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Chepter 1 

INTRODUCTION 

. 

1.1 Context and Scope 

This Volume I I  of the Final Report of the study on "Crop-based Irrigations Operations 
in the Northwest Frontier Province of Pakistan" is intended to provide the technical and 
social-economic background to the Recommendations made to the Government of 
Pakistan (GOP), the Government of NWFP (GONWFP) and the Asian Development 
Bank (ADB) in Volume I of the Final Report. Those recommendations concern the 
future direction that applied research efforts addressing the issue of crop-based 
irrigation, in the context of the country's irrigation sector, should be taking. 

This volume draws upon the results of three years of intensive field and desk-simulation 
studies conducted at D. I. Khan, NWFP, by IIMl's research team in collaboration with 
the Water and Power Development Authority (WAPDA), the Provincial Irrigation 
Department (PID), and in a lesser degree, with the Department of Agriculture (AD). 

This report, however, concentrates on the activities undertaken in the Chashma Right 
Bank Canal Irrigation System (CRBC) where the greatest share of the study's 
interventions took place. The results and implications of the efforts concerning the 
Lower Swat Canal Irrigation System (LSC) have been adequately reported in Volume 
I of the Final Report. This document is intended to be self-contained in the sense that 
the reader does not have to refer to the other volumes of the Final Report in order to 
understand the research carried out and the results derived. For an in-depth analysis 
of the project, all of the final documents (3) should be reviewed. Figure 1-1 provides 
the location of the two irrigation systems, CRBC and LSC, where the study was 
conducted. 

This report has been divided into seven inter-related components. In Chapter 1, the 
generalities of the study, an introduction to the concept of "crop-based irrigation, and 
a brief description of the research layout are provided. Chapter 2 describes the present 
operation of the system ---from the main canal down to the farm level--- and addresses 
both physical and human constraints to its operation. Chapter 2 also provides the 
setting under which the study was designed and implemented. 

Chapter 3 deals with the simulation studies undertaken : the justification, the type of 
model applied, the results of the simulation interventions, and the lessons derived. The 
intervening parameters in the supply and demand of the irrigation water are treated in 
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Chapter 4 and subsequently related to the concept of crop-based irrigation. Chapter 5 
describes the farmers practices at the watercourse and farm levels, as well as their 
effect on agricultural production. Chapter 6 closes the irrigation cycle by exploring the 
performance of the CRBC through both technical and economical considerations. 

Finally, in Chapter 7, lessons from the study are derived and the implications of moving 
towards crop-based irrigation operations are explored. 

1.2 Crop-based Irrigation Operations 

The method chosen to deliver water to the crops determines the degree of complexity 
under which the system is to be operated. Normally, this decision is taken at the 
irrigation system's design stage and influences the type, size and quantity of structures 
and the managerial input level to be required. 

Water delivery can be typified in terms of !hree parameters: frequency, rate and 
duration. Combination and variations of these factors leads to a wide array of 
possibilities to fit particular delivery needs dictated by climate, crops, soils, 
topographical conditions, organizational set-up, etc. 

The final mode under which water is eventually delivered to the user constitutes the 
irrigation delivery schedule. Three main categories are usually defined: Sumlv-driven, 
Arranged and Demand-driven. In the first one, a good example is the Rotation 
method, where all three parameters that establish the water delivery approach -- 
frequency, rate and duration-- are fixed beforehand and, therefore, it is the most 
restrictive of all irrigation schedules; it does not allow for changes and the user has 
little, if any, input; he is simply told when, how much and for how long he will have 
access to water. On the other side of the delivery spectrum, under Demand-driven, no 
restrictions are imposed on any of the paraneters and the user can decide how the 
water will be received. A classical example of this type of delivery is associated with 
urban water supply, where the user opens a faucet and the water is there for immediate 
use; this constitutes a "pure-demand" delivery. The Arranged delivery falls somewhat 
in the middle with certain limitations imposed on one or more of the delivery 
parameters; crop-based could be viewed here, placed more towards the demand side 
than the supply side of the alternatives. 

What has been described above, indicates that there is a continuum of options on how 
the irrigation service can be provided. The water detivery mode ranges from one where 
the user plays an entirely passive role, in which decisions are taken without his tnput 
(strict Rotatioh), to one where the user has complete control aver !he water delivery 
decision-making process (pure Demand). 
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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 is delivered 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 emphasizes the need to seek a better match between the water 
requirements of the crops and the amount of water available for delivery. It does neither 
advocate nor encourages the idea that users should be able to satisfy, at all times, their 
individual needs. 

The core of crop-based irrigation operations lies in that the system needs to have a 
certain degree of design and managerial flexibility, and that users need to play a more 
active role in determining beforehand what their water needs might be. Because the 
end-objective is to satisfy crop-needs ---as much as possible--- it is a concept that 
works better under cbnditions of relatively higher water availability than under 
conditions of extreme water scarcity; it is therefore not conducive to Kgh efficiency of 
produce per unit of water but rather to high efficiency of produce per' unit area. 

The above paragraph would seem to suggest that crop-based irrigation operations is 
not suitable for the conditions present in Pakistan where water is delivered under a 
Rotation mode, there is little or no input from users in system operation, and water 
scarcity is a main feature of its irrigation. However, it is the impact that the crop-based 
concept can have on the water use efficiency that makes it so worthwhile to consider 
its potential in the Pakistani context The country is on the verge of facing food 
shortages and needs higher yields per unit of area in order to be able to meet the food 
requirements of its population. This is no longer possible under the present irrigation 
set up. Crop yields are conspicuously low in Pakistan because the emphasis has been 
more on spreading the limited water resource than in obtaining high production. Since 
yield increases can come only if more attention is given to the needs of the crops, more 
attention needs to be given to the primary input ---their water requirements 

This dichotomy between "protective" or "productive" irrigation being faced by Pakistan's 
agricultural sector has led the Government to explore inncvative irrigation approaches. 
Under certain conditions, crop-based irrigation cat? be part of a broader strategy to 
solve the food gap; as such, the efforts pursued under this study are well justified and 
constitute a legitimate researchable theme The essence of the research has been to 
explore the merits and demerits that the introduction and application of crop-based 
irrigation in Pakistan might have. To determine possibilities and constraints, and at the 
end to guide the GOP in generai. and the GONWFP in particular as to the feasibility 
and/or viability of this approach In technical. economical and social terms 
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1.3 Study Layout 

A first step in determining the research layout to be implemented was to consider the 
different area options that existed within the CRBC irrigation system. 

The CRBC project, currently under implementation, has been designed in three stages, 
for construction purposes. Stage I serving 56,680 ha (140,000 acres), a quarter of the 
total culturable command area (CCA), has been completed. This stage comprises 
42,105 ha (104,000 acres) within the old Paharpur Canal System with the remainder 
constituting the so-called New Area. 

Stage II was still under construction at the time of study inception; only three of 13 
distributaries had been completed and made operative. The respective command areas, 
however, were in the initial stages of development. Inspection of those areas led IlMl 
to conclude that there was little scope for conducting any study-related activities under 
Stage II at that time. Stage 1 1 1 ,  on the other hand, is still in the planning phase and not 
scheduled to be in operation until the late 1990s. 

With the above information in mind, it was clear that the alternatives for selecting a 
study site in the CRBC system lay in Stage I. Three options could be considered: within 
the new area, within the old Paharpur canal system, or a combination of the above. 

Both the new and old areas had their advantages and disadvantages with respect to 
their suitability for conducting research.. For example, the New Area was much more 
physiographically representative of the areas to be developed in stages II and 111. In 
addition, the soils were generally heavier than those encountered in the indus alluvial 
plain. which is also typical of the Old Area. 

On the other hand, the Paharpur Canal System, being a relatively old scheme, had 
farmers who were experienced with irrigation practices. The New Area, on the contrary, 
was obviously a new settlement where a large percentage of the occupants had little 
or no previous experience with irrigated agriculture, which would be more relevant to 
the conditions that would be encountered in the near future by farmers in stages II and 
Ill. Therefore, the choice was made to locate the study area in the New Area of Stage 
I. However, as a compromise it was also decided to select a minor canal within the 
Paharpur Canal System to be included in the field activities. 

Within Stage I. four distributaries (numbers 1.2,3,and 4) were considered. However, 
it became clear that the first two, because of their small command areas, would not be 
good choices. That left numbers 3 and 4 as potential research sites. The team decided 

. 

I .  
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to start work on Distributary # 3 which presented some practical and technical 
advantages (related to command area configuration. design 3;srharge and canal 
hydraulics), and then work on Distributary # 4 as the study made progress. 'n addition, 
it was decided to also select the Girsal Minor of the Paharpur System Canal, which 
receives water from the "tail" of Distributary # 3 off-taking at RD 237+320. 

Item (units) 

CCA (ha) 

The basic characteristics of the thrpe resear-h areas are summarized in Table 1-1: 

Disty # 3 Disty # 4 Girsal Minor 

5.363 10.002 1.788 

TABLE 1-1 CRBC RESEARCH SITES - BASIC INFORMATION 

Length (m) 

Design Discharge (m'ls) 

Canal bed width (m) 

5,058 10,832 9,085 

3.21 5.81 1.07 

'7.22 1 9.15 3.43 

# of Outlets (pipes) + 

# of farmers (approx) 

20 36 22 

600 1,260 450 

The research layout per se followed 3 typical irrigation-related configuration, Eight 
watercourses were selected, along the distributary. for in-depth study that were located 
two each ---left and right side--- on every canal quartile. A similar treatment was 
followed for both Distributary # 4 and Girsal Minor, but selecting only four watercourses 
in the latter, because of logistical constraints. The physical location of Distributary # 3 
is at the tail-end of the CRBC Stage I, an added advantage for the system 
performance-related studies. The Girsal Minor, in turn, is located at the tail of the 
distributary. The actual location of the selected areas of study are referenced to their 
turnout distance from their respective headgate and are given in Table 1-2. 

. 
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TABLE 1-2 CRBC RESEARCH SAMPLE OF WATERCOURSE OUTLETS. 

. 

The type and frequency of measurements, and the variables studied will not be 
addressed here, as the reader will have a chance of becoming familiar with the 
research process that took place while reading through the report However, a 
schematic diagram of the research layout is provided in Figure 1-2. 

A large number of IlMl staff, both national and international were associated with the 
study, at one time or another, during project implementation. Annex-2 provides the full 
list of staff by study period. 
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Chapter 2 

CURRENT SYSTEM MANAGEMENT 

2.1 

The Chashma Right Bank Canal Project is a major perennial surface irrigation,system 
that, once completed, will cover a gross command area (GCA) of about 280,000 ha 
(690,000 acres) located alang the right bank of the lndus River in central Pakistan, 
stretching between the Chashma and Taunsa barrages. 

The source of water for the project is the lndus River by means of the Chashma 
barrage which was commissioned in 1982. The Canal is 258 km (152 miles) long with 
a culturable command area (CCA) of 230,675 ha (569,767 acres) that spans two 
provinces, namely, the North West Frontier and the Punjab, in a 60 to 40 percent 
proportion, respectively. 

The Main Canal's full capacity of 138 cumecS (4,800 cfs), to be distributed through 50 
distributaries, or so. which will be fully utilized only upon completion of Stage ,II 
(presently in an advanced stage of construction) and Stage 111 (construction scheduled 
to begin in 1994, while completion is expected in the year 2000, or beyond). 

The command area of CRBC presents special topographical features which account 
for the present design. To cover the maximum command area, the main canal was 
designed as a contour channel, running on the highest possible contour, with quite flat 
longitudinal slopes for most of its length and feeding distributary channels on its left 
side only. 

