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SYNOPSIS

The irrigation system performahce now a days generates considerable
interest in government agencies associated with Irrigatiori- development, funding
agency and the water users. The good management of water has alwa'ys been
recognized as an important components of successful irrigation over the World
Arrigation  water is- considered as prime limiting factor for crop production.
Necessity of integrated and scientific Management of irrigation to achieve optimum
utilization of created potential has now been fully realized.

In many large 'projebts, it is found that the potential created are not fully
utilized . Quite often many- irrigation projects has failed to meet the defined
objective. A _

This may be due to unscientific oberation, faulty Water_ distribution methods |
improper irrigation scheduling, poor Maintenance of canal network system , skew
socio-economic condition and mostly duet lack of farmers participation .

~ With the above consideration in mind, a case study has been under taken for
‘Mahakali Irrigation Project (stage-1) of Nepal . The performance study has been
under taken in the command area of the project to examine whether -
the project is serving its defined objective of not. _

The existing practice is to be studied from view points of water use
agricultural product_idn, water  supply and demand, joint management and socio-
economic aspects of farmers by making use of available data and ‘methods.

This study may provide the understanding of present status of fulfillment of.
the objéctive of the project as well as necessary improvement and modification

needed for optimal use of water resources .

Xii



CHAPTER - 1
INTRODUCTION

1.1 GENERAL

In recent years talk of irrigation system performance generates considerable
interes't in government agencies associated with irrigation developmenf, the funding
agency like World Bank and the users. The rising cost of irrigation development,
dissatisfaction with current level of performance and greater awareness of
environmental‘issues,'are mainly responsible for undertaking performance audits.
The shortfalls in performance can be cited at almost every level of irrigation
sector. At system level, there is disappointment in cropping intehsity, yields from
many irrigatéd areas. The economics of irrigated agriculture are such that many
farmers have not able to achieve a more prosperous and better quality of life. At
the level of water distribution, there are innumeréble references to ir;equity of
water distribution leading to major disparities between ‘head and tail areas, to
deficit water supply and loss of production in some locations or to excess wafcr
delivery and development of water .logging and salinity in others. Water supply at
given location are often poorly matched to crop needs, highly variable in both
timing and discharge and are, sometimes of increasing poor quality.

Good performance is not only a matter of high output but also one of
efficient use of available re;sources. It is possible to improve - the performance
through modern technology and better management. The -knowledge ~of existing
level of performance and Projections of performance levels in past improvement
phase is essential for suggesting improvements. Meaningful performance appraisal
is oniy witll' a clear undersfanding of how we define an irrigation system, its -
management .and objectives for which it has been created. The vastness of the
subject makes it incumbént to delineate the boundaries a]ong with anticipated
outputs and evaluate the échievements relating to project objectives so that
deficiencies may be rectified by necessary improvement in the infrastructure and

management requirements.



1.2 OBJECTIVE OF PERFORMANCE

The pevrformance of a management system can only be measured in terms of its
_object’ives. Irrigation schemes have multiple and some times conﬂ-icting objectives and
. perception about performance will vary depending upon the value attached to different
- goals by person or organization making the assessment. There are different aspects of
project performance, which may relate to ﬁnancial,{institutional, design construction and
operation of system. |

Th e water delivery to field by operating irrigation facilities is to supply water to
crops for sustained increase in agricultural productivity increased incomes in rural sector
and built up rural economic development, which will improve livehoods of rural people
and sustained socio-economic development for entire economy. Hence the ultimate
abjective of irrigation system development is of increasing agricultural productivity in

sustainable manner and ultimately improving the quality of life of water users.

1.3  OBJECTIVE AND SCOPE OF STUDY

The exploitation and utilization of water for irrigation require that there are
periodic evaluation of its utility and efficiency of use. Most of the expansion of irrigated
area has occurred through capital investment in infrastructure for capture, storage aﬁd
distribution of water and in the conversion of rainfed areas into irrigable land. -

There is need of not oniy basic information about the input and output of systém,
but also a framework within which this information can be processed and evaluated. This
framework has to be capable of allowing assessment of performance in individual
~ systems and permit compariéons with its define objective in the appraisal of project to
determine the initial investment and operational inputs.

The main components of project under study are :

(a) Improvement to existing irrigation and drainage system about 3,400 ha (net)
(b)  Extension of irrigation and drainage system by 3,200 to 6,600 ha (net)
() Construction of an interconnected inter connected net works of all weather public

roads and canal service roads.



(d)
(e)
o
(2)
(h)

(i)

M

(i)
(iii)

(iv)

~ Construction of building for engineering and agricultural activities and staff

quarters. '

Strengthening agricultural extension and training activities including construction
and operation of pilot demonstration-farm-cum-training centre.

Procurement of materials, equipment and vehicles for construction, survey and

laboratory activities and project O & M.

. Provision of technical services, including foreign and local consultants for project |

implementation and aerial photography and mapping,

Fellowship foe Nepali students to study civil, mechanical engineering and

agriculture and

Undertaking agricultural development activities in The Bhairawa-Lumbini
Ground water project over a Three year period. |

The above activities are carried out to achieve the following main
objectives on basis of which the performance evaluation of a irrigation system

will be done.

To increase the cropping pattern and coverage area i.e. cropping intensity in

command area.

* To increase the yield of crops and hence increase in production.

To reduce O & M cost by active participation of farmers with project authority for

suitable development of irrigation system.

The economic internal rate of return should be more than the forecasted at the

time of project formulation.

The purpose of perfdrmance evaluation studies is to identify the status. of

irrigation project in term of all activities, which contribute to wards improvement in

utilization and production productivity and examine their sensitivity to improvement in

utilization production productivity. The scope of study therefore, is to include analysis of

following giving due stress to items élfdspecial relevance to the project objectives taken
for study.

(1)

Water Resources Potential



(i)

(i)

(iv) |

)

The assessment of surface water and its availability at project site and its

* comparison with the project formulation.

Planning and Design

Critical evaluation of

(a)  Water availability in the system
(b)  Water utilization

(¢)  Losses in conveyance and distribution system
(d)  Cropping pattern
(¢)  The system.

Comparison above with existing system based on actual data and with project

formulation.

. Irrigation Potential

Irrigation achieved year wise and crop-wise and its comparison with that planned

and designed as original approved project appraisal. Reasons for change in
cropping pattern and distribution system. ' »
Irrigated Area

Compilation and analysis of

(a)  Data of delivery of water

(b)  Dataof area irriéation crop-wise, head middle and tail reaches.

(c)  Timeliness of availability.

(d)  Potential utilized V/S potential created, the gap in utilization and there of.

(e) - Rotational supply/contineous supply.

" Socio-Economic Aspects

It includes

(@)  Analysis/review of level of actual achie\/.ement in area irrigated production
and productivity.

(b)  Agricultural performance. .

This will include analyses of extension services to farmers, agricultural ihputs,

credit service, facilities and other infrastructure facilities such as farm roads

markets and communication.

Joint Irrigation Management.



(vii)

(viii)

The evaluation of joint irrigation management of irrigation'system includes.

(a) Operation and maintenance practices of irrigation system.

(b)  Review of organizational set-up of project.

(c)  Water Users Association and its active participation in water management.
(d)  Water charge and its recovery.

Benefit Cost Analysis of the Project :

It includes analysis of -

(a)  Original BC ratio and present BC ratio.

(b)  Assessment of internal rate of return,

Discussion, Conclusion and Recommendation :

- (a) Operational plan of the project based on the availability of water and

improved system.
(b) Systefn improvement.
(c)  Cropping pattern,
(d)  Organizational improvement if needed.
(¢)  Improvement on farm development works if needed.
3] Water charge rate.
(g)  Water charge recovery.
(h)  Improvement in operation and maintenance of the system by suitable

~ change in management.

(1) ~  Suggestions for further study and research for similar projects in future.



'CHAPTER -2

" SURVEY OF LITERATURE

2.1 GENERAL o |
) Performance evaluation of 1rr1gatron systems is very complex issue. The |
complexrty mcreases if the objectlve is not clearly defmed Meaningful performance
_ appralsal is possible only with a clear understanding of how we define an 1mgatlon
_ system, its management and objective for whlch it has been created. There are numerous
- -techhical paperspresented / worked out by different experts for performance of irrigation
| syst'em; o a ' . '

| 'An "indepth ‘critique of the objectiVe of irrigation is giyen in Small and Svenden j
(1990) who stated that goals were crucial to performance assessment and their clear

specrﬁcatrons and classification as to whether they were related to inputs, outputs or

efﬁcrency were needed. They conceptuahzed 1rr1gatron purposes within a nested means =

-and end framework in whlch a narrow purpose rs seen as a means of achieving some
spec1ﬁed end. In the hrerarchlcal order of objectlves the end of ﬁrst level of objective . ‘
becomes the means of next hlgher level of objectlve (Table 2. 1) At each level of -

assessment a whole system view is requrred because the constramts at different levels' '

\

mﬂuence the performance of other levels. ‘
| If we limit our drscussr_on to technical performance at the hydraullic ]evel of water
distribution system then the success of an irrigation system can be measured by how it ~
supplies, the required quantlty of water at the right time in an equrtable manner to users
| served by the system. _
~ The water dellvery system can have many objectlves but there is a broadt
»agl -eement that most of them can be included in adequacy, equrty and timeliness. In cases - |
where water quality is a problem, a fourth dimension of quality will have be added.
Water delivery management is not an end) in itself but it is a means of increasing
agricultural productivity in a sustainable manner and ultimately improving the quality of |

life. It is therefore necessary to establish linkage between the secondary or intermediate



"objectives and ultimate objectives. Abernethy (1987) has shown how all the objectives

can combined into a single objectives of productivity.

Table 2.1 : Irrigation Purpose as Nested Means and Ends

Level of End Means Ends
Proximate *| Operation of irrigation Supplying water to crops
: : facilities : ' ‘
Intermediate -1 Supply water to crops Sustained increase in
‘ ' | agricultural productivity
Intermediate -2 Sustained increase in ‘Increased incomes in rural
_ agricultural productivity | sector
Intermediate -3 Increased income in Rural economic
rural sector ' development
Ultimate Rural economic @) improved
development =~ - livehoods of rural
a people
(1)  Sustained social
economic’
development for
entire economy

Source :- Small and Svendsen (1990)

| We must also give careful consideration to the type of productivity that we are
going to use in making 6ur analysis . Productivity means production per unit of input. So
we may have a land productivity (tonnes/hectare), which is usually called yield; or we
may have a water productivity (kg of crop / m’® of water), which in the United States
" literature Jis usually called water use efficiency; in some circumstances labour
productivity will be a more important feature and so on. The land productivity tends to
receive the greatest emphasis in the literature, but in cases where management of water is
focus of concern, there is at least a prima facia case for saying that water may be the .
dominant constraint on output, and that water productivity ought to our primary criteria
for good performance. A way of resolving, the point is to ask whether in case any water
'so saved by good management, it can be put to alternative use, or whether it will simply
. be wasted. If there is not alternative demand for it, then water productivity is not an
| ‘important objeétive. B
Figure 2.1 (derived from Abernethy 1985,‘1986) illustrates the application of this

ideas. This is an observed history of water deliveries throughout one season to a land unit
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in Sri Lanka, where a rice was the sale crop. In the figure the crop water requirement

(inclusive of a seepage alloWance, and with deduction made for effective rainfall) is also

shown. From this we see that in the early and late stages of the season deliveries were in

excess of needs, where as in the middle of the season there was not enough water. If we
are in conditions where land productivity is the dominant criteria, then it is only the water

' deﬁcit period that need concern us: at other times the supply is clearly adequate for crop

needs. But if we are in conditions of overall water deficiency in this particular irrigation |

syste'm, or in this river basin generally that is, if any saved water can be used else where —

. then we must regard water productivity as an important fact of good management
performance. In that case we must equally be concerned with the wéter waste implied by
the period of over-supply.

Using this reasoning and the yield versus water deficit coefficients provided by
Doorenbos and Kassam, we find that particular water supply regime would give a
potential land productivity (yield) of 8 8.0 percent, that is to say, the yield will be 88.0%
of what could have been obtained under the same agricultural inputs and climatic
environments with a water supply perfectly matched with requirements. On the other-
hand, the same data gives us a potential water productivity, defined in parallel terms of
only. 66.8%. In general, we shall except to find that the potential productivity of water is -
substantially lesé than that of land, in the systems where total supplly is reasonal adequate,
which includes most of the south-east Asian rice systems; but water productivity
probably exceeds that of land in the water deficient systems, such a much of Pakistan.

' C.L. Abernethy extract-two salient numbers that indicate the overall effectiveness
of the water management arrangements, and their fairness among the many uses of
system facilities. These numbers are (1) median potential productivity, P 50, and
(2) Inter-quartile ratio of productivity Ip.

~ The use of the potential productivity parameter pso and Ip opens the way to
analyses of several key questions concerning irrigation management. Before considering
some of these, it is worth examining briefly what the parameters tell us, and what they do
not Pso is superior, as an indicator of irrigation performance, to irrigation efficiency,
because it reflects not just the amounts of water delivered, but also their relationship to

the requirements of crop production. It does, however, contain the effects of conveyance
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losses, which are one of principal constituents of irrigation eﬁicien,cy.' In a leaky system
adequacy deteriorates as we move down stream, and equity also deteriorates, so we see
these effects in lower Psy and higher Ip.

~ On the other hand, although Ps is designed to represent the effects of water
supply on output, it avoids the problems that arise if we attempt to adopt actual out-put as
‘a performance. The difficulties of doing that are well known, statistics of output are not
highly refiable, and there are too many other influence upon output (pests, discases,
prices, equipment etc) among which it is difficult toisolate the influence of a single one.
The use of potential productivity enables us to evade these difficulties.

Figure 2.2 illustrates one way in which we can use these concepts in diagnosis of
management defects in a system. Here the single-S shaped distribution curve of figure 2.2
is replaced by a family of five such curves, Fig 2.3 labeled Po to P4. Po. The extreme
case, represents the ideal; water productivity under optimally controlled considerations,
with uniform distribution of water, at times closely matched to crop need and with
comprehensive lining for seepage control.

In any real system, the actual set of physical facilities for water delivery and
control will be insufficient to enable us to manage water so perfectly. We have instead
some maximum attainable performance level, which depends upon the available set to -
canals, regulators etc. This represented by the curve Py, whose values can be determined
by use of a numerical model of the irrigation network. As system age, we éxpect the
curve P to be regressing to the.leﬂ, due to the deterioration o_f canals and structures.

| The curve P,, is the most difficult to determine at present, but it is useful to
include it here as part of conceptual framework. Given a particular set of facilities, we
cannot in practice operate them as perfectly as a mathematical model might assume, there
are many practical constraints, the numbers of staff, their hours of working, the distances
between structures and much else. These constraints will usually be reflected, more or
| less, in the operating rules that are supposed to guide field staff actions. So we can
conceive of the curve P as representing the potential productivity that could be achieved,
if we operate the available facilities in full accordance with the operating rules.
Below this again is P3, which is thé curve that we find from direct measurement of

the water distribution, as it actually occurs in the system. And below this again is Py,
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which represents no longer a potential productivity but the ‘actual crop prodUCtion
: obtarned in the ﬁeld as a proportlon of the theoretrcally avarlable output of the same
- crop(s) under the same levels of inputs and agncu\tural practrces but wrth perfect water 4
supply. ,

B _ The mtercepts between these curves indicate the’ mfluenees of the drfferent
aspects of management process. The area between Py and P, represents the total gap o
between crop potenttal and achrevement The dragram enable as to this “loss” mto four' ,
" components. The area P, — Py is attributable to the set of physrcal Tacilitiés; P = Py to the
constraints upon operatlonal rules P; - P3, to the execution of those rules in the field; and
P;-P4 to the water apphcatron activities of mdrvrdual farmers. Such mformatron can be

| ‘used dlagnostrcally, especrally in the case of projects that are candrdates for rehabrlrtatron _‘ |
“of work. At that stage it is of high 1mportance to dlstmgursh the major cause of defrcrent
o per formance in order that rehabilitation funds can be applred to greatest effect ’
D.H. Rust—Murry—Snellen state that an - generic process of performance'
assessment’ can not be soley, out-put orlented. To be sure, outputs are _mtegral to the
- assessment but 'they are used to determine opportunities for improvement within the

entire management cycle, not merely in raising the level of outputs as a smgle goal,

Fig:2. 4 presents a summary of the paths by which a diagnosis could be undertaken' T

by askmg 2 series “of questrons that help to 1dentrfy some of the causes of poor"A
performance possrble ways in which management performance could be rmproved are
1dent1ﬁed The dragnosrs falls mto two actrvrtres that requrre priority attentlon if
. performance is to be improved. |
At the outset, it is obvrous that elements of management control, the process by K
Wthh the -effectiveness of the various management functrons of planmng, orgamzmg' .
originating. and implementing is reviewed and adjusted relies on havmg goodl
information. If good data are not available, then there is no possrbrhty of makmg a

~ careful analysrs of the problem:

If, and only if the appropriate data are avallable it is posstble to undertaken a .

logical and analytical process of performance assessment. Personal experience at field -

" and system level suggest that many irrigation agenbi'es'do not keep good record of field-
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level conditions; indeed; most of the case studies are based on research activities |

specially designed to measure real life performance.

A fundamental characteristic of process summarized in Fig, 24 is "that -

|n|onnatron an output from the system |s ‘not used as the end result, but as the first step in

o 'assessmg, system management ‘There is no value Judgement mode of level of output, but

a clear analytrcal assessment made of whether the outputs are the same as those mtended '
during the planning process. Put as s1mply as possible; if the desired targets and
’- objectives were achieved, then the analysrs, of performance is concerned with whether the
targets and objectives were ambitious _enough, or whether they could have been
accomplrshed wrth greater efﬁcrency
" The deal level of performance can only be achreved when targets were achreved

objeet_rves vvere fulﬁlled, and there was an efficient use of available resources. If targets
and obje'ctives‘are met but resources us is not efﬁcient then performance can be, -
rmproved by 1nst1tutronal modrﬁcatlons that lead to better resource use. This can lead
either to a reductron in resource utrhzatron or a definition of a more ambmous set of
objectives to make use of spare resource capacrty _

As an example of the difficulties faced in undertaking performance assessment
studies it ls salutary to.recall that Yudelman (1985), a former director at the World
Bank’s Agrrculture and Rural Development programe, conﬂrm that the 1rrrgatron projects :
, otten defy planners expectations. _
| Yet, in the case of i mvestments in irrigation development there are organizations
that seem to be able to get away with unrealistic planning assumptrons; by the time the
- 'corrétruction of the irrigation system is completed, most of these organization’s own |

objectives are already achieved and therr direct mvolvement with the system comes to an ‘

* end. In other words, long-term performance is for less important than generating the next -

cycle of projects. -
In our perceptlon the above condrtrons present a senous constramt to achieving a
performance oriented i in rrngatron system management; if the expectatlons are perceived
as unrealrstrc by managers at the very outset, then there is little hkehhood that they will
make a serrous effort to achieve them. To do so requires a clear definition of what the .

organization really is, and who are the different customers whose interests are,
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presumably taken into account by managers within the agencies or organizations

responsible for irrigation.

2.2 SPECIFIC CASE STUDIES

These studies are not a full evaluation of performance at all levels of irrigation
s'ector.. It focuses on the issue of management of main system and, in particular on the
" allocation and distribution of water from source of system to the point where individuals
or farmer groups take over responsibility of these takes. The organization will be the
manaéers of main irrigation system, who are responsibility " of these takes. The
organization will be the managers of main irrigation system, who are responsible for
supplying irrigation water and perhaps other services to farmers, whom we consider as
their consumers. There are of course, also farmer-managed irrigation systems, in those
cases farmers are the managers of the main system and at the same time they are their
own customers. Planning and decisions on how to share water at system level are
- undertaken as a collective activity while individuals manage their share on their own

farm. ' ‘ K
. Several case studies of performance evaluation of irrigation system has been
carried out by different experts. These case studies demonstrate the importance of clearly
undefstandings what users themselves feel to be equitable before on assessment can be

-made of distribution and supply of water.

2?2.! Case Study 1-
* In case of six small systems in Nepal, studies carried by Rust-Murry and Sneller,
the stated equityu objective was an equal share of water per unit area of irrigable land.

The three systems in hills are Beretor, Bandarpa and Jamune and Terai are Tulsi,
Parwanipur and Laxmipur. It has been found that there is little variation in average water
dvailability between head and tail of the system. In the largest system (Parwénipur) thefe
was a slight but insignificant decline in the water availability index (WAI) from head to
tail of the system. In all other system no difference existed in terms of WAI between head
and téil of the system. The interquartile ratios for the nearest and farthest 25 percent of

sample plots are remarkably low.
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Fixed over flow designs provide little opportunity to manage reliability below the
head gate contrdlling flow into the canal. The'systems are highly dependent on the water
conditions upstream of the head gate. In the Nepal cases it is clear.that weekly RWS at
head of the system varies greatly (Fig. B-1(a) and (b)), so that in any week it is difficult
for farmers to predict how niuch waiter they vizill obtain. l_ .

Because adjustments can not be made to flows in canal system, farmers have to
either irrigate only a portion of their holding when water is in short supply or come to
sharing arrangements with neighbors. None of the studies provided information on -
tertiary level management arrangement in this regard. »

Adequacy in run-of river systems is dependent on river discharge. There is little
fariners can do if the river discharge falls below total demand for water, although excess
water can readily be passed down the river rather than being diverted into the system
where it is not needed. In Nepal systems there are efforts to regulate discharge intb the
system to accommodate changes in both water availability and demand. Calculation of
RWS at the intake into each system (Fig.B-1(a) and (b)) shows that supply and demand
are well adjusted at system level, with weekly averages being normally in the range of 1
to 2.0. In none of the system is RWS very high; suggestmg that over time the farmers
have learned to estimate how much land can be 1rr1gated with reasonable safety in a
~ normal year and do not diveit excess water into the canal.

Smaller systems in hills tend to have lower RWS vaiues, suggesting that farmers
are able to work together well to share scarce water supply. Although there is land
available for potential expansion of the'irrigated area the RWS levels suggest that farmeis
are unlikely to expand the total area for risk of water shortage in drier year.

Within the system, however adequacy shows a distinctly different pattern. The
variation of WAI between adjacent farms, is high, irrespective of whether the plots are
near to or far from head of the system. The inter quartile ratios for best 25% and worst
25% of sample plot were much higher than head-tail different.

Fig B-2(a) and (b) show that yieids in all Terai systems are‘closely co-related with
the actual value of WAT and it appears that there is potential for improving over all output
from the system, and of individuals farmers, if water at tertiary level is shared more

equally. In hills the same relationship is not found. It is not clear from the date presented
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whether WAl variations are due to unequal access to water or because ot differences in
soil-water - requtrements Increases in agrlcultural output wrll only come from -

" improvements to management: of agrtcultural mputs not from tmprovements in water

: dlstrlbutlon at system level.

22, 2 ~ Case Study 2 ‘
. Cipasir system in West Java (Indonesm) has a completely different deﬁmtlon, :

| 'of' equrty. Each‘farmer is entttled to a share of water that is based on the length of time. -
- The land hasbeen developed' farmers in upper end areas whose ancestors built the
original system are entltled to much water than those in newer addrtrons to the system
The water rights can only be determined by a detarled analysis of the size of proporttonal "
dtvrders and the diameter of bamboo plpes servmg each subsect|on of the system. This is
2 good example ofa system that does not prov1de equality but is strll seen as equrtabte by

| Water users. '
. The result of the system of shares in crparsrr system is that upper—end landowners
U are able to culttvate rice three times a year Farmer in mtddle area have sufficient shares
' for two.rice seasons and, if they wish, a third season of non-rice crops. Farmers in the
3 newer expansion areas can normally only cultivate.rice during the wet season, but may .

risk one non-rice crop in the dry season if they feel there is sufficient water available.

" 2.2.3"7 Case Study -3 F'\youm |rr|g'\t|on system in Egypt
V Aui effectlve desngn resultmg good umformrty of water dlstrrbutron is the Fayoum
- in Egypt. Measurements along the Bahr Seila subcommand of Bahr Wahby canal show |
| A' that apart from the head end section the water distribution is almost uniform The upper?
- 20% 1 recetves somewhat more than tts fair share for the sub-command (but no more than
 the average for the entire Fayoum) both because of post—constructlon changes to ftxed |
- structures and use of pumps from the canal that cannot be easrly controlled by rrngatlon '
agency. However, over the remaining 80% of the area water distribution is control]ed by |
ungated division structures more or: less i in proportion to the command area. Tatl end . 4

areas actually benefit. slightly more than the middle again partly as the result of
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modifications to division structures to allow more water to pass along the canal than was
originally intended. _
In Fayoun there is no intention to meet the total potential crop water demand.

Water nghts represent an allocatlon of a share of total water available; and is intended to

* be less than’ farmers mrght requrre to cultivate all their land under the most water

demandmg croppmg pattern Wlth water effectively rationed by the system demand,
adequacy is controlled by the farmer s cropping pattern chorce and is not mcluded in the
'system manager’s set out operatlonal objectives.

In this system, dlscharges 1nto each subsystem will be reliable as long as: A

drscharges 1nto the main canal are unrform

224 Case Study 4: Lower Chenab System (Pakistan) |
A In the secondaries mcluded in the lower chenab system sedrmentatron isa major '
problem. In canals that have not under gone periodic desilting the changed cross section
results in a fallure to meet target discharges into the off takes. In head ends, the increased
bed level means that the head upstream of orifices is higher than designed, even when
the target discharge into the secondary is achieyed‘ discharges through head-end ori.ﬁces.‘
are typrcally 150-200 percent of design. As long as the discharge into the secondary isat’

‘ desrgn level, it is mevrtable that tarl end it is inevitable that tail-end tertiaries will not -
“have sufficient water. In extreme cases no water reaches the tail of the secondary even '
though the drscharge at the head of the secondary .met the target |
The importance of mamtenance can be seen from srmllar measurement taken

followmg desilting. In one case ( khlkhl) discharges into tail end tertlarres were above

design following desrltlng of the top half of the canal. In second case (lager), where

maintenance inputs were more modest but focused on the most silted sections, tail end:v N

water conditions improved significantly even though they did not achieve target
"dlscharges Before desilting in lagar drstrlbutory, the IQR was 5.03 when discharges were

at or close to design, a hrghly mequ1table situation. Followmg desrltmg the IQR was |
reduced to 1. 24

" Much o_fthe variation in Lagar distributory fdllowing desilting appears to be the

result of differences between the intended size and elevation of each orifice and the actual = -
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situation in the field. The differences can be attributed to deliberate tempering of orifice
" dimensions by farmers as lwell'a,s to imprecision in the actual in installation of the oriﬁce.
“In a system of this nature \}ery precise installatiorl is required to ensure that the operating
' | head above the sill is the orifice, is as designed. | |
 Data from Lagar distributory demonstrate the effect of operation of canal of lower' :
- than recommended discharge. When operated at 100% of full supply drscharge (FSD) the
IQR was '5.03 when incoming discharge were at_'éo% the IQR rose to 44.15 because the |
- last 20% a cahal 'received'lno water at al, while the upper half of the outlets still feceive
| moré}than the designed‘ discharge In the worse case, when discharge were only 25% of
" FSD, no water passed the halfway pomt of the canal and no outlets received their des1gn
drscharge A | o
The 1mpact of mamtenance ‘can be seen on the relatlve IQR at dlfferent -
- drscharges Immediate after maintenance had been completed the IQR at 100 percent of
FSD was 1.24_ and only increase to 2.7 at 60 percent FSD. Fig B-4 and B-5 show the’

water distribution equity before and after desilting in lower Chenab canal systeni.'

.22.5- Case Study 5

Data from two similar distributaries in India (Mudki and Galewala) where

. sedrment is not a problem and where operatlonal factors do not seen to have srgmf' cant" -

mﬂuence, show much less variability between head and tail than was the case in Lagar,i '
With in IQR value of 1.98 at Mudld "‘and 135 at ‘Galewala The distribution of the
‘varlabrhty is not related to distance along the canal and agam appears to reﬂect =
: drfferences between desrgned and actual mstallatrons at the outlets ‘ ' ‘
- The 1-mpact of these operatlohal inputs on reliability at tertiary level can be seen 4
through an analysis of coefficient of monthly discharge into tertiary water course.
| . This is an enormous spatral variation m access to refiable canal supphes Ta1l end
farmers get not only less water but less rellable water deliveriés as well. The causes on
| this lake of reliability are the same as those for equity. Canals are poorly maintained’ S0
. that tail-end areas are deprived of water,‘ and there is weak management that permits

. discharge to be delivered far below the minlmurn stated in operational g_u’idelines.'-
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2.2.6 Case Study-—6 _

N.K.Tyagi principal scientist CSSRI Karnal, has conduéted performance
evaluation in the comfnand of Fetahebad Branch Canal (FBC) which take off from
Bhakra Main Branch (BMB) canal. Eight water courses in pairs of two (one lined and
other unlined) taking off from Gorakhpur and Khjurt distributaries in the head reach,
Adampur in the middle reach and Kutiyana and Sheronwalli in tail reé.ch were selected
for investigation. In addition, two watercourses on Fatehabad distributory in the tail reach
‘near Fatehabad were also chose. - |

 The performance indicators chose for evaluation were irrigation eﬂiciencies at
farm level and adequacy, equity and productivity at the water course level.

On-farm irrigation system performance, only hydraulic performance of field
irrigation was evaluéted. Graded borders are the most commonly used method of
applying water to crops. The test border were specified along the entire length of
Fatehabad Branch Canal, in the command of selected water course. In general three

borders on each watercourse with locations in head, middle and tail reaches were
selected. ,

Measurement taken were used for computing the efficiencies of water application,
storage distribution. The application efficiency in most case is quite high whereas the
storége efficiency is low. Because of higher unit stream size, water spreads quickly and
the irrigation is terminated before the required quantity has been diverted into the border.
The distribution uniformity is also poor (less than 60% in-majority of cases). Thus the
scope of improvement in design of water application practices exists. '

For water delivery performance of watercourses, water supply to five water
courses on different distributories was recorded. Delivery losses were measured along the
water curse to estimate the water reaching the head, middle and tail reaches of water
courses cropping pattern and irrigated area under different cropé were taken from the
~records of irrigation department. Using data on climate, soil, crop and irrigation
schedules, the daily values of evapotranspiration effective rainfall and irrigation
requirements and the crop yield during the season were determined. These outputs were
then used to coinpute equity, adequacy, relative water supply and water productivity of

the water course system in the head, middle and tail reaches.
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_ The conveyance losses at different points were measured to compute the water
being supplied to different farms and the equity as represented by Christians uhiformity
coefficient (Cu), coefficient of variance (Cy) modified interquartile ratio (IQR) and their
index (T) were computed. _ ,
The value of Cu ranges from 0.63 to 0.95 for different water courses with an
- average value of 0.8. If C, were chose as a measure of equity then value of equity are
-appdrently quite high, though there is a decrease in equity with increase in the size of
. watercourse. The distribution looks more.non-uniform: when one computes IQR which
| represénts the ratio of the average least favoured quarter. The IQR value at the lowest
discharge at 19.5 Ips is 1.35 and it increases to 2.58 at the highest discharge of 68 Ips
with an average value at 1.85. In other words the farms located in the head reaches of the
water courses were receiving nearly twice the water supply to the tail end farms.
Relative water supply of canal varied across the watercourses, season and reaches.
RWS value during summer season, when crop water requirements are partly met by
raihfail, were Higher by 8-12% as compared to the winter season. There was marked
variation in RWS along the watercourses with values at head exceeding those at tail by
25%. The average value at head of watercourses in winter season was 0.65 as against 0.5
in the tail reach. Such large differences obviously call for immediate remedial measures.
The productivity of water delivery was higher in the head reaches of all the water
course, the éverage value during summer being 0.61 in head reach as against 0.48 in tail
reach, The relative productivity potential‘is higher during winter season as compared to
summer season. This may be due to occurrence at rain during supply periods in summer
season. In such a cases, the supply is rendered surplus. Higher sensitivity of grown during
sﬁmmer to moisture stress could also be the reason for low water productivity. Important
difference in RWS and productivity is that in general water productivity values are lower
than RWS. It indicates that there is mismatch between supply and demand with reépect to
_ time,
The performance evaluation of water delivery using the currently _availablé
measures indicated that major shortcomings in the system are:-
| (1) Lack of volumetric equity due to non-compensation of time for water

lost in conveyance and larger size unit command areas.



