to accommodate the new normal supply discharge of 4.38 m®/s (155
cusecs) with afreeboard that would enableit to carry the ‘modified demand’ discharge of 4.43
m%/s (156.4 cusecs). Thisincreasing of the carrying capacity of the canal — largely by deepening
and lining — the falls, intake and escape structures, as well as the measuring Crump weir at the
head of the canal, were al constructed by a sub-contractor. However, contrary to Kalpani, the
outletswereinstalled by the Irrigation Department. The parabolic pre-fabricated water courses
wereall installed by SIAP/ADC, which organised all water usersfor thispurposeinto WUA, and
moreover federated the WUA into a Farmer Support Unit to provide agricultural services (cf.
Durrani; 1999).

Durrani (1999) conducted a study on Jalaladistributary to determine the hydraulic properties
of thecanal and itsoperational requirementsfor realising proportional water distributioninlight
of turning over the O& M responsibilitiesto the water usersfollowing the implementation of the
PIDA Act (cf. chapter eight). To determine the minimum and maximum threshold discharges
withwhich proportional distribution could beensured, Durrani carried out ahydraulic simulation
of Jalaladistributary in DUFLOW. Asinthe case of Kalpani distributary, theresultsof Durrani’s
study clearly show that the hydraulic properties (cum configuration) of the newly remodelled
Jalala distributary did not meet those specified by the Swabi-SCARP design.

Jalaladistributary iscomparablein sizeto Kalpani, with atotal length of 21+000 m (69+000
ft). In total it serves 39 off-takes, which include one minor canal that serves seven outlets, and
features over itstotal length 51 drop-structures that can serve as cross-regulators. The Swabi-
SCARPdesignforesaw inrealising the self-acting proportionality by installing 1 pipe, 16 AOSM
(the majority of which in the head-end half of the canal), 10 open flumes, 6 proportional
bifurcators(including theminor intake) and 3trifurcators. The proportional Crump dividerswere

124 This decision, as the one on the use of the proportional Crump weir, was already made prior to the completion
of the hydraulic performance evaluation of Kalpani.
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mainly restricted to the tail-end where the design criteria of taking off more than 10 percent of
the parent discharge could be met.

...by Changing Outlet Dimensions and Configurations

Measurements by Durrani on a sample of outlets from Jalala distributary revealed that, in
particular, the AOSM outlets as installed by the ID bore little resemblance to the design
specifications. In the Swabi-SCARP design, the designers aimed to configurethe AOSM outlets
with an orificewidth (B) to height (Y) ratio of unity (1.0), and not lessthan 0.8 or morethan 1.2.
These criteria were adopted to ensure that the assumed coefficient of discharge Cd of 7.5
(imperial units) (4.14 for metric units) would be valid. In practice, however, the ID installed the
AOSM outlets according to other criteria, changing both the width and height setting. Figure
7.13 shows this resulted in substantial larger orifice areas than the Swabi-SCARP design had
specified. The proportional Crump dividers, on the other hand, were built very close to design
specifications.

Apart from changing the specified outlet widths and heights, the directorate of the 1D
responsible for the outlet installation decided also to change the crest levels. Thiswould seem
at first instance a logical, and required, consequence of changing the widths and heights, to
assurethat the outletswere configured for drawing off their design dischargesat FSL. However,
onewould thus expect the creststo be higher than that specified in the design, to compensate for
theincreasein orificeareaor throat width, and not for creststo beinstalled at |ower levelswhich
will even further increase the discharges of the outlets. Thedirectorate, however, decided for the
latter, and to" install the crest of the new offtakes at the same |level s as those of the ol d offtakes’
(Durrani; 1999:57). The crest levels specified in the Swabi-SCARP design were considered to
be at too high alevel, which prompted the decision to install the new outlets at the same, but

Fig. 7.13: Jalala Distributary, Ratio of Actual Outlet Orifice/Width to Design [-]
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considerably lower, level as the old ones. This further exacerbated the effect of larger than
design orifices, and basically resulted in alocating the head-reach outlets substantial higher
water allowances than the one specified in the design as the ‘normal’ proportional water
allowance of 0.64 |/s/ha. Basically, the hydraulic configuration of the canal was changed during
construction, of which it is not possible to determine its precise water distribution properties
without an extensive survey of the canal and its structures.