Construction of Stage I has been completed and became operational in early 1987; it 
includes the old Paharpur Irrigation System, which has been remodelled for increased 
discharge capacity, and is now being fed by the CRBC through four link channels. In 
Stage I, the four Paharpur-related link canals are followed by the four distributaries 
already mentioned. Another canal named "Additional" off-takes before Paharpur, and 
as its name indicates, was added after the original layout. Two other small canals off- 
take from the main canal in this stage but, their size and command make them 
irrelevant within the studies' context. In Figure 11-1, a shematic diagram of the CRBC 
Stage-I Main Canal is provided that indicates the major features of this section of the 
irrigation system where the study was conducted. 

Description of CRBC - Stage I 
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Figure 11-1 SCHEMATIC DIAGRAM OF CRBC STAGE - I 

lNot on scale) 

CRBC Head 

k m  .2 

k m  29 

First Cross Regulator 
km 30 
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Second Cross Regulator 

krn 77.5 

Note: 

I, Additional Distributary 
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.+ Takkarwah Disty 

+ Kot Hafiz Disty 

* Katgarh Minor 

Link Feeder 4 

-b Distributary # 1 

* Distributary # 2 

+ Distributary # 3 

Distributary # 4 + 
+ Escape 

End Stage I 

Takkarwah, Kot Hafiz. Katgarh and Link Feeder # 4 feed 
the old Paharpur Canal Irrigation System. The first cross 
regulator its often referred to as the "combined structure" 
because of its multiple-purpose nature. 
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2.2 Main Canal Operations 

The operation of the CRBC irrigation system is unique within Pakistan because, unlike 
other systemsin the country, it involves two main agencies: (1) the Water and Power 
Development Authority (WAPDA) responsible for main canal .operation; and (2) the 
Provincial Irrigation Department (P.ID) responsible for water distribution at the 
secondary (distributary) level and beyond. 

An early step in the study's implemefitation wa$ to conduct both a field and desk-based 
assessment of the current operational practices vis-a-vis the main canal. This revealed 
that while the managing agency was well aware of the concept of crop-based irrigation, 
and that the CRBC irrigation project had been conceived with thz eventual 
establishment of this innovating practice in mind, no effort had been und,ertaken to 
internalize this concept .within some institutional framework. 

This finding was not at all surprising since it was precisely the lack of a mechanism by 
which the concept could be introduced'in the country.that led to the study in the first 
place. The exercise, however, was useful because it provided a first glimpse of the 
constraints that existed regarding the introduction of a relatively revolutionary irrigation 
concept in the midst of a? ingrained irrigation bureaucracy accustomed to supply-based 
irrigation operati.ons. 

The main canal, and by default, the entire .system, was being operated under the 
traditional supply-driven water Uelivery mode. Inflow into the system was. kept fairly 
constant at pre-established levels and changed occasionally in response, to rainfall, crop 
development staoe and cropping season ---Rabi or Khan'!--- with the latter drawing 
relatively higher inflow levels. Actual crop water requirements played only a.minor role. 
There was no indication that derived flows at the Ch.ashma Barrage were following the 
water delivery pattern advocated in the system design documents. 

In essence, water derived into the CRBC system at the Chashma Barrage'had little or 
no correlation with the area under irrigation, although the PID does provide from time- 
to-time an irrigation "indent". Other demands playing a more dominant role were:. (1) 
sediment-load requirements to fill-in the over-desig4d main canal's unlined section; (2) 
water elevations required to assure appropriate discharge rates at the off-takes of 
Stage I tail-end distributaries; (3) construction needs of Stage II; and (4) perceived 
canal losses, sediment load transport needs, etc. 

In addition to the rather loose form by which'the agency fixes the irrigatisn demand, the 
appraisal study also found that, with the exception of the main cross-regulators, there 
has been no effort towards calibration of the remaining structures on the.main canal. 
Thus, the agency has very little, if any, control over the amount of water that is actually 
being diverted into the different off-takes from the main canal. The idea of delivering 
water under a.crop-based approach in a system that totally lacks calibration of its main 

I 
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structures constitutes a technical impossibility. Great. effort is required to overcome 
particular weakness. 

Another problem associated with the current operation of the main canal is the existing 
day-to-day practice of impounding water at the tail-end of Stage I with the idea of 
keeping a suitable "head" over the distributaries' off-takes. Such an operational 
procedure not only defeats the purpose of water savings, through varyi.ng flows in the 
main canal to fit crop water demands, but also affects main canal design velocities and 
increases the sediment load in that particular reach of the canal. Such an accumulation 
of sediments. which has a negative impact on the up-keep of the canal, has already 
been documented as a potential maintenance problem. 

2.3 Distributary Level Operations 

As expected, an'd as a consequ,ence of the prevailing operating mode at the main canal 
level, water delivery into the distvibutaries followed, likewise, a supply-driven, rather 
than a demand-driven, water delivery pattern. 

The PID3, responsible 'for the operation of the system below the main canal, had not 
readily accepted th,e principles .required for a crop-based irrigation approach. The .idea 
that the,main canal 'could be operafed ,with varying discharges ---in response to crop 
water demands- and 'therefore, tiiat flows into the distributaries would not be both. 
'continuous and coneta'nt ''at,T upply level, reppented a radical departure from thk;; 
entrenched supply-driven delivery schedule bei'ng practiced in the country, with various 
d.egress of sucesses and failures; over. the past .fOtoO. years or so. 

While the study determined'that the PID had placed staff gauges at the tail-ends of 
' . . most distributaries, it also uncovered that the calibration of the gauges had been done 

only once in the entire period of operation since project inception in 1987. These rating 
curves, developed at that time, have not been upgraded even when significant changes 
due to maintenance and remodelling activities have been undertaken in various reaches 
of'the distributary and minor channels. Thus, as in the case of the main canal, the 
infomation oi l  flows distribution at the secondary levebis highly unreliable and does not 
follow the pattern of water.demand dictated by the cropping pattern' in the field, as 
called for in the system's design documents. 

A second operational problem at the distributary level deals &ith the nature of the 
existing pipe outlets. Construction of these structures was implemented with a view that 
it was to be a "temporary" arrangement;. the result was a large discrepancy between 
the design and the actual flow capacity of the outlets. Not only the physical 
characteristics, but also the location itself of the structures, compounds the inequity and 
urireliability of the water distribution. The configuration of the canals makes it necessary 
to rely heavily on the use of harries o l  stoplogs, in order to maintain adequate hydraulic 
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head at a large number of the outlet offtakes This poses a burden on an already 
scarce field staff 

The study also disclosed that the PID does develop a water indent. based on crop 
patterns in the field, that is eventually utilized for purposes of water requirements. But, 
this is done almost an entir'e season behind schedule because the primary purpose of 
the crop survey is more related to water fee collection than to the water requirements 
per se. In fact, this type of survey is done by the revenue section of the agency rather 
than by its operational arm. 

Direct observation of system operations at the secondary level intimated that the ,PID 
does respond to farmers behavior; for example, the PID reduces flows in the aflernoans 

:.in anticipation of farmers closing outlets for.the night. But this response is more related 
to basic operational principles to protect canal overflows or excessive wastage through 
canal scapes, rather than as a measure to move towards a demand-.based water 
delivery pattern. 

Finally, through direct field measurements supported by 'close interaction with fiel,d 
personnel, the conclusidn was drawn~ that the lack of control on water distribution was 
resulting in excessive flows being deliverd throughout CRBC's Stage I. Since the 
system is, under construction, some of the excess may be unavoidable because of 
operatio'nal',constrai'nts;, but it estab.lishes a precedent of .higher th.an needed, water 
supplies, vi/hiqh will create an illusion on farmers perception of the systems' capabilities. 
In the shorilfun, this will have a negative impact on the performance of the system as 
a whole. 

2.4 Watercourse Level Operations 

Operation of the watercourses followed the same pattern of water delivery found at the 
upper levels of the system. Water is being delivered continuously and simultaneously 
to all watercorses. Once again. it simply refiects that management was unprepared to 
make changes from t.he traditional mode of system operation. 

However, a unique teature of CRBC was found to be farmers behavior vis-a-vis the 
operation of the outlets It was mentioned earlier that pipe outlets had been install.ed 
along the distributaries. These outlets have no provision for water .control as they are 
not gated. Nontheless, because of the configuration of the watercourses themselves, 
with the provision of a simple check structure at its. head (downstream side of the 
outlets) the farmers are allowed to manipulate at will the amount of . .  water they do not 
want to receive. 

' . 
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The consequence was a de facto move towards a crop-based irrigation app.roach in 
which farmers had the opportunity to exercise some degree of control over the pattern 
of water delivery. This, in turn, meant that the PID had to be ready to react to farmers 
behavior at the watercourse level in order to cope with the potential refusal water. 

Other observations on farmers practices in their watercourses confirmed these 
perceptions of excess water deliveries. For example, night irrigation was practically 
non-existant during the Rabi season and observed very ocassionally during the Kharif. 
In the latter. night irrigation was carried out only in the context of rice; the farmer 
diverted a small water stream into his plot and went home without providing any further 
supervision. 

Likewise, only in a few watercourses have the farmers made an official request to the 
PID to set up a warabandi scheme. In general, farmers feel that water is abundant and 
that there is no need to establish a rotation that would have them working night shifts 
in order to obtain their water. Farmers seem to have been able to establish an 
unstructured arrangement by which all are able to meet their water demands within a 
reasonable period of time. 

Following the traditional pattern of other areas in the country. an effort had been made 
to establish Water Users Associations at the watercourse level. These had been 
organized around the construction and lining of the watercourses. Once this main 
operation had been accomplished, the WUAs lost their justification and slowly but 
surely disappeared. Only some remnants of organized behavior are left, which the 
farmers have used primarily to share water in the watercourses as response to large 
flow allocations. In addition, they have devised a system by which the responsability 
for closing or opening the outlets is clearly demarcated. 

Maintenance practices were found to be no different than in other systems in the 
country: farmers make informal arrangements to clean those areas under their 
respective jurisdictions and get together for larger efforts. In general, the study found 
the watercourses to be physically in good shape; not a surprising finding since the 
system is still fairly new. Finally, as expected, farmers have an excellent knowledge 
on the topographical limitations of both their watercourse and cultivated areas, and they 
work jointly or individually towards overcoming any diffitulties. 

. 

* 

2.5 Constraints to Study Implementation 

In this section, some of the limitations will be briefly mentioned that were perceived as 
constraints to project implementation at the time of the study's inception. Because it 
was obvious that some of the solutions to these constraints fell beyond the reasonable 

I capabilities and responsablities of the implementing agencies involved. they are 
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presented only to set the context under which the study evolved and not as a criticism 
of the agencies themselves. 

2.5.1 Irrigation Facilities 
. 

The foremost constraint in relation to irrigation facilities was the fact that the CRBC 
irrigation system had been designed having in mind the traditional supply-driven water 
delivery pattern approach, while its operation was eventually intended to be realized 
through a relatively innovative ---in the context of Pakistan irrigation--- demand-driven 
delivery schedule. 

This design-operational missmatch becomes obvious by the low numbers of water 
control structures found in the canal network. By trying to operate the system at full 
supply level, while at the same time maintaining the flexibility of being able to deliver 
water to the outlets under a wide range of flows, has resulted in a complex operation 
at the distributary level that puts undue pressure on both the system's facilities and its 
human resources. 

The operation of the system is further complicated by the dual management 
arrangement that calls for the close interaction of two agencies with different objectives 
and perceptions on the type of irrigation service that should be provided. The end- 
product has been a "no-mans" land in which Sach agency expects the other to have the 

- responsability for upgrading the irrigation fscilities. 

The large distances between crucial control points requires that communication facilities 
be readily available at all times. While both telephone and telegraph are available, they 
are not entirely reliable, so communications was found to be sluggish. Wireless phones, 
or walkie-talkies, are another option being used occasionally, Finally, the use of 
vehicles provides support to expedite operational decisions, but the large area 
commanded by the system is by itself a constraint because of the relatively high 
Operation & Maintenance costs for the vehicles. 