(2) Temporal mismatch between supply and demand mainly due to
system capacity constraint which makes it difficult to meet peak
demand efficiently. Also fixed frequency schedule that is in vogue do
not necessarily match with the demand for water. )

These problems are amenable to solution with certain modifications in the .
existing system. Some of the suggested improvements are as fallow:- '
(1) Provision of optimum unit command size.
(2) Provision of variable warabandi time schedule from head to tail to
compensate for the conveyance losses. A
(3) Provision of auxiliary storage at watercourse level durmg peak
supply period for releasing the stored water during peak demand.

(4) Intra-seasonal change in water delivery schedule to provide'irrigatioh a

at more critical stages.

2.2.7 Case Study -7

Evaluation of water delivery system : some case studies from Haryana conducted

by N K. Tyagi and AR. Mlshra considered, the three important components of irrigation
system water delivery, water application and water disposal system. The horizontal

transi)ort system conveying and distributing water through main canal, branches;

distributories, minors and water courses is called water delivery system. The objective of

delivery system is to distribute water in a appropriate amount at time and place where it
can be .proﬁtably utilized for crop production. The operation of water delivery system is

governed by a set of rules known as water deli\)ery scheduling procedures.

- The major emphasis in the studies in this area has been on investigating problem
of water distribution in rotational water supply system, managerhent of inadequate supply
at farm level and effect on agricultural produétion. It has been established that the
delivery system is faced with several problems which come in the way of improved
management. o , '

There are various parameters and indicators for performance evaluation of

system. In present study adequacy and regularity were used to evaluate the performance
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of i 1rrrgatron system in the command of Adampur drstnbutory of Bhakra canal system and

.- Gohan distributory of Western Yamuna canal system

To calculate the adequacy the actual value of the water supply can be obtained

from water supply hydrograph prepared from the records rotation period and dlscharge :

- value maintained by’ canal department The requrred value of water supply can be S

. estimated from crop water requlrement for establrshed cropping pattern The procedure
» :. was based on method ngen by Doorenbos and Prum ' ‘
- Regularrty def ines the temporal ‘match between demand and supply It hoWever
do not mean that water has to be supphed at regular mterval of trme For crops, soil -
| proﬁle servers asa reservorr and this reservolr has to be replenrshed bel‘ore it depletes to s
a level to cause reduct1on in crop yreld If the requrred morsture is always present it |s‘
considered a high degree of regulanty The effect of 1rregular1ty on crop productron
Vvarres wrth stage of growth. ‘ ‘
| The determination of lrrlgatlon requnrement for attammg potentlal yreld is done

" the way 1t is descrlbed in adequacy If the management allows deﬁcrt as a matter ot‘ .

o "‘pohcy then the 1rr1gatlon requrrement should be worked out for that practlce It may be |

noted that for most of the month during the year the value of RWS is less than 1.0 in case

'_of Gahana as well as Adampur though in the month of July and August RWS exceeds 1. 0 g
" in case of Gahana with an average value of 0. 36 in Adampur (BCS) as compared to 28
Gahana (WYC) the former is better placed in respect of adequacy ln some months the
relatlve water supply was as low as 10 percent makmg ita hrgh tension system in wluch

equrtable dlstrrbutron of water is drfﬁcult to accomphsh In such area equrtable

distribution and efficient use of water warrants an elaborate delwery system with a B

number of controls at dlfferent levels and a' very high order of skill on the part of the :

- 1rr1gator o

# Based on cropping pattern and the area under drfferent crops demand
hydrographs are plotted For the sake of brevrty only average monthly value are taken
The area under supply and demand hydrograph were measured to compute the difference
and hence the irregularity i in water supply On annual basis the 1rregular|ty in Gahana and -
Adampur distributories were 58 and 34 percent respectlvely. If values of only rabi season

were considered, the regularity increased to 68.2 percent in _Gahana' and 40.7% in =
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- Adampur. Fig B-6(a) shows the irregularity in water delivery and Fig B-6(b) shows the
relative water supply in Gohana and Adampur distributaries,

The effect of irregularity on crop yield can be estimate_d if production function
with dated water input were available. Such production was available only for wheat crop
from Singh (1985). Using this production function, crop yield was calculated.

| The average losses of yield in twd distributaries were 53.7% (Gahana) and
24.96% (Adampur) respectively. In the both cases the impact of irregularity on yield loss
was in the range of 60 — 70% of irregularity. The study leads to following conditions :
- Both the Adampur (BCS) and the Gahana (WYC) distributaries are high tension

. system with low RWS,
- The degree of irregularity in Gahana was more than 50% as compared to about
© 30% of Adampur. _
- The yield reduction in case of wheat was of order of 60% of irregularity value.
- The regularity has shown improvement after lining of system in Adampur as well
| as in Gohana area.

2.2.8 Case Study - 8 : _
R.A.L. Brito, et.al., Brazil M.G. Bos DHU Netherlands in line with International

Commission on Irrigation and Drainage’s Research Program on Irrigation Performance
(RPIP); a research program was initiated in Brazil (RPIP — Brazil) in 1997, under the .
~ responsibility of EMBRAPA (Brazilian Agency of Agricultural Research) with the major
objective of developing a methodology to assess performance of irrigation scheme from a
global, or integrated perspective, in the sense to consider a number of performance
indicators within the analysis. These are parameters related to | water tariff- and
- distribution, crop return per unit of water, fee collection capacity in the schemes, t'c)"
‘mention a few. ICID working group in irrigation performance as tentatively suggested a
“minimum set” of performance indicators serve as starting point (Bos, 1997), but a
general agreement is still to be achieved.

© With the cope of RPIP; — Brazil, three irrigation schemes were selected as pilot
area, one of which is the Coelha irrigation system. Inspite of such restrictions, some data

exists that permit a preliminary appraisal of the project performance, in terms of a few
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indicators that have been quantified, thus allowing a first over view of the scheme
operation.

A preliminary assessment is attempt, based on parameters like irrigation area,
'watér and energy consumption, ;:ropping pattern and operation and maintenance costs.
From those values, some indicators were calculated. These are sustainability of irrigation
area, average water supply, water delivery ratio, overall consﬁmption ratio, average
energy cqnsumption and demand per hector irrigation.

- The project was originally conceived to irrigate a total of 15000 ha, for which
goal a feasibility study was previously done and investments were made. Therefore, in
order to justify the cost of project in term of original proposed, it should effectively
maintain that full area in operation, otherwise the predicted goals number of users to be
settled, physical production and economic return will not be match and, as a
consequence, as shown in Table A-3, the indicator stated as a ratio in" 1989, when the
scheme was still under going implementation, and reached a value of 0.98 (nearly 1.0) in
1997, thus attained full operation. The expectation, from now on, is that this value

" should keep round the same.

Water requirement at Nilo Coelho is désigned on the basis of a unit reference
value of 3.6 m’/h per ha and irrigation is done during day water supply, in terms of
volume per ha gives an irrigation on how much water is being used to produce a hector of
crop. The Table A-3 show an overall decrease, from 16650 m*/ha in 1989, to roughly
7600 "fn3/hav in 1997. In general terms, an average of 76000 m*/ha for a large area may be
considered quite satisfactory. The reasons that can explain this gradual change in Nilo
Coelho are a combination of a shift in cropping pattern from traditional grain and food

- crops to “cash crops”, like fruits; a gradual change from hand move sprinkler irrigation to
' localized system (micro — sprinkler and drip) and an improvement in water management
by the irrigation, due to again “know how” by the farmers, with the help of technical
assistant by district.
The scheme management lays out plan to deliver a certain .amount of water,
based on the irrigation area to be attended, the crop requirements to be matched and
- expected losses in the delivery network. After the water h‘as been supplied, this indicator

will provide information on how the actual results matched the intentions. The indicator
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vvas obtained byrelating the volur_ne that was actually dellvered to the volume stored for
' lrngatlon | | - ‘ |
‘  From table ‘A-3, it becomes evident that the predicted storage matched qurte well -

the amount delivered, expect for 1998, when the ratio was 0.72, meamng that the supply
~ was, about 28%. shot than expected Durmg the rest of the perlod water dellvery ratio -

" stayed between 0.89-and 1.05 which are quite satisfactory.

The water supplied should adequately match the crops need in the scheme The‘ -

figure from Table A-3 the over all consumption ratios for each year, varymg from 0.63,
in 1989 to 1.32 in 1997. The value for 1991 (1.18), 1993 (1.25), 1994 (1.17) and 1997
~ (1.32) indicate a deficit in water supply , where as for 1989 (0.63), 1990 (0.83) and 1992
(0.77), an excess in water supply 1s pointed out desirable value would be near 1.0 such as
the case for 1995 I |

Energy consumptron value in Table A-3 show the values of energy consumptlons
in kwh/m , for stored and supplied water. The water stored value varies from 0.37 to 0. 30
khw/m® and supplied water from 0.5 10 0.3 kwh/m’. This observation reveals the mter-A :
dependence among mdrcators and their trend to, converge when intended goals of the
‘schemes are met. That should be rationale behind performance indicators. |

Energy. demand is the power requrred (in kW) to operate the pumping statlon Ny
Energy demand per hector lrrrgated (kW/ha) vary from 42.49 to 13.37, from 1989 to -
_ 1990 In the case of Nilo Coelha, pumps were first operated manually and only during the _

day. Improvements were obtained by gradual mstallatron of automatic pumping deyices -

associated with 24 hour operatron The indicator shows a more rational use of energy as .

the irrigated area approaches its orlgmal goal. Since electric power bills are composed by .
'demand and consumption, this wrll have a posmve benefit in decreasmg expenses with
energy for the pI‘O_]eCt | ‘

Water, as the main input for irrigated productlon has not been charged for that is,

there is not a prrce for water. An in direct cost of water is calculated that has three :

composmg actors
()  the infrastructure amortlzatlon kl, charged by CODEVASF _
(b) Opera_tron and maintenance called fixed cost, resulting from expenses required to

E operate_the irrigation district.
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_ (c)‘ . The energy costs to be pard to power company

Table A-3 present import help farmers understandmg how much the water
represents in thelr cost composrtlon for each croppmg pattern and therefore sefve as a :
gurde for planmng From the presently avarlable data and values obtamed from the
mdlcators Nilo, Coelho scheme appear to ‘be performmg in a satrsfactory level as -

) compared to other schemes in Brazil.

', 229 C'\se Study 9 _ »
_ Study of performance of 1rr1gatron system in respect of equrty, relrabrhty and

avarlabrlrty of water by P.S. Kundu Agncultural Fmance Corporatlon Ltd Bombay is

: carrled out

This is based on “Evaluatron and lnterventron Studles in Tawa lrngatlon PrOJect '

' conducted by P. S Kundu as a team leader jointly funded by the Ford Foundatron New B :

R 'Dellu and Agrrcultural Fmance Corporation Ltd. Bombay (1986) This study was camed.» :
out durmg a perrod of 2 years in 2 consecutive rab1 tmgatron seasons (October to March)
‘of 1983-84 and 1984-85. o ‘

The command area of Tawa Irrrgatron Pro;ect was divided into three zones from :

" the consideration of a gro-chmatlc conditions, soil characteristics and physical features. .

Zone B was Selected for the "study ‘Three minors in the head middle and tail reaches in VV R

. command areas of each of the above 2 distributories i.e. 6 minors were selected Three

outlets in head middle and tail reaches in the command areas at each of 6 minors were - g

o selected One drrect outlet from Hoshangabad dlstrrbutary were also selected In all 20

'outlets were selected for the studies.

The dataon deSIgn discharge, length full supply depth, velocrty, bed ‘slope, at the R

“off- take pomts of Hoshangabad and Rargarh distributaries and 6 selected minors namely,

" Sankheda, Rasuha Randhal Nrrkht Bisoni and Richi minors were collected from |

o .concerned Executwe Engmeer of Tawa LP. The actual average daily discharges at the -

oft- take points of both Hoshangabad and Raigarh distributaries for both rabi rmg,atton -

seasons were collected from the records of concerned irrigation officials. The dally:‘h

readmg of ﬂow levels at off-taken points of 6 minors were taken by casual mvestrgators

eng,aged and tramed for the purpose

27



The discharges through 20 selected pipe outlets were measured by the casual
investigators engaged and trained for the purpose daily at 2 hourly interval. Parshall
flumes were installed just below outlets whenever possible, to measure the discharge
from .outlets. , . ' _ _

Actual areas irrigafed, by each 20 outlets were measured during both the‘irrigation '
season. The design discharge and C.C.A. of each 20 outlets were collected frprh irfigation
officials of the project. |

The design discharges, monthly maximum and minimum discharges of
Hoshangabad and Raigarh distributaries for both the irrigation season are given. From
the data on status of flow levels in minors, the numbers of days in month under full, %th
full, 172" to %™ full, 4 to Y™ full and less than 1/4" full was computed and analysed
during both the irrigation seasons. It was observed during the study period that the
selected distributaries were never operated at full design capacity except for 2 days in
November 1984 in respect of Hoshangabad distributory. During peak demands of water
requirements of crops, thedistributory was operated below 65.7 percent capacity and
below 76.5% capacity irrespective years.

' It was observed that Raigarh distributory was always operated.less than 71% of
design discharge.

None of the 20 outlets was operated at full capacity throughout the entire
irrigation seasons. Their daily average maximum discharge were below 70% of design
' discha_rge ranging 47% to 68% of design capacity. _

The equity of water delivery performance minor giving plot to plot variations in
term of numbex; of watering to a plot in relation to total number of ifrigated plots.

There was no reliability of water as variation in fluctuations of discﬁarge was
random. Water Slipply was not reliable in distributories and minors even during peak
demand of water requirement of crops. Availability of water from distributaries, minor
and outlet was significantly below the design capaciiy during most part of the irrigation
season.

The water distribution was not equitable in command areas eigher from one ared
to other or from plot to plot in the same area during both irrigation seasons dndeg study. It

has also be observed from the data on discharge and flow levels in 2 distributaries and 6
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allowing 15 minutes between users to assure that each receives all the water he had paid
for.

In stage II units, the process is complicated by the need to get an irrigation
partner. If a partner in another loop can be found for all or-part of the same time, the
charge per unit of time to each is lowered. In these units, the pump is riot turned off after

} each usage. The farmer goes to his field and opens his outlet at the appointed time. When
. he finishes his turns, he closes his outlet and walks up to the pump house to report that he
" has closed it. His appearance at the pump house is accepted as proof that he did indeed
dpen and close his outlet as agreed Walking time between pump house and field i 1s‘ :
| deducted to determine the time the outlet was closed

In April 1994, WUGS were charging thelr members between NRS 30 and NR 60
per hours of pump operation, in addition to the per ha charge. Some WUCs have decided
to charge members a percentage above the sum calculated to cover electricity costs, in
order to build up a fund for future repairs or other activities. Some WUGSs are taking

B advantage of the 3% discount Gffered by NEA for early payment of the electricity bill. |

Farmers are very cost conscious. They are using the pump much less them before

Preliminary figures indicate that less than 50% of project consumptions but 18 months
constitute too short a period in which to base conclusions. Much depends on the amount
of rainfall, as well as on the natural caution of users unaccustomed to out-of-pocket
expenditures. As they becolne more accustomed to paying and a they begin to observe
the relationship between the volume of water and their yields, they may well increase
their expenditure on water. In the meantime, they are pleased to find their costs lower
than forecasted. o

WUGS are insisting on conjunctive use where other sources exist, the WUGs are
insisting that surface water systems be integrated with groundwater distribution scheme.i N

A clear benefit to the farmers has been the greater responsiveness of POs
Preyiously, the POs were government employees some of these used to lock the pump-
house at the end of their shift, leaving farmers literally high and dry. As the farmers now
pay the PO’s salary and.as he is usually a resident of the village and occasionally the son

of one of the users, he is clearly sensitive to the needs of the users and is accountable to

them.
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~ minors under study that there was no equrty in drstrrbutlon of water from one drstrtbutary K
to another and from one minor to, another as Hoshangabad drstnbutary recelved hlgher .
percentage of design drscharge as compared to that received by Rargarh dtstnbutory

The performance of irrigation system in term of equity, rehabrhty and avarlabrhty

in dlstrlbutron of water was - not sattsfactory Farmers also complamed about. non-

) avarlabrlrty of water m time; non- equrtable distribution and unrelrable supply of water.
It is recommended that o ‘

(l) The entire distribution system starting from the canal to outlet as also end of water’
. course and field channel should be modermsed

(i) . Water supply as pre-determmed schedule of water appllcatron in the field plots '

and outlets based on demand.

7. (iii) | Equitable_distribution'of water by suitable method. e o

2. 2 10 C‘tse Study 10 N ‘ .
Manual Olin in hrs paper “Transfer of management to water users in stage — 1 and
. stage II of Bharrawa Lumbml Ground Water Irrigation Pro;ect in Nepal”, presented in
k 1997 semmar of IIMI states that the take -over process is well established and idea of '
| managmg the deep tubewell no longer frrghten the farmers. The take-over endeavor has |
been a very mtensrve affarr ‘There was never a full moment of the 80 DTWS originally .‘
: scheduled for take-over, 69 are now fully managed by their members They. are all o
paying their electricity bill and in several the salanes of their pump operators (P. O) as

- well. Of the remarnmg DTWS very intensive actrvrty is in progress to recover and to put

"~ thern on track Five WUGs are soon to start paying for M and R. The remammg 22" S

DTWS in stage II are well prepared to ‘take over their DTWs as soon as they become
operatlonal The experrences of stage 1 and of stage I phase I will not be repeated there.

V WUGs are showing a great deal of caution. Farmers are requtred to pay in
" advance for water requested in most of cases. The pre-payment. process is time —

consummg The farmer goes to the treasure and pays for the amount of trme that he wants

to irrigate. He receives a chit which he brings to the P.O. The latter assrgns hrm a turn T

and the exact time. In some stage I units, the pump is turned on and off for each users,
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WUGs are ignoring rules of good operating practice. They turn the pump offs
after every delivery; in stage 1I, they do not observe sirﬁultaneou‘s. distribution along all
loops. These practices are hard on pump, wasteful of water and costly. The AOs are
trying to make them aware of these problems and to organized the distribution

differently.

Farmer interest in the working of their WUG appears to more active. Attendance
in meeting is generally higher than what was reported in the socio-economic survéy.
. lgnoring meeting of .thAe Exe_cuti\}e Com-mittee alone, attendance has exceeded 50% of the
memb’ership in virtually all WUGs, in at least one of the last three meeting,.

"The management‘ transfer is an interaction among many grqﬁps and within many
'groﬁps. It is not limited to WUG and P.A in case of BLGP, the various participants were - |
the WUGs individ_ually and as a group, the project management.as a policy — maker, the
goverment as provider of budgets, the World Bank the NEA, the contractors and the
employee of the P.A. The number of possible action and interactions among this long list
indicétes the potential for complications in take-over process. |

In BLGWP, the farmers were not inclined to anticipate problems and to resolve
" them in advance. They faced the problems that confronted them, but were not willing to
E deal with those that just go away. Farmers were willing to test the limits. They waited till
their power was cut and till the meter was removed. They withheld labour until they .

realized that the work would not be done for them by the contractor.

The farmer underestimate their own ability to handle new task and were fearful of 7

untaking them. They also feared that the costs would be beyond their abilities. The AOs
spent much time and effort to show them that none of this was beyond them.

The WUGs needed a lot of support at every stage of process. In a number of
‘'WUGs, they had to helped with simple things like issuing a receipt, calculating cost share
or preparing a list of members so that it could easily be seen who had paid and who had'
not. |

Following recommendation are made :

- " In planning process, the list of potential actors must be identified, their likely

" reactions recognised and consideration given to these in the plan.
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- Firmness is extremely but it must be mixed with a touch of reasonableness and
- fairness. | ‘ _ , ‘
- Frankness and honesty in informing the farmers, what to except in tefms of costs
_and responsrbrlltles were very lmportant
. -... Where labour is to be- contnbuted by farmers it must be m complete self- ;
| | contamed package. ' ' ,
- . The WUGs need help in admmrstermg their ﬁnances in schedulmg rmgatron and

- recording water use by farmers in their drfferent plots or schedulmg pump -

| ,operatron without frequent stops and starts.
- | The prOJect authorrty must be ready to accept some adversrty
- | The major calculation from the take-over exercise is that the need for take-over
should be avoided in tune. Farmers should be involved in design and development' |
from ontset and at no time shonvld,:they be allowed to believe that they will be
.~ given hand outs. _ ' | | ‘
The BLGWP belreves in the speed for orgamzatronal support to WUGs after take-

over. Support will be offered by only a given fixed time. Twelve_months of support is -
estimated to be _sufﬁcient.

2.3 CONCLUSIONS AND RECOMMENDATIONS OF CASE STUDIES -
- After revrew of case studles followmg conclusions are drawn L
@) - Lack of evidence of an effectrve performance assessment frame work : .
~ None of the case studres contamed any evtdence of an effective assessment
framework whrch would help managers to improve.over the Ievels of performance. That
does not mean to say that none of the systems have such a frameWOrk;_ it might be there,;
but is unreported. ‘ | | |
Further most of the case studles are reports of specrﬁc research activities that were
" themselves mstrumental in collectmg data presented except Nilo Coehlo of Brazil. This
~ indicates that the operating personnel and managers do not have: access to data of
' sut‘f’rcrent quantity or reliability to assess performance and diagnose ways of i rmprovmg, it.
'Which of these two conditions needs to be addressed ﬁrst if performance is to be’ ‘
: ,1mp1 oved is drfﬁcult to determme data collectlon program wrthout a frame work appear .
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doomed to die through lack of relevance : a frame work is of little value unless there are .
good data to be used.

(ii) Lack of Clearly Stated Objectlves

| Most of the case studies did not identify the objectives for which the system were
being managed. This reflects in part the lack of a framework that stresses the importance
of having clearly stated objectives, but it is also because outsiders impose their own
understanding of what the objectives ought to be on the system being studies.

This -highligh’ts*a particular dilemma for observers attempting to make judgements

~ about performance The most commonly cited-objectives, including many of those used
in t thls study, are more global in nature : equity, relrablllty, and adequacy are all seen to
some extent an universal to the evaluation of water delivery performance System
managers may have an entirely different set of local objectives. Unfortunately, if they are
‘not clearly expressed, they will be ignored in external assessment, and a different set of
objectives used in any evaluation of the level of performance aotually achieved.

The combination of the lack of an effective performance assessment framework N
a.nd a set of relatrvely short-term research oriented case studies means that there is little
information on the long term trends of performance in any of the system studies. Short-
term studies give little opportunity to see if performance is improving or declin_ing, and
the lack of long term performance indicators in the assessment process means that -
: adv‘_e’rse and even irreversible changes are simply not being monitored. o
(iii) Target and Objectives Mismatches

‘ln the majority of 'oase studies some short fall is reported eighter in achieving
targets, in fulfilling objectives or in both. It is obvious that without accurate data such |
shortfalls are inevitable, but it may be precisely because of adverse institutional pressures -
| . _tnan system operators do not wish to report bad news.

It is essential to check whether appropriate data exists or not. Data collection be
. undertaken openly and objectively if realistic assessment of performance is to take place.
The fact that shortfalls in meeting targets or objectives are reported should not initially be
any cause for alarm or discrimination. It is when those shortfalls are viewed as persistent

that evaluation must become more critical.
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~ Assuming data exist and this is-not the situation in all the case studtes, then the -
diagnosis—' can proceed to assessing whether the defined targets, if met, would actually'
meet the objectlves |
. It is obvious that there is little concern with better matchmg the ‘system level
objectrves with operatlonal targets At this stage of the diagnosis it may not be possrble to
a say which should be modrﬂed in the future but it is clear that the system is mherently out

of synchrony and this can only perpetuate the situation where performance is lower than
that it could be '

T here is some evrdence to suggest that operational targets are mstrtutlonahzed
and remain static even if external of system-level objectives change. Such ngldlty is the
hall mark of bureaucratically administered systems rather then of performance — oriented

management systems,

‘The worst case, and regrettably the one that seems to typrcally most of the case i
~ studies is that nerther objectives or targets were met to any great degree of precision. It
- may be that in most cases the managers are neither “doing things right” or “doing the

rig‘ht thing”. This does not mean to say the system are catastrophes but it does mean that -

there is tremendous potential to rmprove performance

(iv): Assessment of Operational Performance: ,
| | A management oriented approach does not rule out the need under some
crrcumferences eigher to make physrcal changes i in the system design or to mcrease the
level of financial and human resources. What it does do, however, is to view these

‘measures as necessary only when existing resources have been used to their full capacity. -

By improving objectives, impfementat_ion and monitoring through involvement of both '

~agency staff and farmers, significant performance improvement resulted. |
The case studies appear to suggest very st_rongly that management improv'ements‘,‘
particularly the management of maintenance, are essential in improving overall water
. delivery performance. More comple;; technological 'solutions'are' less likely to be
effective if the capacity to maintain simple infrastructure is inadequate. - o '
Assessment of operational performance is in large measure a site specific a‘ctivity' )
- What is being assessed, is the degree of achievement of specific hydraulrc and other

targets and their capacity to meet the system — specific objectlves

f34

i



. The prrmary motrvatron ofa manager wrll be to mcrease performance in absolute'
- terms for that system, based on a time series view of actually achieved performance A 1

; good example would be lmprovement of equrty of water distribution if this is a system

objectrve and the manager consrstently rmproves the achieved level of equrty this is good .

: fperformance rrrespectwe of the srtuatron encountered in any other system ,

. (v) . Assessment of Performance Between Systems

PR (1 more. dlfﬁcult and perhaps impossible to make many deﬁmte conclusron o

',about the relative performance of dlfferent systems. Nevertheless, the “overall
.envrronment in which an individual system is bemg operated must be taken into account 4
when decisions have to be made in respect of where to invest for rmproved performance
in future | '
The case. studres are  too diverse in both physrcal desrgn and managerral
: environment to mdeﬁmte Nevertheless, in respect of certain objectwes that concern
decision makers at levels hrgher than the individual system, the equrty, rehablhty and
adequacy can be made based on the avarlable evrdence
- Followmg recommendatron were made for i |mprovmg performance
| (i) - - Objective Settmg ‘ _
- A fundamental component of a managed orgamzatron is that there is a process" '
that sets objectives, determines who is responsrble for achrevmg them and makes sure
that al‘l member of management team are fully aware of and committed to achieving these’
'objectlves Objectlves must be. srmple and clearly expressed, and the responsrbllltles for '
- achrevmg them clearly defined. - ' ' |
_ The case studies show that high performance is only obtamed in the systems
‘"~ where there are clearly.stated, simple objectrves for water allocation and delivery. 1n_ ,
: most ”of the case studies th‘e objectives are unclear, let alone the Op_erational rule. Thus,
there is little or no opportunity for stabilization of management inputs. |
~ System level objective‘s must be based eigher on past experience from that'
- system, or from systems facing similar desrgn and management conditions, rather than on

assumptions about what ought to be achieved in more generic terms.
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Performance of irrigation, managers must initially be used on their fulﬁllment of

' specrﬁed set of objectlves At the same time, there must be parallel process of evaluation
and review of the impact of current management actions, '
Objectrves must reflect the needs of all partrcrpants": policy makers, planners,
Vmanagers and users, rather than only one or two groups. L ' |
One way of improving performance is by strengthemng farmer partlclpatron in
the annual or seasonal plannmg process and developmg operatronal plans and targets.
Performance assessment requrres an evaluation not just of output but of the settmg of

,objectrves and of the management of available resources in atternptmg of ﬁllflll those -

_ objectrves ‘

(i) Operatlonal Management o A _
L Once objectrves have been clearly deﬁned the rest task i1s to transform these mto R
clear quantitative operational targets that are required of each individual wrthm the -
,hrerarchy. Operatlonahsatron clearly.includes both the structure of the decrslon-makmg'
»process and the dec1s1ons themselves. At is therefore the dual task of managing the
| physrcal resources and mdlvrdual within the system.

Each objectrve has to be transferred into a set of operatronal targets that match the

, responsrblhtles of each partlcrpant in the management process.”
It is unreahstrc to expect managers at system level to develop or modrfy

operatlonal targets umlaterally that wrll meet objectlves developed in the extemal'

environment.
Targets must be quantrfred to facrhtate momtormg and - a set at - standards‘
i developed to enable evaluation to be undertaken '
(iii) - Inl'ormatron feedback and management control
Management system mclude mechanisms: These assess whether targets are bemg 3
~ met, ensure that individuals are domg what they are supposed to do and provrde feed :
bacl\ into the next phase of planmng and objective settmg ‘Although control rs an:
essentral condmon for management it is often weak or missing,
Wlthout good and accurate information there can ‘be.no progress towards
- performance orrented management Management cannot operate as a black box when ‘

- either the mternal or external env1ronmental condmons are changmg Itis essentral that
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managers understand how to achieve partlcular targets under one set of condltlons so that
they can make approprlate operattonal ‘change when other conditions change If
operatlons are based only on the assessment of outputs then a long-term managenal of .
strategy does not result. - | '
The command tendency to report that targets have been achleved when in real 1ty. _
A they have not 1s completely alien to the concept of performance onented management |
| : lnformatron on the Ievels of target achlevement and the consequence for :
. a agrrcultural output must be dlrectly mtegrated into the management structure

(iv) . Instrtutlonal and other management condmons B |

All the best management advice in the world wrll have llttle or no 1mpact if the‘l o

orgamzatron is not wrllmg ‘to adopt performance ‘oriented management techmques

Performance orrented management requires a set of incentives and commensurate |

- accountabllrty throughout the management structure. -

~The case studies suggest however, that the decrsron making ‘process is largely' N

static at system level because there are few rewards for 1mproved performance and little
_accountablhty for failing to achreve a predetermmed set of targets Under ‘these
: condmons the process of setting targets and them evaluatmg performance based on a

. assessment of the degree of achlevement of those targets becomes on abstraction.