...by Deviations in Hydraulic Parameters

Durrani also conducted ahydraulic simulation of Jalaladistributary in DUFL OW to evaluatethe
design of Swabi-SCARPto determine how the canal would behave under different supply levels
and identify its minimum threshold discharge with which the proportional water distribution +
10 percent could still be guaranteed. In the design the hydraulic configuration of the canal was
established by determining thewater evel sthrough application of Manning’ sequationfor steady
state flow and the back-water |evel s produced by thefallscumcrossregulators. Thewater levels
in the parent channel are thus determined by the Manning factors applied for the canal, as well
asthe coefficients of discharge (Cd) adopted for the fall structures/cross regulators. The outlet
structuresarethen configured according to the hydraulic flexibility required, and sized to deliver
design discharge at FSL adopting specific coefficients of discharge for the structures used.

Applying the values adopted in the Swabi-SCARP design in a FSL simulation of Jalala
distributary, Durrani obtained a fairly good water delivery performance: 29 of 39 off-take
structures conveyed their FSQ + 10 percent, and the remaining ten (i.e. 25 percent of total)
conveyed + 20 percent of FSQ. However, one important amendment to the original design had
to be made to obtain such results: one of the fall/cross-regulator structures had to be raised by
0.2m. Initsoriginal design configuration it was causing adraw-down effect, rather than aback-
water effect, which was affecting the upstream off-takes. With the applied raising of the sill,
water levels were obtained the designers were aiming for.

In asecond FSL simulation, the fall/cross-regulator in question was simulated as designed,;
that is, with itslow crest level. In addition, Durrani lowered the coefficients of discharge of the
fall structures. Traditional coefficientsused in Pakistan rangefrom 3.6 to 3.0 [for imperial units]
(1.99 to 1.66 for metric units) to determine the water levels regulated by fall structures,
depending on the width of the structures. Today these values are considered to be quite high for
semi-broad crested overflow weirs. For this second simulation, Durani used lower coefficients
of discharge of 1.2 (metric units), whichisin linewith literature recommendations and conform
to discharge measurements taken in Jalala (cf. I1bid). Asaresult, the water levels behind the fall
structureswill be higher than those anticipated by the designers. Asaconsequence, thesimulated
performance of Jalala distributary dropped, with only 20 off-takes (i.e. 51 percent of total)
drawing off FSQ + 10 percent, 10 off-takes drawing off between 110 - 120 percent of FSQ, 4 off-
takes with less than 80 percent of FSQ, and 5 outlets drawing off more than 125 percent.

Thevalue of the Manning’ sroughness coefficient might haveasimilar effect onthe hydraulic
configuration and performance of a canal, resulting in higher or lower water levels than
anticipated in the design. As mentioned Swabi-SCARP designers adopted fairly low n-values
for the lined canal sections, considering the quantities of silt carried in the system. Durrani’s
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work also confirms, like that of CBIO in CRBC, that the actual values for lined channels are
close to those of the unlined channels, and in the order of n = 0.021 (cf. Ibid). In the case of
Jalaladistributary, however, thisturned out to be of minor effect. The water levelsin the canal
are much more determined by the numerous falls/cross-regulators, rather than by the canal
roughness. However, in those canals where the water levels are not regulated by fall structures,
amarked disruption of hydraulic configurations and lower performances, might be expected to
occur as a consequence of higher than anticipated flow resistance in lined canals.

These hydraulic ssmulations of the Swabi-SCARP design show that the hydraulic
configuration of self-acting proportionality can be easily upset by either inaccuracies and
aterations in construction and also by hydraulic parameters that turn out to be different in
practice than anticipated in the design. Furthermore, the case of Jalaladistributary indicatesthat
the construction and configuration of thefalls/cross-regul ators can be as crucial and determinant
for the hydraulic performance of a canal as that of the outlets. This relationship, that was also
found to be of significant influence in the performance evaluation of Kalpani (cf. Halsema, van
& Murray-Rust; 1997¢), is often overlooked in other evaluation studies.