2.5.2 Human Resources 

The main limitation concerning the project's human resource was found to be the actual 
number of individuals available. Under the guidelines of project implementation, the 
Government was to establish a System Operations Division under the PID properly 
staffed with experienced personnel. While the agencies made ::tforts to comply with this 
component of project development, standing government labor policies, at the macro- 
level, prevented its implementation. Less than 25 percent of the intended field 

period. 

. 

- personnel had been actually hired; this low percentage remained throughout the study 
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The problem of less than desirable numbers of field personnel was further aggravated 
by the skill levels of those already in place. For example, distributary gatekeepers were 
found to be iliterate and therefore incapable of providing adequate support on flow data 
documentation. Technical staff kept being rotated, both within and outside the project, 
taking with them the skills acquired in their previous positions. Sometimes, the study 
also documented people being assigned to jobs either far beyond their capabilities, or 
even worse, to activities far below their training. 

In essence, limitations found in both the irrigation facilities and the availability of human 
resources to the project were bound to impose delays on the study's implementation. 
This was evident as the research activit.ies got under way. 

In the next chapters, the report builds upon the basic information provided thus far and 
analyzes the field data collected over the three-year period of the study.. These 
chapters will provide the justification and technical support for the recommendations 
made in Volume I of the Final Report. 

. 
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Chapter 3 

SIMULATION OF CHASHMA RIGHT BANK CANAL SYSTEM 

3.1 Justification 

In the beginning of the study, it was envisaged that the CRBC Irrigation System had 
peculiar and complex characteristics regarding design, 'hydraulics and operations. The 
preliminary studies indicated that the physical instability and special operational 
conditions of the canal, caused by the partial operation of the system and aggravated 
by the un-optimized functioning of the main and distributary canals, have resulted in 
increased complexity of the hydraulic phenomena. In addition, a new dimension was 
added regarding the management of this irrigation system on a crop-based mode, 
which was a new concept for the managers. The technique of mathematical simulation 
was applied to capture this multidimensional process and simulate the dynamics of the 
system. The following paragraphs briefly describe the important features of CRBC 
Crop-based Irrigation System which have necessitated the introduction of sophisticated 
techniaues. 

Chashma Right Bank canal designed with a flat slope of 1 in 14000 for the 223 km (132 
miles) length of lined section and 1 in 8000 for the 35 km (21 miles) length of unlined 
section. Stage I of the canal runs for 78 km (46 miles) and feeds eight secondary 
channels. 
the zone. The unlined section is in high "fill", while the lined section is in "cut". The lined 
section has been designed using Manning's equation with a roughness value of ,016 
and a velocity of around 1 mls (3-4 feet per second). The bed-width to depth ratio .is 
25: l  for the unlined reach and 2.51 for the lined reach. After completing construction, 
the actual bed of the unlined section was more than 3 m (ten feet) lower than the 
required (planned) level, which caused a severe seepage problem in the area. Many 
remedial measures were taken, including special operations of the combined structure 
at RD 98+000 to trap the sediment in the upstream reaches. 

After the trial operation, an important physical modification was the installation of lower 
offtaking pipes from the main canal to deliver water to Paharpur feeder canals. The 
remodelling had to be carried out because the original structures were too high to draw 
water from the main canal. 

Water allocation for the CRBC system from Chashma Barrage has been fixed 

recommended cropping pattern. However, no means and methods have been 
suggested to implement the design cropping pattern and allocation schedule. The only 
facility provided to handle the variable flows in Stage I was the provision of three cross- 
regulators located along 77 kilometers (46 miles) of main canal. As a consequence, 
the system was not flexible enough to accommodate' the expected variations. 

. The first reach has been kept unlined due to high water table conditions in 

.. according to the ten-day crop water requirements of the command area for a 

. 
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Contrary to the complex situation of the system, a simple operational control has been 
adopted so far. The operational targets have been defined only for two cross-regulators 
by fixing their upstream gauges to the maximum. No water distribution plan or 
operational guidelines have been prepared for the distributary head regulators. 
Occasionally, operators receive instructions about the downstream gauges which are 
neither calibrated nor proper flow measuring devices. Virtually, the operators are 
responsible to satisfy the farmers, or to ensure the security of the canal. 

Figures 111-1 and 111-2 show the physical instability and the operational variability of the 
system. In the former, the rapid sedimentation that took placed between 1988 and 
1990 has slowed down afterwards and design bed-level still remains to be achieved. 
In the latter, we can see the contrasting structure operation between the head and tail 
of stage I; during a 200 hour period the head structure was adjusted only once whereas 
the scape at the tail was done so many (21) times. 

The above considerations can be summarized as three major issues that need to be 
explored: 

i) Comprehension of the design limitations of the system with an objective 
of finding solutions for both permanent and transient problems; 

Develop guidelines for the operational practices and procedures at each 
level (main canal and distributaries) to handle the typical operational 
problems of the CRBC; and 

Evaluate the critical values for some of the hydraulic parameters (like 
velocity and Froude number) to cope with the variable flows in the main 
canal. 

ii) 

iii) 

To address these issues, a hydraulic siinulation model was applied, along with other 
analytical techniques. 

3.2 The Model 

3.2.1 Selection of the Model 

The selection of the model was based on two considerations, its user friendliness and 
its potential to simulate the variable inflows and the characteristics of alluvial and lined 
channels. The model selected for this purpose was SIC (Simulation of Irrigation 
Canals) which had already been field tested in Sri Lanka and Pakistan. The SIC model 
was developed by CEMAGREF (France) based on three years of experience during a 
collaborative study with IlMl in Sri Lanka on the Kirindi Oya Right Bank Main Canal 
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Figure 111-1 
A Typical Unlined Section of CRBC Stage 
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system. IlMl Pakistan adopted the model in 1991 and tested it on a distributary system 
in the Punjab (Pirmahal Distributary at the tail of Lower Gugera Canal). Application 
of the model for the main canal and two distributaries of the CRBC has demonstrated 
its potential to simulate the hydraulics for a wide range of irrigation systems. 

The model is built around three main units: (1) topography; (2) steady flow; and (3) 
unsteady flow. These main units can be run either separately or in sequence. The 
necessary modifications and additions have been incorporated into the model for 
addressing canal systems and their offtake structures as encountered in Pakistan. 

The simulations in the model are based on one-dimensional hydraulic computations 
under steady and transient (unsteady) f l ~ w  regimes. The major limitation of the model 
is that it cannot simulate a dry-bed condition nor supercritical flows. The main 
components of the model and its theoretical background is described in the following 
sections 

3.2.2 Components of the Model 

Unit I - ToDoaraD hv Module 

The hydraulic modelling of the open-channel network needs to take into consideration 
the real canal topography: (1) the canal (hydraulic) network topology; and (2) the 
geometric description of the canal. 

Hydraulic Network 

Choice of reaches. The hydraulic network is divided into homogeneous reaches in 
terms of discharge (i.e with no local inflows or oufflows) located belween an upstream 
node and a downstream node. The points of inflow and oufflow (all types of offtakes in 
the case of the canal network) can occur only at model nodes, so it is a constraint 
imposed by the model for a reach. The user may, however, divide any part of the canal 
into several reaches in order to take into eccount any particularity; for instance, a shift 
from an unlined to a lined section, or a different administrative zone (for example from 
one sub-divisional engineer to another). 

Choice of branches. A branch is a group of reaches serially linked to one another. A 
channel can be defined as one branch or can be divided into many branches. 

Downstream conditions. The calculation of a water surface profile is initiated at the 
downstream end of a reach and proceeds upwards. Therefore, a relationship between 
water surface elevation and discharge is needed as a downstream boundary condition 
in order to begin the calculations. 
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Geometric Description of the Canal 

The geometry of the reaches is the basic element of all the hydraulic computations. The 
reach geometry is defined through the cross-section profiles indicating the shape and 
volume of the canal. The cross sections can be described and entered in three different 
ways: (1) abscissa-elevation; (2) width-elevation; and (3) parametric form. The type of 
description may vary from one section to another, within a given reach. Sections of 
special geometrical shape can be input in parametric form (circle, culvert, power 
relationship, rectangle, trapezium or triangle). 

Sinclular sections. Cross sections containing structures like regulators and bridges are 
called singular sections. In these sections, the general hydraulic laws for computing 
water surface profiles are not applicable. These laws are replaced by the appropriate 
discharge formula for each structure. This unit does not deal with the geometry of the 
device itself. 

. 

. 

Comwtational Sections. Data sections may be unequally distributed along the canal, 
but the user can select sections of any length for the computations. The spacing for 
these cross-settions depend upon the physical conditions of the canal in each reach. 

Unit I generates the topography files for the computational programs of units I1 and 111. 
It also produces an ASCII file, that shows elevation, width, wetted perimeter and area. 
In case of problems with topography computations, the ASCII file will indicate the 
reaches where errors have been found. 

Unit II -Steadv Flow Module 

Unit I I  computes the water surface profile in a canal under steady flow conditions for 
any combination of offtake discharges and cross-regulator gate openings. These water 
surface profiles may be used as initial conditions for the unsteady flow computation in 
Unit I l l .  A sub-module of the steady flow module computes the offtake gate openings 
to satisfy given target discharges, while another sub-module computes the cross- 
regulator gate opening to obtain given targeted water surface elevations upstream of 
the regulator. These sub-modules, therefore, allow computation of gate settings to 
satisfy a given demand-supply configuration of water flow. All of the basic hydraulic 
calculations for canal regime, cross regulator structures and off-take regulators are 
done in this module. 

Equation of  Gradually ~~ Varied Flow in a Reach 

The water surface profile is calculated under subcritical, steady flow conditions in a 
reach. The classic hypotheses for uni-dimensional hydraulics assumes that: 
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The flow direction is sufficiently rectilinear, so that the free surface could 
be considered to be horizontal in a cross section: 

* 

the transverse velocities are negligible and the pressure distribution is 
hydrostatic; and 

the friction forces are taken into account through the Manning-Strickler 
coefficients. 

* 

The following well-known differential equation describing the water surface profile is 
used: 

dHIdX = -Sf+kqQ/gAZ 

with: 
Sf = n2Q2/A2R4” 

where: H = total head; 
* x  = distance in the direction of flow; 

Q = volumetric rate of discharge; 
A = x-sectional area; 
R = hydraulic radius; 
q = discharge per unit length; and 
Sf = friction slope 

’ 
To solve this equation, an upstream boundary condition in terms of discharge and a 
downstream boundary condition in terms of water surface elevation are required. In 
addition, the lateral inflow and the hydraulic roughness coefficient along the canal 
should be known. This equation is numerically solved using Newton’s Method. 

Simulation of Cross Structures and Oftlakes: 

When a cross structure exists on a canal, the gradually varied flow equation cannot be 
used locally to calculate the water surface elevation upstream of the structure. The 
hydraulic law governing the flow through the irrigation structure present in that specific 
reach of the canal should be applied. In SIC, all structures are modelled either as 
weidorifice type of devices (high sill elevation) or weirlundershot gates (low sill 
elevations). 

Unlt 111 - Unsteadv Flow Module 

Unit 111 computes the water surface profile in the canal under unsteady flow conditions. 
The initial water surface profile is provided by Unit II. It allows the user to test various 
scenarios of water demand schedule and operation at the head works and control 
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structures. Starting from an initial steady flow regime, it helps the user to identify the 
best way to attain a new water distribution plan, or to study the transition from one 
rotational plan to another. 