Evaluatxon of performance in respect of each objectlve requrres an exphctt R

»statement of who is, and who is not, responsrble for attendmg that objectlves Failure to -
‘clearly defined responsrbllrtles for achlevmg objectives appears to lead almost mevrtably ‘
to lower levels of performance. - ‘_ |

In systems where there ‘are more than one group of pamcrpants then the

deﬁmtlon of specrﬁc responsxbllltles is essential: the term “Jomt management ‘might bei '

'.better expressed as co-ordinated. management. Plannmg can be undertaken Jomtly, w1th o ‘

drfferent groups expressing their destres and their constramts but a necessary out come
' :of thls process is - that each group knows where it has full responsibility for ’.
implementation to achieve certain objectives is not a satisfactory condition if there is no-
parallel system of joint accountability or joint beneﬁt.- : |

- Accountability requires that there be specrﬁed targets or contracts of points at

transfer of management respon51b1hty which enable al] partres to determine whether the
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agreed level of service has actually been achieved and to assess causes of failures to meet
the terms of contract.

A management approach should not, of course be uséd as an excuse to tolerate
repeated failures indefinitely it has to incorporate learning as a process which will
improve performance. The case studies suggest that the same errors are made repeatedly -
because the organizations involved cover up internally and blame other participant‘s in

management process.
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CHPATER-3
THE PROJECT (ACASE STUDY)

3.1. GENERAL

Mahakali Irrigation Project is located in farwestern development region of Nepal on
the left Eank of Mahakali River in Kancﬁanpur district of Mahakali zone. The prbjéét 1area
| is being developed in three stage: stage 1 (48 00", ha), stage Il (6,800 ha) and stage III
(2800ha, initially proposed 11,600 ha), stage I of ihe project was implemented in 1980 to
1987 and stage 11 started in 1990 and now they are in operation stafus. Stage 111 project is
going to have its féasibility study. World Bank (IDA credit) financed both stage I and stage
II project Sfage I area falls under newly cleared forestland while most- of the stage 11 area

falls under old flood plain of Mahakali River. The Mahakali irrigation projeét of stage I is

under study.

3.2 LOCATION

Mahakali Irrigation Project is located in Kanchanpur district, the western most terai
district of Nepal. The project area is boundeld by the East-West Highway in North, lnao- '
Nepal boarder in South, Mahakali River in the west and Royal Shuk]a Phanta reserve Wild
life forest in thé east. The diétrig:t head quarter, Mahendranagar is adjacent to the project
area, which is linked through East West National Highway with other bart of country. A |

grass airstrip at Mahendrangar is also served by Royal Nepal Airlines weekly Figure 3.1

and 3.2 jshow the location and general plan of project area.
3.3 TOPOGRAPHY AND SOIL
Topographically, the project area bears typical characteristics of terai plain of
-Nepal. It is generally flat and slopes gently from north to south with an average land slope
of about 3%. The north part of project area is connected with foot hill area of Siwalik rangé

and has rolling topography. The rivers in this area are deeply incised. Flatter lands are
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encountered as one moves from north to south where rivers are shallow and spill over their
bamlks causing inundation.

Soils in the project area are of alluvial and fall in to two main types
() Yellowish and grey brown soil coarse to moderately coarse texture and well drained.
(ii) Deep alluvial soil consisting mainly medium to moderate fine textured clay to silty

loams, less permeable and poorly drained.

Over 95% of the area has been classified by USBR standards as c;lass I and class 11
for irrigation Type () éoils are suitable for irrigated farming of mainly upland crops such as
wheat cotton maize and pulses because of thetr coarser structure and higher permeability.
while type (ii) soil with proper drainage are suitable for both irrigated paddy and upland
crops.

In general, the soil in the project area has good drainage capacity and therefore
posses no problem for water logging and salinity. However some area laying on the
sopthern part near Indo-Nepal boarder suffers form frequent inundatiqn from over baﬁk
spillage of drained streams during monsoon where as the remaining area is well drained by
a good network of natural and artificial surface drainage.

- 34 CLIMATE

The project area has humid-tropical monsoon’ type of climate. The annual rainfall
with SO% probability of occurrence is 1751 mm and that of 80% probability is 1422mm.
The class A pan evaporation is estimated to be about 1,9 15 m. The mean monthlyvhumidity
attains a maximum of 79% during July and August and a minimum of 37% during May.
‘The maximum monthly temperature goes as high as 38.2° C in May and minimum as low as
7.3% in January. The maximum daily temperature occasionally exceeds 42°c in the month
. of April and May. The minimum daily témperature touches as low as 6° C in month of
DecemBer and January. Climatic data are presented in Appendix table A-6.
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3.5 WATER RESOURCES
3.5.1 Surface water

The source of water sup;;ly for the project area is the Mahakali River which has
monthly flows ranging f‘ro.m' 130 m'/sec in May upto 11,000 m*/sec in wet season.
Sediment concéntration are high during monsoon period when mean monthly qoncentration
of over '1,000 ppm are usual and slome times exceed 4,000 pp m. Daily values may be as
high as 16,000 pp m. The Chaudhar River bordering, the project area on the east calrri‘es
considerable flashy flood in monsoon but its base flow is the dry season is a only bout 1.0
m’/s. Thé four major drainage channels, crossing the main canal, carry ﬂaéh ﬂood‘s in
monsoon but are dry during the winter season.

The project is formulated on the bilateral treaty between Nepal and India in 1920 -
regarding the share of Ma"hakali' (Sarda) Riyer  water. This agreement stipulates the
following rights of Nepal:-

(@) F rom May 15 to October 15 a supply of 460 cusses (13.0 m*/s) and provided a
surplus in available, a supply upto 1000 cusses (28.3 m*/s) and

(b)  From October 15 to May 15, a 'supbly of 150 cusses (4.25 m*/sec). The agreement

| further stipulates that from October 15 to May 15 supply canal to Nepal would be |
alternatively closed and opened for 10 days at a time and then the canal could run at

300 cusses. (8.5 m’/s) capacity whenever canal is open. These sﬁpulated quantities

are only minor portions of the flows in the Mahakali River, and India would have no

cﬁfﬁcu]ties in providing these flows.
3.5.2 dl‘Olllld water
. The ground water potential of Kanchahpur district has been studies since 1973 by
DOI and United State Geological Survey in a study sponsored by USAID. A considerable o

portion of the project area over lies ground water aquifers. A phreatic alluvial zone located
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" two to three metres below ground level and about 10 and 20m thicks, forms the upper
jaqurfer its water table is 1 5 to 4m below ground ‘water Numerous dugwells and hand:
pumped wells take water from thrs aqurfer A semrconfmed and conﬁned sub aqurfer of
new alluvral sediments underhes the pheatrc alluvral zone descendmg to a depth of about
) 150m ln the eastern portion of proiect area this aqurfer is artesian. The avarlable supply of
3 surt‘ace water is sufﬁcrent to meet the requirement of the pro;ect However when areas east.

of Chaudhar River are to be developed under stage lI and IlI the need for supplementary

N ' supply of ground water may arrse The water from all sub- aqurfers in the prOJect area is

generally chemlcally suitable for domestrc water supply, live stock and rrrrgatron

36 LAND RESOURCES

| At the time of prOJect formulation data on distribution of operational handing 1e
mcluding those not owned by farmers is available at the district level only (census 1971) |
butis believed to be srmrlar in the project area. ‘

Table 3.1 : Farm Sze and Holdings

_ ‘Farm size ~ % of all farms % of total farm land Average farm size..
- | Less then 1 ha L | 254 58 - 076 '
[2ha . | 274 T B2 163
25w | 266 | 266 339
[s10ma 157 o RT 109
" 70 ha and more 49 | 21y 1535

* According to these date 21% of the largest farms occupied about 55% of farm land,
- where as 53% of smallest had only 19% of the total available. However this might overstate
N m equitv since in this area large. farms are often associated with large extended families as

- is the costoms of the Tharu caste. This might be also be reason for high average farm size

' (34 ha) in_..compari‘son;with ‘the_average size for terai (-1.7-;‘ha). However., continuing - |
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immigration and settlement aﬁer 1971 to i§80 have further reddced the average size to
" about 2.8- 3 ha. However on the basns of data received in 1996 it has been found that the
average farm size is approximately 1.3 hain projeet area.
. According to statistics from the department of land refo’rm,ﬁ 85% ot’ registered Iand is .
beiné' farmed 'by' its oyvners. .‘ The remanding and is leased td tenants under variqus ‘
arrangement mostly share croppmg | |
The total area of Kanchanpur distnct is 161,000 ha and out of Wthh the land area
occupied by agricultural and human habit‘ation_ is 46,8985.5 ha. and. 95.3% of land is used
for s_easpnal crops: : : ‘_ |
37  EXISTING CANAL, DRAINAGE AND ROAD SYSTEM
.A There are three‘comi)onents of irrigatio,n deveiopment projects
.(i)  Canal imnrevement }and‘ extentien the des.ivi.gn cai)acitie‘s of ir_rigati_on distributaries
system haye been increased to enable extension of their. command areas. lerther
more-’ the design dlity for these canals has been increased'to.mee‘t the peak water
demand_. These inereases in canal design capacity requireslmodification of eXisting
structures, yvhere required additional structures are built t‘dr improved vvi/ater control.
Additional tertiary, -tdrnouts are': eonstrneted to reduce the' size of tertiary to a
| maximurn Vvof 40 ha -Existing turnduts ‘are»replaced .l-)y gated structures snit'able fdr
discharge measurement. The distribntion system beyond tertiary outlets serving :
- farm groups to 7.8 ha. All the existing and new tertiary eanal is pr,ovide_d:with outlet
structures for each farm group and necessary division boxes check' strnetdres, .drops'
‘and culyerts for drainage ehanneis and cart track crossing. In the existing system,
the irrigatiOn_distribution.sy_stem are also extended'down to outlets Serving farm

greups of 7-8 ha



(i) - l)rainage lmproyement
' The capacity of the existing natural drainage channels was ‘gener}ally sufﬁcient but
increased where nec‘essary to provide -the' re_quired capacity -t_o improve drainage -
. ; within the—_'tertiary units. i
) .('iii)' -~ Roads |
. The roads components are encourage the p_'r‘odtlction_ of ma'rketablesnrpluse's' by
' provlding all Weather“'access to irrigated area. It has made the efl‘ective operation :
_andmainrenance, of canal systéjm by provlding qnick‘ access to all canals and -
f _control strncruresl All whether pu-blic _road canal service road and”road cros‘slng
structure are constlucted. |
" As the irrfigation works under project are relatlvlty small hydraulic'structnres and
canals desrgn of these works are not present any partrcular problem The canals are _' '
: -desn,ned for non- scourl nonsrltatron srtuatron on average
Structures are generally burlt of mass_ concrete as bricks in oroject vicinity were of ; |
o lojw:quality. | o |
-. Labour intensive methods of construction are‘ adopted. However compaction of
- c'an'.al embankments earth works for roads and road pavement are executed by machinery
._ | n'nder-"e"nsured quality.‘:'-
- ",.'3"8 E ENGINEERING DESIGN CRITERIA
.‘A. | ll'r'igali011 Systenrs
1. The proyect area includes 36,00 ha of low lands suitable for paddy cultivation and .
3,000 ha of uplands surtable only for growmg ﬁeld crops. The growmg of paddy in
. .upland areas would be dlscouraged as much as possible and inlet capacmes of tertiary

. units would be limited to the growmg of ﬂeld crops only. The followmg design criteria

'are recommended
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2. Low Areas:- In lowland areas capacities for tertiary unit inlets distributaries have

been determined with the formula:

MT

IzMeTX 0.1157
MT  efxetxed
_S_

e-1

In ;Jvhich:

I=Supply (in 1/s/ha) required during presaturation period over the area to be
irrigated;

M = supply (in mm) required for maintaining the water layer after presaturation is
completed (2mm/day seepage losses plus 6.4 mm/day evapora:tion equals 8.4
mm)day). |

T = duration of presaturation period (in days);

S = quantity in (in mm) of water required for presaturation and nurseries (140mm)

er= farm group efficiency (0.85);

e, = tertiary canal'efflc.iency (0.85);

t;,d= conveyance efficiency of distributaries (0.80),

Design capacities thus become:

(a)  Inlet for tertiéry unit 2.25 1/s/ha 1/
(b)  Distributary serving < 500 ha 2.00 1/s/ha2/
(c) Distri‘butary serving > 500 ha 1.80 1/s’ha/3/ .
3. . Upland Areas. Required capacities have been calculatéd with the f;ormula:
0= 0.1157D
e, xe, xe,
In whicﬁ:

Q = required supply (1/s/ha)



D = net irrigation requirer;lent (58 mm for oilseeds in second half of October)
" T = duration of supply (15 days)

er = farm group efficiency (0.70)

ét = tertiary canal efficiency (0.85)\

ed. = conveyance efficiency of distributaries (0.75)
Design capacities thus become: 4/

(a) In!et for tertiary unit 0.75 1/s/ha

(b)  Distributary _ | 1.00 1/s/ha
4. Mixed Areas. For mixed area>500 ha with A has lowland and and B ha upland the
capacity éf a distributary becomes:

18A+1.0B ) ha
A+B

1/ for T = 15 days
-2/ for 1 - 30 days
3/ for T =45 days X
4/ Based on requirement of 58 mm in 15 days (oilseeds in October).

B. Drainage Systems

- L Paddy areas. The 282 mm design rainfall adopted was the maximum cumulative
rainfall occurring in three days with a probabilfty of exceedeqce of 20% (one in five
'years). Such a rainfall generally ossuaries in July. The drainage criterion adopte&
was that the duration of flooding in the paddy fields to é depth over 20 cm should be
less than three days. On the basis of these criteria project dréins would be designed
for a dischrge og 3.1/sec//ha
2. Upland areas. A design rainfall was adopted of 175 mm per day, being the

~maximum one-day rainfall with a probability of excedence of 20%. Adopting the
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criterion that excess runoff should be drained in 40 hours and allowing for

inﬁltraiion, the design modulus becomes 4.5 1/sec/ ha

C . Roads

1. The road network would be designed to prbvide all weather access 1o ‘within g

a dlstance of about 3 km from all parts of the areas to be 1mgated Desngn o |

crlterla would be as f‘ollows

Public Roads

~ 3.9

40m wide built to canal
service  road . . pavement
specification and identified
by marker posts

Item Canal Service Roads

Formation: width 7.0m ~ 3.0m :
Minimum  height (to o

underside of pavement) 0.7m 0.7m

Pavement: Width 3.5m 2.4m
Gravel base . minimum | 200m 200m

thickness 1/ Waterbound | .

| Macadam  top ~ course | 100mm m-

minimum thickness o S

Black top . -surfacing | 50 mm full grout on hard | none

Bitumehdus seal coat shoulders ‘ on pavement’

Hard shoulders, ‘comprising | 2 x 1m wide None -

200mm gravel base and 75 | '

mm Waterbound Macadam

top course , S

Passing places, 15m long x | None About 500m spacing

Paved access ramps, 3.5m

On both sides. 2/about 500m

spacing

On Iandward side, about
500m spacmg :

wide, maximum grade 1in 6

1 1/ . }Thicknes.s'would be increased where necessary when CBR values of sub-soils are

known.

20 On landward side only for roads on canal banks.

PROJECT SALIENT FEATU.RES

. The sallent feature of Mahakah lmgatnon prOJect —(stage I and 11) are presented are

‘given in Table 3 2.

-
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Table 3.2 : Salient Feature of Mahakali Irrigation Project

S.N. Work scope Unit Stage 1 [ Satell
1. Command area Ha. ' 4800 6,800
2. Main-canal _ - ,
Rehablitation New Km 13.7 14.3
Structures ' Km - 21.0
Nos 64 49
3. Secondary canal ‘ .
Rehablitation Km o |3710 -
Structures Nos 144 1257
4. Tertiary canals o
Rehabilitation New | Km 34.80
Structure Km {17120 352.0
\ , - | Nos 1318.0 40.0
5. . Drains
- Rehabilitation New | Km 102.30 :
Structures Km 1218 - 40.0
NE : e Nos 827 - 119
6. . . |[Roads » ‘
S public roads/off | Km 15 ‘ 21.0
canal roads service
/on canal road Km 556 108.0
7. River | training : _
Makakali river | Km 0.5 1-
Rautela “ river | Km 2.20 -
Chaudhar diversion | Km - 5.75
Flood bunds Km - 2.0
Source :- MIP ‘

300 ORGANIZAT[ON AND MANAGEMENT-
In accordénce with His Government of Nepal established policy and for effective
project im'plementation, a governing board is created for executing the project undér
Development Board Act 1956. The project manger is the overall fesponsible for preparation

of annual project work programrﬁe, budget and staffing schedules.
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311 FARMERS PARTICIPATION

Farmer’s participation and their active invol:vement in operation and maintenance
not conceived in project design. However during the coufse of project implerﬁentation there
are needs for farmers participation in all stages of project development and project é.tarted
i}ncorporating theif payticipation’. MIP sfage I under went its operétioﬁ and maintenance
activities on joilnt irrigation management basis. According to which the project is
tesponsible for O & M4 from main canal to the head of tertiary canals and th’e. farmers are
responsible for water allocation, distributibn and maintenance within their tertiary qanal and

chak boundary except structures.

The design and construction of tertiary canals of stage 11 area incorporated active.

participation of beneficiary farmers. Farmers contribution as irrigation poﬁcy of Nepal to
the capital cost of irrigation network consists of the cost of land for tertiary canals and cost
of canal box cuttiné and gfass sedding aiong with the construction and fixation of canal
alignment. |
3.12 CROPPING PATTERN AND YIELD

, T!le crops grow in the project area are mainly paddy énd maize during the wet
season and wheat oilseeds & 'pulses and vegetables during dry season. Mostly common

sequences are

(1) Paddy-wheat (ii) P,addy-pulses and (iii) Maize-oilseeds.

At time of project appraisal the present cropping intensity was 121% in rainfed area
aﬁd 134% in irrigated area and was expected that after implementation of préject the
cropping intensity will rise to 165%. |

The pre-project yield, SAR target yield, maximum yield of major crops are given in

Table 3.3. Projected cropping pattern is given in Appendix A Table A-8. : :
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Table 3.3 : Crops Yield

Crops Pre-project Staff appraisal | Maximum yield Remarks
' yield in tone/ha | Report Target achieved in
yield in t/ha tone/ha.

Paddy 1.3 3.2 4.18 1994/95 year

| Maize 1.20 2.0 2.10 1991/92 year
Wheat 1.10 2.10 2.8 1990/91 year
Potato 7.0 11.0 15.40 1991/92 year
Pulses 0.6 07 1.18 1994/95 year

[ Offseeds 0.60 0.70 1.0 1994/95

The cropping intensity rises to 192% against the staff appraisal report target 165%.

The agricultural activities of Mahakali Irrigation Project hinged on activities conducted by

Agricultural pilot farm of the project.

Table 3.4 Cropping Pattern

Present and Future project without

Major crops Future with Present Existing
project project as Cropping
SAR intensity with .
Rainfed Irrigated project
. % %

-~ Paddy 59 71 56 89
Maize 25 17 21 -7
Wheat 10 17 24 68
Cotton, - - 10 -

Soyabean - - 3 -

- Groundnut 4

| pulses - 12 21 14

Oilseeds 14 16 23 12

Vegetable - 1 3 2

Cropping 121% 134% 165% 192.0%

intensity

Source:- MIP -
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CHAPTER-4

METHODOLOGY

41 GENERAL | | |
During earlier work on performance assessment three level of orgenization,
having different objectives, was distinguished. .
- Irrigation and drainage system level
.- Agency level and '
- The planning and policy environment at sector level.
Despite the differences in objective sets for each level of organization, a common
deﬁmtlon of performance was proposed
- The degree to which an organizations products and services respond to the
needs of their customers or users and
- AThe efficiency with which the organization uses the resources at its
disposal. | | |
Recognizing that there are different customers or users, makes it easier to
distinguish between objectives of such diverse group as donors, politicians, system
managers and farmers. -

- Operational performance is concerned with the routine implementation of agreed
level of service. It specially measures the extent to which intentions are being met at any
moment in time, and thus requires that actual inputs and outputs are measured .on a
'regljlar basis. | ‘

Strategic performance is a longer term activity that assesses the extent to which
all available resources have been utilized to achieve the agreed service level efficiently,
and whether achieving this setvice also needs the broader set of objectives. Available
resources in this context refers not merely to financial resources; it also covers the natural
resources base and human resources provided to operate, maintain and manage irrigation
system. Strategic managerﬁent.involves not only the system manager, but also high’er

level staff in agencies and at national planning and policy level. |
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At all level, performance must be assessed using a combination of targets. Each

. all these targets have on acceptable range of value around that target. Neither targets nor

the ranges are likely to the uniform.

42  KEY INDICATORS OF PERFORMANCE ASSESSMENT

The intended service being delivered by irrigation to its water users depend on the

" ‘agreed service level’. Key elements to be taken into account are:-

- 1. Anirrigation and drainage organization is service oriented if'it ;

(i)

(i)
(i)

Makes every effort to provide irrigation and drainage services that are well
adopted to the farmers needs.
Aims to provide these services at the lowest possible cost to the farmers

1t is accountable to farmers

2. A service agreement between an irrigation organization and its users specifies

()
(i)

(iit)

(iv)
)

The service that will be provided |

The payments or.ofhér resources that will be contributed by the users in
return of these services

The procedure that will be used to check whether services are provided
and payments are made as agreed.

The authority that will be address to settle conflicts and .

" The procedure that will be used for updating and improving the

agreement.

. 3. In large-scale irrigation system, irrigation water is often handled by an

irrigation agency and by a water users association before it reaches the

individual farmer. Such systems require a separate service agreement for each

level where water is transferred from on organization to the next.

4. Organization needs to have the legal authority to make service agreement.

5. Service oriented management at an irrigation and drainage system is a process

of identify designing and implementing the technical and institutional

‘modification needed for sustained operation of system on the basis of an

appropriate set of service agreements and organization charts.
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4.2.1 General Features of Performance Indicators

A true performance indicator includes both an actual value and an intended value
tﬁat enables the assessment of the amount of deviation. It is therefore desirable wherever
possible to express indicators in forms of the ratio of the actually measured versus the
‘intended situation. Hence _
| . “ Actual level of DeliveredResource: |
Intended level of Considered Resources

‘Performance Indicator level =

It is important to ensure that indicators selected for a system will describe
.performance in respect of the objectives established for that system. It is this process that

links the use of indicators to the overall performance assessment framework.

4.3  Use of Key Performance Indicators:

There are a number of indicators for performance assessment of a irrigation
system. In general it is not recommended to use all described indicators under all
circumstances. The number of indicators we should use depend on the level of ‘detail with
which we need to quantity performance (e.g. research, management, informant
impoftance to public) and on the number of disciplines with which we need to look at
irrigation and drainage (water balance, economics, environment, rﬁanagement). To

compare the performance of system with the objective of the system we have selected

following indicators: -
(1))  Water Balance Indicator
Water balance performance indicators are concerned with the assessment .
of water supply function of irrigation system. They cover the volumetric
components that is primarily concerned with matching water supplies to
irrigation water demand, as well as reliability and equity. These three |

aspects all represent fact of concept of level of service being provided to

water users.
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(U Water dellvery performance -

The sxmplest and yet most important hydraulic performance mdlcator is
, ‘the Tatio of actually delivered volume of water to mtended volume of

E : dehvered water |

Actually Delivered Volume of water -
Intended volume of delivered water

Water de(ivery performanee =

vaer a sufﬁc:ently long time frame (month or over three or four rotational
tlme penods) it can be assumed that if the Water Delivery Ratro is close -
to unity, then management inputs‘must'be effective. If the water delivery
’}performance rattos for different units within the considered command area
have about same value, the umformlty of water dehvery must (because of |
: the concept of conservatlon of mass of the available water resources) be
good. . | _ | | |

(ii) " Water Balance Ratio

In general the water balance indicators deal with the volume of water
.dehvered within 2 set time perlod (m m /penod) rather than the -
- instaneous ﬂow rate (m m*/s). The ratios quantlfy components of water
balance in a spatial context over a unit ratio Ru (ef’ﬁcrency) is defined as .

. (ICID 1978)

_' Tertiary unit Ratio = Vu Vs
¥d
For practlcal purpose we may replace Vi, by Erp, -P. and assume
'T"neghgxble non-lrngatlon water dehverles from dlstrlbutlon system (V;—O) o
P A
L VVd' |
(iii) Overall Consumed Ratio: ;
" The overall (or prOJect) consumed ratio, Rp, quantities the fraction of A‘
'lmgatlon water evapo- transplra_ted by the crops in water balance. of
irrigated area. Assuming negligible non-irrigation water deliveries, it is
definedas 4 | - A
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(vi)

. Tp _Pc .
Overall consumed ratio = —-———
V. +V,

Ve = volume of irrigation water diverted or pumped from river or

. reservoir.

V= inflow from other sources to the donveyance system.
(iv) Conveyance Ratio:
The conveyance ratio, Rc quantifies, the water balance of the main

specific time period.

"(v)  Tertiary Unit Ratio:

The irrigation water requirement of intake of a tertiary unit
depends on the crop irrigation water requirement (E1p-P.) in unit, on the
water delivery performance in the unit, on canal seepage, and on (average)

value of the above field application ratio. The tertiary lateral and sub-

tutorial canals including related structures of the irrigation system. It is

delivered as

V, +V,

Conveyance ratio =
Ve +V,

Vo= Vol. of irrigation water diverted pumped from river or resoir

(sources of surface'water)
Va= volume of water actually delivered to the distribution system.
Vi = inflow from other sources to the conveyance system.
V2= non-irrigation deliveries from the conveyance system.

The conveyance ratio should be calculated over a short (week,

- month) and a long (season) period. The rate of change of ratio is an

indicator for e.g. the need of maintenance.

Distribution Ratio:

B VetV

(R,) is defined as =—f—2
d
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(b)

(c)

(i)  Dependability of frrigation interval =

Relative Ground Water depth =

If the distribution ratio is determined for all tertiary units within
the considered ifrigated area, their uniformity of water delivery by WUA
can be expressed by standard deviation of the distribution ratio values.
Equity and Dependability
The primary indicators proposed for use in measuring dependability of
water deliveries are concerned with the duration of water delivery

compared to the plan and the time between deliveries compared to the :

" . plan. They are-

Actual Duration of water Delivery

(i) Depen’dability of duration = - - -
intended duration of water delivery

Actual irrigation interval

intended irrigation interval

~ In addition to dependability interm of timing, it is strongly recommended

that the predictability of discharge or water level be included in this part of
the assessment. For many irrigation activities the flow rate must be near

the intended flow rate for water use to be effective.

Sustainability of Irrigation

current irrigable area

Sustainability of irrigable area =— —
initial totalirrigable area

The initial area refers to the total irrigable area in the design of the system
or in the last rehabilitation.

Actual Ground Water depth
Critical Ground Water depth

. The critical groundwater depth mostly depends on the (effective rooting

depth) of the crop. If the actual grbundwater depth is near the critical

depth,-the time interval between readings of the ratio should be near one

month. One year is suitable for most other purposes.
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(d)

. Maintenance Indicators:

Maintenance is designed to accomplish three main purpose; safety keeping
canals in sufficiency good conditions to minimize losses and sustain

deéigned discharge-head relationships and keeping water ~control

- infrastructure in working condition.

In irrigation systems the conveyance efficiency provides the best

way of assessing whether canal maintenance is required. By tracking the

charge in conveyance efficiencies over time it should be possible to

establish criteria that will indicate when canal clearing or restoring is
necessary. In many systems this undertaken ’subjectively on appearance

rather than using a more analytical approach.

(i) Sustainability to Head-Discharge Relatioilship:
Indicators that gives practical information on the sustainability of the
intended head discharge relation of flow division structure are:

Change of Head
Intended Head

Relative change in head =

The effect of this ratio on the water distribution structure depends on the
hydraulic flexibility of the division structure. A change of head (across) -

structures in irrigation canals is the single most important factor disrupting

the intended delivery of irrigation water.

(ii) Maintenance Cost:
The cost of maintenance depends on the volume of silt and weeds
that must be removed from the canal and by 'thé:size 6f the canat.
An indicator that can be used to quantify thus cost per unit (meter)
length of canal is | | |

Volume of (silt + weed) per unit lengtﬁ
Constructed Area of canal

Maintenance area ratio =
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To quantify the maintenance performance: hence, to assess the extent to
-which (control) structures can be operated as intended, the following ratio will be
used

Number of Functioning Structures

- Effectivity of infrastructure = .
: Total Number of Structures

This'approachlimmediately indicates the extent to which the manager is able to
control water. For analysis to the effective, however, it most divide structure up
~ into their hierarchical importance (main, lateral, tertiary and quaternary) and the -

analysis completed for each level.

(e)  Economic, Social and Environmental indicators:
‘The final set of indicators relates to longer term impacts of pursuing a particulaf '
set of operational and agficultural strategies. These indicators have been divided
into three primary categories. Those relating to economic viability those relating

B .to social viability and those associated with sustainability and the physical‘.

environment for irrigation.

(i) Financial viability of irrigation system

One set lof indicators concerns with efforts to raise revenues. from water users that
help support management, operation and maintenance (M,0,&M) costs and often
some or all of the capital costs of individual irrigétion systems. The first of these
indicator describes the over all financial viability of system.

Actual MO + M allocation -

Total financial viability = -
‘ Total M.O + M requirements

This indicator says nothing about the management, operation and maintenance
(MO & M) a"ocation comes from; it may be from central government or from
user fees. A modified indicator is proposed that looks at the extent to which'a
system generates sufficient income to be self supporting.

Actual Income
Total MO + M Requirement

Financial self sufficiency =

60



Both these indicators are admittedly subjective because “requirements” greatly
depends on the number of persons employed by the agency per unit irrigable area.
However it gives an indication of the extent to which the agency is expected to be
self financing. The above income of agency (user group, irrigation districts,

irrigation department etc) may have different sources of income e.g. water

* charges, trees along canal, hydraulic energy etc.

To quantity the effectiveness of irrigation agency with respect to the actual
delivery of water (operation) and maintenance of canal (or pipelines) and related

structures, the O and M fraction is used.

Cost of Operation + Maintenance

O + M fraction =
, Total Agency Budget

This indicator deals with the salaries involved with the actual‘operatiqn
(cate men etc) plus maintenance cost and minor investment in the system. To
quantify the O+M fraction, we need the annual budget as proposed by the
irrigation authority (for its MO& M) and from the WUA of the selected command
area (for its M, O &M), the budget as a}pproved (allocation per itéln) and the
- actually realized income over the related year. | _

In rﬁany irrigated areas, water charges (irrigation fees) are collected from
farmers. The fraction of annual fees (charges) due to be paid to the WUA and (or)
the irrigation district, is an irﬁportant inculcator for level of acéeptancle of
irrigation water delivery as a public service to the customers (farmers). The

indicator is defined as:

Irrigation Fees Collected

Fee collection performance = —
: ' Irmgation Fee Due

The ratio should be quantified for all water users associations in the

considered irrigated area.
(i)  Profitability of [rrigated Agriculture

- Two indicators are proposed that address different aspects: profitability in

term of lan'd,' and profitability interm of water delivered
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(iii)

Yield VS Water Cost Ratio =

g

Added Value of Crop
Cost Applied Irrigation Water

This indicator requires evaluation of the value of the produced crop with
irrigation: minus the value of crop (that could be) produced without
il'l'ig{ltiOII, The cost ofappllicd water can be modified to include or exclude
the discounted value of the capital cost of the system depending on
whelher or not capital is consu!eled a sink cost.