7.4.3 Project Implementation & Institutional Control of Hydraulic Configurations

The changes made by the ID in the configuration and construction of the outlets in Jalala
distributary and the other canals of USC reflect two important issues pertaining to
implementation of the Swabi-SCARP project. The lowering of the outlet creststo their original
pre-remodelling levels reflects a typical remodelling issue. With a remodelling project like
Swabi-SCARP the interim period between the progressive completion of the remodelling and
the moment of commissioning when the system is operated according to its new capacity causes
difficult water management problems. In essence, it represents a period in which parts of the
system have to operate sub-optimally and the water can not be distributed according the
alocation and distribution criteria, as the hydraulic conditions for which the system was
designed can not yet be attained. In the case of Swabi-SCARP the AOSM outlets particularly
stand to be affected by this limited water delivery capacity during the interim period, and draw
substantially lessthan their design discharge and/or proportional share. Thisissuerequiresthus
specific attention during the project implementation in order to mitigate its negative
consequences for the affected water users, and prevent it causing severe water management
problems. There are two possible meansto do this: (i) supply the newly remodelled canalswith
their new target discharges immediately after completion of the construction work, and thus
incrementally and progressively increasethewater supply inthemain system, whenfeasible; (ii)
keep water users well informed of this temporary set-back in water delivery service that is
required to provide them with better servicesafter commissioning, and compensatethemfor this
set-back by means of, for instance, temporary lower water service fees. In the case of Swabi-
SCARP neither these nor any other specific measureswere taken during implementation to cope
with this problem. The resulting lowering of the outlet crests to their old original level is of
course an inappropriate response; it might mitigate the problems during the interim period, but
seriously undermines the water delivery capacity and performance of the system after
commissioning.
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The second issue pertains to the specific organisational set-up of irrigation devel opment and

management in Pakistan, in which the ID and WAPDA are in continuous rivalry. The SCARP
project arrangement gives WAPDA and consultants full responsibility over design and
construction of the projects, while the ID has to resume the full O&M responsibilities after
completion of the projects. This has only enforced this sense of rivalry between the two line
agencies, rather than overcome it by institutionalising cooperation in design and construction.
In Swabi-SCARP the ID was for the first time handed a piece of the project cake by being
allowed to conduct the construction of the outlets themselves. However, this still entailsavery
limited form of participation, asthe ID’sroleis limited to the implementation of the design as
made by WAPDA and consultants, even though it provides access to financial resources. That
the ID decided subsequently to change the dimensions and configurations of the outlets,
overruling the design decisions made by WAPDA and consultants, seemsto be an assertion of
their jurisdiction over the outlets as defined by the Canal & Drainage Act. Under thisAct it is
the ID that isthe juridical owner of the outlets, and as such possesses the discretionary powers
to set their dimensions, configurations and discharge capacities (cf. chapter two). In the Swabi-
SCARP design WAPDA and consultants decided to configure the USC according to the self-
acting proportionality criteria of Crump, and according to the water allocation principle of
equity. Thus sizing all outlets for a discharge capacity of 0.64 |/s/ha (9 cusecs / 1000 acres),
assuming that this conformed with the criteria and objectives with which the ID has to operate
and managetheir systems. Asargued in chapter two thisonly constitutestheimplicitideal; it has
frequently been abnegated in practice to accommodate administrative and other ‘pressing’
criteria and objectives.
The extent to which the actual outlet configuration in Jalala distributary is a result of
construction inaccuracies, cannot be assessed without detailed information on pre-remodelling
conditions. It nevertheless remains remarkable that the issue of clear and unambiguous water
allocation, and distribution rules and proceduresthat safeguard and maintain the proportionality
and equity of water distribution, were not addressed by the SCARP-projects. Even without 1D
involvement in outlet installation, this issue was important for Swabi-SCARP, since the ID
would bear the legal ownership and responsibility after commissioning. Swabi-SCARP thus
created an awkward situation, in which it designed the system for a proportional and equitable
water distribution, but to which the ID does not have to commit itself in the execution of its
O&M responsibilities, nor from which the water users can derive any guarantees in water
delivery service.

Given the sensitivity of the Swabi-SCARP design to errorsin construction and deviationsin
hydraulic parameters, it is al the more remarkable that no specific measures were taken in
Swabi-SCARP to control these hazards to the operational and delivery performance of the
system. The cases of Kalpani and Jalala distributaries clearly show the urgent need to establish
control mechanismsthat are aimed at preventing poor performancebeing built into canal systems
that otherwise require substantial additional investments and re-configurations shortly after
commissioning. Thisis not only a matter of quality control that can be conducted with routine
testing of the hydraulic performance before commissioning, or for that matter, field calibration
of thehydraulic configurationto the prevailing conditions. It also requiresaformal commitment
from the part of the ID to the water allocation and distribution principles in the operation and
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maintenance of the canals. In the continuing absence of such control mechanisms it is to be
feared that newly commissioned systems as Swabi-SCARP will perform far more sub-optimally
than intended by the quote of Swabi-SCARP Consultants presented at the start of this chapter.
In the case of USC, the ability of the system to deliver the lower winter flows equitably, even
through the application of rotation, isseriously undermined by the construction qualitiesattained
in Kalpani and Jalala. The continuing absence of project attentionto clear water allocation policy
and juridical commitment to the maintenance of such systems, as well as to the quality of the
construction, threatens to render the outcomes of such remodelling projects obsol ete.