Saint-Venant Equations 

To compute the unsteady flow water surface profile in a single reach, the same 
hypothesis as for Unit II are applicable. Furthermore, only smooth transient phenomena 
are considered, whereas the propagation of a rapid wave or surge cannot be simulated. 

Two equations are needed to describe unsteady flow in open channels: (1) the 
continuity equation; and (2) the momentum equation. These equations are expressed 
as: 

- +-  aQ2/A + g A d z  = -gAS, + kqV a0 
a t  ax ax 

These partial differential equations must include the initial and boundary conditions in 
order to be solved. These boundary conditions are the hydrographs (water volumes) 
at the upstream nodes and a rating curve at the downstream node of the model. The 
initial condition is the water surFaac;e profile resulting from the steady flow computation. 

The Saint Venant equations have no known analytical solution. They are solved 
numerically by discretizing the equation; the partial derivatives are replaced’ by finite 
differences. A four point implicit scheme, known as Preissmann’s, is used to solve 
these equations. 

3.2.3 A Model of the Main Canal (CRBC Stage I) 

Application of the model requires site-specific field data collection to define and 
calibrate the model. Study-oriented data need to be collected to interpret and evaluate 
particular scenarios. A brief description of the Model Input Data used for the CRBC is 
given below. 

. 
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Model Input Data: 

These data can be further divided into two categories: (1) topographical & geometrical 
data; and (2) hydraulic data. The input data requirement for the steady and the 
unsteady states are the same. 

. A hydraulic survey is recommended for 
collecting these data because the water volumes in a reach, and flows diverted to the 
ofFtakes, are simulated through these information. For the CRBC main canal, yearly 
monitoring data collected by the Alluvial Channel Observation Project (ACOP), surveys 
by IIMl's field team, and the data collected by the WAPDA D.I.Khan unit were used. 
These data include: 

. 

* longitudinal profile of the main canal bed from 1987 to 1992; 

cross sections of the canal at appropriate intervals (sections at 1000 foot 
intervals plus sections representing the design or existing changes in 
canal geometry); 

exact location of all cross regulators, offtakes and other singularities 
(structures) and 

dimensions of all regulating and delivery devices (design and survey 
data). 

Hvdraulic data. These data include the following measured and computed hydraulic 
parameters: 

* 

* 

* 

* roughness coefficients for the different reaches of the canal; 

seepage losses along the canal; and 

regulators. 

" 

* headdischarge relationship and discharge coefficients for the offtakes and 

Calibration of the Model: 

The purpose of calibrating a mathematical model is to make sure that the user's 
defined geometrical and hydraulic variables or parameters are reliable and appropriate 
enough to accurately reflect the actually observed field situation in the canal. The 
calibration of hydraulic models is an essential step of model application; the accuracy 
requirements of this step are dependent on the objectives of the user's need. For 
model calibration is necessary to accurately establish the values of roughness 
coefficient, canal losses and discharge coefficients. A second step is to collect a few 

24 



Distance along 
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Rouqhness Coefficient: 

The roughness coefficient is used in the computation of the friction gradient, which 
accounts for the resistance offered by the canal to the flow of water under steady state 
conditions. The exact computation of roughness (based on field data) is difficult 
because the standard equation used for this purpose is valid only for uniform flows, a 
condition seldom found in the field. 

The standard Manning-Strickler equation is represented as: 

Q = l / n . A . R 2 / 3 . S ~ / Z  

where: 
So =bed slope 
A = Area of a section 
R = Hydraulic radius 
n = Manning roughness coefficient 

The backwater effects caused by regulators and other structures (like bridges) make 
it almost impossible to measure the water surface slope of "real" uniform flow. There 
are also temporal and spatial variations, since the canal conditions vary with time and 
location. 

In the case of CRBC Stage I, the canal has unlined, brick-lined and concrete-lined 
sections with different side and bed slopes. The regulators at RD 98+000 and RD 
257+000 are being used for water ponding in the upstream reaches. Hence, the initial 
values of the coefficient were calculated for selected reaches where the backwater 
effects were minimal. The final values of the roughness are adjusted through a trial- 
and-error method in order to achieve a reasonable agreement between computed and 
observed water surface levels. These values are shown in Table 111-1 above, along with 
seepage losses. 

The final values gbtained (n=.022) for some of the reaches of the lined section are 
higher than the design values (n=.016). This difference can be explained by the existing 
physical conditions of the bricklconcrete lining and the heavy sedimentation in the 
canal. 

,.t$' 

Calibration of the Structures: 

Many sets of discharge measurements, water levels and gate openings are required 
to compute the discharge coefficient for each device (gate, weir, pipe, orifice, culvert 
etc.). These coefficients are then used by the model to calculate the discharges through 
the devices when the gate openings and the water levels are known. 
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The cross regulator at RD 98+000 was calibrated using a standard free flow orifice 
equation (Eq 1) and an experimentally derived equation for slow sill elevation structures 
(Eq 2). Both of these are available in the model who by itself selected the latter, 
because it fitted better the actual structure. 

The discharge equation for a free flow cross regulator is: 

The equation in the model for a free flow cross regulator with low sill elevation 
(undershot) gates is: 

where: 
n = number of gates 
L 
W = gate opening 
C, 
C# 

u l  = C,’- (.08/(HINV-l)) 

= width of one gate 

= discharge coefficient of equation # 1 
= discharge coefficient of equation # 2 

U = Cd’- (.08/(HINV)) 

Both equations were calibrated to obtain the appropriate values of C, & C,’ (hence u 
& ul ) .  The computed values of C, vary in a narrow range of 0.38 to 0.40, while u & u l .  
vary from 0.29 to 0.39. 

The evolution of the coefficients using (Eq 2) indicates that the discharge contraction 
factor varies as a function of the ratio of gate opening and upstream working head. 
Figure 111-3 shows measured discharge as a function of hlNV, while Figure 111-4 shows 
u & u l  as a function of HINV. It is obvious that the second equation (Eq 2) gives better 
results for the free flow structure because u and u l  takes into account the variation of 
Q with respect to HINV. 

The head regulators for distributaries # 1 to # 4 were calibrated using discharge data 
collected by the IlMl field team. For other structures, ACOP’s measurements were used 
to calculate the discharge coefficient. A value of C, equal to 0.4 was found satisfactory 
for all ofFtake head gates under free flow conditions. 
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Figure 111-3 
Measured Discharge as a Function of 
Head/Gate Opening at RD 98-CRBC 
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- Final Verification of the Model for the Main Canal 

As a final verification procedure, steady state flow conditions were simulated so that 
observed water levels in representative reaches of the canal could be used to adjust 
the roughness coefficient ("n" value). The main canal model was calibrated and verified 
for inflows of 65 and 105 cumecs (2300 & 3700 cusecs). As the complete field data 
were available in both cases, measured canal losses and boundary conditions were 
used for the model validation.. The computed and measured water surface levels show 
a good fit in both cases as shown in Figure 111-5. 

. 

3.2.4 A Model of the Secondary Canal (Distributary # 4) 

As discussed above, preliminary studies provided an indication of the appropriateness 
of using simulation techniques in addressing design and operational.-related problems. 
After simulating the main canal, it was clear that in order to obtain a better picture of 
the system performance, the study should be extended beyond the main canal. Thus, 
it was decided to extend the simulation work, utilizing the same model, down to the 
distributary level. 

Consistent with previous efforts, Distributaries # 3 and # 4 were obvious choices for this 
work. A detailed topographic survey had been conducted in the former canal, at the 
beginning of project activities, in anticipation of this very possibility. A partial survey had 
been done in the latter canal; this survey was upgraded in January 93 for this same 
purpose. 

For both distributaries, the model was calibrated for observed field conditions during 
peak demand at the end of June 92 when all outlets remained open. For Distributary 
# 3, the discharge was 126 % of the design discharge, while it was 100 % for 
Distributary # 4 .  Also, the use of stop-logs in each distributary were closely 
documented. The observed field values matched the simulated values --in terms of 
water levels and outlet discharges-- so well that no further effort was considered 
necessary for the verification. 

3.3. Applications of the Model 

3.3.1 Main Canal 

Afler calibration, the SIC model was used to predict the water surface levels and 
compute the hydraulic parameters like velocity, Froude number and roughness at 
different flow rates for both steady and unsteady flow conditions. The scenarios 
presented in the following sections address the three aspects of main canal functioning: 
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Figure 111-5 
Measured and Predicted Water levels 

for Different Flow Rates - CRBC 
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hydraulic behavior of the canal; 

* design and physical limitations; and 

* significance of the operational interventions. 

. 

. 

3.3.1.1 Canal Capacity and Freeboard 

A knowledge of the maximum carrying capacity of a canal has always been a practical 
concern for the canal manager. A feasible and safe discharge for range canal 
conveyance needs to be known in order to operate the lined canals with appropriate 
freeboard, and to manage the unlined canals without overtopping or erosion of the 
embankments. Furthermore. in the case of crop-based irrigation operations, most of 
the time systemsare to be operated at lower than the peak water demand;, hence, field 
information remains insufficient to confirm the maximum conveyance capacity of such 
a system. 

In the case of the CRBC Stage I, field data indicated the physical and hydraullc 
constraints on the maximum conveyance capacity of the canal. These findings have 
been substantiated by recent operations associated with the partial functioning of the 
main canal. The system has never been operated at the maximum design discharge 
of 138 cumecs (4800 cusecs), but one complete set of hydraulic data availabkat 107 
cumecs (3800 cusecs) indicates that there are freeboard limitations at two locations;. 
namely, the lined-unlined transition.(RD 120+000) and the tail reach of Stage I (RD 
237+000 to RD '253+000). 

Many possible scenarios- were simulated to desagregate the effects of unusual 
operations under the prevailing circumstances from the expected canal functioning 
under normal conditions when the entire project is completed. Results indicate that the 
main canal possesses physical constraints at the lower, as well as at the upper, limit 
of the authorized supply (40' to 138 cumecs (1400 to 4800 cfs}) for the CRBC main 
banal. All of the offtakes could hardly get .their share of water at 47 cumecs (1450 cfs) 
inflow (29% of the maximum) while at 105 cumecs (3700 cfs; 85% of the maximum) 
some of the reaches could not maintain the recommended freeboard (Figure 111-6). 

To evaluate the causes of unexpectedly higher water levels in the main canal, the 
model was run with the design and actual values of roughness coefficient for the 
maximum authorized flow of 138 cumecs (4800 cusecs). Figure 111-7 shows the 
predicted water levels for both cases, plus the original design water level for 138 
cumecs (4800 cfs) along the left dowel of the canal. It is obvious from the figure that 
the major reason for freeboard reduction is the increase in the roughness coefficient. 
The transition structure is locally causing the problem, while at the tail of Stage I heavy 
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Figure 111-6 
CRBC Limitations at existing 
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sedimentation on the bed and banks has reduced the area of the cross section. Hence, 
the higher water levels in the main canal can be attributed lo the current operations, 
higher than design roughness, and local effects. 

3.3.1.2 Existing Velocity Profile for Stage I 

There is difficulty in maintaining the maximum desisn velocity when a canal is operated 
for ,crop-based deliveries (variable flows). The situation may become critical for the 
management when the need for sediment transportation could not be sacrificed. Alluvial 
channels of the lndus Basin are expected to run at higher than 70% of the design 
discharge to avoid siltation. It has also been recommended for tk,ese channels that the 
spatial variation in velocity should not be much different from the discharge variations 
along the canal to avoid the siltation and scouring caused by the imbalance of stresses 
aiong the canal prism. 