" Within most irr 1g,ated areas, however, water is the scarcer resource.

Hence it is logical to substituted water for land in above equatxon:

Added Mass of Marketable Crop
Mass of Irrigaation Water Delivered

Yield vs Water Supply Ratio =

Hére, again the added mass at marketable crop should be determined. If
viewed from the farmers perspective, the mass of water delivered is |
measured either at the farm inlet or at the head of field, depending on his
views etc. From the perspective of farmer the (socio) economic of
irrigﬁtion can also be quantiﬁéd by relative cost ofirfigation water:

Total cost of Irrigation Water

Relative Water Cost = - :
‘ Total production Cost of Major Crops

The total product cost includes cost of water (including fees, energy for
pumping), seeds, fertilizer, pesticides, labors etc. it critical values of this

ratio are exceeded, farmers tend to abandon irrigation.

Vialibility of Irrigation Investment:
The primary economic concern for planners and ‘policy makers is the

economic performance of investment, or the return to capltal employed. A’

: typlcal indicator used for this proposes is:

‘ Gross value of output
Gross return = P

Investment on irrigation system

- This indicator is calculated using the same basis data, but is used in

. slightly different ways in project evaluation. It helps to determine whether

an investment in irrigation yields an overall profit, and also helps in
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deeiding whether the investment might have been better made in another

sector. Unless there are co.mpelling social or political reasons, this

indicator also helps to prioritize which particular investment opportunities o

should be pursued at the expenses of other, less beneﬁcial alternatives. -

(iv) Social vmbrlity

" " Irrigation managers actions have direct socral impact thoug,h
managers are often unware of these. This ga_p in perceptron leads.
many irrigation managers to feed that “Social i/iability”_ issues are -
not relevant to them. However},_i if the iong term. sustainability of

- irrigation is an objective, and it improving and maintaining social

el bemg is ultimately important, then social vrablhty is relevant o

partlcularly from a strategic manager perspecttve

'lrrlgatlon related labour:

. In many countries, these are department of a;,nculture labour or .
| senses, which collect basic agricultural and_economic data. These‘
can be used by 1rr|g,atron managers as sources of mformatton on
-socno economic rmpacts trends, such as employment wages and

poverty level. A’possible indicator to quantity the social impact of

a scheme is | S G ‘

- Annual day/ha 'labeur»by scheme
Annual Number official w0ri<ing Days

Irrigation employment generation =

For socio-political reasons a high value ‘may be desirable for
irrigation to be economically sustainable, however, this ratio has
an upper limit. Less controversral ratlos are:

Average Annual Rural Income
Average Annual National (regional) Income

Irrigation wage generation =
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()

Relative prosperity % of scheme pc')pu'lation

" % of scheme population above poverty level

" % of National population above poverty level

(v) Social capacity
. Social capacity refers to the social (as distiquished from physical,
biological or economic) capacity of people and organizations for
- managing and éustaining the 'irrigated agriculture' system. There are
two indicators.

knowledge needed for job

Technical knowledge of staff = —
actual technical knowledge of staff

and,

Active water users organzation
Total Numbers of W.U.O

Users stake of irrigation system =

* Actual technical knowledge of staff could be ascertained through tests,

while required knowledge is intercept in the job description- “Activness”
of WUA can be measured using acquired data, such as percéntage of
WUA’s holding regular (or the minimum required) meetings percent‘age of '_ _
water users participating in meeting or number of ohrganizations fulfilling
agreed upon the tasks such as fee collection, maintenance or distributing
water. All these indicators are crude, and relatively untested; but theyl
constitute useful and implementable first steps to begin paying greater

attention to the social viability of irrigation.

Crop productivity indicators:

The crops in irrigated area can be measured with the yield ratio. This

indicators is defined as

Vield Ratio = Actual Yl.eld of Crop Achieved
4 Intended Yield of crops
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4.4.1-

It is calculated for major crops. Its value greater than unity satrsty the’

performance less value indicate the performance is not satrsfactory Other

indicator is

' _Crop,ping Intensity Ratio =

Actual Cropping Intensity Achieved |
~ Intended Cropping lntensrty

The "value g,reater than unity indicate more coverage area of crops and less

- indicates low coverage of area.

Data collection and nmlysrs

The following procedure has been adopted to meet the requrrement of data and

mformatron about the system for the performance study

Q)

(i)

" i)

(iv)

()
(ii)

(iii)
()

Documents related to Mahakah rrng,atlon project such as feasrbrhty study-

report and project apprarsal report have been collected and revrewed. The

aim of this exercise is to identify the areas which need careful obse‘rvation :

. and additional data collection so as to obtain information and establish a
. data base of the system at the end. | _‘
- Assistance of key informants (Agency) sho'uglrt to identify the issues

concerning the project and access the cost and eco_nomic'of the projects.

All the available lnforma_tion and data are collected from the project office

as far as possrble

The data obtain'and review of document are helpful for the performance

assessment of the project and to identify whether the project is serving its

defined objectlve or not for which it is created.

-Wnter Resources Potentml

~The detarled information regardmg the following are collected

Data pertaining drscharg_e at head regulator of tlre project. -

Data pertaining information about the discharge of Mahakali river

Data pertaining history and development of the system.

Information about bilateral treaty between India and Nepal.
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4.4.2

4.4.3

Irrigation Water demand and Supply

The detailed information and data regarding the following are collected.

(i)
(i)

(i)

(iv)

Climatic data pertaining rainfail, temperature, humidity etc. are collected.
Data and information of water supply at head of Mahakali river (Sarda) to
the main canal of Nepal.

The water requirement of crops are calculate by pan-man modified method
using the available data. Comparison is done with the crop water
requirement and supply available to the'system.

Data of area irrigated crop wise are collected.

Poterntial utilization v/s potential created is compare with the available

data.

Cost of production and net return :

Data related to crop production are collected which includes

- (i)

"4.4.4

)] Data pertaining types of crops grown by farmers in the command area and
area of coverage. |

(i) ~ Data pertaining use of seed, fertilizer human labour, animal labour,
‘manure, pesticide.
Data regarding the yield of various crops. _

Based on the above data the cost of production and net return from the agriculture

is calculated.

Econoxﬁic Al'lalysis

The following data are collected for the economic analysis of project.

0

(i)

(i)

(iv)

The input side of economic crop budget has been taken from Nepal. The
report for procedural guideline for implementation of NISP.

The output side of crop budget has derived from the record of cropping
pattern yield and crop coverage. - - |

Data pertaining annual O&M expenditure.

Border parity prices for traded agricultural outputs and inputs are taken

‘from procedural guideline report of NISP,



|
The theme of economic analysis of irrigation projects has been prepared in view
of the increasing costs of major and medium irrigation project with consequent social
need to ensure benefit commensurate with the need for building infrastructure. Social
capital have attracted the attention of economists who have focussed their concern on
such aspects as scarcity of resources, their optimal utilization, risk of waste ef‘ﬁciency.
The economic analysis of project is carried out to general approach to economic
appraisal of projects followed by the International Credit Agencies, commonly used
discounted measures. The performance. evaluation of project can be done by comparing

the actually realised economic internal rate of return and that was projected before

sanction.

- Other detailed information and data regarding following are also collected.
- Information regarding existing O, M & M of system and its
execution . ‘
- Basic socio-economic data

- Water users association, water users group and their detail

information
- Agency (_)rganizati.oh and its functioning
- Water delivery and distribution practices.

It is imperative to analyze the information collected both qualitative quantitatively
on different aspect of management of systefn in irrigation system which are concerned
with effective use of water. | ‘

In view of scope of study and limitations, the more weightage is given to
quantitative. The quantitative analysis is carried out for. variable, which carried absolute
value i.e. yield/ha, O&M/ha, discharge/ha etc.

The dafa analysis is done by adoptirig simple frequency counts, arithmetic mean

and different key indicators. The performance study is concluded on the basis of the key

- indicator value.,
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Cl'lAPTER_-S |
WATER USE

5.1 GENERAL ‘ | »

Return on investments in water development schemes for power, industry and
urban uses cén easily be determined 5¢cause water is dealt with as a commodity with ﬁre- ‘
determined sales values. In cbntrast to this, returns ‘f‘rb_m investments in water
development fér agricultural are difficult to determine in advhnce because they entirely
depend on the capability of farmers to use water as an input in agricultural production.
The problem is aggravated by the great number of farmers in one water development
-scheme who all have tf_) reach a certain relatively high level of efficiency in order to
permit the required constant flow {)f returns on investments. It is this element of
reliability on the capability of farmers to use the investments efficiently which makes the
returns on investments in irrigation all too often slow and low.

Low efficiency of use of water is observed' almost everywhere, even in niore -
recently developed-schemes. Estimates have shown that in many irrigation schemes only
40% of water diverted at head works finally reaches the fields. Leaving irrigated land
fallow, failing to grow two or more crops per year, where this is possible, or growing
crops of low value represents a waste of investments most understand that with the
introduction. In the planning and design phase of water development project, proper
attention should already be paid to the management of water as an input for production.
Even the question of how many hectors can be irrigated with the available water is of less
importance to the design engineer than the question of water needed quantitatively and
time-wise of optimum production. Efficient project operation as well as the necessary
maintenance and improvement of the system require close co-operatioh between the
farmers and project. The farmer must learn and understand to use water as a productiori
input i.e. to apply irrigation water at such times as will produce the desire crop growth
and support the use of other inputs. He must know low to use water and soil wisely in |
order to protect this basic production means i.e. to provide water only in such a‘mounts as
will replace water lost from soil by evaporation and transpiration and will permit leaching

of soil profile only to the extent required to maintain a favourable salt balance. Hence
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~farmer of must understand that with the introduction irrigation, changes in farm

operation might be required to optimize the use of all inputs and resources.

52  WATER RESOUCES POTENTIAL
5.2.1 General |

The Sarda Barrage, the head-works of the prOJect lies in India. The Indian
authorlty control, operate and mamtam the mtake and the barrage system. The intake
structure feeding MIP canal system consists of simple slid gate. The' gates are in
opefa{ional and in good condit‘ion. Howev‘er, the Indian authority seems to have
dbandoned major maintenance work of barrage, which is evident from the damaged
downstream floor of the barrage. At several places of d/s floor, the granit lining provided‘
for fesistance against abrasion of the structural part of the floor by rolling.stones during
flood 'hav‘e ripped off from their places.

The barrage is on operation sin 1928 and has already served for 72 years.' The
Indian authority has constructed Tanakpur Barrage, which lies u/s of Sarda Barrage. |
Tanakpur powerhouse utilizes water level difference between Tanakpuf and Sarda
Barrage of about 26m to generate hydropower. The tailrace canal of powerhouse meet's.
the Mahakali River just ups‘_tream of Sarda Barrage. The Indian authority has plannéd to
link the tailrace canal to the Sarda canal of about 800 m downstream of existing intake.
structure of Sarda Barrage. Immediately after the Sarda Barrage ceases to be functional,
the Sarda canal would receive water from this link canal.
| Similarly, in case of Sarda Barrage becomes non-functional, the link canal in
Indian Territory feeding MIP main canal including part of MIP main canal will become
redundant. In this case, the water would have to be diverted from Tanakpur Barrage to
MIP canal system, which requires a new canal to be constructed in the Indian territory
and additional canal system to link MIP system in Nepal territory. The new treaty on the
integrated development of Mahakali River including Sarda and Tanakpur Barrage and
Pancheswar multipurpose project has a provision of supply water to MIP system through
Tanakpur Barrage. Indian authority has built an intake structure on the left afflux bund of
Ianakpur Barrage for this purpose. The link canal in India as well as in Nepal hés not yet

been constructed.
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5. 2 2 . Hydrology of Mahakali River
- The Mahakali River has a total catchment area of 15,78 sq.km at Sarda Barrage
whieh lie partly in India and remaining in Nepal. ' '
The observed minimurﬁ monthly discharge of Mahakali (Sarda) river at Sarda
Barrage is 140 m/sec where as the observed monthly maximum discharge is 2,523
m*/sec (observed perlod 1989 to 1991). The monthly flow observed of Sarda Barrage has B
been g given Table 5.1 and Fig. 5. 1.
TABLE 5. IOBSERVED MONT HLY FLOWS AT SARDA BARRAGE (In Cumec)

Year/Month 1989 1990 1991
January 184 | 140 178
February 143 T 149 147

" March 140 375 | 176

April | 163 _ 179 1 220
“May 6 | 385 | 374
June | 526 568 598
uly | 1248 1870 | 1.207
August 2523 | 2,063 1,835

“September | 1176 | 1,257 | 1,045 |

“October - 392 " 426 | 338

" November 251 254 227
December 184 194 | 176
December 184 1 194 1 176

" Average 602 644 | 543

During master plan study for water resources development of upper Karnali and
Mahakali River Basins conducted by Japan lnternationalv Co'-operation_'Agency in
1993; an estimated on the flow pattem at Banbasa (where the Sarda Barrag,e is
located) has been made which mdlcate that two year ﬂood of the Mahakali River at
the headwork is 7 100 m*/sec and hundred -year flood is 18, 900 m/sec. The estimated

- floods of various frequencies are presented in Table 5.2. The frequency analysis has

been performed by assuming Gumbel’s distribution of annual maximum floods.
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TABLE 5.2: ESTIMATED FLOOD AT BANBASA, MAHAKALI RIVER -
CATCHMENT AREA =15,178 sq.km.

Return period Flood in m”/sec - Remarks
2 e 7100
5 - — 10,300
10 ' 12,400
25 15,000
50 | 17,000
100 18,900
200 20,800
500 23,300
1000 25,300 .
5000 29,700 |
10,000 31,600

5.2.3 Sediment Load
The sedimentation data of Mahakali River of Sarda Barrége are not available.
Similarly, sediment data of the inflow to the main canal of MIP at Indo-Nepal Border are
a.lso not available. The master plan study of water resources development of Upper
Karnali and Mahakali River Basin conducted by JICA has estimated the annual sedi‘ment‘
flow at the Pancheswar Dam site (catchment area 12,600 sq.km) to be about 60 million
| tons/year. The figure, if extended linear]y on the basis of catchment area, comes out to be
72.3 million tons/year at Sarda Barrage. It is worth to note that if Pancheswar Dam is
constructed in the near future, the sediment flow of the Barrage will réduée considerable,
which would change the flow regime of the river.
The Mahakali River is one of the big border river carrying a large quantity of flow
ranging from 140 m’/sec to 2523 m’/sec. The stipulated quantities are only minor
pﬁrtions of the flows in the Mahakali River; and Hence India have no difficulties in

providing these flows. Therefore, there is no problem of water in the source river.
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53 THESYSTEM
3.3.1 General ‘
MIP does not have head works facilities under its own control. At present it draws
~water from the Sarda Barrage which lies in India and being operated by the Indian
authority. The MIP rﬁain canal receives water at Indo-Nepal border through a 1.1 km
long link canal.
"l"he canal system for stage 1 area starts from the lndo—Népal border, which is
linked with Sarda Barrage. The length of main canal serving stage | area is 13.70 km

having a design capacity of 28.2 m*/s at the head reach which reduces to 10.97 m"/s at the

tail and given below

Canal stretch _ Design Diséhm‘ge m’/s
0+00 km to 1+300 km 2820
14500 km to 3+100 km | 27.40
3+100 km 4+580 km 26.99
4+580 km 8+325 km 26.20
84325 km 10+830 km _ 11.80
10+830 km 13+700 km 10.97 ..

The stage I area has been divided into four blocks namely blocks A, B, C, and D -
having service area 1,100 ha. 1,200 ha, 1,218 ha and 1282 ha respectively the division of

block at present has been made almost equal in area to facilitate water distribution.

5.3.2 Performance of Physical System
In general, the main and secondary canals in MIP stage | area are in good shape.
They are maintained by project in consultation with water user organization. A part of
main canal in the vicinity of East-West Highway crossing Mahendra Nagar municipality
gets silted up frequently. As a result it cannot carry the required discharge. There is
‘increased urbanization in this area in recent years. Local people used to dispose their
.' household garbage into the canal thus enhancing the silting process. But these garbage

are usual cleared off before running the canal.
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The regu]atory structures such as head regulators and cross regulators are all gated
with simple slide gates. These gates are simple to operate and maintain and are in good

working condition. _

The ‘territory canals in stage 1 area was constructed'.by MIP during stage 1
implementation. Some of then have renovated to suit the local requirement before
handing them over to the water users organization. All the tertiary canals in stage are now
handed over to the respective WUOs, tﬁey operate and maintain. the system on their own.
The tertiary canals are regularly maintained by thé WUOs and are in good operating
conditions.

The field channels are used to deliver canal water from the tertiary outlets to
individual farms. Each one of them serves about 4 ha of land. The farmers were expected
to construct that channel on their own. With some exé_eptions fhe farmers have not
constructed the field channels. They still practice field to field irrigation, which requires
inundating the upstream land before irrigating the downstream land before irrigating the
downstream adjacent farm. Recently the farmer has increasingly felt the need to construct
field channels which can deliver the water right at the point of requirement. Some
farmers have started constructing channels. However, development of complete field
channel systems is likely to be hundred due to land fragmentation and large number of
small farmers. |
54  PLANNING AND DESIGN .

5.4.1 General _

The Far Western Region is relatively under dveveloped compared to other regions
of Nepal. Of the Kanchampur district in 1980, 58%, area was ﬁndef forest. The district
has a good potential for agricultural development, especially irrigated agricultural. Since
it is bordered by Mahakali (Sarda) River which is one of Nepal’s major rivers.‘ Although
India constructed a barrage across this river in 1928, Nepal has so far only utilized a
small portion of the river flow that it is entitled to use. As populzition.pressure from hill
is becoming accurate in Far Western region, HMGN has givén high priority to irrigation
development. |

In December 1979, HMGN approved a comprehehsive master plan for

. development of Kanchanpur district. This project was a key element in that plan,. The:
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~ development p]arvlvdelineates areas to be ‘maintained as commercial forest, wild life
reserve, areas to be reforested and areas to be developed for rainfed and irrigated
agriculture including resettlement and settlement of land less farm families. The plan
anticipated the MIP (34,00 ha net) ultimately be extended to 23000 ha. Development
wqu'ld be in stages; under MIP stage I, the proposed project, the existing irrigation
scheme would be extended to 6,600 ha net. The MIP 11 (6,600 ha net) and MIP stage 111
(11,800 ha). The division of stage is mainly based‘ on two factors; that is the availability
“of water and the sequence of construction. " o | |
Implementation of MIP (state 1) was involve the clearing of 1,700 ha of
* commercial forest and 500 ha of forest partly occupied by encroachers.
The objective of thé project is to provide the necessary irrigation, drainage and
road infrastructure to increase the agricultural production.
‘ The project has been designed to the standards of modern irrigation scheme in

which a high level of operational efficiency can be achieved,

5.4.2 Performance Evaluation Parameter
Planning and design consists of critical evaluation of
“» Water availability in system
*» Water utilization
%+ Losses in conveyance and distribution system
<+ Cropping pattern
Comparison of these with the existing system based on actual available data and
with project planning and design consideration. This can be done by using suitable

performance indicator.

5.5 WATER AVAILAiBlLlTY IN SYSTEM
Mahakali (Sarda) river is a major border river of India énd Nepal. It carries large
quantity of discharge varying from 140 m*/sec to 2523 m*/sec (measured flow in 1989).
Water for the MIP is supplied from the Sarda Barrage on the Indian side of the

border under bilateral agreement, which dates back to 1920:
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(8 From May 15 to-October 15 a supply of 460 cusecs (13.0 m3/$) and,
: provided'a surplus is available, a supply of upto 1,000 cu.secs-(28.3 m’/s)
“and '

(b) From October 15 to May 15, a'supply of 150 cusecs (4.25 m’/s).

The agreement further stlpulates that from October 15 to May 15, the supply canal

to Nepal would be alternately closed and opened for ten days at a time and that could run

at 300 cusecs (8.5 mY/s) capacity whenever the canal is open. These stipulated quantities

are only minor portion of the flows in the Mahakali River, and India would have no

difficulties in providing these. flows. Table A-7 in Appendix shows the demand and

supply of water. -

‘TABLE 5.3 : WATER AVAILABILITY

Month Jan, Feb. | Mar. { Apr. | May [ June | July Aug.' - { Sept. { Oct. | Nov.

Dec.

Guaranted | 4.25 425 | 4.25 | 4.25 | 4.25/ 13 13 13/4.25 | 13 13/ 425
supply | ‘ . 13,0 o , |42

4.25

56 WATER UTILIZATION

MIP does not have head works facilities under its own control. At present 1t draw

water from the Sarda Barrage which lies in India and is bemg operates and mamtamed by ’

the Indian authority.

The partial daily dlscharge record for the years taken of the weir locates at border

has been presented in Appendlx A Table A-5. The table provides the mf'ormatlon on the
quantity of water Nepal has received as per bilateral agreement It ﬁthher provndes
information on the duty of the diversion point used in stage 1 area

In kharif (wet) season crops grown is paddy, which is grown over 89 percent of
command covermg 4272 ha, uses the diverted water starting from the period of June to
November which amounts 157.73 million cublc metre. Though at the time of planning
and design of the project, the area covered by paddy was estlmated to be 3696 ha but
presently change in croppmg pattern and also reduction i in area of Ist stage the paddy area
increase to 4272 ha. Even though the duty of head is 3.68 m for paddy. This figure is very
high indicating abundance of water availability, Normally, the aopropriate duty of the
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_diversion point in server climatic c'ondition f‘or’ paddy is about 1.2 m i.e. 1200 mm which_'
means that stage I area is using at least 3 tlmes more water than required. .

Stmllarly when utilization of water for winter crops is consrdered the total |
amount of water in stage 1 area is utilizing at the present comes out 3655 mllllon cubic
metres. (From mid November to mid-March). 4272 ha use this water ha'(existing crop
coverage being 96 %) Employing duty at the diversion point it comes 1 20mie. 1200
mm. The normal duty for winter (wheat crop) is 0 6m. So this ﬁgure is also about 2: 0
” tlmes hrgher : B ‘

* This indicates that the water 'availabillt'y is satisfying for stage I but it would be
shortage of water for irrigating both stage I and stage 11 area durmg wmter lf current trend_ :
of water availability and utilization persist in future. .

© As per Bilateral Agreement of 1920 between India and Nepal the volume of water
should be avallable for the period for the period of monsoon, winter and summer crops
comes to 172.638, 39.474 and 27.728 million cubic metre respectlvely. - The actual
present-utilization are about 87.93 andv97.83 percent during monsoon and winter season .
respectively where as water utilization in summer is very low and in general canal closure
_. is observed ' _ ' - | _
The prlmary task of the manager of the 1mgatlon system and of the managers of
sub systems (The WUA) is to dehver water in accordance wrth the plan (as mtended)
Indrcators in this regard therefor those that gunde managers in respect to water delivery”

' _pert‘ormance The srmplest and yet probably the most |mportant hydraulic performance

mdrcator 1s

Actual delivered vol. of water
Intended volurhe of water requnrement

‘Water dehvery performance =

Table 5. ’7 shows the monthly water dehvery perf‘ormance ratio. This measure
enables a manager to determme the extent to which water is delivered as mtended durmg '
a selected perlod (monthly) and at any locatlon of the system The primary utility of .
water ‘delivery ratio is that it allows for checkmg the flow at any location in the system is
more or less than mtended (planned or requrred) 1t is obvxous that if actually delivered
volume of water is based on frequent flow measurement 5reater the like-hood that

manag,ers can match actual to intended ﬂow
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* Over a sufficient longtime frame (monthly or over seasonal or over three or fdur
rational time) it can be assumed that, if the water delivery performance is close to unity,
then management inputs must be effeétive. It W.D.P ratio for different units within the
considered command area have about the sarﬁé volume. The uniformity of water delivery
must be good (because of available water resources).

The Table 5.4 shows that supply of water of intake point of canal in all the month
is more than the required. Hence the water delivery performance ratio is greater than
unity in all of month-e.g. It indicates that the farmer s-are utilizing the available water in
_time as the requ1rement of crops. Hence there is increase in cropping mtenSIty and crops
yield. So delivery performance is satisfactory.

T'\ble 5.4 : Monthly Water Supplied and Demand at Head of Main Canal

Month Volume of Water Volume of Water
Delivered required
January 9942000 4435776
Feburary 972700 2076192
March 5882000 298080
April - -
May - -
June 21554000 15992640
July 37249000 -
| August 34444000 -
September 34018000 -
October 1 73070’00 3304800
November 1371000 - 1487800
December 11003000 6602688
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Table 5.5 : Half Monthly Water Suppli ed and Demand at Head of Main Canal

Month Volume of supplied water Volume of water Required
Ist half month | 2™ half month | Ist half of month | 2" H_alf of month
January 5155000 4791000 2099520 2336256
February 4841000 .. 4886000 2799360. 1778112
-| March 58820001 | - 298080 -
April - . - - R
May - - 401760 2293920
June 6934000 14616000 - 8994240 6998400
Tuly 16063000 21186000 3 :
August 17299000 17145000 - -
September 17370000 34018000 - -
October 11253000 6054000 401760 2903040
Nov'ember 6631000 6540000 997920 489880
December 5467000 - 5536000 3395520 3207] 68

Table 5.6 : Seasonal Water Supplied and Demand at Head of Main Canal

S1. No.

Season Supply of water in m’ Duty at head
I, Wet season - 157743 x 10°. 3.68 m" = 3680 mm
2. Dry season 36.554 x 10° 1.22 m" = 1220 mm
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Table 5.7 : Monthly Water Delivery Performance

Month Water Water . Water Water " Delivery
‘ requirement | delivered at delivery delivered at | performance
at head inm® | head in m® performance | head in m’ ratio
Year 1994-95 ratio 1993-94
January 4435776 9942000 224 9425000. 2.12
Feburary 2076192 9727000 | 468 - 9525000 458 .
March | 2'98080 5852000 - 1.97. 5‘756000 1.93
April - - - - - -
May 2695680 - 0 n -
Tune 15992640 21554000 1.35 21050000 1.30
July - 37249000 - 134256000 -
August - 34444000 - 32430000 -
September - 34018000 A 30580000 -
Octpbér 3304800 17307000 5.24 16505000 4.99
November - 1487800 1371000 8.85 12572000 8.4_5 )
December 6602688 11003000 1.67 12015000 1.8.

: 57 LOSSESIN CONVEYANCE AND DISTRIBUTION SYSTEM
5.7.1 General

Substantial water is lost in transmission in a canal system from its head to

delivery point at the outlet in conveyance and distribution channels. All these losses are

termedas transmission losses and these constitute mainly following type of losses :

(@)  Evaporation losses : |

These include all the evaporation losses from surface by evaporation in reservoir,

surface of flowing water in canal in long conveyance and distribution: network.

They primarily depend upon climatic conditions and range of temperature,
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(b)  Transpiration losses :
These are caused by vegetative along the water surface on canal banks and berms
and primarily depend upon the climatic conditions as well as over all maintenance
of channels. |
(c) - Seepage losses in the system :
These constitute the seepage as well as percolation losses from the canal cross-
section and vary from system to system and aiso on different network of the
system. They also depend upon design, alignment and maintenance of the
_ channels along with type of soil, ground water tables and many other factofs‘
refated to the canal system and the irrigated command.
(d)  Operation losses : _
These depend upon the status of engineering infrastructure needed for operatmg

and regulating the canal system.

1t has been observed that evaporation and transpiration losses in Upper Ganga
Canal System in Western U.P., one of the oldest major canal system of the country are
nearly to 1% of the head discharge of the system. |
The see"pag.e losses which constitute the major part of transmission losses; on
Upper Ganga Canal could be found on measurement from time to time by various
methdds; of the order of 45% of head discharge of the system from its head up to delivery
point to the field including losses on main canal, branch‘ canal, distribution channels and
water courses carrying watér from outlets to the fields.
| The operational losses vary from system to system and from time to time but on
broad assessment. These losses on UGC system could be observed normally on an
~ average 10 to 15 % of head discharge of these system. These losses can be substantially
reduced by proper maintenance and improvement in the regulating structures, alongwith
careful operation and maintenance.
The distribution of seepage losses in Upper Ganga Canal system can be recorded
as follows and these losses represent the normal losses in unlined canal system in alluvial
- plain in Northern India. .
(i) Losses on Main Canal and Branches - 17% of head discharge

(i)  Losses on distributory and minors - 8% of head discharge.
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- (iii)  Losses in water course - 20% of head discharge.

Total losses works out to 45% of head discharge of main canal in the system.
There are different design practices for adopting the losses in design of canal system in
different states in the India. These losses on unlined canals vary from 0.91 to 3.96
m?/sec/10° x m* and on lined canals from 0 to 1.83 m*/sec/10%m? . However, other
- observing the losses on different canal syét_em_a u'ni__fqrm practice for preliminary-design
of canal, all over the India has been follpwed and the losses adopted on unlined and lined A
canals are as follows : ;

Unlined canal - 2.5 m*/sec/10°xm? of wetted perimeter.

Lined canal - 0.8 m*/sec/10%m? of wetted perimeter.
5.7.2 - Factors Affecting the Canal Seepage

- The seepage of water from irrigation canals is a complex process and it depends

on the following factors :

- Soil characteristics of canal bed and slopes

- Depth of water in canal '

- Velocity of flow in canal

- Wetted area or shape of canal

- Position of ground water table in relation to canal.

- Position of impermeable layer in relation to canal.

- Drainage level of nearby drain and its location.

- Temperature of water and soil

. Intrained air in the soil

- Soil moisture tension

- Age of the canal |

- Amount of sediment and its grade

- Salt concentration in canal water and soil.

- Surrounding vegetation of canal

- Ground slope at right angle to canal.

- Velocity of flow of underground water

- Other biological factors.

- Frequency of canal discharges.
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All or many of the above factors may affect the seepage from canal system

depending upon its location and use.
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Methods of Seepage Estimation

The seepage losses can be estimated by following methods :

(i) ’ Empirical formulae.

(i)  Theoretical methods

(iii)  Experimental measurements,

Several different empirical formulae have been in use in different countries and

also sometimes in different parts of the same country as in India. Some of the commonly

used formulae are given as follows :

@

(ii)

Punjab Formula (India)
Seepage losses are assessed: . - ‘
P=5x 0% (unlined canal)
Where P = Seepage loss in cusecs/million
sq.ft. of wetted perimeter
Q = discharge in canal in cusecs
For lined canal; seepage loss
P! = 1.25 (Q)*
P' = The seepage loss in cusecs/million Sq.ft of wetted perimeter and Q is the
discharge in canal in cusecs. _ |
The above formulate have been used in Bhakra Canal system in Punjéb and also
used in U.S.A and Pékistan. |
Uttar Pradesh India |
dq = ¢/8 (B+D)?* F.P.S unit

where dq = loss in cusecs per mile of canal

- B = Bed width of canal in feet

D = Depth of water in canal feet
C = Constant which is taken normally equal to 1.0 for all channels running in

rotation and as 0.75 for main canal and Branch canals running continuously.
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Also the following losses are also taken in general in India seepage losses of 6

cusecs per M.sft for channels upto 120 cusecs discharge. In India the following formula is

also used.
| S=Cad
 Where § = total loss in cusecs

a = wetted perimeter area

d = depth of flow |

c = A constant (range 1.1 to 1.8).