75 INTO THE FUTURE: AUTOMATED WATER CONTROL & FLEXIBLE
WATER DELIVERY SERVICE FOR PHLC

The decision on how the Pehur High Level Canal Project would link-up to the Machai branch
of USC and the criteria for supplementing the water supply to the USC tail-end area, were
already taken during the design of Swabi-SCARP. By the start of the PHL C project in 1994/95,
the major design objectiveswere thus already defined by Swabi-SCARP. Thedecisionto opt for
automatisation of water control in PHLC to regulate the confluence of two water sources in
Machai branch of USC was aready made within Swabi-SCARP in 1992 (cf. SSC; 1992b) — by
the same consultants that constituted the PHL C consultant team to WAPDA.

Technical Design Choices

Thisearly choice for automatisation of water control in the PHLC main canal came asalogical
one given thewater supply criteriafor itslinkage to USC and the unique opportunities provided
by Tarbelareservoir asthe water source. Since the valuable water of Tarbelareservoir?® should
be used prudently by PHLC and its supply to USC should be supplemental, the flow variation
to be controlled in PHLC main canal was from the onset bound to be substantial and governed
by the flow variation of the Swat river and of the water usein the upper reaches of USC. Given
the confluence with Machai branch canal, this means that these flow variations would have to
be controlled accurately and frequently in order to avoid dangerous situations of overtopping.
Manual operationwould in such circumstancerequirerelatively complex proceduresthat would
place large demands on the agency in terms of staff and information gathering and processing.
Thishad therisk that intrying to establish simplified operational proceduresthewater of Tarbela
would be used less prudently than intended and/or the flow variation would result in variation
in supply in the tail reach of the Machai and Maira canals. As the water taken from Tarbela
reservoir is furthermore relatively free of silt —at least for the time being — the automatisation
of water control in PHLC also became a technically feasible option.

The PHL C design thusintroduces anumber of new water control concepts and featuresto the
Indus-basin, that areradically different fromthoseto which thelD isaccustomed initsoperation

125 v/aluablein two senses: economically ashydro-power generated at Tarbeladam, and hydrologically asthe most
important regulable water resource of the Indus-basin system.
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and maintenance of the‘ protective’ irrigation systems. By opting for the automated downstream
control, it chose to technically shape the shift towards ‘ demand-based’ operations, rather than
managerial/operational asin the case of Mardan-SCARP; which was a choice available thanks
to the opportunities provided by Tarbelareservoir.

The main objectivesfor the PHL C project were thusto build the PHL C main canal taking off
from Tarbelaand link it up to the Machai branch of USC, and supply thetail 32,000 haof USC
with supplemental water. In addition, to develop 4,000 ha of new command area supplied
directly by the PHLC main canal, in the so called Topi area. The full fruition of the maximum
carrying capacity of 28.3 m*/s (1000 cusecs) of the new main canal is, however, to be realised
gradually over time, by enabling a further expansion of the USC command area by 12,000 ha
upstream of the confluence point, and by supplying the water for the planned 2,000 ha Jhanda-
Boka lift scheme.

Inthe PHL C design it was decided to opt for downstream automated water control inthemain
canal, with an in-line storage capacity to respond rapidly to changesin water requirements cum
use. This was a feasible option as PHLC takes off from Tarbela reservoir and is thus
unsusceptible to variations in supply. To create the in-line storage capacity, the PHLC main
canal was designed as a parabolic level top canal, running along the contour. The water for
PHLC istaken directly from Tarbela reservoir through the pressurised Gandalf tunnel, which
was aready built in 1974 with the commissioning of Tarbela dam and reservoir. The water
intake is to be regulated at the outlet of the tunnel by free discharge valves, that will respond
automatically to the downstream water level inthe main canal. A small hydropower station will
generate up to 18 MW of electricity at the tunnel outlet to recoup some of the power forgone at
Tarbela.