The temporal and spatial variation of velocity in Stage I has been quite pronounced in 
the last five years. Figure Ill-8a shows the measured velocities at minimum and 
maximum flow, while Figure Ill-8b shows the velocity profile computed by the model 
along the canal at 85 cumecs (3000 cfs). It could be inferred from the trend shown in 
these figures that: 

The maximum design velocity of 1.22 m/s (4 ft/s.e.c) would be difficult to 
achieve in the lined section of Stage I; 

The velocity profile discloses those reaches which have more likelihood 
of sedimentation: and 

i) 

ii) 

iii) There is a need to estimate and maintain an appropriate operational 
velocity, which might be different from the design velocity, but must tie 
adequate to carry the sediment load through the main canal. 

3.3.1.3 Operational Behavior of the Canal 

A number of operational scenarios were simulated to investigate the CRBC main canal 
behavior under existing operations in order to evaluate and suggest improvements in 
current operations and management (see CBlO progress reports #s 1, 2 & 3). Two 
scenarios are briefly presented here to address: (1) the question of the function of the 
cross regulator at RD 257+000; and (2) the existing water surface slopes at different 
flows. 
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Present Functionina of Cross Reaulator at RD 257+000 

The cross regulator and escape at the tail of Stage I are being used as the major 
control structures for Stage I The reduced discharge operations of CRBC has been 
possible only with these control structures To head-up the water and feed the 
upstream offtakes is the most commonly used function of cross regulators In the case 
of CRBC, more than three feet of ponding (backwater) is a permanent feature at this 
location. This has been required to feed a secondary canal eighteen kilometers (11 
miles) upstream. Figure 111-9 shows the situation with and without cross regulator 
operations at 47 cumecs (1400 cfs). The water level needs to be raised by about 1.52 
m (five feet) at the tail gauge to feed all of the upstream channels according to their 
crop-based share. Obviously, this much ponding will inevitably cause a drastic, 
reduction in the flow velocity and consequently increase sediment deposition. 

Water Surface Levels at Different Flows: 

Normally, backwater effects by on-line structures are considered small and negligible 
interventions The immense water ponding described in the previous section has an 
accumulated effect on water surface slopes in the lined section of Stage I. 

Figure 111-1 0 shows water surface levels and corresponding hydraulic slopes from the 
combined structure (RD 98+000) to the tail of Stage I for various inflows As it was 
mentioned earlier, the design bed slope IS already quite flat and has been given as the 
major reason for the canal lining. During the last three years, the canal has been mostly 
operated between 51 to 85 cumecs (1800 to 3000 cfs) resulting in a hydraulic slope 
between 42 to 79 percent of the designed  slope^ The present study indicates that the 
canal could face problems operating at the above flow range due to the elevation of the 
offtaking structures and command area Furthermore the slope conditions will result in 
increased sedimentation throughout Stage I. This already has been observed in the 
field. 

. 

3.3.1.4 Impact of Improved Operations 

This section demonstrates that even under the worst of conditions improvements are 
possible by optimizing the operations of the escape and offtake regulators, and by 
taking appropriate managerial decisions at the system level. No changes of inflow 
conditions was considered, only the operations have been optimized utilizing the 
available facilities. Figure 111-1 1 indicates a considerable betterment of the hydraulic 
conditions in the tail reach under the following conditions 

1) The inflow in the canal was 50 cumecs (1750 cfs); 

35 



. 

Figure 111-9 
Cross-Regulator Operations 
at Tail of STAGE I (CRBC) 
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Figure 1!1-1 1 
Improvement at the tail of Stage I 
through better operational control 
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ii) The gates at the head regulators for all distributaries were adjusted to 
deliver only the appropriate share of water to each channel. The crop 
water requirements were computed using the Khasra records for the 
cultivated command area of year 1992; and 

iii) The operations of the tail regulator and escape structures were optimized 
to avoid any unnecessary water ponding 

During the pre-improvement operations, the gates at the first four distributaries were 
kept completely open. which caused them to draw much more water than their 
authorized discharge. During the improved operation, by fixing the share for each 
distributary, more water was available at the tail. In addition, the water level at the tail 
was lowered about 0.30 m (1 foot) but still providing a depth of 4.30 m (14 feet) at that 
point Hence, by restoring the equity among distributaries, and by an active control of 
the daily operations, considerable improvement is possible. 

3.3  1.5 Alternatives to Solve Water Delivery Problems at the Tail of 
Stage-I 

In the light of the analysis presented in.the previous sections, a manager at the tail of 
Stage I has the dual targets of providing appropriate working heads to all upstream 
secondary canals and to avoid sedimentation in the upstream reaches of the main 
canal, while at the same time keeping the extra water supplies to a minimum. To reach 
a feasible solution, all possible options were hydraulically evaluated (two of them were 
presented in CBlO Progress Report # 2 )  The final results are summarized below. 

The CRBC main canal is not utilizing its maximum authorized discharge at the present 
time. The calculations show that until Stage Ill is completed, the minimum limit could 
be raised to 67 cumecs (2200 cfs) without exceeding the total authorized volumes. This 
increase of the minimum limit doubles the velocity at the tail of CRBC, although it is still 
less than 70 % of design, however, during the high demand period, substantial water 
ponding would still be required 

Another possibility for improvement was to consider installing a regulator about eight 
kilometers upstream of the Stage I tail regulator (see CBlO Progress Report # I ) ,  This 
addibonal regulator would improve the situation. in the downstream reach but the 
velocity problem upstream would be augmented. So this modification was not found 
very appropriate. 

The remodelling of the head regulators for distributaries # 1 and # 2 to increase the 
flow area of the offtake structures is an option which could substantially decrease the 
required water head and thereby reduce the need for water ponding This type of 
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treatment has already been successfully applied to the Link Feeder # 4 where an 
additional regulator barrel of 1 91 x 1.22 meter (6 25 x 4 feet) has been added. 

For this scenario, a .69 m (2.15 ft) diameter offtake pipe of distributary # 1 was 
replaced by a .91 x .91 m (3 x 3 ft) barrel, and a .91 x .91 m barrel of distributary # 2 
was replaced by a .91 x 1.22 m (3 x 4 ft) barrel. Figure 111-12 shows the improvement 
that occur in the velocity profile when the above mentioned modifications were applied. 
Based on the positive outcome obtained from this part of the study, this option should 
be considered seriously. 

3.3.1.6 Procedure for Developing an Operational Plan 

The physical and operational refinements discussed in the previous section suggested 
the need for well planned, properly scheduled and controlled operations of the CRBC 
system. Such a plan requires a knowledge of the water demand at each offtake, but no 
such flow targets exist for CRBC. The monitoring of daily gauges was started during 
IIMl's work, but still no clear guidelines have been developed by the managers for the 
operators; hence, each operation is practically a localized phenomenon. The targets for 
the operators at the cross regulators are rigidly defined, but the causes and the effects 
of these operations have never been studied and established. The CRBC is a relatively 
complex irrigation system and the proper information about permanent and day-to-day 
aspects of the system must be available with the manager in order to operate the 
system efficiently. 

A three step procedure for developing an operational plan for the main canal is given 
below as a guideline. This procedure has been used to develop a set of ten-day 
operations for CRBC, which was presented to the local authorities as an intervention, 
but unfortunately, was not field tested because of managements reluctance in 
introducing an "unproven element" in the system's operation. The proposed operational 
procedure is described below. 

Taraet setting. There are different ways to establish the targets for water distribution. 
It can be through a crop water requirements approach, through an observation 
approach by means of an "indent sheet" prepared by the irrigation department, or by 
requesting from farmers their needs, etc. The crop-based approach was used to 
calculate the water requirements for Kharif 92. The cultivated command area shown in 
the Khasra data of 1991 was adjusted by 20 YO to accommodate the new developed 
areas. After incorporating farm and canal losses, a 'ten-day table' of water 
requirements for each distributary was prepared. 
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Figure 111-1 2 
Velocity Improvement with Modified 
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Simulation of existinu svstem conditions. This means gathering reliable information 
about the hydraulic parameters, water distribution and operations of the system at the 
time of the intervention. These pieces of information are simulated using the steady 
state option of the model. The boundary condition defined in the model must be verified 
by comparing the computed and observed water levels Information about the 
dimensions and Lhe rating tables of the canal structures must be updated before the 
final computations are made. Tim2 lags at all importmt node points should also be 
known, which can be predicted using the model by generating an impulsive wave at the 
head and following its propagation through the main canal, or using a spread sheet for 
the calculations, if the velocities are known. Figure 111-13 shows the computed time-lags 
along the CRBC main canal at different flow rates 

The Final Operational Plan. At this stage, the manager has his water distribution 
targets and updated information about the system operation. He has already simulated 
and verified the existing state of the system. For his final scheduling, a quantitative 
estimation of the expected operations and their timings are then required. Utilizing the 
already verified steady state model, target discharges, and the time lag information, 
gate operations and their timings were computed. The unsteady state model was used 
here with small time steps to observe the flows. Timings for the operations were 
adjusted in a way to assure the minimum fluctuations in the secondary canals. Figure 
111.-14 shows the adequacy of the computed water delivery against the targeted. 

3 3.2 Application at the Distributary Level 

i he objectives of the inodel application at the distributary level were: 

1 )  Test whether the distributary could be run at a range of discharges as 
required under crop-based operations, and to identify which operational 
manipulations would be needed to achieve this; and 

Simulate a unique practice of farmers, the opening and closure of outlets, 
and to relate it with the daily flow fluctuations at the distributary head. 

ii) 

3 3 2 1  Implications of Reduced Supply on Water Distribution to the 
Tertiary Canals 

The simulation was undertaken by reducing in steps the discharge at the head of the 
distributary without changing the respective status of the outlets and drop structures 
The result was basically the same in both cases 
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Figure 111 - 13 
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Figure 111-15 summarizes three head-discharge runs and their impact on outlet 
discharges as a percentage of design discharge. It will be noted, for example, that for 
100 YO head discharge, the outlet's variations range from 80 to 300 YO of the design. 
Given that almost all outlet sizes are the same throughout the distributary, these 
variations can only be attributed to the large numbers of outlets in the distributary that 
function under submerged downstream conditions to various degrees. 

The graph shows that it is possible to secure about 40 % discharge (the estimated 
lowest crop water requirement) in all outlets if those that are currently withdrawing 
much more than their fair share are kept under control (imposed discharge at 36 % of 
design) and stop-logs are used to raise head elevations at critical points. It also shows 
that when the discharge at the heads of distributaries drops to 50 YO of design, some 
outlets fall dry completely due to the lower water levels in the distributary. 

In general, the results of the simulation exercise correspond quite wed with the 
observations in the field. Predictions of the model as to the particular heights of stop- 
logs under several scenarios have already been confirmed in the field in cases where 
farmers have taken it upon themselves to raise the crest levels of existing structures 
with brick masonry. As may be expected these profile walls were not able to withstand 
the increased water pressure and collapsed soon after. The exercise also points 
towards the need to address the issue of the need for more permanent outlet structures 

f in the system. 

. 3.3.2.2 Open and Closure of Outlets 

As has been already mentioned elsewhere, the opening and closure of outlets in the 
distributaries is a unique feature of the CRBC system. It allows the farmers to have a 
certain degree of control over the amount of water received. Herein lies the importance 
and the potential of this intervention -- being able to move towards a more flexible 
approach in system operation. 

From interviews conducted with WAPDAs distributaries head-gate operators, it is clear 
that they are aware of this intervention and that sometimes they react by opening the 
head gates somewhat more in the morning and reduce the gate opening again a 
number of turns in the afternoon coinciding with the farmers openlclose outlet behavior. 