5.7.4 Tertiary Unit Ratio _
~ The irrigation water requirement of the intake of a tertiary unit depends in the
crop. Irrigation water requirement in the unit depend on the wate‘r'delivery performance
in the unit, on canal seepage and on the average value of above field application ratio.
The tertiary unit ratio R, (efficiency) is defined as (ICID 1978)
| Tertiary unit Ratio = —V—'“—+—V’—
d

For practical purpose V,, = water requirement of crop (ET,-P.) and assume
" reliable non-irrigation water deliveries from distribution system (V3 =0). Thus the tertiary -
unit ratio is the volume of water required at the head of tertiary to the volume of water
delivered of head of tertiary canal.

Thus the performance can be indicated as the volume of water delivered to
tertiary and volume of water required to the tertiary during required period of time
(fnonthly or seasonally). .

This measure enables a manager to determine the extent to which water is -
delivered as intended during a selected period. Its primary utility is to check of water the
" flow at tertiary is more or less than infended. If this value is close to unity or greater than
unity then it is obvious that the crop water requirement is matching with the supply of
water. Table 5.8 and 5.9 indicates the monthly tertiary with ratio and season tertlary unit

ratio respectlvely which give the satlsfactory value,
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‘TABLE 5.8 : MONTHLY TERTIARY UNIT RATIO

"~ Month T Volume of ‘Losses upto | Volume of water Designéd water Tertiary unit
R . water head of delivered of required of - ratio
delivered tertiary | head of tertiary | head of tertiary ‘
January 9942000 | 4473900 5468100 2661466 - 2.05
February | 9727000 | 4377150 | 5349850 1245715 429
March | 5882000 2646900 3235100 178848 1.8
April . . - - - -
May - Ny - - -
Juné_ 21554000 | 9699300 11854700 9595584 1.23
July 37249000 | 16762050 20486950 T -
August 34444000 | 15499800 18944200 - -
September | 34018000 { 15308100 1870'9_900 - -
[October | 17307000 | 7788150 9518850 1982880 43
November | 13171000 A’5l926950. 7244050 .~ 892680 - 81
December 11003000 | 4951350 6051650 3902688 155
- TABLE 5.9 :'SEASONAL TERTIARY UNIT RATIO
Season. .| Water required of | Water delivered of | Terﬁary ratio
o head of tertiary head of tertiary g '
Wet (kharif) | 14.1x 10° ' 86.76 x 10° 1615
Dry (Rabi) |8.1x10° - 20.10 x 10° 2.48

5.7.5  Over All Consumed Ratio

The over all (or proj.ect) consumed ratio, R;, quantities the fraction of the irrigation

water evapotranpirated by the crops in water balance of the irrigated area assuming'

negligible non-irrigation water deliveries, it is defined as
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E, - pc' S

—+—— - where, _

V +V, - ‘ .

Erp —P. = crop water requirement value of which'is entrrely determmed by the

;}_crops of whrch the climate and mterval of water applrcatlon

Vc = volume of i lrngatron water dlverted or pumped from nver or to the
conveyance system ‘ '

R "Vl = inflow from other sourcc to tli'e‘"conveyance's'ystem é‘o'(ou'r'éasej

- The volume of the inflows Vc and V, are among the very first value that should o

, .be measured together with cropped area, the croppmg pattern and clrmatologrcal data ”

The overall consumed ratlo is first water balance indicator that should be avallable for‘

each 1rr1gated area. . . ' _ '

Conveynnce ratlo Re quantrtres the water balance of mam laterals ‘and sub- v

laterals, including related structures of the system it is defined as

C : Vd'+vz.'."

V +V,

,Conveyance Ratio =

V4= volume of water actually delrvered to dlstrlbutron system
R ,Vl inflow from other sources to conveyance system = O(m our case)

, Vz = non rrrlgatron dehverles from conveyance system 0

The conveyance ratro should be calculated over a short (weak month) and along

. (season) period. The rate of charge of the ratto 1s an indicator fore. g the need of

' mamtenance o

~ For large 1mgat10n system it is common to consrder the conveyance ratlo of parts ,

. . of system Hence consrder

() The conveyance ratro of the upstream part of the system as managed by
| 1mgatlon authonty and '
. (i) Atthe WUA managed canal. _ '
- Here we have consrder the conveyance ratio of the U/S part of the system as managed by

: rrrlg'ltron authorlty
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Table 5.10 shows the overall consumed and conveyance ratio of system. and

indicate satisfactory value.

TABLE 5.10: MONTHLY OVERALL CONSUMED RATIO AND [,'V _

CONVEYANCE RATIO _ o
Months Vol of water | Vol. of requrred ~ Over all Conveyance
diverted from by crops consumed ratlo ~ ratio
river o Rp R
January | 9942000 4435776 . 045 - . 089
February | 9727000 2076192 | 021 | 089
March | 5882000 | 298080 050 089
~ April ‘ - - - -
~ May o - T . 1 -
Tune 21554000 | 15992640 074 089
Ty | 37249000 N R e
August - 34444000 - o . .
September . } , "34018000 — - - e -
October | 17307000 3304800 | 0.0 089
November | 13171000 | 1487800 0.11 - 0.89
December | 11003‘000. ~ 6602688 >. 06 - 089

58 CROPPING PATTERN
5.8.1 General » ' ‘ , '
Cropping pattern means the prcpcrtion of area under different crops at a particular
perrod of time. A change in croppmg pattern means a change in proportion f area under
different crops.
Development of realistic cropp_ing pattern needs no emphasis, with introduction.of ‘ |
irrigation water, farmers go for their own selecticn of crocs. |
Cropping pattern in command area forms the basis for yearly and seasonal water :
“budget and to wdrk out irrigation schedules, the objective of crop plannin'g is 10 evaluate .

a croppmg, pattem whrch maximizes the socio- economlc benefits of rrngatlon correct

evaluatron of economic, social and ccologrcal factors (rainfall, temperature sorl etc) s

necessary to make the crop planmng realistic. A desrgned croppmg pattern should have a



fair change of being implemented in field. A too ambitious or pessimiétic design can

throw the planning machinery into dis-arrow and cause a lot of confusion and

manipulations of the implementation stage.

5.8.2 Cropping Pattern

The out standing features of cropping pattern in India and Nepal are

()  Amazing variety of crops and

’(ii)' ' The_pfeedbminance of.food‘cr(‘)bs.over non-food.crops.

The most important crops produce in Nepal are : Rice, Paize, Wheat, Pulses and

Qil Seeds.

~ With assured irrigation, farmers tend to adopt commercial crops (cash crops).

Wide discrepancies has been observed in design cropping pattern and actual crbpping

p‘ﬁttern. Designed and actual cropping pattern in command areas are shown in table 5.11.

TABLE 5.11 : BEFORE, PROJECT DESIGNED AND ACTUAL

CROPPING PATTERN
Crops Present and future cropping . Designed Actual cropping
pattern without project in % of cropping pattern in % of
area pattern with area
project in % of
L area :
Wet-season Rainfed Irrigated Irrigated Irrigated

Paddy '
Local 48 - 57 15
HYV - 4 37 89
Upland 11 - 10 4 '
Maize 25 Y 21 7
Cotton - : - 10 -
Soybean - - 3 -
Groundnut - - 4 -
Vegetables - - 1 -
Subtotal 84 88 95 96
Dry season '
Wheat 10 17 24 68
Oil seeds 14 16 23 12
Pulses - 13 ‘ 12 21 14
Vegetables - ‘ ' 1 2 2
Subtotal 37 . 46 70 96
Cropping 121 134 165 . 192
intensity
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5.8.3 Water Availability and its Allocation

| Long transition period taken in implementation of project provides more water in
the beginning to farmers in head reaches who thus try to adopt intensive cropping pattern
and later on when irrigatioh networks is fully operational, the head reach farmers exert
. social pressure to allow them to continue with the intensive cropping pattern. "

In general the availability of irrigation during each of the growing season largely
determines the crdpping patterns. Where water is available year round, farmers favour the
best economic return crops. Also for limited irrigation those cropping pattern are selected
* which provide the best economic return such as wheat during Rabi.

Irrigation water availability increases, the cropbing intensity, Assured irrigation
provides more management control by farmers,

* Here ratio of achievement to the intended cropping pattern is greater than unity. It

indicates that the cropping pattern is satisfactory in stage I of Mahakali Irrigation Project, |

. TABLE 5.12 : CROPPING INTENSITY RATIO

Crops Design cropping Actual cropping . Ratio
| intensity in % of area | intensity in % of area .

Kharif 95 6. J01

Rabi 70 : 96 ; 1.37

59 IRRIGATION POTENTIAL
5.9.1 General

MIP is located in Kanchanpur ,diAstrict. This district has a good potential for
agricultural development, especially irrigated agriculture, since it is bordered by
Mahakali River (Sarda River) which is one of the major River. In Decembe;' 1979,
HMGN approved a comprehensive master plan for development of Kanchanpur district.
The proposed project (MIP) was a key part in that plan. The development plan délineates - |
areas to be maintainéd as commercial forest, wild life reserves, areas to be reforeéted and

areas to be reforested and areas to be developed for rainfed and irrigated agriculture,
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including resettlement and settlement of landless farm families. The plan anticipated that
the MIP (3,400 ha net) ultimately extended to 2300 ha. development would be in stages.
Under stage 1, the existing irrigation system (3400 ha net) will be improved and
extent it 6600 ha net. The extended area would in value the clearing of 1,700 ha of
commercial forest and 500 ha of forest partly occupied by encroachers. Forest leaning
was an going activity being under taken by forest Product Development Board. The total
- command area of the project planned in MIP stage was 6,600 ha net. |
. The gross area of this stage is 8 OOO ha and net. area is 4, 800 ha net. The feasibility .
. study of the stage I was carries out in 1979 under UNDP ﬁnancmg and IDA subsequently
appraised the project.in June 1980. The appraised led to an IDA credit of US$ 16.0
~ million. This stage was to completed in 1985. The project comprised of
(a)  Improvement to the existing irrigation system in 3,400 ha.
(b)  Extension of the system to an additional 3,200 ha.
(c)  Construction of e network of public and service roads.
(d)  Agricultural extension and training
(e)  Consulting services and
® | Fellowship for Nepali students.
The detarl study of the project revealed that the actual area of stage I is less than the
targeted area for the following reasons:-
- Fully controlled project mapping (Which was not available at the time of
appraisal) showed that there was about 14% less area within the physical,
boundary of the stage I area resulting a reduction of about 1,100 ha net in -
command area.
- A government ban on the proposed clearing of part of ‘Sukla Phanta
| Reserved Forest for settlement and irrigation development reduced the
area about 900 ha
Consequently, a project area at 4800 ha net, instead of original area of 6,600 ha,
was considered for irrigation development, the other part of project scope re'mainin'g

unchanged.
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The aspects of physrcal sustainability that can be affected by 1rngatron managers o
relate primarily to over-or under supply of rrrlgatron water leadmg to water loggmg or
salinity. The stmplest measure of sustamabrhty is therefore )

Current Irrigation area

Sust nablllt of area =
. , d Initial Total Irngable area

The initial area refers to the total 1rr1gable area in the desrgn of the system or in
the lastest rehabllrtatron Where it is approprlate this ratio can be modlﬁed to specrﬁcally -~
refer to water logged or salm areas as a percentage of the total rrrrgable area, Due to the.
above mention reason the new area can bot be extended hence the lastest rehabrhtatron

area s 4800 ha only Therefore -

Sustamablhty of 1rr1gable area = 4800 =1

4800

Hence irrigation is sustainable. -

'5.9.2 Irrigation Achieveid Year Wise and Crop Wise

It ahs been found that all the command area is getting water there is no problem of

water in MIP stage I area. Table 5 13 shows the rrrrgated area year-wise and crop-

wise.
Table 5.13 Irrigation Achieved year wise and crop wise .
Crops - Year 1994/95 Year 1995/96
: o Area irrigated Area irrigated
1. Rainy season - 4705 (ha) 4689 (ha)
Paddy | 4284 - 4270
Maize 406 400
~ Pulses 130 - 120
- QOthers 2.5 20 -
2. Winter season . 4473 4491
“Wheat 3255.0 (ha) 3250
Rapeseed '398.0 400
Lentil 340 - 340
Potato 60 - 60
Fodder 60 60
Chickpea 120 - 100
Linseed 100 90
Vegetables 90 81
Others 90 110

Cropping intensity is more than the proposed at the time of project appraisal.
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5.10 DELIVERY OF WATER o
5. 101 General _
l_ . The most rmportant service that the 1rrrgat|on system provrdes to farmers is the

3 »delrvery of the 1rr1gatron water to users.. From users pomt of view the service in term of
; dehvery of water to him should ensure:-

- Trmmg of delrvery
TR Flow rate as per. allocatron 5§ ‘

o - Duratlon of water ﬂow for lrrrgatlon applrcatlon

In major canal system commandmg extensive irrigable . areas with large number of .

farmers receiving 1mgatron service; fulﬁllment of above requirement does need the

~ higher order of efﬁcrency from_the system. In the India and_many developing countrre_s } ‘
- like Nepal for the major canal system deliveries and distribution is primarily the

responsrblhty of i 1rrrgatlon department upto outlet level on minors (tertiary canals) Below _

- the outlets the water is drvrded among users themselves without any formal water users v

communrtres or assocratrons Qurte often, the travel dlstance for water from pleas of canal
to trail reaches in the system covers upto 500 km as ever more. The supphes are in most
_ .-of cases drawn directly by river supplies specrally when there is no storage support. In

‘ these condrtlons we really need a very dependable delrvery line good network of -

drstrrbutron channel and water courses, functronal organization for correct assessment of

irrigation requirement and after resource an deliver the water as per preceded schedule of -

delivery. |

5 10.2. Prmclple of Water Dlstrlbutlon . ‘ o
In most of the large canal systems proyected in Indra specrally in northern p]ans .
~ the available water resources at the head of canal was requlred to be spread on larger
areas to benefit largest number of users as a protectron to therr crop agamst deﬁcrency of .
moisture and drought condltlons The concept of maxtmum yield or largest beneﬁt per
unit of water was never applred lnsplte of the change in agrlcultural practrces from -
 extensive to intensive and with new technologrcal development with large 1mprovement -
of seeds and facility, the prmcrple of use of avarlable water in surface rrngatron system to

‘.'4 extensive large areas and delrvery to Iargest number of users still hold good. The -
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.r'em'aining need of irrigation water is now normally met out by supplement use of ground '
water mainly by farmers private means of shallow wells and tubewells. This is a
sustainable and quite apprOpriate system of irrigation practices over large ;irrigabl'e'
commands and concepts of better.use is already in built in it. This also controls the '

objectionable rise of ground water table in agriculture command with constant addition of

canal water over along peried as substantial nearly two third of volume available of the - '

Zero pomt of unlined canal system is normally lost through seepage and operatronal loses

‘upto the time, the water is applied in the ﬁeld to crops

5103 Conveyaiice of Water Through Main Lines }
The water in major surface irrigation system is conveyed through the command'. .
by main canal and Branch Canal. In India the canal with head drscharge greater than 14 ‘
cunecs is normally rated either branch or main canal. The mam canal normally runs |
contmuously throughout the year except those which are taken off from non- perenmal -
rivers or tanks and reservoirs. A - , 4 _
The branch canal normally run in roaster wrth two to four weeks running and few
‘weeks closure depending upon availability of supplied Normally the total capacrty of "
branch canal is higher than the capacity of main canal and some trme branch canals are

made to run even with partial drscharge capacrty

S. 10 4 Distributton of Water on lrngable Comm'md

The distribution of water to users is carried out by distributions and minor channel -

Y

through outlets.

" As given in table the water quantity is meeting the requirement of MIP stage l and
stage Il in kharif (wetl season. The water requirement only for stage 1 is being met by the
delrvery of water in Rabi (dry) season. But when the MIP 11 stage will be also in fully
operation and the water from Sarda barrage will delivered as bilateral agreement of 1928

then there will be scarce of water in Rabi season. At that time the canal has to run in

rotation.



Normally roaster of supply delivery from Indian authority is fixed as 10 days
_c'losure and 10 days running i.e. roaste'r at that time the water delivery will be twice the
normal delivery i.e. 8.5 cumec. .
| ~ In actual practice the delivery efficiency as related to avail»abil’ity of water, is
. normally more than 90% upper and middle reaches of commands, which in last 1/3 rd of
the area in command, the delivefy efﬁciency‘varieé from 60 to 80% percent.

5.10.5 Water Allocation and Distribution”™ | A
' ‘Before formation of legally registered WUOS water allocation and dlstrlbutlon in
command area was fully managed by MIP. The prOJect now takes into its confidence the
WUAS and WUGS under its umbrella for water allocatlon and distribution. The stage 1 |

area is enjoying. the whole source of available water from the canal and there is in fact
.-abundance of water for the area only. The water allocation in such condition is much"
easner and can be said to be non-existent. After completion and fully operation of stage II
areas, the same source has to serve an area 2.42 times the area covered by stage 1. In this
situation, the water allocation will be very critical. The distribution of water would also
become critical when stage 11 will be fully ready for receiving watef. The effectlveness of
'WUOs can be judged only after water is dellvered to the total area of two stages.

5.10.6 Rotational Supply of Water

~ Rotational supply of water is adopted whenj there is scarce of water in source.
When the available supply i§ not meeting the water requiremen.t of -crops, then a
rotational delivery of water is unavoidable. This method envisageé canal running in full
. terms with full supply discharge and the duration of flow is regulated. There are two
: tslpés of rotational delivery system in vogue.
g (i)» . Flexible rotaﬁonal system

i)  Rigid rotational delivery. |

In northern Indian plain the second method is normally followed and it is suitable
for water scarce areas or large commands with limited river supplies.

The MIP has made efforts to introduce rétational water supply system in Stage-1
area but the abundance water has proved this exercise a futile one.” At present no

_ rotational water supply is practiced.
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| 5.10.7 Rostermg or Rotation . :
- Durmg, the period of keen demand when MIP stage l and stage 11 both will be in .
lull operauon all the off- takmg, channels of the canal system it is not possrble to run all
the channels srmultaneously as the supplled needed by the all the off-taking channels put )
" together, generally exceed the full supply drscharr,e of the main canal in wmter season.
' Running of the channels of reduce dlscharge is generally not resorted to on account of
following reasons : o
- . Itleads to silting of channels and subsequent weed growth |
. It may result in'low head over the outlets, which would lead to indicate
- discharge, this would be resented by cultivators, |

Under these circumstances, it becomes necessary to run a group of channels at a
time and keep the remaining channels closed. This process of rotation is rosteririg. ’When :
‘the off-taking channels are run for one week in every two week they are sard to be
running with roster 1 in 2 and when they are run for one week in every three weeks they - '

-are said to be running with roaster 1 in3 and so on. _ : ‘
Some channels are unable to feed all their outlets during the peribd_ of keen

. demand. This may 'b'e due to fixing of larger number of outlets on channel than it can

cater for or due to the outlets in the upper reaches drawing more than their due ‘stage' In -

such a case group of outlets on the channel may be kept closed whrle other are allowed to o

run and durmg the next running of channel, the process may be reversal. Closure of a

‘ ;,roup of outlets in this manner is called ‘Tatll’

5.10.8 Water Requrrement and Running of Channels

Water requrrement based on present croppmg pattern ‘has been calculated andv

glven in appendlx A Table A-9. For the monsoon period (crops) there is no problem of -

water even the stage II will run in full operation. But in dry season (Rabr crops) there will
~ be water S(:arclty when both stage I and stage 11 will run simultaneously To meet the -
' crop water requrrement and i in this season the canal has to be run in rotation. Hence a

rotatlonal planmng is needs to satlsﬁed the need.

There are four blocks in stage I and fours blocks and Daur in stage Il havmg, y the
net command area of 4800 ha and 6600 ha respectively. '
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The existing cropping pattern is 96% of stage I area in dry season (Rabi) so 1;t is
assumed that farmers will adopt the same cropping intensity in stage II area.

Rotational planning of running the off-taking channel has been done to met the
cropé need in scarce period. Three pvroposals have been prepared for running the canal in
roaster.

CASE 1 -7 DAYS RUNNING OF CHANNELS AND 21 DAYS CLOSURE

In this case, channels.are divided in four groups and at a time only. one canal will -

run will full supply and other two will run in balance. Planning is given in Table 5.14.
Table 5.14: Groups of Channels and Supply Condition for
7-Days on & 21 Days off Rotation

"~ Week No. - Groups Full supply | Partially supply | . Remarks
discharge discharge :
1. - I(A, D, H) A D,H
2. I1(C, D, H) C D,H
3. I (B, E, G) B EG .
4. IV(E,F, G) . Daiji EF,G
and Daiji

CASE 11 - 10 DAYS RUNNING OF CHANNELS AND 20 DAYS CLOSRUE

In this case channels are divided in three groups and two channels will run in full
supply and other are in balance. No channel will be remain closed more than 20 days.
Planning is glven in Table 5.16.

Table 5. 15 Groups of Channels and Supply Condition for 10 Days on and 20 Days
~ off Rotation '

Rotation Groups Full supply | Partially supply Remarks
No. discharge discharge '
1. I(A, D, H) AD F
2. (B, F, G and B, Daiji F,G
L Daiji)) ' , '
3. I (C, G, E, H) C E,H No channel will
' remain fully close
more than 20 days

CASE 111 - 10 DAYS RUNNING OF MAIN CANAL _
' Aécording to the bilateral treaty between India and Nepal; in scarce period i.e.

from 15 October to 15 May the supply from Sarda Barrage may be alternately closed and
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opened for ten days of a time and the main canal could run of 8.5 m3/sec ‘capacity -

whenever the canal is open. | | . |

In this case the channels are divided into two groups on-ly as four blocks and Daiji

area in one group and remaining 4 blocks in another group and planning is given in

Table 5.16. o | |

| .Table 5.16: Groups of Channels and Supply Condltlon for 10 dnys Alternate
Closure and Open of Main Canal

Rotation ~ Groups | Fullsupply .| Partially supply {.  Remarks .
No. 3 discharge discharge o
1. I(A, D, F, H) ADFH& | -
‘ - Daiji- -
2. II(BCEG) B,C.E,G -

. Runnmg of channel of all three cases are given in appendix A Table ll(a) 11(b) and .

11(c) Table A-12 in appendtx A shows the roaster t‘or Rabi crops f‘or both stage 1 and ll -

area. , :
© 5109 Equity and Timeliness of Irrigation Water

The pattern, in which water is delivered over tlme is dlrectly related to the overall

consumed ratio of dehvered water, and hence has a direct 1mpact on crop production. - -~

The rationale for this is that water users may apply more 1rngatlon water, it there is an, :
* unipredictable variation in volume or timing of delivered water, and they may not use |
_other inputs such as fertilizer in optim'a!yq.uantities if they are more concerned with crop
'survwal than crop productxon '

The primary indicators proposed for use in measunng dependablllty of water
dehverles are concerned w1th the duration of water delivery compared to the plan, and the _‘

-~ time between deliveries compal ed to the plan.

Actual duration of water delVery .
Intendd duration of water delivery -

Dependabi]ity duration = and

Actual irrigation of interval
Intended irrigation interval "

Dependability o_f irrigation interval =

In addmon to dependablllty in term of timing, it is strongly recommended that the
predtctabthty of dlscharge or ‘water level be included.in this part of assessment For many

irrigation activities the flow rate must be near the intended flow rate for water use to be

~ effective. .
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" In MIP stage I and flow rafe is even higher than intended hence there is
dependability of duration. '
o Observations are compared on monthly basis because there is continuous supply
form June to third March. Hence due to continues supply of water with more than
" required there is dependability in both duration and irrigation interval as required.
A rapid appraisal survey was conducted in 1996, taking sample area from head,

middle and tail reaches of each block, A, B, C and D the crops yxeld and croppmg

mtensnty (Stage I) has been glven in Table 5.17.

Table 5. 17 Croppmg lntensnty and Yield

“Head Middle Tail . Av. | Av
Smﬁ % of | Yicld | Sam | % of | Yield | Sam | % of | Yield | Yield lntc;lsit}'
-Season Crop ple | area | ttha | ple | area | t/ha | ple | area | t/ha
| area | cove area | cove ' area | cove
red | red red
Block A .- A _ _
Monsoon Rice 100 | 80.0 4.0 60 100 | 45 | 40 100 4 .4.18
| Maize | 200 | 09 00| 0 | o0 ,
| Winter Wheat. . 80.0 24 - 86.7 23 100 23 2.32 §
| Oilsced 200 | 05 133 | 06 o o0 [os2 ]~
. Others ’ 30.0 5.0 | 20 "5 15.0 4.5 4.94
BlockE , |
Monsoon Ricc‘ 43 100.0 50 100 4.5 22 90 | 2.9 421
' Maize 0 ' 0.0 0 10 0.5 | 048
Winter Wheat 770 | 23 85 23 81 L9 1217 i
| Oilseed 200 | 00 50 [ 06 | 0| 14 |03 | Y
. Others 320 | 00 26 0.6 12 1.05 [ 03]
Block C - ( , | - .
Monsoon Rice 25 100.0 25 39 76.9 2.9 108 94 23 2.45 ‘
.| Maize | 0 0 1231 | 14 ‘ 60 | 0.6 | 1.07
Winter Wheat 68 1.7 1769 [ 21 | 680 | L7 | L75 g
Oilseed | - o [ 03 31| 06| [100] 06 |05 "
Others | - | 25 | 07 T0 | o 380 | 0.7 | 0.69
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Source CMS Kathmandu 7 o
From the table it is observed that in monsoon season the croppmg intensity in all

blocks and head; middle and tail reaches of each block is 100%. That is to say there Is no

problem of water distribution. All the farmers arere"ceiving there required share of water

in trme-yteld is also nearly same for each crops.

But in winter season rt is- found that the cropping mtensrty decreases in tail

o reaches and also yreld of crops are low as compared to-head reach ﬁeld

‘Now if we consider the equity parameter delwered by CL. Abernethy in head
' reach and tail reach area; then we will find.that there is no equrty even there is -

avarlabrlrty of water in canal system.

It mdrcates that tail reach farmers always suffer form unequal drstrrbutron of

water. It is observed in all most all the 1rr1gat10n prOJects of developmg countnes that the .

head reach farmers use more water than tail reach farmers

, lTabIe 5.18: Alnter-Quajrtile Ratio

Blocks % area (A) % of area (B) Inter-tluartile .. — Remarks
| .' upper reach ‘tail reach ratio_ o “ |
: Rabr Season | .
Block A 13‘0 115 130/115=1.13
Block B 129 103 125 |
Block C 112 106 1.056 ]

: 5 10.10 Conjunctwe Use of Surface and Ground Water

The ground water potentral of Kanchanpur drstnct has been studres lt is found -

numerous dug wells and hand pumped wells take water from this aquifer. In the eastern . -

portion of the project area this aquifer is artesran The avarlable supply of surface wateris <

sufficient to meet- the requirement of the project. However, when areas east of the
» Chaudhar river are to be developed under stage 11 and 11, the need of a supplementary
supply of ground water may arise. The water from all the aqurfers in the prOJect area is
generally chemrcally suitable for domestrc water supply, live stock and 1rr1gatr_on. !

~ There is no use of groundwater as a supplementary source of water presently.
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CHAPTER-6

SOCIO-ECONOMIC ASPECTS

6. GENERAL

Irrigation development plays an important role in uplift of people in developing
countnes like Nepal where 86% of the population are engaged in agriculture. Water is a i
scarce commodity in relatlon to its demand for several uses of plants and animal life.
Being scarce and having immerse alternative uses, it has got economic value. The way in
whieh water available as the‘ gift of nature, is harnessed, developed, managed and
utilized, has its impacts on users, past, present and future. The impacts get reflected in
objectives of planning for alternatives user of water in ex-ante form, in momtormg, for
present situation, in evaluation for its past performance.

~ The socio-economic impact frqm the three major angles of planning, monitoring
and evaluation and the related factors that crop up while executing these three functions
in the process of water resources development and management are analyzed. |

There are many input like fertilizer, seeds, cultivation practices, extension .
services and irrigation water for crop production. Out of all inputsvirrigation water is one
of the important and critical input for crop production. It must include not only
engineering aspects to divert water from sources ro the canal but also agricultural, 'social,
political infrastructure facilities, legal and environmental should also be given due
consideration. The farmers involvement is an impbrtant and adjunct role'in proper
utilization of available water. Since the farmers are ultimate users of the irrigation weter
hence they must be included right from the planning to O & M of irrigation system.

The objective of socio-economic study in a broad sense is to 1dent1fy the socio-
economic change, pattern of use of farm resources land, labour and capital and how are
they allocated for cultivation of different crops and effect and strength of water users
~ group in water management. However the main objectiVe of socio-economic study relates
to longer-term impact of pursuing a particular set of operational and agricultural

strategies. It includes study of
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- The social settmg composmon of family, level of education and standard
of living _ ‘ l
- The existing cropping pattern, production and productivity and extent of
farm resources. Comparison with the objective set of the project
formulation time is carried out to evaluate the performance of project. |
- To analyze the input-output and profitability of important crops grown in
the project command. '

- The performance of extension services in the project area.

6.2 SOCIAL COMPOSITION AND LAND HOLDING

Before 1950’s, Kanchanpur district was inhabited mainly by Tharus and a larg,e
part of district was under forest. People from hilly area began to migrate into the area
only in the late 1950’s after malaria had been brought under'coﬁtrol; The rate of
migration increased subsequently as government started clearing forest under a planned
resettlement program to accommodate the influx of Nepali citizens diéplaced from Burma
in early 1970’s along with large scale migratioh of population from adjoining hill
districts. Now their settlers in Kanchnapur district from almost all the district of Nepal.
The ethnic cdmposition in the project area has been are found to be Brahmin (35%) .

Tharu (29.40%) and Chhetri 23.9% and ST/SC 10.6% and others 1.1%.

TABLE - 6.1 SOCIAL COMPOSITION AND LAND HOLDING

6.3

S.No. Ethnic group | Percentage of ethnic group | Land holding capacity
1. Brahmin 35 ‘ | 24.1
2. Chhetri 23.9 40.1
3. Tharu 29.4 17.1
4. SC/ST 10.6 18.5 |
5. Others 1.1 0.2

LAND DISTRIBUTION

The land distribution in the project area is uneven. Table 6.2 show the farm size

* and percentage of all farms holding by farmers.
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Table 6.2

Land Distribution.

Farm size % of all farms % of total farm Average farm size
: land
Less than 1 ha. 43.5 15.3 0.64
1-2ha 35.6 33.6 1.27
2-5ha 17.9 35.5 5.60
5-10ha 2.6 12.6 6.47
10 ha and more 04 3 13.1

_ According to these data 3% of the largést farmer occupied about 15.6% of all the
farm land where as 79% of small and marginal farm occupied about 49% of land.
However the 18 % medium farmer occupied nearly 35% of the land. However this might
be stated as inequity since in this area large farms are often associated with large number
. of far.ni'lies. The average land holding of family in project area is présently 1.3 ha. |
| According to the data of district level, the Kanchahpur district has 46,990 ha of
agricultdral land with about 35,237 number of land holdings.

6.4 LAND USE AND CROPPING PATERN
Out of the total area at 161,000 ha, at Kanchanpur district, the land area occupied
by agriculture and human habitation is 46,985.5 ha of which 95.3 percent has been used -

for seasonal crops. Project area land capability and cropping pattern are given in table 6.3
- &64.