For the automated water level control and flow regulation, the PHL C main canal isto befitted
out by hydraulically self-regulating AVI0O (cf. fig. 7.14) and AVIS gates (cf. fig. 7.15) that keep
aconstant downstream water level by regul ating the discharge through the structure in response
to fluctuationsin the downstream canal section. The ability of the system to respond rapidly to
downstream flow fluctuationsis determined by the in-line storage capacity created in the canal
compartments between two cross-regulators. The volume of which is determined by the wedge
between the maximum upstream'® (horizontal) water level at zero flow, and the minimum
upstream water level at maximum flow. The automatic control of the gates consists of the self-
regulation of the gate opening on changes in the downstream water level by means of the float
mechanism. Thiswater control concept, and the AVIO/AV IS structures were devel oped by the
Frenchinthe 1930s, and have been successfully in use sincethen in France and Northern Africa.
The AVI0O gates are used to regul ate the flow through an orifice and are applied in PHL C at the
outletsof the cross-drainage siphonsin themain canal, whilethe AVIS gatesare used to regul ate
normal free flow canal sections.

The PHLC project decided to extend the automated downstream water control concept into
the tail area of USC and configure the Maira canal according the same principles asthe PHLC
main canal, rather than limit its application to the PHLC main canal itself. Operationally, this

126 That is, upstream of the AVIO/AVIS structure, which equals to the downstream end of the canal compartment
in which the volume is stored.
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extension of the automated downstream water control into the Maira canal was not strictly
necessary to manage the confluence of PHL C with USC. To meet the requirements of safety and
operational ease for this confluence it would have sufficed to limit the automated downstream
water control to the PHLC main canal up to the confluence. This decision to extend its
application up tothetail of Mairacanal isthusadeliberate choice to modernisethewater control
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Fig. 7.14: AVIO Downstream Automatic Cross Regulator
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and delivery service at thetail of USC from the part of the PHL C project. Inall, three AVIO and
two AVISstructuresareto control the water in the PHL C main canal and its confluence with the
Machai branch canal, and an other eight (8) AVIS structures will be placed in the Maira canal
of USC (cf. PHLCC; 1995).

Devising New Water Delivery Concepts

With this decision for automated water control at the main system level, the PHLC design team
could basically choose from a wide range of technically feasible water control and delivery
service concepts to apply at the secondary and tertiary levels of PHLC/tail USC systems.
Conscious that the automated water control at the main system level represented a‘ modernity’
for theirrigation sector in Pakistan, the PHL C project tried to apply a‘modern’ water delivery
concept aswell for the secondary and tertiary levelsof the newly to develop Topi area. By trying
to make maximum use of the unique opportunities provided by the automated downstream water
control of the main canal and Tarbela reservoir, the project proposed to extend the automated
downstream water control up to the farm gate for the 4,000 ha of Topi area. The aim was to
provide for a ‘true’ on-demand water delivery service that would provide the maximum
managerial flexibility to the water users. The most obvious and easiest way to achievethis, isto
providefor alow-pressured (i.e. gravity) buried pipe-system at the secondary and tertiary level,
wheretheonly imposed restriction would bealimited maximumrate of off-take at thefarm-gate.
The Government of NWFP and the ADB, however, did not give their full approval to this
proposal. Concerns to lose control over water supply to water users, who in Topi area are
moreover new to government irrigation, was sufficient to refute the extension of the pipe system
up to thefarm-gate. Asacompromise, it was settled that the secondary level of Topi areawould
consist of the proposed low pressured buried pipes, but that the water will be delivered through
free valve outlets at the water course cum tertiary unit head. This solution provides the
opportunity for the ID to control and operate the water distribution and delivery at areasonable
number of pointsin the system, which moreover coincide with their juridical mandate and legal
property.** In the newly developing Topi area, thewater delivery serviceto thetertiary unit can
thus, in principle, be ‘on-demand’ with alimited maximum rate. In practice, the water delivery
service will largely depend on the frequency and extent to which the ID will allow, or operate
and regulate the outl et flow in response to changesin crop water requirements cumwater users
demands.