When the farmer faces an excess amount of water, he responds with any (or 
combinations thereof) of the following decisions: 

1) Stop night irrigation (short-term response); 
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Figure 111-1 5 
SIMULATION OF OUTLET DISCHARGES UNDER 

DIFFERENT OPERATIONS: DISTY # 4-CRBC 

Disharge a s  percent of design 
350% 

Outlets 

- Head disch - 100% - 50% - -  36% with operations 



ii) Close the outlet when he thinks that water is no longer required by the 
crop (short-term response); and 

iii) Change the cropping pattern and cropping intensities to match the 

With the model, the same pattern of opening and closure of outlets was simulated. Two 
scenarios were considered for distributary # 3: a) keeping the head discharge constant 
for 24 hours, and b) the head discharge was lowered at night and increased during the 
day. Half of the outlets were kept open constantly, the other half were opened one-by- 
one between 530 and 9:00 hr, and closed again between noon and 19:OO hr. 

The result of the two scenarios are shown in Figure 111-16: 

available supplies (long-term response). 

a) A constant head discharge of 3.0 m3/s produces a large daily fluctuation 
at the tail (a similar result was observed at the tail of distributary # 4, 
though larger in amplitude, under a simulation conducted for that 
particular canal); and 

The fluctuation at the tail is reduced when the head discharge is lowered 
at night to 2.8 m3/s and increased again during the day from 7.00 to 1530 
hr to 3.4 m 3 k  

b) 

Field observations showed that on average about one-quarter of the outlets are closed 
at night and opened again during the daytime. To stabilize conditions at the tail, the 
head discharge should be increased by about 15 % during the morning; the rest of the 
day and at night the discharge can be less than the continuous requirement. The effect 
of this kind of distributary head operations on the main canal, once it is fully developed, 
would need to be carefully checked. Presently, there is no problem because the cross 
regulator and the escape at the end of Stage 1 provide sufficient operational flexibility. 

The simulation studies conducted at the distributary level can be considered as very 
preliminary because this effort came towards the end of the study and was relatively 
modest. Any further work along these lines should really consider the various impacts 
that the operation of the stop-logs and drop structures can have on the supply 
availability at individual watercourses heads. In addition, some simulation should be 
done to explore the potential of different type of outlet structures to be finally install in 
the CRBC .system. 

. 
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3.4 

This section summarizes the results from the simulation model studies and the lessons 
learned from this experience. 

Lessons Learned from CRBC Simulation Study 

- 
* The comprehensive study of the main canal has demonstrated that a 

proper understanding of the hydraulic parameters (i.e. velocity, roughness 
coefficient, and Froude number) of an irrigation canal provides a very 
useful insight to canal managers on the physical and managerial problems 
of the system. This type of approach is particularly required for a new 
system where the physical and managerial modifications usually take 
place during the first few years of operations. Simulation of canal 
conditions and its behavior can provide valuable guidelines during this 
process. 

. 

* Existing uncertainties at both the conceptual and implementation levels 
regarding the operational mode of the CRBC system (crop based variable 
supplies vs supply driven continuous flows) indicate that the implications 
of the proposed operational procedures and the physical flexibility of the 
system should be considered more thoroughly at the planning and design 
stage. For the supply driven systems, the criteria have been established 
long ago (by Lacey and others) to maintain relatively stable velocities and 
water depths; while the critical values (or ranges) of these parameters for 
the systems designed for variable flows still need to be established. The 
flow range of 50 to 138 cumecs (1400-4800 cfs) planned for CRBC has 
not been hydraulically justified and constitute the most disputed issue 
regarding the operation of the system. 

The study showed the need to seriously consider the sediment, as well 
as the water, transport capacity of a canal. Especially for lined canals, 
only a few expensive solutions are available afterwards if the former 
issue is disregarded. 

* 

* The design of CRBC's (Stage-I) main canal and distributary channels is 
not appropriate, nor sufficiently flexible, to satisfactorily operate the canal 
at the minimum and maximum discharge limits required. At low flows, a 
substantial amount of water ponding upstream of cross-regulators is being 
required to feed the offlaking distributaries; this operation reduces the 
velocity to one-third of the design velocity, which results in heavy 
sedimentation upstream of the regulators. At high flows, although currently 
the discharge is not more than 70 % of the maximum design discharge, 
the main canal is already facing freeboard problems, which indicates that 
the actual capacity of the main canal is less than the design capacity. 
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* The simulation and analysis of the canal capacity, velocity, and 
optimization of the operations indicate that the factors responsible for the 
current deterioration should be checked and controlled to save the system 
from further decline. The major reasons for canal capacity related 
problems are: 

i) The existing rugosity of .the lined section of the canal is 
considerably higher than the values used for the design -- average 
values obtained for the Manning's roughness coefficient are ,018- 
,020 as compared to the design value of ,016 that results in a 12- 
25 percent reduction in discharge capacity at full supply level, 
which is partially compensated by infringing on the freeboard; 

Heavy sedimentation in the lined section has already decreased 
the cross-sectional area of the canal in several reaches, thereby 
further reducing the discharge capacity; and 

i i) 

iii) Present canal operations .are not optimized to yield the best 
velocities for enhancing sediment transport capacity -- although 
these operations are termed as "transitional", the situation has 
been worsening during the last seven years. 

During the major part of the year, all secondary channels in Stage-I are 
drawing more than the required water supply. But, during the low supply 
period, "equity" problems start arising, with some distributaries more 
affected than others by the low supplies, depending upon their structures 
and their position along the canal. The target of "equitable" supplies will 
become a much more serious challenge for the canal manager once all 
three stages are fully operating; (hence, no more extra water will be 
available for Stage-I except by reducing the discharge reaching Stage I1 
and Stage 111. 

.There is a need to better control the water delivered to the secondary 
channels. For a system designed based on crop water requirements, the 
extra water is not only a wastage, but also harmful to the crops and can 
have a negative environmental impact on the area. Managers must have 
some better knowledge of the crop water requirements at different times 
of the year, so that the practice of preparing "Indents" (weekly water 
targets) can be more effectively pursued. 

* 

* An important and positive indication derived from the study is the potential 
for improvements through better managerial and operational control. 
Simulation of different scenarios has demonstrated concrete possibilities 
for improved system control and enhanced management. 



. 

* Daily monitoring and recording of water deliveries in the main canal and 
distributaries is an essential water management activity which cannot be 
avoided if sufficient water supplies are to be delivered throughout all of 
the three stages of the CRBC. Gated structures, designed to de1iver.a 
wide range of flows, require frequent operational input and quick response 
to special conditions like, rain, or less demand for water utilization 
downstream. Hence, a clear set of guidelines, including rating tables and 
specific instructions for each structure, should be prepared for the field 
operators. 

operational plan needs to be prepared., even if based on approximate 
estimates for different values. Such a plan needs to clearly identify the 
process which should take place at different levels of management in 
order to simplify operational procedures, as well as provide guidelines for 
unusual operating events. 

however, distributaries # 3 and # 4 have good natural slopes and drop 
structures. The present practice of stop-logs is not an authorized 
procedure, To standardize the operational practices at the secondary 
canal level, there is a need to provide the proper control structures. 

feature of the system because most of the present "temporary" outlets 
have larger discharge capacities than required. Without the manipulation 
of both stop-logs and outlets, actual outlet discharges have little 
correlation with the design (maximum authorized) discharges. At full 
supply, there is considerable difference in the discharge drawing capacity 
of the outlets of the same size due to submerged downstream conditions. 
At low supply, some outlets go dry, while some can still draw much more 
than the design discharge. This points to the need for replacement of 
temporary pipe outlets by more permanent outlet strucutres. 

In conclusion, the abovementioned research results and their field 
verification indicate that the hydraulic model used during this study has 
the capacity to simulate and address the technical issues, as well as the 
operational practices, at each level of the system. Likewise, simulation of 
farmers practices indicated the potential of the model to handle operations 
at the tertiary level, which is also useful to canal managers. 

* To appropriately manage a system like CRBC, a comprenhensive 

* At the distributary level, tio gated control structures have been provided; 

* The active manipulation of the outlet moghas by farmers is a unique 

" 
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Chapter 4 

SUPPLY AND DEMAND OF IRRIGATION WATER 

4.1 Supply 

4.2.1 Source 

The water source for the CRBC irrigation system is the mighty Indus, one of the major 
rivers in the world. The lndus Basin, the mainstay of irrigated agriculture in Pakistan, 
comprises the river lndus itself, the eastern tributaries of Jhelum, Chenab, Ravi and 
Sutlej, as 'well as the northern and western tributaries of Kabul, Swat, Haro and Soan. 
With an average yearly inflow of 75.3 billion cubic meters, the river's basin commands 
roughly 11.3. million (M) hectares of the 16.8 M under irrigation in the country. The 
lndus Basin Project, a system of major works comprising the Mangla and Tarbela 
dams, link canals, barrages (like Chashma) and drainage works, constitutes, in fact, the 
largest contiguous irrigation systems in the world. 

The monthly flows of the lndus River at the Chashma Barrage (offtake point), when 
compared with the flows required by CRBC, indicate a water supply several magnitudes 
greater than required for CRBC. Thus, the water resource is not a limiting factor at all. 
The fact that the Chashma barrage has a storage capacity of 0.87 billion cubic meters, 
already far in excess of project requirements, coupled with an lndus River 80 percent 
probability inflow of 63 4 billion cubic meters, seems to assure that the water source 
will not be a constraining factor in the operation of the system 

.. 

4 1.2 Flows 

The core of the supply-side of the irrigation equation is, of course, the actual flows or 
water provided by the irrigation system. This is particularly true under the climatic 
coriditions of the study area. As it will be shown later, rainfall contributes only 
marginally for satisfying crop water requirements. 

In order to obtain a sense of actual water distribution within Stage I of CRBC, this study 
monitored daily discharges in several distributaries in this canal reach. While the 
emphasis was placed primarily on Distributaries # 3 and # 4, daily flows were also 
collected for distributaries # 1 and # 2. In addition, for Distributaries # 3 and # 4, flows 
were also monitored in selected outlets. The general physical characteristics and flow 
pattern during the study period is presented below, succinctly, for each of the canals 
monitored. 
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Distributarv # 1. This distributary serves new agricultural land commanding an area 
of about 1,180 ha (2,915 ac), which is mostly under-developed, particularly at the 
canal's head reach where sandy soils at relatively high elevations create water delivery 
problems A combination of the canal's poor command and the difficulties of developing 
the area accounts for the low area under rice cultivation in this zone, as compared to 
other areas in Stage I of CRBC 

The head off-take with its relatively high sill elevation presents problems for main canal 
discharge deliveries, especially during low flow requirements (as discussed in Chapter 
3 above) The distributary is brick-lined from'head to tail and runs parallel with the main 
caiial Its full supply discharge is 0.566 cumecs (19 69 cfs) drawn by 14 outlets, all of 
them on the left side. 

Daily flows were monitored from December 91 to October 93, Figure IV-I registers the 
flows as against target discharges as per the design cropping pattern. During the Khanf 
92 season, flow deliveries were relatively low, especially in the beginning and end of 
the season due to higher than average rains during April and September. 

In the Rabr 92/93 season, flows varied between 60 to 80 percent of the full supply 
discharge for much of the season. The distributary remained closed for a week in 
December 92 due to the construction of an escape at the tail to allow surplus water to 
be easily discharged into a surface drain. The distributary again stopped flowing for 
seven days in March 93 when the main canal was closed to facilitate removal of some 
scaffolding from a bridge constructed during annual closure. 

' 

Finally, during the Kharif 93 season flow variability was quite high as compared to those 
in Kharif 92 In the beginning of the season (April, May) flows varied from 30 to 90 
percent of the full supply, while from June to September, the variation ranged from 80 
to 90 percent for most of the period The distributary's daily supplies rarely reached the 
design discharges. The reasons for fhis can be attributed to both the lower area under 
command and less rice cultivation resulting in lower water requirements and hence 
demand 

Distributarv # 2. This distributary serves both new and old areas The full discharge 
capacify is 1416 curnecs (49 25 cfs) for a command area of 2,016 ha (4,979 ac) 
served by 12 outlets in the new area and 2 minors at the tail providing water to the old 
Paharpur Canal area Most of the new area is under cultivation and has been well 
developed. 