" TABLE - 6.3 PROJECT AREA LAND USE CAPABILITY

S 1. No. Land use class 4 Rsd 35d 25d 28 Total
Y Drainage Poorly Imperfectly Moderately Well-drained
. conditions drained drained well-drained upland
‘ : lowland lowland lowland '

2. Soil type Fine Medium  to | Moderately Moderately
textured fine-textured | course to fine | course sandy
clay loam | loam to silty | textured loam | loam
or silly | loam 1o silty loam
clay loam ‘

3. Crops Paddy, cotton, | Paddy, maize,
recommended wet | Paddy Paddy soyabean, groundnut,
season ‘ vegetables, cotton,

‘ vegetables.
Dry season Pulses Wheal. pulses | Wheat, .
o oilsceds,
pulses.

vegetables,




4. Cultivated  arca 140 - 1,580 1380 1.100 - 4200

(ha) . _ . . :
-5.(a) | To be developed 120 210 200 1.870. 2400
| (ha) under project

(b) - | Developed under 120 © 210 200 0 70 600
project ‘

0. Total = cultivable 260 . 1790 1580 . !17() 4800

| area (ha) : : -

TABLE - 6.4 PRESENT LAND USE UNDER PROJECT AREA

Sl No. - Particulars Gross area in (ha) Net area in (ha)
1. Forests o - 300 | -
2. Deforested I -
3. - | Cultivated (rainfed) - S -
4, Cultivated (irrigable) ~ 7700 4800
- 5. Others (Airport, 500 . -
: ‘Swamps, Vlllages) : L
6. Sub total : -~ 8500 4800
7. Mahendre Nagar.Town 1. 1,200 . -
Total ' 9,700 - 4800

~ K v s
The area is flat and forms a gently slope from north to south about 3%. The soils

of the project area are alluvial and falls into two main types:
)] Yellowish and grey brown soils, de\}elop under forest cover coarse to moderately
coarse texture and well drained and afe suited for irrigated farming of mainly
upland crbpé such as wheat, cotton, maize and pulses because of their coarse - |
“structure and higher permeability. _ _
(ii) Deep' alluvial soils cbn’sisting mainly of medium to moderately fine textures clay
to silty loams, less permeable and poorly dramed Thls type of sonls is suntable for
 both irrigated paddy and upland crops with proper drama&e
However, it has obser_ved that practically the farmers used about 89% of land for
paddy and 7% of land for maize in'monsoon season and about 68% of land for wheat, |
12% for pulses, veg,etables peases and 14% for oilseeds, potato and others Parmer used

the land to get the maximum benefit of available water in the sources. '
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Table 6.5 Crbpping Intensity

Crops Proposed % of area | Actual % of area| Remarks
tobecovered | covered

Wet Seasons . : : There is increase in

(Kharif) . | o - | cropping intensity . -

Paddy |

Local : 15 |3

HYU ' 37 : 86.0

U pland |4 ‘ I

Maize o 21 . 7

Cotton 10

Soyabeen 3

Groundnut 4

Vegetables : 1 ' 1

Others - - | - . -

Subtotal , 95 .o 96

Dry Season

(Rabi) -

Wheat ' 24 . 68 -

Oilseeds — 23 12

Pulses 21 < 14

Vegctables - 2 2.

Subtotal 70 96

Cropping mtensny 165 192

65 PRODUCTION OF CROPS
6.5.1 Ge;ieral - |
lnvariably in planning and dgveloping a water Tesources 'project tll\ere is over
o'p_timism about the productivity achievable possibility. This possibility is some times not
based on any facts or figures and even worse than guesstimate. It is not advisable
controlled conditions. There is need to think whether we should so in for such projections
in benefits so as to get the projects cleared on the basis of ovér inflated benefit cost ratio,
or should be concentrate on a more realistic projections of benefit based on the socio-
economic and administrative management setup obtaining in respective water resources
development pfoject. o .
The area that needs attention is the choice that the authorities have to make about

the criteria to be followed in taking a decnslon the projections to be made in respect of__' A
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physical mputs and outputs and the prrces at whrch the respectrve inputs and outputs are
to be evaluated But i msptre of all the emphasrs on water development and’ management o

the role of associated drscrplmes has yet be apprecrated and acknowledged in water

- resources and trrlgatron development pro;ect The role which the economlsts soctologlsts

agronomists, agriculturists are to play in effective. planning, development ‘and o
management of irrigation projects have to be clearly deﬁned and emphasrzed
’Unfortunately, till today water resources planning, development and management have
:been the _|0b of engmeers and the last minute contribution from other drscrplmes where :
they exist, is only marginal and strictly to aid the engmeers to get a project cleared. _
. The performance of a management system can only be measured in term of its ’
'objectives I we limit our discussion to technical performance at the hydraulic level of - -
water drstrrbutlon system, then the success of an irrigation system can be measured by '
_ how it supplted the required quantlty of water at the right time in an equttable manner to
users served by the system The delivery system can have many objectives but there i rs a.
broad agreement that most of them can be mcluded in adequacy equrty and timeliness.

Water delivery management is not an end in rtself but is a means of mcreasmg

agrlcultural productivity in sustamable manner and ultrmately 1mprovmg the qualrty of

life of water users. Hence it is necessary to establlsh linkage between intermediate "

objective and ultrmate ob]ectrve le. productlvrty of crops.

6 5.2 Potentml Productrvrty

Let us consrder the effect of trmelmess on production. There is now a days a
substantlal amount of mformatlon enabling us to estimate the effect of water deﬁcrencres'
| E on crop yteld and in particular to differentiate between effects, on ultrmate yield of water
storage that may be occur at different stages in crops history. ‘ ,

From the data of water dellverres and out put achieved can calculated the ratio at
potential productrvrty. ‘We can define potentral productivity as the ratio of the output that
can be achieved under water region, and the output that would have been accordingthe
matched needs at the crops. Th_e‘ yields of different crops_at proposed in project appraisal '

. report and actual yield achieved in different years in given in appendix A table A-13. A
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Productivity means production per unit of input we may have a land productivity
(t/ha),‘ which is usually called yield or we may have a water productivity (kg of crop/m’
of water), which in the United State literature is usually called water use efficiency. In |
some circumstances labour productrvrty will be a more important feature and so on. The
land productivity tends to receive the greatest emphass in literature, but incases where
management of water is a focus of concern there is at least a prima facie where
management of water may be dominant costraint on output, and that water productivity
ought to be our primary criteria for good performance -

A way of resolving the point is to ask whether, in case any water is saved by good
manaﬂement it can be put to alternatlve use, or whether it will simply be wasted. If there
is not alternative demand for it, then water productivity is not an important objective.

- From the fig. 6.2 There is excess of water in rainy season (Wet season) even the
cropping intensity is 96% in stage 1. Also if we consider the command area of stage 11
even in the rainy season, water is sufficient to meet the crops water needs and also quit
excess in month of.July, August, and September. But we can not store this supply and use
it in scarce period incase of run off river project,. During this season there is no alternate
use of that water. So the productivity per unit water has less meaning. In this case the
value of potential producti\rity will be very low.

In the winter season (dry season) if we consider only stage I .area of MIP, then it is
now meeting the crop water requirement and also matching the time with crops need. The
potential productivity is really 0.158 t/m’. But when state H will be in full operation then
the crop water reciuirement in a particular time will exceed the available supply in month
of November and January. During this period a rotation water supply is required to meet
the crops need. In this case a proper management of water supply is required so that there
should not be loss of yield of crops which farmers are getting then. Even through excess
water of other month except deficient have no alternative use. We are in conditions of
over all water deficiency in particular irrigation system and the saved water can be used |
also where then we must regard water productivity as an irnportant factor of good

management of performance.
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Using the data of table A-13 of appendix we see that the most of years the crops”
yield.is more than the expected in stage I but after full operation stage II if requires again
performance study to increase substantially more is also important crops in wet season.

1In dry season, wheat is a major cereal crop. The area under oil seeds and pulses
are also grown. Some vegetables are groWn in small portion of area. The project was

designed to achieve cropping intensity at 165% and now the actual cropping intensity is
about. 192%. | B

6.5.3 Production Impact Performance
| Production impact is assessed to cropped area, cropping systems, cropping
intensities and yields and the over all adoption of ‘improved management practices as
compare with staff appraisal rebort target. .

| Present cropping pattern shows that crop coverage has alreédy exceeded the SAR
o target 165%. It is worth to mention that the adaptation of HYV crop become more

. popular to over Local to get max.imum.yield. |

- The agricﬁltural pilot farm has continuously monitoring the average yield of crops
in stage | area since 1986/87. The average yield of crops in stage I area have persisteﬁtly
increased over years. The average yield of all the cropé exceeded SAR targets. The yield -

of paddy is significant as it has reached a level of 4.0 t /ha compared to SAR target 3.2
t/ha. | ' '

6.0 INPUT USE

-
- was

v o i
Agriculture at present facing two conflicting issues :
- The increasing populétion of the world and the prevailing malnutrition of
. people in advancing countries demand greater production of food. As the area of
potentially cultivable land is limited, it is essential that the yield of créps per unit
area be increased. To achieve this more fertilizer must be used. |
- .TAhe raw materials for fertilizer manufactured are becoming scarce and
more expensive. Farmers, especially in the advancing countries, cannot use as

much fertilizer as they should.
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Our limited resources must therefore be used at maximum efficiency and yields
kept at the highest possible level. In this context some aspects of increasing the efficiency
of ferﬁilizérs while maintaining high yields of grain crops are necessary. ,

» The use of fertilizer depends on the availability of water. The irrigation water is a

one of the most important input used for the crop production. The overall use of fertilizer

" in stage'I area is about 103.2 kg/ha. It is observed that the farmers tend to use more

chemical fertilizers for high‘value and cash crops. There is still sufficient scope to
' ihcrease the fertilizer use in stage I area and there by to increase the crop yield, if the
water will be available in sufficient quantity and in time. |

Before the project was launched no fertilizer and plant protection chemicals are
used for crops grown under rainfed conditions, The use of fertilizers and agro-chemicals
was mostly limited to HYV paddy, wheat and vepetables grown by some progressivé
farmers. Average amounts used, however, were very low. Only about 10% of the farmers
in project area were using certified from their previous harvests or fellow-farmers. There
were about 2,800 pairs of draft animéls; they- provided adequate farm power for land
preparation and other cropping operations. . .

- The input used rate by farmer in MIP stage 1 is shown in of appendix A-15.
Intensified cropping patterns, improved farming practices and intensive in-service °
* training for farmers have been considerably increase the use of better seeds, fertilizers
and plant protection chemicals. |

AIC and Sajha have been providing these input increased demand. As a result of
‘project, labour requirement have been also increased. During the month of June and July
the peak labour demand for hired labour is covered by local landless laborers and migrant
labour from hills aﬁd neighboring Indian State of Uttar Pradesh. Securing agricultural
short-term credit from ADBN .has been facilitated through formatlon of WUGS, which

are obtain such credit collectlvely as “Joint liability groups”.

6.7 ECONOMIC CONCEPTS
6.7.1 . General

Economic analysis is generally concerned with assessing the real cost of using

resource in order to estabish priorities between competing proposals. Resources include
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land (soil fertility and the presence of useful mmerals) water, cllmate and human skill
and labour supported by man- -made capital resources (which are the result of prev1ous _

productive effort) lt is emphasnzed that economic analysis concerns resources and not

- money. In this context‘money should be seen as nothing more-then convenient way ot_‘ |

measuring resour_ces. Economic evaluation is only one of the‘i criteria against which
~ decisions about a'project will be made. "Technical, financial, social and institutional
‘crlteria will also generally be used | |
Financial evaluation is concern with determining the costs of using resources
form the Point of View of an mdrvndual or small corporation. The evaluation is only‘
concerned w1th those costs, Wthh have a direct bearing on financtal performance ‘
| Economic evaluation is concerried wrth determine the costs of usmg, resources an -

- seen from the pomt of v1ew of the community as a whole. However the “economic o

“evaluation does need to take into account all the cost of the ‘community, -irrespective of -~

whether they -are borne by households a corporation an admmistrative authorlty or

~ pational government.

6.7.2 W_i,th.And_‘Witliiout Project Comp.a‘rison R e
The aim of economic anal}rs‘is is to assess the net increme_ntal Vbeneiits arisingi a
from a project. To assess this incremental benefit, itis nec,essary,tojidentify the cdsts a-nd.
beneﬁts that will arise with prOJect and to compose them with the costs of beneﬁts that -
would have arisen w1thout the project.
This is not the same as comparing the situation before and' aﬁer the project, whichf_'
assumes that the 51tuatlon would remam static in the absence of a pTOJeCt In the analysus |
. of most irrigation prOJects it is unlikely that agncultural output from within the proposed 'a
area would be stagnating, and in most cases it is likely to be'gro'w,ing, albeit at slower_rate e
than would be achieved with. The project; in s__omec_ases,it is pio_ss_ib!eithat agricultural

out put would fall in absence of a project (e.g. a project to reduce soil salinisation, in
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addition to providing more irrigation wéter). The benefit with the project an_;i_ without the
proj'ect is give_n in Appendix A-1.7

6.7.3 Adjuétment ofl?iflallcial P.rices

L a)fTr:_msfer-

o In adjuétiﬁg ﬁqancial pricés to sh'owdovf/. r.;ri-c':e‘s.,j':dis'réqtf»trénsfé'ré ~on 'i.nputs and
outputs to be eliminated. A‘ port ‘tax’ mdy in pravé'ticé .l.)e a (I:harée fo_f port services suéll as
fh@ﬁmeMMMmmm.

b) Traded good§ . o R o

Distributions in the market prices of goods which are internationally traded (rice,
wheat, maize, fertilizer etc) also need to be allowed for. The approach is to allow for the
doméstic costs of transport and marketing betwegn border and the projecf site and f‘br
export; If the project produces goods (rice, wheat) which can be used in place of imports,
then tﬁe value is the foreign exchange saved by using domesti(.; product rather than
irﬁpofted i)roduct, valued at the Bor_der price, in this.caéev the C.LF -pric'e.

- For -direct imports, which are used to as a project input (fertilizerj, the price at the
projept site is calculated by a_dding the costs of local tranéport, storage, handlingi_etc. To
the bbrder [;rioé,' since, these Costé will be incurred in getting the inptﬁ to the si_té. ;

| The caléulation of ecpq'omic prices for major crops and fertiliéers are shéwn in
appendix A-14 and are as follovws | | |

Table 6.6 Economic prices of crops and fertilizers

SI No. Crops Economics . | Fertilizer Economics Prices
price NRs/ tone| __ | NRs Price/ tone. |
1 [Paddy  [1815 Urea = | 25146
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37 |Whea  |2i698 - |TSP [ 25062

3 |[Maize  |16023 T|DAP. | 24894
4 ' Oilseeds = | 20586 - Potash-  |26237
50 [Puises 41400

Q) Notl-T‘raded‘Go‘ods‘
| For goods -which are not intérnationally ttaded _ (Co_r_tstructioﬁ matetial, l
transportation,i Vegetables), thete are' no worldpriee and. thus lno‘ bas’is for estimztting
§ Border prices. However, there may still be a need to make price adjustments to remove
distortions causal by Ta}tes or me_irket imperfections. | |
6.7.4 Standardized components of Benefit Matritt b
In 'formul-ating the " benefit tnatrix_ the o§l)jective has been to stattdardize and_ |
precalcualted-as tnany ot‘ the components as possible ‘without reducing accuracy ;to'ko much
tltfeugh over generalization. | |
‘Cr(.)p yields
| Crop ylelds in the presents and ﬁJture w1th prOJect SJtuatlons have been -
.obtamed The present and past w1th project situation yields, as obtamed from office, are . .

used. The crop yields without project situation as given in the project appraisal report are.

also used for calculation of benefit in each year.

Agriculture inmtts
The level of agricultural mputs (seed fertxhzer agro chemlcals labour and
bullock power) per hector for each crop in the future * w1th prOJect s1tuat10n at given

'ylelc_is have been used as given in design manual.
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wrthout pro;ect srtuatlon a standard seed rate has been used for each crop and
standard labour and bullock mputs have also been calculated for éach of three srtuanons

. Cr op Budgets

Where possnble by usmg the standardrzed yreld agncultural mputs and economic 4' ‘

o prrces crop budgets showmg the fet returns for each crop have been calculated (Table '

A-16). -
6.8’»“ COST OF PRODUCTION AND NET INCOMES FROM FARM |

L OPERATION

The prOJect has changed the conditlon under which agriculture in the project is = -

b traditionally‘operatlng. :Irnlproved irrigation' and drai‘nage in the existing scheme have :
; provnded farmers with a more rellable supply of water reduced debendence on. the erranc
rnonsoon rainfalls and thus increase the incentives for higher mput appllcatron and
adoptron of advanced farmmg practrces

At the full development of pl‘OjeCt the productron of paddy and wheat have been T

increased raprdly

. The net return from a farm operatlon is given in appendix A-16. The economic .
farm budget has been prepared. The rate of out puts and input of traded community is

taken as world market rate on projected for year 2000 this basrs the net benefit from the o

major crops are glven m table 6.7.

Table 6.7 Net return from ﬁrm operatlon _

- S.No. " Crops - | Net- return (NRS/ln)
1 Paddy (H.Y.V.)) R ‘ 23,213.0 .
2. | Wheat - | 25867.0
3. Maize S ' 19608.0
4, | Oilseeds - = ' ' © 65200
5. | Pulses . . 226070 .
6. | Vegetables ) | 128152.0 ..

,.1'1'8'»4 :
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Table 6.8 Per‘ Capita ‘Incomi Of .Farmers

particular -~ . 1988/89 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

Netreturnin NRS 347691 314590 373868 389071 363498 424705 444637 427874| .

croping intensity - 181 182.8 1856  188.3 191 193.9 192 - 192
" -|Cropped area '~ 8688 8774.4 - 8908.8 9038.4 9168 9307.2 . 9216 9216

Net returnin NRS : , :

per hactor . 4002 3585 4197 43.05 39.65 4563 4826 . 46.42

. |Net return in NRS o

per family 7 46.6 5456  55.96 51.55 59.32 6274 60.35

NetretuninUS$ , o

per family 736 659.6 77226 7921 729.65 839.6 88.04 854.2

Net return in US$ :

per capita 1472 13192 1544 1584 14593 167.92 1776 170.8

Note: NRS' 000 .
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On the basis of cropping intensity and crop yield the per capital incomes from the _
farm operation has been calculated and given in table 6.8. The average family have :
vlvgndhovldir:\g capacity of 1.3 ha in projeci area and 5 members in a fa'mil’y.v The percapita -

‘incomes has increase as a result of project. -

6.9 PROFITABILITY OAF‘ IRRIGA’i‘ED AGRICUI;TURE :
Inde-piehdéntly pf economic lviability of a particular investment or the \‘/iabilfty'of~' ,
'the agenciesA supplying water and other inputs, far_mérs must ﬁfimel-rily -bé' concernedAwith .
the proﬁtabiiity of their actions of the level of their individual farm.;‘l't i's' quit pos»sibfe fof
- sector or system levél economic a‘nal-y:_sis to show negative returns, largely throurgh the_; ‘
high'cost of capital‘and yét’fmd farmefs in those systems consisténtly fnaking pfoﬁts.
Two i.ndicators are propose that addrés§ different aspects. Profitability in terms (;f land,
and profitability in terms of water delivery.' | |

Added valueof crop
Cost of applied irrigation water

Yield VS water cost Ratio =

This ind-icato‘r reqﬁires evaluation o'f the value of the produced crop wifh irrigation minus
~ " the value of crop (that couid b.e) produbéd without irrigétion. The cost of a‘bplied wa.t'e'r"-
-c.an be} m.odifie('i to include or exclude thé discounted value of capital cést of the systerﬁ o
d.epcnding on whether or nét capital cost is considered a sunk cost.

© Within most irr_igated areas, however, wate;.is the sqarcervr'esource. 'Henﬁe it is

logical to substitute water for land in above equation.

Added Mass of Marketable Crop
Mass of Irrigation Water Delivered =

Yield VS water supply Ratio =
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Table 6.9

Yeild vs Water Cost Ratio

particular/year 1988/89 1989/90 1990/91 1991/92  1992/93 1993/94 1994/95 1995/96
nel return in NRS after ' : o '
project 347693.7  314580.8 3738676 389070.8 3634982 4247047  444637.1 427874
net return in NRS, ‘ . , nte
without project 60067 60067 60067 60067 60067 60067 60067 60067
added value of crops 2876267 254522.8 3138006 320003.8  303431.2,  364637.7 384570.1: 367807
present value of i [ : - : .
invesment in NRS 1125027.4 10227522 9297747 845249.7 v~768408.8; 698553.5 63048.6 524833.6
0&M cost in NRS .5084.2 5706.2 6484.5  15326.6 10374.9, 10717.9 6372.3 2737.8
Total investmentin - ‘ . : . : : _
NRS 1130111.6  1028458.4  936259.8 860576.3 778783.7; 709271.4 6414206 527571.4
Discount factor 0.909 0.528 0.751, 0.683 0.62, 0.564 - 0.513 0.424
Discounted investment ~ 1007271.4  849506.6  703131.1 587773.6 483624.7; 400029.1 -329048.7 223690.3
Yeil vs waler cost 0.28 03 - 0.446 0.56 . 0.627@ 0.911 1.17 1.64
NOTE: Amout in NRS' 000 ,
Table 6.10 -Yelld vs Watersupply Ratlo -

particularlyear 1988/89 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95  1995/96
_1|Added mass of ' , . - .

Marketable crops .

in kgs ) 14779200 12883600 19555200 18652300 17512500 20536100 21528000 21528000
2|Mass of irrigatién .

waler defivered incum 193000000 192500000 190000000 186000000 189000000 191000000 194290000 190000000

Yalld vs waler supply .

ratio 0.076 0.067 0.103 0.1 0.093 0.107 0.111 0.113

Table 6.11  Relative Water Cost
1

particular/year 1988/89 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96

Total production cost . '

in NRS '000 1706441 171587  174980.8 1775264  180071.9 182806 1810147 181014.7

Totat cost of irrigatio o . :

water 1027271.4  B49506.6 703131  587773.8 483624.7 400029 329048.7 223690.3

Relative water cost 6.02 4.95 4.02 3.311 2.686 2.19 1.8 1.236
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Here again the added mass of ma%ketable crop should be determined. If viewed from
farmers perspective the mass of water delivered is measured either at the farm ‘inleF or at
the héad éf field, depending on this views.

From ihe perspective of the farmer the (scio-) economics of irrigatidn can also be
quantified by the relative cosf of irrigation.

Total Cost of Irrigion Water
Total production Cost of Major crop

Relative water cost =

The total production cost incl‘udes cost of water (including fees, energy for pumping.
séeds, feriilizers, pesticides, labour, etc). If critical values of this ratio are exceeded,‘ _
f;lrmers tend to abandon irrigation. |
The value of yield VS water cost ratio, yield VS water supply ratio and Relative water
'cosf is- calcul'ated for years and given ta‘ble 6.9, 6'.10 and 6.11 respectively. These
indicators indicate that yield VS water cost and felative water cost is satisfactory but-
Sriéld VS water supply rati;) is low. This is due to exﬁess water supply and excess 'Water‘
has no altemeﬁg use so that another benefit can be achieved.
6.10 SOCIAL VIABILITY
© 6.10.1 General

Irrigation managers actions have direct social impacts, though managers are éﬂen
unawellre of these. This gap in .perception leads many irrigation mangers’ to feel the sociall_
“viability” issues are not relevant to them. However, if the long term sustainability of
irrigation is an objective, and if improving and maintaining social well beingv is ultimately

important, then social viability is relevant, particularly from a strategic management

perspective.
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~ - Table 6.12 Irrigation Erﬁployment Generation

S.N Empioyee Rate of

command No. of employee Annual working Employment Remarks
empyment per area in ha required - © days - . °  Generation g .
_ : . : . ' ' : ' As SAR
1 Dich Rider 500ha 4800 10 283 12.9
2 Gate Operator 100ha 4800 48 283 61.9 -
. Total .58 ' 74.8

Table 6.13 s irrigation Wage Generation

Prosprity

year 1993/94 . 1994/95  1995/96 -1996/97 Remarks
particular . : ’ S o
Av.Annual incomes in
Rural - _ - - . uss
incomt - 167.67 .- 1776 = 1708 170.8
Av.Annual A ‘
National . : : : :
Jincomt - 190.2 200 22021 23417
Irigation - E e S ‘
wage o . : ' .
genere "~ 0.881 0.888 - 0775 . 0729

Table 6.14 Relative Prosperity
year 1993/94 . 1994/95  1995/96 1996/97 Remarks
%of scheme
Population above )
povert - 38 40 39 41
% of natuional o
Population above ‘ : .
povert 40 .M 43 42
Relati\ 0.95 0.976 0.91 0.976
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6.10.2 irrigation Related Labour

n inany countries, fhere are departmenté of agriculture, labour or census, which
collc;c't basic agricultural and ec_oﬁomized data. These can be used by irrigation managers |
as sourpeé of infoni]ation evind‘ chi'd- Ieconon'1ic impacts and trends such as employm‘e.nt, :
wages and poixerty leQels. A possible indicator to quantify the s'ocial‘ impact of a scheme
is |
Irrigation Employment Generation =

irrigation Employment Annuaday/ha Labour by scheme
Annual Number official working Days

Because of the cost of labour this ratio is related to the self-sufficiency, of the
irrigation agency for socio-political reasons, a high value may be desirable; for irrigation
to be economically sustainable; this ratio has an upper limit.

Less controversial ratio are:

Average Annual Rural Income -

a) Irrigation wage Generation = - : .
] ' . Average Annual National (Regional)Incomes

% of scheme population above povety level

b Relative prosperity =
) prospertly % of National population above poverty level

These in‘dicétors can also be modified té compare within-scheme levels to
adjacent non-irrigated areas, or to ofhér irrigétion system. The irrigation employment
generation, irrigation wage géneration ratio and relative prosperity are calculated and
table 6.12, 6.13 and 6 14. From these tables it reveals that due to the project employment
has been created, irrigation wage generétion has increased and the fa'rmérs life of the

project area is relatively prosperious than other part of this region.
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" Table 6.15 Tertiary Level Users Stake of lfrrigation System

SN. . Pariculars/Years 1993/94 1994/95 1995/96 1996/97
. 1AdiveWUGS 1276 1318 . 1318 1300
~ 2 Total number of ‘ ‘ - L
. WUGS 1218 1318 1318 1318
3 Users stake of , -
1

Irrigation System 1 1

0.986 .
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6.10.3 Social Capacity

Social capacity refers to the social (as distinguished form physical biological oru
economic) capacity if people and‘.organizations fqr managing and sustaining the irrigated -
agriculture system. 1t is suggested fé use two i'ndicafors: o |

~ Knowledge Needed for job
Actual Technical Knowledge of Staff

Technical knowledge staff =

Active water users organization
Total number pf W.U. organization

Users.Stake of irrigation system =

}Actu.al technical knéwledge of staff coulci Be ascertained through teéts, while
-required knowledge is inherent in the job descr‘i'ption. ‘Activness” of water user
ass-ociAations can be measured psing achiréd data, such‘as p.ercen‘tage éf WUA'’s holding
regular minimum required) meeting. Or percentage water ﬁsérs pérticipating in meeting,
or number 'of organizations .fulﬁlling agréed uﬁon tasks, such as fee»vcol]ection,
mainteﬁance or distributing water. All of these'i‘ndicator-s are crude and relatively
u'ntested; but they constitute useful and implement able ﬂrst steps to begin paying greater
: )attenti.on tb the social viability of irrigation;_ln’ the MIP the watér users are active and _'
have social capacity to deal the project. Users stake of irrigation has beenA shown in table
6.15. |
6.1 EMPLOYMENT
6.11.1 General

It was expeéted at the time ofprojeét appraisal that éverall, ]'aboﬁr requirements in
agricultural will rise from about 0.7 M to about 1M mandays per year at full

development. This is due to higher cropping intensities requiring more labor. Taking into
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"acco{mt the expected populatién growth, it wés estimated that tﬁe raté of (male) farm
labof utili;ation would increased from approximately 30% at that time to about 48% .

Presently due to higher cropping intensit'ies as expécted at the tirﬁe of project
appraisal the labour requirement has increased to 1.2 M mandays per year. The labour
required is fulfilled by the labour migrated from hilly region and near by state of India
' ‘([_J.VP) at beak demand. The most of the employment benefit is sevlf-em'ploy'ed' family~.:
labour on their own farms, to a certain exténd also land less lébourers. The employment
~in the rural and urban n()‘n-farm._se'c;for.has been increased corresponding as ad’diﬁona} i
demands for mérketing, transport and processing facilities.

. During the implementation pe.riod 6f the project construction works tvemporalisf
empldyment was aiso.about 4M man-days. If has been observed that th.e project guthority ’ A
has also employed some additional staffs temporality for the different job like gate .
operators, canal inspectors. J.T.A. Chaukdars etc. | |
6.12 EXTENSION SERVICES
6.12.1 General

'The relative advantage of innovations like improVed seeds, fertilizer, insecticides
etc. as compared with the old practices constitutes a condition-affecting‘ acceptance of
changes. In econdrﬁic terms fhis is the ‘comparision of output per unit Qf input (inform of
fertilizer, pesticides, improved seeds etc) on the relativc;, efﬁ‘ciencyll of new items. It has
been observed that the greater t-heA efficiency of new technology in farming, the producing
returns or in forms of economic or consumption goods, the greater the likely hood of its
acceptance. An important qualifying condition- of this principle is the relative ease with

which the new technique can be demonstrated and the amount of time it takes to do this.
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This is affected by various socio-economic and cultural facto_rs :like: size of holding of the
farmer, his éducational level, availability of capital, exié,enous forces (like.transpor‘t_,
comn%unication, change agents like block staff and subject matter specialists) quc?a‘lhstatus
of farmers, éultural préctices étc. |

The adéptation of a new practice is the decision of an individual farmer and his
family and this is inﬂﬁenc‘ed by a series of event or aétivitiés beafing upon the decision

process.

Initial knowledge
about the
practices

Acceptance of
practices as good
idea

Accceptance of
practicc on trial

Adaptation of
practice for own
farm

basis for own farm

AWhen a developing country like Nepal lauhches an agriéul’turdl develoﬁment
program in the béginning; the rate of acceptance is slow, then the commﬁtative effect
brings the rapid acceptance until alméét all the potential adopters have acceptedA the
change. Some of the pfactices are accépted more quickly as'c-om’pare'd to btheré. In éorhg _

of these farmer wants to see the results at other farm. The steps of adaptation are as

follows. Adaptation | | 5. Adaptation
T Trial 4, Trial
Evaluation : .3 Evaluation
Interest . 2. Interest
Awareness 1. 'Awareness

' 6.12.2 Technology Transfer
The agricultural activities of MIP hing on the activities conducted by agriculture

pilot firm of the project. The pilot farm was established in 1982 as training cum
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demonstration farm and is located at 9 km of projecf office. The net cultivable area of thé
farm 1s 13.2 ha. The farm is used to undertake four p‘rograimme.
- Cfoppiﬁg syste.m model program
- : _’vAdap»tiive trials
- Seed multiplication program ‘
. IYear round vegétable de;monstration
The pilot farm has been thé local point of all agricultural activities in MIP ‘
command area. The ‘major components.(_)f the a_gficultural program.in the cémmand area .
are:-
- To educate the farmers of command_ar’éa about irrigated agricultural
‘technology |
- To launch extension activitics through extension "tools such as-
demonstration, field visits, field day meeting and distribution of high .
yielding improve seeds to the farn1er§
- To operate the pilot farm for production.of high quality improved sceds,
. conduct crop demonstrations and  conduct .rotational irrigatiqt_l
‘ ménagement system and
- To assess agriculturé production pafameters of the project on regdlar
bésis‘ |
An important function of the farm is to provide in seryice training qu extension
| workers and farmers.