For the 32,000 ha of the USC commanded by the Maira canal, the ‘on-demand’ buried pipe
system was never an option. This tail-end area of the USC was to be remodelled as the rest of
USC under Swabi-SCARP, making use of the same design criteria, outlets and hydraulic
configurations at the secondary level. This decision was taken already at the early stages of
Swabi-SCARP. However, the subsequent decision taken by the PHL C project to configure also
the Maira canal for automated downstream water control, essentially departs from the this

27 tis good to remember in thisregard, that the handful of farmersin Merriam’s buried pipe system at Mardan-
SCARP never got the control over their farm-gate outlets, but that to date they are still operated by a
representative of the ID who isin possession of the key; aworkable compromise that would be unfeasible to
replicate over the 4,000 ha of the Topi area.



Trying Out New Modernisation Strategies 249

remodelling objective. Since the secondary canals are remodelled according the self-acting
proportional concept of Crump, the configuration of Maira canal by PHL C would seem rather
over capacitated. In the reasoning of PHLC, however, the extension of the downstream control
into Maira canal was seen as alogical anticipation on the ‘modified-demand’ operations that
were expected to be established in USC in some future stage, for which increased demand
capacitieswere taken into account in theremodelling (i.e. the ‘ modified-demand’ supply rate of
1.34 I/9/hd). As the automated downstream control was to be applied in PHLC main canal
anyway, its extension into Maira canal came quite ‘naturally’ as a preparation for afuture shift
to ‘modified-demand’ operationsin the whole of USC. While for the upstream part of USC the
water control could be converted likewise: “ In future, downstream control could be extended
further up the main system [i.e. the Machai branch] by automating the radial gate cross
regulators using computerised control.” (Bozakov and Laycock; 1997:113)

Thetail-end area of USC served by the Mairacanal will thus undergo amajor transformation
with the completion of PHLC, in which it effectively ceases to be a classical and structurally
water short tail-end areato be become the area of the USC with the best water delivery service.
It will not even be subjected to rotational water distribution during the Rabi season. In addition
the secondary level water distribution problemsthat might result frominaccuraciesin hydraulic
configuration, as those that occurred in Kalpani and Jalala, might be substantially mitigated by
running the canals continuously at their full supply levels or substantially above the prevailing
water requirements. It is thus not unlikely, that a similar water delivery and use strategy will
develop in the command area of Mairacanal asthe one that emerged in the remodelled L SC.*#

Hydraulic Limitations for Water Control

There are anumber of issuesthat require special concernin the case of PHLC in order to make
sure that the automated water control indeed functions as intended by the designers:

First of al, theissue of sediment. For the time being, the water taken from Tarbela reservoir
will be virtually free of sediment. However, Tarbela reservoir is silting up rapidly and the
flushing of sediment in the months of June and July has become one of the main operational
concernsfor WAPDA. Inevitably Tarbelareservoir will silt-up, and the sediment will reach the
intake of PHL C. Estimations as to when the so called sediment delta might reach the dam —and
consequently the PHL C and Tarbela powerhouse intakes — range from the year 2005 to 2015,
with latest studiesfavouring the earlier rather than late date. When this occurs, the sediment trap
efficiency of Tarbelareservoir is expected to drop from its current level of 90 percent to about
10 percent in the course of 10 to 20 years. Once the sediment load in the water released from
Tarbela starts to increase, this will have consequences for PHLC as the configuration of the
PHLC main canal is particularly sensitive to sedimentation. The capacity for in-line storage at
the main canal is created by an inverted Q-H relationship at the downstream end of the canal
compartments. Thisresultsin low flow velocities for discharges bel ow maximum capacity (i.e.
below FSQ) aswater is ponded upstream the self-regul ating gates. Once sediment |oaded water

128 Provided of course, that adequate drainage facilities are in place with which the water users can manage their
excess water.
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starts to enter PHL C specific measures will have to be taken in order to avoid that the Pehur
main canal becomes an effective silt-trap in itself. The most obvious and preferred solution
would beto built a“‘true’ (i.e. purposefully) sediment extracting device in the head reach of the
main canal (either astilling channel or vortex tubes). Although the project hasacknowledged the
need for such a sediment-extracting device in the future, no detailed decisions and provisions
have yet been made at thistime. Alternatively, or additionally depending on the effectiveness
of the sediment extraction, the Pehur canal could be operated according to the maximum flow
(and thus velocity) criteria during the Kharif months when the sediment load of the Indusis at
itshighest. Thiswould, however, constitute aserious delimitation of the automated downstream
water control capacity. Moreover it would defy the supply criteriaestablished for PHLC which
stated that during Kharif its supply should be supplemental, and thus variable with the shortfalls
of Swat river water at the confluence with USC in Machai branch.