Flows were monitored for the same December 91 to October 93 period. Figure IV-2 
presents the flows at the head gate of the distributary showing that flow variability IS 
quite high in both the Khanf and Rabi seasons During Kharif 92, flows gradually 
increased from 25 percent o f  full supply in April to 120 percent in June-July and then 
decreased to about 40 percent towards the end of the season. The Kharrf 93 season, 
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Figure IV-1 

. 

Comparison of Daily-Q at Disty #1 Head 
(91 -92 VS 92-93) 

01/01 01/03 01/05 01/07 01/09 
Date 

I - Dec 91 to Oct 92 ......... Dec 92 to On 93 - Design Discharge I 

Flguro IV-2 

Comparison of Daily-Q at Disty #2 Head 
(1 992 VS 1993) 

Date 
, ”  

Mar to.Oc! 1992. , ......... Marto Oci 1993 - Design Discharge - 
, .  
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on the other hand, shows comparatively less fluctuation but higher average flows; they 
ranged from 80 to 120 percent of full supply discharge The comparison of the two 
Khanf seasons data show that the supplies during 1993 were higher than in 1992, on 
the average a 5 to 10 % increase in daity flows has been noted 

The performance of the distributary during the Kharif periods, as given above, suggest 
that daily supplies at the head were exceeding its upper limit most of the time. Under 
crop-based irrigation operations, the design upper limit will be required only during a 
10 to 20 days peak crop water demand period; otherwise, supplies should remain 
below the design peak demand. Such high flows during the Kharif seasons are 
alarming as they can have a negative impact on future water availability in the lower 
stages, especially Stage 111, of the CRBC irrigation system 

In the case of the Rabr seasons, not enough information was gathered for the 91/92 
period as field staff were only finally in place and operational towards the end of that 
particular period. However, data collected for the following similar period shows that the 
earlier half of the Rabr 92/93 season consumed less water than the second half with 
quite a significant difference For example, the distributary was operated at 20 to 60 
percent of ifs full capacity during October and November, but at 60 to 90 percent in 
December when farmers normally over-irrigate to "fill-up" before the annual closure. 
The channel remained in high flow during March-April with the exception of a four day 
closure of the main canal for repairs. 

- 

1 

Dlstributarv # 3. This distributary commands a total area of 5,363 ha (13,247 ac), 
which includes 1,783 ha (4,404 ac) of new area served by twenty outlets while the 
remaining 3,580 ha (8,842 ac) are served by two older minors (Kech & Girsal) off-taking 
from the tail of Distributary # 3. The full supply design discharge is 3.20 cumecs (11 1:3 
cfs) which is supposed to be evenly distributed among the two minors and the 
distributary channel proper, with each channel receiving one-third of the water supply. 
Thus, each channel is to receive 1.06 cumecs at full supply (36.9 cfs). 

Flow variability was quite high in this distributary, especially in the Kharif seasons. One 
major reason for this variability is the larger than design capacity of the channel, which 
coupled with the availability of an escape at the tail-end, allows management to use the 
canal as a bMer. During the Kharif 92 season, flows fluctuated between 50 and 160 
percent of the full supply design discharge. Flows between mid-June and. mid- 
September were quite high ranging from 100 to 100 percent of the design discharge. 
Because .all of the new area is now well developed and the canal capacity is. not a 
problem, farmers have been increasingly shifting to rice in both the new and 'old 'areas, 
confident that they can obtain the required crop water. 

Likewise, during the Kharif 93 season, June and July received high. flows of up to 140 
percent of the full supply discharge, while August and the first-half of November drew 

. .  
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100 percent. In contrast, May and October received flows in the range of 40 to 60 
percent of. the design capacity (full supply discharge). 

1 'As in Distributary # 2, the daiiy supplies at the head of Distributary # 3 exceeded the,, 
. 'upper limits of design discharge during the Kharifseasons. However, a comparison of 

flows for 1992 and 1993 (and contrary to the situation.found in Distributary # 2) showed 
a reduction of 5 to 10 % in'the supplies at the head during 1993. While there is no 
solid evidence that this reduction in the discharge could be attributed to the presence 
of IlMl in the area, the fact is that the proposed flow reduction was part of the study's 
management innovation, which did take place in this distributary. Thus, it isworth 
considering that there was indeed ,some .impact since other, distributaries. showed an 

The Rabi '92/93 season. does not show.'any significant variation- i : v  i b w 6  except for 
.November '92 and January 93 when it reached almost 100 pereeqt of the full suppEy 
.discharge. The higher'valdes can be explained for 'November when the wheat,mop 

' ' requires its first irrigation 'after sowing; in January, when 90 percent of the command 
area is cultivated, every farmer wants to irrigate before the annual closure of the 
system, as explained earlier. 

.Figure IV-3. shows the flows during the period December 91 to October 93 when field 
data collection came to a close.. The flows are compared against the crop water . 
demand for the design cropping pattern. 

' 

increase rather than.a decrease in flows. during .the same .period. 
. .  . .  

- ' Distributaw # 4. This is the second largest distributary of CRBC and located at the tail 
of Stage I, serving an area of 9,683 ha (23,917 ac) corresponding both to new and old 
areas. There are 36 outlets and a minor to cover the new area and provides service 
to the older cultivated area by delivering water at its tail into the old Paharpur Canal 
now known as Dera Distributary. Distributary # 4 also has an escape by means of the 

'' Dera Distributary and, therefore, excess supplies do not represent a problem. 
Distributary # 4 has a design discharge of 5.94 cumecs (206.59 cfs). 

Because the head off-take Is so close to the end of Stage I, it is'affected by the 
particular operation of the cross-regulator .and escape structure located at the end of 
Stage 1. The actual practice of ponding water at the tail reach of t h e  main canal (for 
Stage I) results in small inflow fluctuations into .the distributary, during specific periods 
of each cropping season, which are related to main canal operation. 

For example, in the beginning of the Kharif 92 season, flows ranged from 50 to 60 
percent, went up to 100 to 105 percent from mid-June to early August, .and again 
remained fairly constant from mid-August. to October when theywent down 'to around 
60 percent of the full supply. 

. .  
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Figure IV-3 

Comparison of Daily-Q at Disty #3 Head 
(91 -92 VS 92-93) 

6 

01/01 01/03 01/05 01/07 01/09 
Dale 

- Dec 91 to Ocl92 ......... Dec 92 to Oct 93 - Design Discharge I 
I I 

Figure IV-4 

Comparison of Daily-Q at Disty #4 Head 
(1 992 Vs 1 993) 

01/04 01/06 07/08 " 01/10 
Dale 

1 - Mar lo Oct 1992 ~~~~~~~~~ MartoOct1993 - Design Discharge 
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Likewise, for most of the Kharif 93 season, the flows remained fairly constant around 
11 5 percent of the full supply level. As in previous distributaries (with the exception of 
# 1) flows exceeded the upper limits of peak water demands. Again, this draws 
attention to the potential water scarcity problem in the future. Also, a comparison of the 
two years of data shows a 16 % average daily flow increase in the supplies during the 
1993 season compared with the previous season, thereby reinforcing the likelihood of 
excessive water withdrawals during future years in the command area of Distributaries 
# 3 and # 4. 

Data collection for Distributary # 4 did not get underway until March 92; therefore, no 
monitoring was done for the Rabi 91/92 season. Related to the Rabi 92/93 cropping 
season, the canal was flowing in the range of 50 to 70 percent of the full supply. In 
general, water deliveries during Rabi were below deliveries during the Kharif seasons. 
Figure IV-4 (see previous page) shows the flows situation for Distributary # 4 during the 
study period. 

4 1.3 Rainfall 

The climate of the area can be described as arid and hot. Therefore, agriculture is 
highly dependent on irrigation water. Accordingly, rainfall plays a relatively minor role 
as a factor in the supply side of the irrigation equation. 

Precipitation is fairly uniform geographically, but with wide variations from season to 
season. The average rainfall for the 1961 to 1992 period, as recorded by the nearby 
D.I.Khan Meteorological Station, is only 250.44 mm (9.86 in). The maximum rainfall 
periods, resulting from the summer monsoon, occur during the months of July, with an 
average for the same time period 1961-92 of 71 mm (2.79 in), and in August with 67 
mm (2.40 in). On the average, rainfall has been less than .1.0 mm (0.4 in) in the months 
of October, November, December and January.' Detailed rainfall data is provided in 
Volume 111 of this Final Report. 

However, from an irrigation system's operational standpoint, this amount, particularly 
depending on its intensity, needs to be considered in relation to the safety of the canal 
network since it could become a factor in canal overtopping. 

Considering rainfall as a component of the irrigation supply, a value of Effective Rainfall 
(ER) was utilized by taking 80 percent of the total precipitation. This is perceived as 
an appropriate value, commonly found in the literature for areas having a similar rainfall 
pattern. Furthermore, given the relatively low rainfall in the area, and considering other 
climatic factors like humidity and wind speed, would tend to make this chosen value an 
appropriate safety margin in the calculations. 



The table suggests that farmers have responded rationally to the high water supplies 
by cultivating as much as possible of the command area, as confirmed by the high 
cropping intensities for the Rabi season. The table also highlights, however, the high 
discrepancy between the actual and design cropping patterns. Particularly, the area 
under rice has been significantly underestimated. The problem of coming to grips with 
the cropping pattern has long ago been recognized, as stressed by successive 
consultants involved in the evaluation of Stage I and the design of Stages II and 111 of 
CRBC. 

The initial cropping pattern used for the design of the CRBC irrigation system estimated 
that only 2 percent of the area would be under rice; this value was subseqtiently 
increased to 10 percent for the economic evaluation of the project after 5 years of 
operation (as shown in the last column of Table V-7). However, this value is still far off 
from the 25 to 30 percent of the area under rice reported under sample watercourses 
served by Distributaries ?# 3 and # 4. 

The analysis of the cropping pattern at the watercourse level shows that there is a high 
variability in the area under rice and sugarcane, which are crops with high water 
requirements. Figure V-6 compares 'the ratios between the design and actual 
percentage of the CCA under rice and sugarcane for the selected sample 
watercourses. 

The differenCes in the area under rice and sugarcane between the different outlets, 
however, pwld not be explained by the water supply available relative to the crop 
demand. Regression analysis with the Relative Water Supply as the dependant 
variable, and the percentage of the area under crops with high water requirements as 
independent variables, failed to show any significant relationship between the 
mentioned variables. 

.. . 

Constraints other tha.n water (labour, access to credit, availability of fertilizers, etc) are 
predominant in influencing farmer's cropping decisions, as there is sufficient water in 
the distributary as highlighted by the frequent closure of outlets. However, the analysis 
undertaken, of both the farming systems and the economic modelling of farms, clearly 
indicated that water can be a constraint for some farms during the rice transplanting 
period at the beginning of the Kharif season. 

Rice and wheat yields 

The crop-cut method was used for the collection of rice and wheat yields for 4 seasons, 
i e  Rabi 1991/92, Kbarif 1992, Rabi 1992/93 and Kharif 1993. The comparison 
between crop-cuts and interview-based yields for the Rabi 1991/92 and the Kharjf 1993 
seasons shows that, on average, crop-cut yields are consistently 20 percent higher than 
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Figure V-6 
IMPORTANCE OF RICE IN CRBC AREA 

ACTUAL VERSUS DESIGN (KHARIF 1993) 
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the interview-based yields. Thus, crop-cut yields need to be adjusted by minus 20 
percent for the comparison with target yields cited in the CRBC project documents, or 
other CRBC-related literature. 