_The farm has conducted several impressive activities..
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- It has so far distributed 8,072 number of mini-kits consisting highvyivelding
seeds of a wide varieties of crops. (Appendik A table A-19).

- It has introduced a large number of improved crop varieties from

| Pantnagar Agricultural Univeréityvin India and other research stations in

_Nepal.

- It has conduéted_total number of 452 crop production and 1,198 number

of result demonstration in farmers fields.

- Table 6.16 : Crops demonstration in Farmers Fields

Year 1987A 71988 | 1989 | 1990 1991 | 1992 | 1993 1994l 1995

Total

Result 12 48 51 52. 180 190 195 220 250 1198
452

Produ 14 17 12. 17 30 47 06 104 115
ction .

6.12.3 Organization of piloi farm
“The pilot farm is guided by the agricultural division of MIP through the district

agriculture development office. It guides the pilot farms and at initial stages, it was

supported by consultants. It consists of one agriculture officer two subject matter

specialist and 3-J.T, J.T.A 3PLA as a frontline technician. The MIP has provided offices, -

transportation facilities and staff quarter as well as low cost farm equipment such as
power tillers, thresher and sprayers training facilities including quarter for trainees and
audiovisual aids has also proAvided. The pilot farm is performing its job satisfactory.

 The organizétion of pilot farm consists of following pérsonne;l.

Agriculture officer - 1

SMS - 2

J T/jTA - 3
8 .

PLAS -
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6.12.4 Credit S'ervice

AgriCultural Development Bank of Nepal has established a branch office in
Maﬁandranagar, serving the entire project area. Credit is distributed mainly through co-
operatives, who in turn administer individual credits t'o farmers. Most of the credit is for
short-term producﬁon purposes. The cooperative is no'w,_in poor position. For individual
cred»it, land is virtually always the collateAral“, favériﬁg the larger fa-rm>er5, whereas loans
from cé—operative need only the standing crops security. ADBN iﬁtends to promote
“joint liability groups” of farmers as borrowers, e.g. water users group (WUG), in order
- to facilitate credit in a more expedient way, either through co-opera_tives or ADBN
~ directly. Besides, there are two commercial banks in the area, but their involQement in
agricultural lending has been limited. Lending from private source is still wide spread but
no reliable data on this are available. The main source of supply for certified seeds t’he
pr‘ojéct' area is AIC which hasits Bfanch office at Mahandranégar. As areas cultivzftegi
_ with these crops are high even the AIC is meeting the requiremént of seeds AIC also =
supplies fertilizer and plant protebtion in chemicals thrqugh its; branch office in project
area. The co-opératives are responsible for its distribution in farm level but now a day the
»co—oper‘atives are ipactive, so the farmers directly purchase from AIC or through dea]e:rs.
Although suppiy of fertilizers is generally adequate and available Government has also
provided licensed to private agenc;y to meet the fertilizer in keen demand period. Té

support farmers practice to proper pest control, AIC rents simple sprayers to farmers of a

nominal fees..
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6.12.5 Education an‘d Skill

»MlP areé .;;overs the “Mahendranagar mu.nicipality‘ and near by villages.
Mahen'dranagar being the district headquarter, all level bf secondﬁry education, boardi)ng
school and bublic schools are e'x.isfing.tfléfe. There are z_llso' degree, 10+2 educatiohél z’md.
technical institutes for producing low level technical as needed in village development
le_.vels at Mahendranagar. .

For deyelbpme‘nt of gkill to poér farmer inAvillage area and low levelAe.dljcated .
pédpl‘e of town area there is a cottage industries developmént boz;rd office which trained
the people. This oﬁ'fce developé the skill to the people to be a self-d_ebendent. There is no-
'd'ata _av‘aiiqble so it cah be not predict liow many pérsoné are trained: But this office
céﬁduct training as a annual programme. T_he impact of this to farmers is very good.

. lTotal literacy of Nepal is 39.6% but in projéét a‘rea the literacy is nearly 42% as it
is locafed near the town. g | | |
16.12.6 Health Services Facilities
There is ;1 district hospital located at Mahendranagar which provides health
services to people. T.he‘re' is also a primary health centre to near Aby village. The health
centér’s are locate‘cf within the .constituency of Member pf Parliament. But these health
centers are not ol;érating préperly due to lack of posting of qualified doctors. Ti}e service . .
6f district hospital is also not appreciable as the farmer / people have to go to nearby U.P.

state of India for serious disease.
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6.12.7 Market Facilities
Due to growing food grain deficits within Nepal, no difficulty has been seeﬁ to
market surpluses at rice, wheat or maize from the prbject Nepal- féod corporation has
- strengthened its cap.acity‘ to transpoﬁ food grains to deficit a.reas énd increased in- f;ood
grain storage in Mahendrénagar.

. In ;clddition, HMGN’S intention is to give wl{eat a priority for ‘hofne consumption,
_while.releasing additional surpluses of rice for éxpert throﬁgh ’rg-orientation. o:f the
populatibn’s consumption habits. The near and opeﬁ border to India, together with lifted
export restri'ction' for private traders, has been also provided a residual outlet for
surpluses. Crops such as oil-seeds, pulses and vegetables are still deﬁcit in ‘Nepal and the
amount generated in the project is relatively small. Mahendranagar as-the regioﬁal ﬁrban
centre has benefit from the project. |

- Construction of a network of public roads in project area has been greatly

faciliated marketing of the produce to Mahendranagar.
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CHAPTER 7

JOINT IRRIGATION MANAGEMENT

71 . GENERAL | -
In the last decade, rﬁanagement transfer becomes an important topic in irrigation,
especially in the developing countries. The concept of irrigation management transfer to
their‘ respective users was born niainly to bridge the widely recognized gap between
inve‘stments to and return from irrigation systems. This concept rests in the premise that
an irrigation systerﬁ can not be managed best without full parficipactation of its users, and
“considers farmers as the major-actor in both turnover and joint management of agency
built irrigation system. In this background several approaches and process adopted in
different developing countries depending on their socio-political settings. |

In Nepal -as in other’ developing countries, irrigation management-transfer has
~been a policy tool since last few years. Acc;ofdinglx the government is trying to transfer
the management of agency built irrigation systems to their respective users, which were
- earlier manéged independenfly by the government. At present, in Nepal, diverse forms of
irrigation management transfer have been initiated at different levels by different projects
under Department of Irrigation (DOI) Nepal, now started gaining some experience of = -
irrigation management transfer through a process of lcarning by doing, with the growing
u_nderstanding there are still much more to be learned in this regard.

World wide, international w’atef management institute (IWMI) is conducting
research on process and perf‘ormancé of irrigation management transfer to understand its
impact and to assist the concerned goverﬁments in formulating their policies and refining
the process of irrigation management transfer. It is widely recognized that success of
management transfer program rests in the regular evaluation of its process and
performance. | | ,

The importance of farmer participation was not realized in past and was no clear
Government vision in this regard in Nepal .As a result, the level of farmers participation
in agency managed irrigation systems remained much low corﬁpared to. farmer managed

irrigation system-However at present, recognizing its importance, farmers participation
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has remained one of the main goverhment policy tools for the sustainable deve]oprﬁent
of the couﬁtry’s irrigated agriculture.

In the context of promoting former’s participation in irrigation system management,
the capability of promoting farmer’s participation in irrigatioﬁ system management the
'capability of farmers be improved so that they could mahage the agency constructed
modern irrigatioﬁ infrastructure and farmers be rp%tde aware of the efficient use of

valuable water resources.

The main objective of farmer’s involvement should be:-

- How can the farmer’s participation be maximized,;

. How can owner ship feeling of the farmers be developed.

- What are the genuine probleins of farmers in the managing irrig,ation systems.

- How can irrigation management transfer 1mprove agriculture and irrigation
technology in the farmer’s fields

- Capability of farmers to understand and manage lrngatlon techno]oges
mtroduced by engineers and

- How could the irrigation infrastructures be designed and constructed so that

former could manage them.

. The above objective can be achieved if farmers are involved from initial stage of
project survey, planhing, design and construction. However in the large irrigation project
if is not possible to involve farmers during planning, design and construct stage of main
canal and branch canals but however while planing minors, tertiary and quarterly canal it
is possible even essential to involve farmers from initial stage.

In the MIP stage I, initially no farmers involvement was there. While project was
completed then it became problem for operation and maintenance of system. The

necessity of farmers participation was realised and WUA was formed. .

7.2 IRRIGATION MANAGEMENT AND ACTIVITIES -
Earlier irrigation was looked from only engineering technology point of view. It is
now world wide accepted that irrigation management involves not only engineering

aspects but other aspects also. Irrigation management has now become a “Socio-
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WATER USE ACTIVITIES

"| Decision - mokin§ abou!
maintenance of {acilities
for acquisition of water

. —

P~ A == 3 ]
S , |
ACQUISITION 1.1 L
- | Bt e,

212)2,
ALLOCATION ARt
2[" 2|2
. o
DISTRIBUTION 1EILE
zig| |3
o o i
DRAINAGE “ \/l/’
| l/ \“3&\'
_ . o
Construction Mointenance _Oﬁcﬁ'\j{\“/'
Design Operation - -
CONTROL STRUCTURE ACTIVITIES
Fig. 7.1

Matrix of irrigation management activity (adopted from
Uphoft, 1980) ' ‘
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Technical” process. An irrigation system can be .broadly divided into four sub-system,
viz., physical, agricultural; social and organization and economic systems.

All “the four sub-system are equally important but for better irrigation
management now a days more emphasis is given to the social processes in the from of co-
}.operation, accommodation, competition and conflict resolution in continuing forever.
Therefore irrigation management be defined as:

The process that institutes or individuals employ in order to set objectives for
ifrigation system; establish appropriate conditions and identify mobile and use resources
to attain these objective while resuming that these objectives aré performed without
adverse effects. This definition goes for beyond irrigation technology straight forward
water delivery function and incorporates a variety of human, agricultural and economic.
aspects of irrigation “(»I 1M 11989).

- We shoufd also keep in mind the sustainable value of management. So
management is something to be optimized, not maximized. The cost of maximum
management are unlikely to produée enough incremental benefits to justify an all out’
effect by Government staff/or water users, and such efforts any way are not likely to be
sustainable simply in human tefms. So trade off must always be considered.

Although building physical infraétructures is an essential bart of ifrigation
development, it has beén realised that this alone will not. An irrigation system, whether it
a‘chieved the goals of irrigated agriculture be an agency managed or farmer managed
needs an effeétiye management to carry out various tasks of which water allocation,
distribution O & M and conflict management, are importance. Ophoff (1986) has

expressed three sets of irrigation management activities which are show in fig.7.1 are as

follows:

1 Water Use Activities Acquisitio_n‘, allocation, Distribution and Drainage

11 Control structure activities:- Design, construétion, operation and maintenance

11 Organizational activities: - Decision making, communication, resource

mobilization and conflict management.

The first set of management activities focus on the water itself and include
a'cquisition, allocation (Supply management); distribution and drainage (control

.management) of water. The second sets of activities are related with the structures
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required for water. The third sets of activities are the organizational activities necessary

to sustain human effects.

7.3 NEED OF FARMER’S INVOLVEMENT IN IRRIGATION MANAGEMENT:

frrigation sector has three major stages of development. The first is where the
systems are primarily hydrologictand hydraulic second in which there is greater concern
for the use to which the water is put, with a shift from a primary focus on physical system
development to concern for agricultural the social. Third where there is makimum ,
efficiency in the entire system of hydraulic and the agriculture Nepal could correctly be-
put in stag,e two of irrigation development

To move toward the third stage the role and responsibility of farmers with active
participation in irrigzttion management is not only desire but urgently essential because of
the following reason:- |

- The failure of Government to finance or recover the cost of irrigation
management from users | |

- Poor performance of agency management large irrigation system with sub-stantial
gap between actual and expected performance level. ‘

- Loss of faith and respect towards the capability and »dependabiliity of the.
government with growing dissatisfaction and low ownership feeling _among the
users; for proper irrigation development and management. -

There it is essential to develop a management system that would ensure sufficient
accountability officials to farmer, farmer leaders to members of WUAS and
" WUAS to the government. The large number of relatively small system spread
throughout the country with poor communications and tranéport, e01npounded by
shortage of funds and institutional weakness, make it also difficult to envisage
“how the department of 1rngat|on can ever manage along. These systems

effectively and i 1mprove thelr performance

74 OBJECTIVE OF JOINT MANAGEMENT A
Realizing the potential of irrigated agriculture to cope, up with the ever —
increasing population pressure coming into this area from hills, HMG/N gave htgh,

pnonty to lmbanon development in Kanchanpur district. The main. objectlves of
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Makakali irrigation project, is to increase the agricultural production and farm income
through the improvement and extension of the existing irrigation and drainage system and
efficient utilization of the available resourceé. The primary rationale for I1DA .
~involvement, was to ‘advance, the rehabilitation and development of »irrigatidn and
drainage system and to improve operation and nfaintenance through farmers participation
‘right from the implementation of the project. Farmers pa'rtici'pation and their active
involvement in O & M were not conceived in the project design. However, diring the
course of the project implementation, there were need for farlﬁef’s participation in all
stage of project development and the project started in corporating their participaﬁon.
MIP stage I underwent its O & M activities on joint Management basis according to
which the project is responsible for 0 and M from main canal to head of tertiary canals
and the farmers are reéponsible for water allocation, distribution and maintenance within
their tertiary canals and chalk boundaries. The design and construction of tertiary canals
of stage-11 area incorporated active participation of beneficiary farmers. Farmer’s
contribution to the capital cost of irrigation network constists of the cost of land for
tertiary canals and cost of canal box cutting and grass sodding along with the contribution
fixation of the canal alignment.
| To assess the impact of joint irrigation Management and farmer’s system
participation in improving system through reduction in operation and maintenance cost,
increased in collection of rate of irrigation fee and overall impact in Economic
performahcé. The extent and quality of farmers participation in project management is,
therefore, a subject of analysis based on the performance of actual implementation and

not only from the planning perspective.

7.5 OPERATIONAL PRACTICES IN MIP

Due to growing demand in scarce water resources, a need for efficient irrigation
systems with higher degree of water delivery performance is realised. Consequently a
new management practice has yielded and is defined in term of equity and reliability in
water distribution. Although adequancy is an important system, it has not much

importance in comparison to equity and reliability evolving a sustainable irrigation

system in long run.
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There are several factors influencing the performance of a system among whiEh ‘
operation of flow control structure plays dominant role in maintaining eqi_:ity and
reliability. A widely accebt_ed irrigation system is the conventional upstream control
system. All old canal system and most of large project in developing countries. are the
designed for upstréam control irri‘gatio‘n system. Operational ﬂexibility is constricted in
an u/s control éystem because at low flows the gate will be almost closed and at the
maximum design flow rates the gate may be raised out of the water to maintain a constant
level, regardless of the flow through structures. Operation of flow confro]]ing structures is
guided by a set of rules but in fact the rules are applicable in design flow condition only,
which séldom prevails in any system.

| Design, placement and operation of flow controlling structures-are inter-related
from managerial point of view. Since water control devices are provided in all irrigation
of water distribution relationship between choice of technology and management ability -
of the system and the decision to choose a certain, technology should be made in the light
of the local situation (horst, 1990). It is because the modernization option will be more
costly than the simplification option. Still in 'developing countries manually or
mechanically operated technology is in use because of ﬁnancial; te(:hﬁicail and social
pfoblems. A large room for farmer’s involvement in decision making process exists in
contrast to a modern computer guided sysf_em. So a precise set of rules is required for the
operation of a system to yield a higher performance.

In most of the river diversion schemes fluctuations in river flow exist. Due to such.
fluctuations, the preset rules can not work in .absence of efficient and effective in
formation transfer and communication facilities. Also due to some natural problems such
- a sedimentation and weeds, the hydraulic regime of canal changes, changing the flow
conditions. Gate operators get confused and operate gates as per the schedule (Idle rule)
provided by the management or follow the self made rule resulting in inequity and
unreliability in water distribution throughout the system.

The hydraulic flexibility of the canal bifurcation is one of méjor factor influencing
the operational pfocedure. A set of rules regérding the extent of flexibility to be allowed
in gate operation depends on the changing of great importance for improved water

delivery performance. The rules may vary with site conditions but system having a
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similar set of conditions can be generalized. For this, a co-relation between control

structures and flow condition exists.

7.6  MAINTENANCE AND REPAIR SYSTEM IN MIP
7.6.1 General ' -

The structures and the“systems created through massive investment should be
prdpérly maintained in good health. Annual provision sht?uld,be made for this purpose in
the budget. ‘ | A .

Maintenance refers to operation performed to preserving system and vfacilities in
gbod or near original conditions without increasing, their capital 'costﬁ Repéirs are
essential parts of maintenance. Maintenance of the system should be aimed at preventing |
deterioration rather than waiting until it has reached major propbrtions, seriously
reducing the efﬁciency with consequent losses fanancially to the community as a whole.

The works in irrigétion system are put to contineuos stress and Stain, being
functional with vary}ing amount of flow in different conditions, exposed to diversified
wheather adversity, interferences by human being, cattles and other natural factors over a
loﬁg period. The abbve.fact‘ors are bound to cause different type of damagés. Unforeseen
nétural calamities such as floods, cloud boosts and severe drought further add to tliel

serious strains to these works.

7.62 Essential Normal Maintenance
The maintenance as routine round the- year varies in nature for main canal to
smaller channels. |
(i)  Routine Maintenance on Main canal and Branch canals
Main canal as well as Branch canals are normally designed with cross-section
where velocities are such that normally, no desilting is needed on them a any
time. The internal repairs to earthen section are also not frequent except checking
local severe erosion or falling of banks in deep cutting reaches and repairs and
restoration to embankment sections. The external repairs are carried out as and
when needed but internal repairs are only possible normally in planned closure -
_ periods. Damages to hydraulic structures on main canal are examined and

analyzed during such closure periods and essential repairs are carried out in
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(i)

(iii)

cnicrgcnt conditions. All the damage as well as restoration are recorded in log
book/closure registers and remarks are recorded for any further planning for
repairs. These documents encompasses the history of performance of these major
structures and provides valuable information on their restoration and
improvement. ' |
Routine Mamtenance on Distributary C'mals

Although the distributaries and minors, the distribution channels carry small

amount of flow but quit often they are run with even more than designed capacnty

to meet out keen irrigation demands and normally run with full capacity with
repeated rurming‘round the yéar. These‘channels passes though the most interior
of irrigable command and are cattle population. The banks and service roads need
annual normal repairs for maintaining in propér condition.

Most of the distribution channels are silted up substantially, especial‘ly in
head reaches during monsoon running of channels. The tail reaches of distributary
and also of minors are specially either silted up on damaged by over growth of '
berms checking, the provided cross-section and reducing thé carrying capacity.

As fhese channels requires repeated desilting every year after monsoon

and covering quite large kilometers in length, special attention is needed to plan

- the work with utmost economy and utility consideration. Normally most of the

canal system were provided by bed bar along their length which reveals the

designed profile of channel and their x-section.

Repairs to Masonary works

These are large numbers of Masonary works such as bridges, falls, cross-
regulétors, escapes etc on distribution channels in all the irrigation system. These
are used continuously for a long time for carrying the discharge through the
channel and for communication by large population. -Frequent unforeseen
damages to these works cannot be avoided Normally inadequacy of Maintenance

budget or neglect of maintenance, staff continue with increase or defer the

- essential maintenance causing further increase in the extent of damages. This is a

fact that repair to all these damages is more painstaking than normal construction

especially in view of their locations.
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(iv)

(v)

An appropriate solution of this problem appears to allocation of certain

~amount of annual maintenance budget for regular maintenance masonary

structures and restoration the damaged portions.
Erosion control of bank
Erosxon by canal flow will be minimized by good design and constructlon

but it can rapldly initiated by obstructions such as logs a unauthorized structures,

: washmg ghats etc. at canal water edge and by permitting buffaloes and cattle to
“enter the canal. Maintenance should for the major part be ‘preventive
- maintenance’ where by as much as possible, the cause of major damage are

reduced to a minimum. Regular patrolling of the canals are required however to

answer that it is flowing and discharging smoothly intrusion and for observmg,
where obstruction may occur or where erosion is developing etc. so that, if
necessary, maintenance gangs can promptly take prectifying action.

A major protection against canal bank erosion above water level is carpet
grass and this should be encouraged by pre-planting areas damaged and reducing
excessive grazing by cattle animals and wild-life. On the other hand tall grasses

should be regularly cut to encourage denser rooting and to discourage such pests

. as rats and snakes which barrow into the canal banks.

If canal bank erosion develops seriously then it is best to repair it by
etablhzmg, the toe of the banks where the erosion has occurred by driving in

bamboo or hardwood timber piles (about lOcm diameter) along the correct toe-

line of bank, leaving the piles about 30cm above the bed level.

Maintenance of water control structures

These are fixed weir structures but for most part they are of concrete and

~ steel structures with movable gates for controlling the levels of canals water or the

rates of flow as much as possible and to reduce turbulence round the structures.
When the canal deliveries are stopped between crop seasons, careful inspections

should be made to see if there is any bed erosion around the structure or damag,e

" to the soffit and wings that need repair. The gates, gate guides and hﬂmb

mechanisms also requires detailed inspection for rust, wear and damage.
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(vi)

(vii)

Lubrication of moving parts of gate should be done regularly at intervals
no greatef than are month but the seasonal break should be used to check for any
wear or tear in the gears, shafts and pulleys ropes etc. Gears and gate lifting shafts

should be kept clean with only a ll[_.,ht but f‘requent apphcatlon of oil. Gate super-

, structures should. be pamted preferably in a bright departmental colour This
'helps to develop a sense pride among the gate operators and other staff in the

. functioning of the project which leads to higher efficiency.

Maintenance of Transmission Structures

The main canal crosses several rivers by éyphons passing under the bed of
river. These structures are built principally of reinforced concrete. They should be
protected particularly on the u/p stream side by grids across the syphohs opeﬁing' '
to prevent entrance of animals (such as buffaloes) or floating timber that may get -
jammed down the syphon so reducing the flow down the canal. With reduced
flows at the end of the season or during the rabi season, velocities may not be
great enough to prevent large silt deposition collecting the bottom ofthe syphon.

Maintenance staff should take immediate action to remove any obstruction

_ held up by the grids on the syphons. During the off season and zero canal flows,

inspections should be made of interior of the syphons and if necessary,
arrangements made for repairs to. be carried out. Also, if silt desposits in the
syphon are excessive then removal of the silt should be under taken.
Maintenance of Suppér Passage and Bridges '
Supper-passage conveying drainage across the canals and bridges conveying
pedestrians, animals and vehicles, are provided at various location along the main
canal and bridge‘s-are also located across secondary and sometimes tertiary canals.
These structures re made of reinforced concrete 'andl should normally -

require little maintenance. Supper passages can sometimes become particulate

- blocked with heavy desposits of silt making them highly inefficient as drainage

- channels. In such cases removal of the such deposits should be carried out before

the following monsoon period. Bridges may be damaged by vehicles misusing
them in which case warning signs should be erected if the structures becomes

dangerous and repair should be carried out as soon as convenient.
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7.7.  MAINTENANCE OF DRAINAGE
Drainage from the quaternary chaks, is the responsibility of the chak farmers and
it will be up to them to come to an amicable a greement for sharmg., the responsnblllty of

dlgg,mg and mamtammg their farm and chak drains. o

. The secondary and temary drain gradients if where is too steep, are rectified by
- with gablon type drops. These structures normally requite httle maintenance but during
the penodlc inspections careful check should be made that the wire mesh has been turn
thus weakening the distorting the structures. A
o Where there are tree, lining the drain or stream banks check must be made that
they have not fallen into the.waterway, thus causing erosion of the banks by the diverted
drain flow. All obstruction in the drainage system should be removed as soon as possible
after occurrence.

The growth of weeds in the channels and on channels banks is likely to increase
dpe to near continuous discharge at surplus water from irrigated chaks. It is necessary to
cut or pull put all such weed prior to both the Rabi and Kharif (wet season) and if
possible to burn them is dispose of them where they will not be germinate in the water
ways. 4

River channels into which the drainage flows are frequently partially blocked by
fallen branches or whole trees which trap the movement of silt and further obstruct flood
flows consequently the minor obstructions have resulted from fallen timber etc. then

these should be moved. .

7.8. MAINTENANCE OF ROADS _

The roads in the scheme other than the east west highway are for the greater part
to be gravel surfaced. The remainder are earth foads. The greater length of roads are
located on the canal banks and as such should have good drainage and consequently
foundation stability.

The principal concern with the maintenance of the roads is mafntaining high
efficiency of road drainage both of the surface and the foundation. Next that is the

maintenance of the surface, filling potholes and maintaining a good. surface chamber.
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Roads side drains should be regularly kept clear of weeds and siltation and culverts also

should be free of obstruction.

7.9. MAINTENANCE RESPONSIBILITIES OF O & M UNIT OF MIP
~ The responsibility of O & M unit of MIP includes the irrigaﬁon system down to
i tertiary‘canal intake-structures, prifﬁary and secondary canals and drainages and on candl
~roads. The tertiary and quaternary canal, and drainage structures including the division
boxes (chak ouilets) and culverts are also maintained by O & M unit. Operation within
the tertiary and: qdaternary blocks are doné_by farmers water users group. Although the O
& M staff have no operational responsibilities in tertiary and quaternary systems it is
necessary that they have to take a close interest in standards of maintenance and also in
the productivity of farms. They have in fact, gbod communication and co-operation with .

farmers and the agriculture extension officers right down to field 'leye]. -

7.10. MAINTENANCE RESPONSIBILITIES OF WUA A

" The water user association is responsible for all operation within the tertiary units
and maintenance of tertiary and quaternary canals add drains earthworks.

The division of responsibility above are intended to broadly defirie. The
responsible duties, O & M staff also need to play a part in overall planning of each
seasons agricultural activities and in this respect, they' should meet fegularly as an

executive committee of district co-ordination committee_ together with District
- Agricultural Officer and farmers represedtatives from each of four main irrigation blocks.
Maintenance aspect place much emphasis on the concept of preventive

maintenance, which it self is a year round activity.

7.11  PRIORITIES OF MAINTENANCE PRACTICES

MIP has undergone to joint Management so to maintain the irrigation system in
sustainable operational order and to protect the command area from harsh regime of river,
Mahakali are the main targets of system activities. Moreover, the siltation in main and
secondary canals and i mcreasmg demands for communication structures (canal, drain and

road crossings) are in pnorltles of maintenance practices.
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7.11.1 Terﬁary Maintenance’ _
| As the responsibility of tertiary mdintenance lies with the tertiary canal
committee, farmer desilt their canals before transplanting the paddy crop. In practice the
desilti}ng work is carried by volunteer labour based on number of house holds or by
‘!abour tired by land owners. Due td the encroachment on canal toes by adjacent farmers
and cultivation of dry root'cfops on the banks and slopes, seepage in some tertiary canals

is frequent resulting in increasing demand for lining. -

7.11.2. Block Maintenance
" The desilting of main and secondary canals is usually carried in alternate years.
Block maintenance (secondary canal to the head of the tertiary) is carried out on the basis

of pnonty fixed by respective WUAs.

7 11.3 Procedu:e oanonty Fixation of Maintenance

Soon after the start of new fiscal year and stoppage of the monsoon rain,
“maintenance demands from the farmers come to the WUA of each block. Tertiary
chairman eigher certifies, these demands or the outlet leadér or individual farmer may put
forth the demand directly. All demands should come in wntten form, addressed to the
‘chairman of the WUA and these demands are collected and complles by the office bearer
of WUA. Moreover, a meeting held in the begmmng of the fiscal year, will fix priority
,throu»gh a sub-committee headed by executive member of WUA. In practice, this meeting
falls during September to October. Based on the maintenance demands collected and _
“compiled in the office, the sub-committee has to verify the sites and submit its report with
a list of respective priority works. After the submission of all priority lists, a meeting is
held to discuss and make a consensus. In case of disputes, executive members jointly B
inspect the site to identity the necessity of the works to be done. In the mean time, WUAs
hold a meeting to know the proposed budget ceiling of their block. Project manager o.r his
representative (Usually Executive Engineer of O & M Division) should attend this
~ meeting depending upon the proposed budget and nature of the problem WUA
~ unanimously makes priority of works to be carried out in the near future and sends it to

the MIP requesting execution of all these genuine demands.

148



After the arrival of priority from all four blocks, MIP starts survey works and
prepares estimate of these works. In practice, the survey.is carried out with a walk-
“through with respective WUA members and concerned farmers. Depending up on the
" nature of work and budget provision, construction management activities proéeed in

consultation with WUA members.

These priority fixation activities reflect the farmers active participation in their
-system impfovemeht and management through their decision making process and feeling
of ownership towards the system. However, increasing demands of communication and
lining. Structures may lead to dependency Vsyndrome among the farmers. A typical is of
priority works are given in Table 7.1

Table 7.1 typical priority lists
Group A Fiscal Year 1996/97 Proposed Budget 15 lacks

S.N. Description of work Budget in lacks

1. Mahakali Rive bank protection & Spurs 4

2. | Gadda tail escape maintenance 2.0

3. BJR'/I Tertiary maintcnance - 1.0
Desilting of Bhujcla distributory and other 8.0 lacks

4. branch canals and minors including following ‘
lists of 44 tertiary canals. :
Road crossing culvert - 43 Nos

(a) '

Foot bridge with crate abutment and precast 91 Nos

(b) | slab '
Tertiary crossing pre-cost slabs 180 Nos

(c)

Gabion Crate works in all drains of this block 27 Nos

(d)

Additional outlet ' 185

(e)

_ | Check gates and check plates 15

6]

Himpipes _

(2) {600 mm¢ 15
900mm¢ 10 Nos
300mmé 200 Nos
Maintenance of non-canal gravel roads,

(h) | Pipariay branch
Bankatti branclhi,

Gadda minor
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Group B Fiscalyear 1996/97 Proposed Budget — 15 Lakhs

S.N. Description of work Budgeting in lacks

1. | Desilting works of mahaenlonarger brach
from kalopool of khair batti

2. | Pre cast slab for tertiarLcrossing ' 12 Nos*

3 Pipe culvert 900 mm dia near Ram-Janki 1 No.
temple and _skill development and training '
c_enter A

4. | Drainage protection works with gabions |

5. | Hem pipes
900 mm dia : 5 Nos
600 mm dia 1 Nos
300 mm dia | ‘ 65 Nos

6. | Tertiary lining MNL 1/1 and BS 3/2

7. | On canal road repair
Basantapur miror -

Mahandranagar branch

8. Levélling on ground by MIP Dodger

9. | Drain crossing with gabion crate and pre-.
cast slab

10. Contingéncies - NRS 50,000.00

7.12  INSTITUTIONAL DEVELOPMENT
After the promulgation of irrigation Regulation 1989 farmers participation

became mandatory, at all levels of irrigation development, from the prdject Identification,
design and construction, to operation and maintenance of he completed system.