Similar concerns surrounding over sedimentation are valid for the Maira canal of USC, with
the difference that sediment will enter the Maira canal in any case with the water from the Swat
river supplied by the USC during the Kharif. The severity of the sedimentation risk isin this
case, however, mitigated by two factors: (i) the concentrations of sediment will be reduced as
long as the supplemental water from PHLC isrelatively free of sediment; (ii) the Mairacanal is
not supposed to run on reduced flows during the Kharif when all its secondary canals areto be
supplied with continuous FSL supply. The latter operational target, however, raises questions
on the necessity to configure also Maira canal for automated downstream control. Also any
possible future use of the storage and response capacity of the canal will immediately raise the
risk of sedimentation, as the ponding of water behind cross-regulators easily resultsin too low
flow velocities, as experiences in CRBC have shown.

A second issue concerns the potential problem of hunting that is endemic to all automated
control systems. Automated control structures placed in series, as the cross-regulators along
Pehur and Maira canal, can become prone to hunting, which will render the system unstable.
Hunting will occur when the AVIO/AV IS gates react with too much sensitivity to fluctuations
in the downstream water level — as for example on waves created on the water surface due to
strong wind, to giveapotential, but extreme, example. Thiswill cause achain reaction along the
canal, in which each gate reacts on too small water level fluctuations, and the gates will bein
perpetual movement rendering itimpossiblefor the systemto reach steady stateflow conditions.
The closer the gates are placed to each other (i.e. the smaller the canal compartments are) the
higher the risk will be that the system will enter such a state of hunting.

Theoriginal French manufacturersand patent holdersof theAVIO/AVISgatesarewell aware
of this potential danger of hunting, and have thus taken pre-cautionary measuresto avoid canal
systems equipped with their gates from entering such astate. The principle of thismeasureisto
create aspecific ‘dead range’ of water level fluctuation on which the gate will not react; which
inthe case of the AVIO/AVIS gatesis determined by the specifications of theweightsand floats
that regulate the hydro-mechanical movements of the gates. The size of ‘dead range’ required
to avoid hunting, depends on the length of the canal compartments and the Q-H relationship of
the gate size used. The licensed manufacturer can thus provide guarantees against hunting
provided the gates are: installed according to specifications, used over the discharge and
hydraulic head range as specified by type, and are not installed in smaller canal compartments
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than recommended.

Due to some topographical limitations the designers of PHL C were forced to place some of
the gates at intervals less than the minimum recommended by the manufacturer. However, the
designers carried out hydraulic simulations on the PHL C design to determine the propagation
of flow fluctuations under different operational conditions, and are confident that the Pehur and
Maira canal configurations are stable. (cf. Bozakov and Laycock; 1997:113-114) For the
construction work of PHL C project, a Turkish contractor has been contracted that will carry out
all the constructionwork at themainlevel, and secondary level of Topi area. Thiscontractor will
also carry out theinstallation of the AVIO/AV IS gates, which are purchased from a Turkish, but
licenced, manufacturer. It should be hoped, that dueattentionisgiventotheir correct installation,
and that higher levels of accuracy will be attained than in Swabi-SCARP.

76  DISCUSSION & CONCLUSIONS

The hydraulic performance eval uation of Kalpani distributary showsthat poor performance can
bebuiltinto asystemif thereisinadequate control over the quality and accuracy of construction.
Although thisis generally true for all type of irrigation systems cum projects, the ‘ self-acting’
proportional water distribution concept applied by Swabi-SCARP is particularly sensitive to
disruption of its hydraulic configuration as a consequence of inaccuracies in construction. Any
resulting inequities in water distribution can only be remedied by hydraulically re-configuring
the canal in question through an additional ‘remodelling’, or mitigated by the cumbersome and
dreaded operational practice of tatiling (cf. chapter two). In the case of USC the proportional
configuration of the canals is furthermore essential to attain the capability of rotating the low
Rabi flows over the command area.