Figure V-7 shows the average yield per watercourse for wheat (Rabi 1992/93) and rice 
(Kharif 1993). The main conclusion drawn from these data are: 

i) after taking into account the differences between crop-cuts and interview- 
based yields, average yields collected in the sample watercourses are 
rather comparable to the design data in the case of rice, but significantly 
lower in the case of wheat yield; and 

the three different areas (i.e. Distributaries # 3 and # 4 and Girsal Minor) 
record similar average wheat yields. However, rice yields are significantly 
higher for the Girsal Minor area as compared with the commands areas 
of the two other distributaries. Farmers in the Girsal Minor have a long 
tradition in irrigated agriculture that is still lacking among some of the new 
settlers-cultivators in the newly developed command areas under 
Distributaries # 3 and # 4. 

ii) 

To reduce the yield gap between newly developed and Old Paharpur command areas, 
the extension services of the Provincial Agricultural Department should make a 
significant effort in supplying irrigation related messages to the former (and less 
productive) areas, as these areas present a good potential for further yield increases. . 

5.2.2. Irrigation Water Supply and Agricultural Production 

Farming system analysis 

In order to better understand the relationship between irrigation water supplies and 
agricultural production, an in-depth analysis of farming systems for the Distributary # 
3 command area was undertaken, based on data collected during the base-line socio- 
economic survey (EDC, 1991, see Annex-I) and complemented by information regularly 
gathered by IlMl field staff during the first two seasons of field activities. 

The main issue to be addressed under the analysis was the difference between design 
and actual cropping patterns. Why do farmers have a cropping pattern different from 
the design cropping pattern? Are high water supplies the main cause explaining this 
discrepancy? Or, has the design cropping pattern been based on unsound 
assumptions regarding the relationship between irrigation water supplies and 
agricultural production? 
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Figure V-7 
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For the analysis of farming systems, an approach developed by the Centre National du 
Machinisme Agricole, des Eaux et des For& (CEMAGREF) for assessing the impact 
of investments in the irrigation sector on agricultural production and farming systems 
has been applied. 

The main steps of the approach are an analysis of farming practices, a classification 
of farming systems, and an economic modelling (linear programming) of representative 
farms. The approach itself is detailed in a report by A. Chohin titled Analysis of farming 
systems within the context ofthe Crop-Based Irrigation Operation in the NWFP Project 
(see Annex-I). 

The economic modelling highlights that by supplying the maximum (design) discharge 
to representative farms the year round, farmers would grow from 12 to 25 percent of 
their area under rice, taking into account other farm constraints such as availability of 
labour and credit, specific farming practices, and crop rotations, etc. The study also 
revealed that the supply is a constraint to the farmers' decision making process during 
the month of June only. For the Rabi season, thecrop water requirements predicted 
by the economic model are much lower than the maximum design value and in 
accordance with the closure of outlets observed in the field. 

The modelling of farming systems indicated that the design values of the area under 
rice had little, if any, resemblance with the expected value predicted by the model. This 
tends to reinforce the idea that some of the current cropping pattern problems (like the 
impact on the available supply for the other stages of the CRBC) are due mostly to 
design miscalculations and to the lack of an in-depth analysis of the relationship 
between irrigation water supply and agricultural production as opposed to supply over- 
deliveries per se. 

Impact of changes in water duties on agricultural production 

The Old Paharpur irrigation system presents a unique opportunity for assessing the 
impact of irrigation water supplies on the agricultural production. With the 
commissioning of CRBC Stage I, the water duties of the Old Paharpur irrigation system 
have been increased and a significant impact on the agricultural production of the area 
was expected. 

The Girsal Vinor. in the Old Paharpur irrigation system, was thus selected for the 
analysis. Regular data collected by the PID have been analysed and complemented by 
IlMl primary field data and observations. The full results of the analysis, summarized 
below, have been presented in IIMl's Working Paper No. 26 by P. Strosser, R.M. Afaq 
and C. Garces (see Annex-1): 
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* The average discharge at the head of the minor has been increased by 
54 and 31 percent for the Kharif season and the Rab, season, 
respectively The analysis of data shows that farmers have used several 
ways to adapt themselves to the changes in their irrigation water 
envirnnment 

* The changes in water duties did not have any impact on the cropping 
intensity recorded for the area. However, farmers have reacted very 
positively to the changes in canal water supplies by modifying their 
cropping pattern, with a major shift towards more Kharif crops. 

Farmers now plant larger areas under rice and sugarcane, and less wheat 
and gram. However. only the changes in the area under rice are 
significantly related to changes in water duties as shown by regression 
analysis. On the other hand, for the area under sugarcane, the installation 
of a sugarcane mill in the vicinity, and its related incentives for increasing 
production, is probably the main reason explaining the recent 
development in area under sugarcane. 

Calculation of the Relative Water Supply (RWS) parameter indicates that 
farmers now apply more water per unit area than before the remodelling 
of the Girsal Minor took place. Although the quantity of canal water used 
has significantly increased between the Before and After remodelling 
stages, the increase in the RWS has been minimal, due to increases in 
the area under rice and sugarcane accompanied by a significant reduction 
in private tubewell operation and groundwater use. The number of private 
tubewells, also, has been drastically reduced afler the remodelling and the 
commissioning of the CRBC. 

The improvement in the quality of irrigation water supplies has favoured 
farmers' investment in other inputs as well. After the remodelling, farmers 
apply significantly larger quantities of fertilizers (Urea. DAP) on their rice 
and wheat crops, compared with the Before remodelling situation. The 
increase in water duties, however, did not modify the effectiveness of 
fertilizer use. 

Finally, the cumulative effect of the increase in water duties and in 
fertilizer use has led to a significant increase in yields of the major crops 
Regression analysis shows that 65 percent of the total increase in rice 
yield can be attributed directly to the changes in water duties, while the 
remaining 35 percent is caused by increases in the quantity of urea 
applied io the rice crop Similar values are also found for the wheat crop 

* 

* 
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Summary 

The two previous sections show that the current cropping pattern and trend in 

irrigation project. Farmers have reacted in a rather rational way to the large increase 
in canal water supply. 

However, the resulting dilemma should be tackled seriously by the operating agencies 
and policy makers. Farmers under Stage I are currently receiving quantities of canal 
water larger than those designed for peak water requirement periods. The water used 
is still increasing, as shown by the comparison between the percentage of the CCA 
under rice for two consecutive Kbarif(1992 and 1993) seasons. the area under rice has 
increassd by 38 percent in the Distributary # 4 command area, and by 10 percent in 
the Distributary # 3 area Figure V-8 shows the difference between the area under rice 
for the two seasons considered. 

. agricultural production could have been predicted at the design stage of the CRBC 

With the current role of rice within the cropping pattern of the Stage I command area, 
farmers are becoming accustomed to water deliveries higher than what they should 
receive as per design. In the long term, this situation will have a negative effect on the 
canal water supply available for Stage 1 1 1 ,  which is currently under design, as discussed 
in Chapter 4. 

To avoid these already foreseen (and non-acceptable) problems, several solutions 

be to force farmers to stay within the design cropping pattern. However, experienced 
gain from other countries shows that it is impossible for an operating agency (and, in 
fact, for a government) to implement and enforce such a policy 

Another solution could be to reduce progressively the water supplied to Stage I farmers 
This would require a good transfer of information between farmers and the operating 
agencies, and is seen (at least in the short term) as the only option with a reasonable 
chance for success. Such a solution was indeed proposed to the operating agencies 
as part of the CBlO study with little or no interest shown by them. 

A last alternative could be to modify the system of water charges, to indirectly influence 
farmers cropping choices (and ultimately their demand for water). Some aspects related 
to the impact of this last option are further analysed in the following section. 

* could be explored. One solution (often cited by staff from the operating agencies) would 
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Figure V-8 
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5 2 3 Changes in Water Charges and Impact on Agricultural Production 

The deficiencies of the current system of water charges has been highlighted by 
severa! researchers and planners in Pakistan. Problems often cited are the absence 
of a relationship between water charges and the quality of irrigation services, the lack 
of transparency in the allocation of water charges to the,Operation and Maintenance 
of the irrigation systems, the lack of incentive for farmers to use irrigation water 
efficiently, etc. These problems are not analyzed here, although these need to be 
addressed effectively by policy makers and operating agencies alike. 

During the March 1993 Workshop on Crop-Based Irrigation Operations held in D.I. 
Khan as part of the study, the PID highlighted the discrepancy between O&M costs, 
and water charges assessed and collected. As specified in the the CRBC irrigation 
project documents, an increase in the level of water charges was planned to reduce 
this discrepancy, with a related (expected) improvement of water use efficiency. 

In this regard, the first important aspect found in the study was that farmers do not 
know the exact level of water charges for each crop. It came as a surprise to discover 
that the majority of 100 farmers interviewed during the Rabi 1992/93 were not aware 
of any differences among crops in the level of water charges. Thus, even if water 
charges are increased, but still remain unknown to farmers, to expect changes in water 
use efficiency as a result is rather doubtful. A serious effort should be made to get 
farmers to incorporate water charges in their decision making as another important 
economic variable in their agricultural production process. 

A second aspect is that an increase by 30 % on the level of water charges would not 
have any significant impact on agricultural production and cropping patterns. The 
economic models, developed under the farming system analysis, for several 
representative farms of the Distributary # 3 command area show that a change in the 
current structure of water charges, rather than a uniform increase for each cropl would 
have more impact on farm's performance indicators and cropping patterns. 

The lessons learned from the modelling exercise is that it is probably not possible to 
influence farmers cropping decisions by only increasing the level of water charges 
under the current system. A major change will be required, one that can offer a better 
link between the price paid by farmers for their water and the quality of the irrigation 
service they receive. Moreover, farmers would start to use their water more efficiently 
only if the adjustments he makes on the water supplied to his fields have a direct 
impact on the water charges to be paid at the end of the season. 
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Chapter 6 

SYSTEM PERFORMANCE 

6.1 Background 

The assessment of the performance of any irrigation scheme is undoubtely an 
important and indispensable component towards the improvement of the effectiveness 
and efficiency of irrigation systems. Initial research work done by llMl on this subject 
matter has focused on the identification of an appropriate framework for performance 
assessment. 

An important aspect stressed by the researchers, however, is that performance 
assessment needs to remain linked with the objectives of a given irrigation scheme. 
Thus. a variety of performance indicators can be used to evaluate different systems, 
although the performance assessment framework itself is expected to be the same 
regardless of the irrigation system. 

In the context of the Crop-Based Irrigation Operations in the NWFP study, performance 
assessment was an integral part of the research activities, which focused on the 
analysis of the system's operation. How performance assessment could be 
institutionalized into the current management was seen to be as important as the 
evaluation of the CRBC's performance itself. 

An initial analysis of the performance of the CRBC irrigation system was undertaken 
at the end of the Kharif 1992 season. The main results of that work, based on primaiy 
data collected by IlMl' field staff during the first year of the study, and secondary data 
provided by WAPDA, have already been documented in the paper titled Performance 
of CRBC: Technical and Economic lndicators in the Context of Crop-Based lrrigation 
Operations by P. Strosser and C. ,Garces prepared for the December 1992 IlMl Internal 
Programme Review, and in a shorter version of the paper (titled Performance of the 
CRBC in the context of Crop-Based lrrigabon Operations by C. Garces and P. Strosser) 
that was discussed during the Crop-based Irrigation Operations Workshop organized 
in D.I.Khan in March 1993. (see Annex-I). 

Those particular documents concluded that the performance of the CRBC irrigation 
system ---from a crop-based irrigation operations perspective- was rather low. 
Although farmers were trying to manage their irrigation water in a crop-based mode, 
the performance of the system worsened as operations moved (or took place) at higher 
levels i.e. the distributaries and main canal, in that order. Physical, operational and 
managerial constraints, already discussed in previous chapters, led the operating 
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