Itisclear that Kalpani distributary, ascommissionedin 1997, did not meet the design criteria.
Its hydraulic capacity was distorted to such an extent that it could only be operated acceptably
around full supply level.™ Clearly, better accuracies in construction — especially in hydraulic
configuration — should be attained in the other canals of USC, to secure an adequate water
delivery capacity in the newly remodelled system, as specified by the design. This is a
prerequisiteto be capabl e of maintaining aproportional distribution over thewiderange of water
levels on which the system hasto be operated over the different seasons and project stages. The
case of Jalala distributary furthermore indicates, that the attainment of the required hydraulic
configuration is not only a matter of exactitude of construction, but also of the accuracy and
reliability of the hydraulic parametersused (i.e. roughnessfactors and discharge coefficients) to
determine the water levels.

The strategy adopted by Swabi-SCARP for the remodelling of USC, with its choice for re-
instating Crump’ sself-acting proportionality, isadirect result of postponing the* modernisation’
of USC to afuture stage in response to the experiencesin Mardan-SCARP. From the problems
Swabi-SCARP encountered during the implementation, however, it becomes evident that the

129 Acceptably in the sense that it would be capable of supplying its full command area, even though the actual
delivery to the outletswould still be highly disproportional, with head-end outlets receiving far more than their
targets.
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project underestimated the complexities and hydraulic delicacy of the concept of self-acting
proportionality. The ‘traditionality’ of the concept seems to have barred the project from
executing a full conceptualisation, and instead treated the remodelling of USC more as a
modified rehabilitation. The adoption, without questioning, of the operation & maintenance
procedures, including that of the seemingly never institutionalised H-register, support this
impression. While the mistakes that crept in the O&M manual on the proportional distribution
during rotation are symptomatic of neglect of the interrelationship between operation and
hydraulic properties and thresholds.

The eventsin Jalala distributary, where the ID was responsible for part of the configuration
of outlets, reveals two issues of operation and maintenance that needs addressing. The
indiscriminate altering of dimensions, configurations and sizes of outlets, cannot continue. The
Canal & Drainage Act, and the rules and procedures for the ID, need urgently to be revised to
unambiguously determine the water allocation, as well as the control, regulation and
maintenance procedures for the hydraulic configuration of self-acting proportionality. Without
clear-cut rules and procedures, and without working experience of remodelling, it isaconcern
whether the ID can take up the hydraulic configuration of complete distributary canal systems.

Theproblemsof accuracy in construction and hydraulic configuration have had, asmentioned,
several reasonsand contributing factors. The degree of externalisation and compartmentalisation
with which the remodelling of USC was conducted, however, contributed to the inability to
control these problems. The most striking, in this sense, has been the fact that the design team
of the consultantsand WAPDA —i..e. the peopl e that made the hydraulic configurations and kept
the overview of the hydraulic integrity of the system — had to move on to PHLC by the time
Swabi-SCARP started itsimplementati on phase. Theimplementation phasewasthereby reduced
to a construction phase, with as primary concern the logistics of arranging and supervising the
construction at multiple sites, by multiple sub-contractors.

The conceptual turn for irrigation modernisation that has taken place with the PHL C project,
isasradical as it is surprising given the previous attempts and experiences in Mardan- and
Swabi-SCARP and CRBC. The choice for the concept of automated downstream control with
wedge storage capacity, seems to be born as much out of technological opportunism provided
by the favourable conditions of Tarbelareservoir asaresource, asby the strategy to seek closure
of theirrigation system by reducing its management requirements. For the handling of therisks
inherent to the confluence of PHLC with Machai branch, and the new command area of Topi,
these are valid opportunities to explore. As far as the tail area of USC (i.e. Maira branch) is
concerned, however, the downstream control concept leadsto arather odd combination with the
traditional self-acting proportionality at the secondary level. This raises fears that a similar
situation will emerge there, as the one that emerged in LSC, of generous water delivery as a
means for the ID to simplify its management tasks. The latter has now become an issue that the
ID circle of Mardan will have to cometo gripswith. After completion of PHLC, it will bear the
O&M responsibility for the three canal systems, that provide four different control options (i.e.
LSC, USC head reach, USC tail reach and PHLC/Topi). Without any purposefully set-up
programmewith the D to transform their water management practices and diversify their water
delivery services, by making use of the established control options, the task to match the
irrigation water supply to the crop water requirements will fall to the water users. Asthe water
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users in Sheikh Y ousaf minor have shown, thisis then not so much a matter of water control
concepts and scheduling, but more of relative water supply and drainage opportunities.
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