According to the policy in public irrigation system, the farmer wﬂl carry out the
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operation maintenance of the cands commanding less than 25 ha area and will also do the
construction themselves. |

To implement the policy guideline in the field, a program was set to hand over all
the tertiary canals of stage | area to-farmers .who use the water. The handing over of these
tertiary canals was a historic event in the sustainable development of MIP, which was
performed in a series of institutional development activities. They involved:
- Listing of users in each tertiary canal.
- Confirming chak boundaries |
. fixing outlet group and its leader
- Electing or selecting tertiary committee and its chairman.

- Electing Block committee.

After compléting all basic institutional development activities, a walk. through
program was set up to verify the physical system and to make a list of structures to be
repaired or added. The walk through team comprised of an engineef and his subordinates
including farmer representatives and institutional development staff. After repairing, the
verified system handover process was launched. Association organizers of project played

a vital role in the handing over process.

The case of stage II is different. The construction of all tertiary canals by'the
. farmers became impossible after conducting a series of meeting with the farmers. As the
tertiary canals are crucial part of large irrigation system without which water can not be
delivered to> the field, the construction of these tertiary canals became the prime concern
of the project management. Inspite of several meeting held with beneficiary farmers and
development 6f association organizer and consultants, farmers of the area expressed their
inability to construct tertiary canals by ihemse!ves. At first, the project decided to
construct the required structures and to ask the farmers for earthworks. But farmers
. refused to support this arrangement also. At last realising the seriousness of the issue, the
project decided to construct the tertiary canals onl the basis of following cost sharing
arrangements. The farmers pasticibation included the cost of land for tertiary canals,
barrow area along the canals, canal box cutting and grass saddling where as project bore

the cost of all construction including, the cost of standing crop compensation.
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In order to materialize the above-mentioned participatory approach in tertiary
canal construction, several activities were carried out during pre-construction period:

Preparation’ of farms holding register based on hydrological-béundary and commanding

c'e{pacity of the outlet. '

- *_ Fixation of canal alignment based on farm boundary.

- Determination of technical feasibility

- Formation of tertiary committee

- Construction agreement.

In construction agreement farmer were informed about their entailing operation

and maintenance responsibility of tertiary canals after their successful completion.

Table 7.2 Institutional Development Activity stage 11

Period

Users list Water user Tertiary Construction
Nos of groups | committee | Agreement
Tertiary :
canals - ’
| Target 262 1,834 262 252
July-Dec 40 231 27 16 -
1995 '
Jan-June 9 70 10 10
1996 , _ :
July-Dec 143 979 147 131
1996 62 386 52 60
Jan-June '
1997 5 109 14 20
July-Nov '
1997
Total 260 11,775 250 - 237

7.13  ORGANIZATIONAL SET UP

The organizational setup of WUAs is designed as pef the structural system of canal

and the rotational water supply principle. The canals of MIP are divided into four main

categories: -

- - . Main and distributary canal
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- Branch and distributary canal (Minors also)

- Tertiary canal

Field channel.

Accordingly, the water user associations are also organized into four fiers at th‘e. '
bottom tier is the outlet group, above it, is the water users group (WUGftertiary
committee) and above WUG lies water users associations (WUA-BIpck committee) at the
open, there is oﬁe watér users association co-ordination committee (WUACC) which was
farmed in December 1993, initially representing farmers of stage 1 area and latter
foliowing the formation of all origination in stage II, representing farmers of both stage 1
and stage 1. |
7.14 COMPOSITION OF COMMITTEE

The water users of one outlet have to constitute one outlet group consisting of one
outlet leader. A leader of an outlet is elected from all user of that outlet command area
and all user are group members. There is one water users group for each area covered by
a tertiary canal. All leaders’iof outlet group will become automatically members of water
uses group and they elect one chairman and one secretary from among the selves.
Similary, one water users association is farmed for each block area covered by respective
branch and distributary canals. All chairmen of WUG assembly, will become members of
WUA assembly. The executive committee of WUA comprised five members from WUG
representatives, operation and maintenance chief of MIP and chief of Agriculture pilot
farm and from these five farmers representative, are chairman and one secretary are

elected. The representation of WUA from WUG is based on following principles: -
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Table 7.3 : Composition of Committee

Group Representation in WUA Minimum representation in
(Assembles of Representative ) executives of WUA
A Gadda minor . ) Bhujela distributory 3
Bhujela distributory 36 Gadda Minor and main canal
Main can direct territory 6 direct tertiary -1
Women 1
Total 44 ‘ 5
B Basantpur minor 5 Majgaon Minor ]
Mahendranagar branch " 19 Mahendranagar branch 2
Majgaon Minor 13 Basantpur minor and.
Main canal direct tertiary 6 | main canal territory 1
Women reservation l
Total ‘ 43 5
C Ultakham distributory 33 | Ultakham distributary 3
Bhagatpur minor 5 | Bhagatpur minor and
Main canal direct tertiary 6 | main canal direct tertiary 1
: Women reservation 1
Total 44 5
D Churaria minor 3 | Suda branch 2
Suda branch 23 | Sisaiya branch 1
Sisaiya branch 11 | Women reservation ]
| Canal direct tertiary 8 | Main canal direct tertiary |
Total 45 5

The woman members must be chairpersons of outlet leaders of respective block.

At the central level there will be a co-ordination committee, all executive members WUA

will be represented in central committee and elect 15 members executive committee

including chairman and secretary from among them selves. The chairmen and secretories

of WUA will not be elected or nominated in executive committee of WUACC. The

“composition of WACC is as follows: -




Chairman . - .- 1

\;’iée chairman . N ’ - 1
Secretary o - 1
Joint secretary : - 1
Members '. - 8
Project m‘anager' of MIP . - 1
Chief of pilot farm - .
Woman reservation . o 1.
Total - o - _.15

The tenure of WUA members is of 3 years -

7 15 FUNCTIONS OF WUAs AND WUGs

Each tier of organization has its ‘own rules and regulatlons Wthh are clearly
mentloned in their constltutlon 1989 and correspondmg amendments Other than in
operation and. mamtenance of tertiary canal, the orgamzatlon is responsible for assnstmg
in irrigation service fee collectlon water allocatlon and distribution, conﬂxct management -
in water issues and maintenance of main canal. As the system is not operated on

rotational basis, there are no problems regarding the water allocation and its distribution.

7.16 TRAINING

The training is an effective means for imparting, the latest technical information
and precise meaning of comprehensive and integrated water rhanagement there by
improving their capacity to manage water. The objective of the training programmer is to

“increase agricultural production and farm incomes through. improved irrigation

efficiency. It’s aim is

- To help professional to understand the >principles, prbcéss and specific field

~ problems and to appraise, them on how the system presently works.
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- To provide field experlences and lcnowledge and deyelop' skills in menotoring -

methodologies and procedures, to inter disciplinary respon_sibilities _and action. .
- . To understand process of team work.
- To prepare them' for their role as prOject manager.

» The farmer should be appnsed of weakness in the procedure and lmplementatron :

| of prevallmg water system in the large nrrgatron networks the problems and‘A g
'»unccrtamtles and duthoritarian attitude to lower functronarres Lack of monitoririg at
pro;ect level in respect of equity in supply and punctuallty in water deliveries must be |

emphasized. -

As the trammg is mstrumental in strengthenmg mstltutlonal activities of an _
orgamzatron MIP conducted several trammg programs since the mtroductlon of join
rmgatlon management Trammg programs were organized for farmers as well as for
association orgamzers Farmer to farmer interaction of completed rrngatlon pro;ects and
observation tour of farmer-managed . and agency- mana_ged irrigation systems are -

conducted each year.

The pllot farm is the focal pomt of all agrlcultural actlvrtles in MlP command
area. The major function of pilot farm is to educate the farmers of command area about

 the irrigated agriculture technology.

The farms has conducted several i 1mpressrve activities from 1984 the farms has
provrded 373 number of training programmers to 9,030 farmers of which 740 were

' woman parllCl pates
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Table 7.4 Farmer Organization Activitics Stage-1

Period { Tertiary cleaning Upper level meeting No. of participgnts

Length | Mandays | Group | Group | Group | Group | WUA

in km ' A B C D cc (-
1990 51.69 14,38 - - - - - 165
1991 | 7081 | 3,620 - - -] - . 132
1992 | 36.59 8,059 2 3 5 7 1 7 46
1993 21.52 5,141 3 2 2 2 ' 4 164
1994 6.85 31 3 2 7 2 4 176
1995 | 8124 | 2,512 5 6 4 2 12 50
1996 84.44 5,789 2 4 3 3 12 176
1997 19.4 1,124 | 5 5 5 5 I 50

717 OPERATION AND MAINTENANCE AND BUDGET OF THE SYTEM'

7.17.1 Maintenance Indicators

In irrigation systems the conveyance efficiency provides the best way of assessing
whether canal maintenance is required. By using the following indicators as manager can
decide whether a canal clearing is restoring is necessary or not. In many systems this

undertaken subjecting on appearance rather than using a more analytical approach.
(i) Sustainability to Head-Discharge Relationship

This indicator gives practical information on the sustainability of intended

head discharge relation of flow division structure are:

Change of Head

Relative change in head =
: . Intended Head
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" The table 7.6 shows that the relative change is head in all cases are greater
" than 0.89 and less than 0.97. Hence it indicates that a low maintenance is

required.
(i)  Maintenance Cost

The maintenance cost depends on the volume of silt weeds that must be
removed from the canal and by the size of canal. The maintenance area

ratio can used to quantify the cost per unit (meter) lé_néth of canal.

Volume of (silt + wéed) per unit length

Maintenance Area Ratio =
: Constructed area of canal
- The table 7.7 shows that the maintenance area ratio is very low. Hence a

low amount of budget is required to maintain the canal system,
(iii)  Effectivity of Infrastructure

To quantify the maintenance performance, and to assess the extent to
which control structures can be operated as intended, the effectively of

infrastructure is used. It is-judged by the number of structure which are not

functioning

Number of Functioning Sructure

Effectively of Infrastructure =
Total Number of Structures

The table 7-5 indicates that the effectivity of infrastructure is nearly 1 in.
all the years. Hence it reveals that no heavy maintenance is required in
main and branch canal but a small number of structures are required to

maintain in tertiary canal.
7.17.2 Operation and Maintenance Budget

The MIP is responsible for the maintenance of main canal and secondary canals.

‘The operation and maintenance expenditures include two components
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(1) For physical works carried out for maintenance and repair and for (small)

new construction.
(i)  For salaries and wage’s (“establishment”) of the Government personnel.

According to Nepalese practices this pérsonnel can be dealing with the
operational matter or with maintenance activities. It is not possible to give separate figure .
for maintenance alone although the expenditure on works might largely concern

maintenance activities.

Table 78: operation and maintenance budge-t and expenditure

Fiscal year Total Budget ix; Total expendituré Exiwnditurc
'_ NRS’ 000 in NRS’ 000 perha.
1988/89 1700 1620 | 3375

1989/90 2000 | 2000 - 4167

1990191 2550 2500 52083 "
1991/92 - 7200 {6500 | | 1354.2
- 1992/93 " 4500 - 4400 916.7
1993/94 slo0 | - 5000 1041.7
1994/95 3500 TS 6§I.O
1995/96 1800 1700 ‘ 3542

The average O&M cost in NRS 702.85 (without considering inflation rate) per to |

before.
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7.18 IRRIGATION SERVICE FEE AND COLLECTION
7.18.1 General

To meet the operation and maintenance cost of the system users are expected to
pay irrigation service fee(ISF). It is always said that the water rates besides being based
on the area of the value of crop, this is not reflected by the figures. Some times the rate
for rice and wheat is the same and some time thé-rate for wheat is even higher. In fact the
’vnlorms are much more compl‘icated. Firstly water rates for major and medium systems
usually differ from those for minor schemes. Secondly, there are wide variation between
the projects. Sometimes it has been advocated to base the water rates on volume of water
delivered. However, this w1ll probably not be fcamble of the inability .of most of the
agencies to accurately measure water consumption by farmers; due to absence of the

required water measuring devices and other practical complications involved.

7 18.2 CO”CCthll of ISF

Genela]ly ISF are not sufhclent to cover the actual O and M costs Moreover, they
- are not always fully collected. In MIP rate of i 1rr15at|on service fee is NRS 200 per hector
per year irrespective of crops grown and water actually received since 1985.

In general, farmers come to project office to pay ISF. They are expected to pay
levied caressed by the end of mid April (chaitra month) of each fiscal year. If a farmer
pays this charges a month a head of the deadline i.e. end of mid March (end of falgun
month); he can have a rebate of 5%. Notice to the farniers is sent through the official staff
or through water user associations. Some times the staff also go to the farmers door to
collect the pfevious delayed charges. In teﬁiary_committee meeting formers usually

discuss on I1SF and encourage the late payers to pay.

MIP also requests the co-operation of District- Land Revenue Office and District
Agriculture Development Bank in ISF collection. Farmers who come to buy and sell their
land or to ask for credit should clear ISF fee also. But in practice it is not yet satisfactory
liappened due to lack of legel procedure. The collection of ISF is presented in Table 7.9

- and shown in fig 7.2.
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The rate of ISF collection has significantly increase since the introduction of joint

management in stage I area. However the collection results show yearly fluctuations in

the rate of collectionl which are probably governed by the effort devoted to ISF collection -

water revenue se'ct'ioh of MIP, which is responsible for ISF collection, comprises of 5

stafl,

Table 7.9 Irrigation Service fee Colvlection and Due

Fiscal year

~Amount Due

B Ahmunt Collected NRS

Percentage of

NRS . Collection
' ‘ Current years Last years
1985/86 399,486.0 ‘_11'0,‘171.00" ) 28
1986/87 546,0413.00 1120,606.0 . 21
' 1987/88 544,000.00 425,600.0 . 78
1988/89 736200.00 468,123.0 - 63
1989/90 610112.00 3,78,504.0 - 62
1990/91 606,569.0 | 304,364.0 ; 63
1991/92 606,569.0 534,898.0 - 88
1992/93 684,418.0 3,88,264.0 2,28,437.00 64
1993/94 684,418.0 436,335.0 2,72,449.00 64
1994/95 684,418.0° 509,455.0 4,91,094.00 74
1995/96 684,418.0 5,18,815.0 4,11,644.00 76
1996/97 684,418.0 509,529.0 2,63,125.0 74
1997/98 684,418;0 - ; -

7.18.3 WUA Share in ISF

MIP has undergone to joint management, The farmers are responsible for .

operation and maintenance for territory canal below and rest by the Government.
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According to the arrangement made in irrigation policy schedule-2 provision reléting to-

irrigation service fee, the share received WUA is 25% and Government will keep only

75%. This proVision encourse the WUA to help in collection of ISF.

~ 7.18.4 Comparison of Expenditure and ISF Collection

To compare O & M expenditure and ISF céllection are given in Table 7.7. the

column 4 gives an indication of annual losses in the irrigation sector without considering

the capital cost, when coastal cost are added, this would indicate that the irrigation sector

would be a heavy burden to Government,

Table 7.10 Comparison of Expenditure and ISF Collection

Fiscal year Expenditure Collected Diffcrence % of recovery
| 2 3 4 5
1988/89 16.20,000 4,68,123.0 11,21877.0 28.9
1989/90 20,00,000 3,78,3040.0 16,21,496.0 18.93
1990/9i 25,00,006 3,84,564.0 21,15,436.0 15.38
©1991/92 65,00,000 ‘ 7;63,335.0 57,36,665;0 1175 |
1992/()_3 44,00,000 6,060,713.0 37,72,987.0 15.0 -
1993/94 50,00,000 9,27,429.0 40,72,371.0 18.55
1994/1955 .32,70,‘09’0 9,21,099.0 23,48,901.0 28.17
1995/1996 17,00,000 7,81,940.0 91,80,600.0 46.0

~ In all developing countries inc_luding Nepal, it is frequently heard opinions that

water rate are insufficient to cover expenditure. 1t is usually advocated to increase. The
water rates. But it will be more appropriate to increase first, the rate of collection of

existing fees and then increase the ISF.
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Table 7.11(a) - Financial Self Sufficiéncy( »on actua budget )

particular 1988/89 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96 1996/97

JActual - . o ' R |
|ncome' 425600 468123 378504'_384564 763335 660713 927429 921099 78194()

Actual 1620000 2000000 2500000 6500000 4400000 5000000 3270000 1700000 2000000
O&M ' : ‘ B

Financial .
self - 0263 0234 0.151 0.059 - 0.174 0.133 0284 - 0542 - 0.223
sufficiency S ’

Table 7.11(b) - Financial Self Sufficiency(based on proposed budget)

particular 1988/89 1989/00 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96 1996/97

Actual : . ' . A
Income 425600 468123 378504 384564 763335 660713 ,9?_7429 921099 781940

0&Mm
Financial

self 0.122 0.134 0.076 0.048 0.0851 0.088 . 0.186 0.263  0.223
sufficiency L SR

cost of 3500000 3500000 5000000 8000000 9000000 7500000 5000000 3500000 - 3500000 !
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Table 7.1.20, Irrigatior Service fee collection Performance

particular - 1988/80 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96 1996/97

ISF Due - 736200 610112 606256.9 606569 684418 684418 684418 684418 684418
ISFcollec ' :

ted 425600 468123 378504 384564 763335 660713 - 927429 921099 781940
ISF Collec ~  0.64 0.60.62 0.63 0.88 0.64 0.64 - 0.74 0.76 0.74
“|tion Perfor '

mance

‘Table 7.13 . O&M Fraction =~ Based on actual expenditure

particular 1988/89 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95  1995/96 1996/97

cost of 0& 1620000 2000000 2500000 6500000 4400000 5000000 3270000 1700000 2000000
mo :

Total 1700000 2000000 2550000 7200000 4500000 5100000 3500000 1800000 2100000
Agency
budget
O+M 0.953 1 0.98 0.9 0.978 0.98 0.93 0.94 0.952
Fraction

.2 &M Fraction (based on proposed budget

particular 1988/89 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1995/96 1996/97

costof . 3500000 3500000 5000000 8000000 9000000 7500000 5000000 3500000 3500000
O&M ‘ : .

Total ~ 1700000 2000000 2550000 7200000 4500000 5100000 3500000 1800000 2100000

budget
O+M .
Fraction 2.05 1.75 1.96 1.11 2 1.47 1.43 1.94 1.67
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From the Table 7.10 and Fig 7.2 conclude that the maximum recover of O & M cost
is 46% and minimum recovery in 11.75 percent. Hence a step should be taken at least to

recover the O & M cost.
7.18.5 Financial Viability of lrrigaridrl System

For sustairrable irrigation system, financial viability is essential. Following
mdrcators are used to looks at the extent to which a system generates sufﬁcrent

income to be self supporting,

Actual income. '
Total MO + M Required

(i)  Financial self sufficiency =

The tablé\s 7.11 a1 7.1t show that if we consider the actual mainténanée
expenditure even though only a small part is fulfitled by the of own source of
project, which is irrigation service fee. If we consider the'proposed budget for

maintenance and income of project then only a very small part is fulfilled by project

actual income.
(ii)  Irrigation Service Fee Collection Performance

In marry irrigated areas, water charges (irrigation fees) are collected from
the farmers. Similarly MIP also éollects ISE. A indicator is used to
measure the fee collection performance defined as the ratio of i lrrlgatlon
fees due. Table 7.12:shows that fee collection performance in some year
each 100% but as comparison to other pro;ect, it may say that fee

collection is more or less satisfactory. An effort is required to increase the

ISF collection,
~(iii)  O+M Fraction

This indicator deals with the salaries involved with actual operation (gate
men etc.) plus maintenance cost and minor investment in system. The-

table 7.1.3 reveals that O+M fraction is double in most of the years. This
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may be due to lack of availability of fund with the government and it may

be to make the project financially sufficiency.
7.19  RESOURCES MOBILIZATION AND MANAGEMENT

Abcording to the construction of WUA, each tier has its own rules and Regulation
regarding, the resource mo.bilization.‘The main forms are labour contribution in canal
cleaning and share of collected ISF. Toll collection from canal roads of each block is also
a source. The 25% of ISF collection is distributed among three tier of organization of
which 80% goes to tertiary committee, 15% goes to block committee and the remaining
5% goes to co-ordination comrﬁittee. Each organization has its own bank account and the
expenditures are to’ b‘e approved by geheral meeting. Till date, about 100 tertiary canal -
committee have their own bank accounts and other are in process. In practices
expenditures are made on maintaining, their offices and sometimes to pay for hired

labours in tertiary canal cleaning.

Joint management programme in MIP shown positive indications to turnover all

branch and secondary canals to respective farmers organizations.
720  ECONOMIC PERFORMANCE OF IRRIGATION PROJECT

An evaluatién can be attempted by comparing the actually realised internal rate
return actually realised with that was projected before sanction. Unfortunately, the
afrahgements for monitoring agricultural performance in most of the irrigation projects,
are a very deficient and data on yfelds, prices, costs of cultivation’ etc as actually realised -
are jhst ﬁot accurafely available. The two critical factors which determiners, the realized
internal rate of return are the cost of project, the crop yields realised and differential

impact of inflation on projects costs and value of output.

Basically in any economic appraisal of a project, s'ome kind of comparison is
involved between the projected benefits on the one hand projected cost for achieving that
benefit on the other. In case of irrigation projects cost are incurred to evaluate both public
and private investment projects. It’s use is especially prevalent in largécorpo‘rations and

~among International lending institutions like lrlterxlatiOnal'Dévelopmént Agency (IDA)



and United lStates Agency for International, Development Corporation. However in case

of individual firm, compan‘y ot corporation, the rate of return is not called IRR, but the
financial rate of return (FRR). The rate of return calculated for a public sector project
such as irrigation project using economic prices is called the economic rate of return or

.economic internal rate of return.

The IRR criterion has an important adv‘antage that it does not depend, at least in
initial stages of calculation, on an externally given rate of discount. 1t does not on its own -
provide a decision rule for choosing a project. 1t requires a standard for comparison at a
predetermined social rate of discount or rate of interest at which social investment fund is
available. |
7.20.1  MIP Economic Performance ‘

An economic analysis has been performed to arrived at the economical parameter of
the project. The input side of economic crop budged has been calculated in appendix A.

The output side of the crop budget has been derived from the records of cropping
pattern, yields and crop coverage recorded by MIP. It has been assumed that afler
providing irrigation service to stage Il will attain the some level of crop covérage and
yields as that of as stage I by year 2002. The economic prices of agricultural outputs, the
border parity prices for the traded agricultural out put and input, and the year-wise -
agricultural outputs, have been projected for 2000 and given in Appendix A.

The O and M cost for stage I-area has been obtained from the actual investment
records of MIP and presented in Table 7.7. Based on these records, the O & M cost for
future has been assumed. Net benefits start only after completion of projects and continue:

' till the last year of the project life. The comparison in such a case has to be made between
a projected schedule of annual benefits and a projected schedule of annual costs. The
schedules of annual cost and benefits are not comparable. As it is not possible to compare

two different kinds of commodities without a common base in terms of value, it is also

not proper to compose projected annual streams of costs and benefits without relating the
future values to present time, The technique by which the future value of costs and

benefits can be reduced to present level is called discounting, which is reverse to the

process of the compounding i.e. relating present value to future values while discounting

looks from future to present values. The compounding formula is expressed as (1+r)"

171



where ‘r’ is the rate of interest and n is the time in years. As such the interesf rate and
discount rate are the same: Normally the present value of future money is worked out
with the use of discount factor which is a decimal fraction between 0 to 1 and expressed
as (1+1)". The sum of the discounted future annual cost is equal to the present value of
the cost stream and the sum of the discounted future annual net income is equal to the
- present value of the benefit stream.
7.20.2 The Inlcﬁml Rate of Return Criterion (IRR) \

The IRR is that rate of discount at which the net present value (NPV) of a project
becomes zero, expressed as that rate ﬁt which |

. | %@Hyz

The IRR is calculated b'y trial and error. The costs are deducted from the benefits

for each year and the net benefit is indicated with signs after plus or minuses the case
may be. The net benefit is discounted at two such rates of which the lower rate provides
the some of discounted net cash flow with minimum possible positive figure and the
higher rate of discount with a minimum possible negative value. Such two rates are
obtained by iteration. The IRR is there after interpolated between these two rates.

The internal rate of return (IRR) is commonly used, has been converted in base
year 2000 by assuming a discount rate of 10 present. Projeét life has been taken as 30
year of completion of project. ' |

Based upon the assumption mentioned above, economic analysis of stage I has
been performed. The investment cost and benefits up to the‘project life has been taken for
analysis, the Table 7.8 in appendix A-20 shows the details of calculation of EIRR The
table indicated that the EIRR value of the project is 29% percent

The EIRR value of the MIP project stage I at the time of appraisal is 14 percent.
The actual achieved EIRR is 29 percent. Hence it surely‘indicated the high performance
of the project. This is attributed to high agricultlural yields and coverage of project area.
In consideration with rapid agricultural transformation of stage 1 it can reasonably

assumed that stage II area will also under go similar transformation.
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CHAPTER-8
DISCUSSION CONCLUSIONS AND RECOMMENDATIONS

8.1 DlSCUSSION

The explmtatlon and utilization of water for irrigation requnre that there are
periodic assessment of i its utility and efficiency of use. Any enterprise requtres,feedback
on the managen,ient of resources and the result interm of increased oatput. The |
performance of an irrigation system is a measure both, degree of fulfillment of output
objectives and mahagémént of available resources in accomplishing this. Performance.
indicators are used to provide mformatlon on past actlvmes and their result help in
makmg, informed judgments that may guide our decision making about future actlvmes
Deviation from the quick provide feedback to manger as to the extent to which' the
overall objective is being fulfilled through the use of performance indicators.

. In MIP diééharge targets are given to the gatekeepers but no parallel information
is readily available to indicata the permissible level of deviation. Such a lack of standards
~ immediately makes the process of operational control much ntbre difficult because all |
deviation are treated as an equal error irrespective of actual value of deviations and little
effort-is made to rectify management at these locations where deviations are first
encountered. o | | | A

The upstt.eam discharge or water level is control by gat'es. and operation of gates -
further does not affect the upstream condition. Gated division systems have been
brovided-at each off take along the main and branch canals allowing water to be manttally
controlled at every bifurcation in the system. The design of tertiary strut:tureS« are ﬁxed '
~ division system, where water can only be ‘managed at the head of tertiary canals;
discharge into the water coursed field channel are achieved through fixed divisi(l)n‘
structure that does not have gates. ‘ » | |

MIP stage I area is getting .abund‘.ahce of water but when the stage 11 area will be |
in full operation then there will be shortage of water availability. When there‘is
~ insufficient water to meet all demand the_:ri there has to bé some clearty understood

planning process before start of each season that determines whether some rights will be
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Suspended or modified. In this case .‘some blocks receive their full right and other receive“”,
a reduced share and temporary rotatronal system irrigation wrll be adopted where access
to water by g,roups of users is reg,ulated by trme » J

. At system level current water allocatlon and distribution practices result T
- unequal access to benef ts. Tail enders almost always suffer a disapropriate burden when :
water is in short supply ‘This often results in conﬂrcts and disruption of management. If a B
long term ObjeCUVC of the system is to provndc equal access to water to all benefi crarles
~then allocation plans and distribution practrces must reflect this objective..

The returns are related to the investment made at national level to the society. The
level of i income of the farmer has been increased considerable and the percentage of

populatlon above the property level has been increased as compared to other rural area

~ dus to increase in percaplta incomes. There is also employment generatlon for the

populatlon lrvmg in the area which automatrc provide opportumty to solve '
unemployment problem to some extent.

" The " introduction of joint irrigation manag,ement in canal operation and.
mamtenance by establlshmg farmers orgamzatlon MIP enables farmers to participate in
water allocation,. decision at tertlary levels in Engmeers operating system, both- before
and aﬁer the establlshment of farmer orgamzatlon report that conflicts were reduced
dramatrcally ‘Water drstnbutron is more equrtable increase in collection of lrng,auon ‘.
service fee. There is also reductlon in operatlon and mamtenance expendlture Overall
there is also increase in cropping mtensrty and crops yields. The extension services
provrded by Agriculture pilot farm, Agriculture Development Bank and Agrrculture mput
_‘corpomtlon is appreciable. The Agriculture pilot farm establlshed llnkes w1th the
Pantnagar Agrlculture_ University of India which resulted introduction of several high |
yield crop varieties. B _ .r |

The water avallablllty from Sarda Barrage to MIP canal system is also rel!able

- This has produced positive effect on the farming actlvmes in project area.

Most of the field. prOJect staff are on contract basis for pl’OjeCt period. A radical ‘ |

1educnon in field staff especially A.Os and Ag,rrculture support staff, will reduce the
intensive actmtles takmg place in the field reg,ardmg WUOQO'’s strengthemng and

extension services. This will adversely affect the project performance in future.
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The Agriculture pilot farm is planned to be handed over to Ministfy of
Agriculture is suspected that the hand over will not be in favour of supporting increased
extension service required. The project does not have any.plan. to provide extension
services to area it is serving. | -

8.2 CONCLUSIONS AND RECOMMENDATIONS

| Thev 'art-an'd science of evaluating the performarnce of irrigation system is still in
evolving stage. There is lack of field, studies to correctly assess the usefulness. of
performance indicator. It is important to ensure that indicators selected for a system will
describe performance in respect of the objectives set for that syétem. There areAmany
indicators but we have used oniy those indicators on the 1e\_/el of detail which we need to
quaﬁtify' performance and on the number of disciplines with which we need to look at
irrigation system. To compare the performance of system with the objective qf system set
at the project appraisal time, the required indicators are selected accbrdingly.
. Water delivery performance is good for both Rabi and Kharif season for stage 1

area but a rotational supply of water is required for both stage 1 and stage Il area

" to meet the water requirement of crops.

i

J The project is serving whole the command area for which it is developed to

irrigate. Hence irrigation is sustainable.

. The relative change in head is low and its is maintained in every year.
. All the infrastructures are functioning well and maintenance area ratio is low.
. Performance of overall irrigation season (dry) is also satistactory with regard to

the actual yield of crops and expected yield per unit area. 1 we consider yicld of
crops with respect to per unit volume of water then the performance is poor. Since
- there is no alternate use of water so it is not required to consider.
. The project is not financial self sufficient to meet its O & M expenditure. To
_increase the O & M budget. It is recommended to |
- Increase irrigation service fee and degree of collection

- Increase farmers participation step-wise from tertiary level to distributory

and Branch canal levels.

- and increase the responsibilities of O & M to WuA.
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To avoid deterioration éf system in long turn-run, considerable amount of O & M
budget is required to keep the systefn in proper order, which is only possible by
joint management.

The per capita income of farmers has increase and a large number of employment
has been generated in project area. |

The social capacity of peoplé and organization for managing and sustaining the
irrigated agriculture has been increased. | ' |
After introduction of joint management in MIP in' 1992 accordance with the
irrigation policy of Nepal, the 0vefall assessment of O & M has revealed tﬁat the
project had been successfully in attending its major goals of raising agricultural
pr:oductibn and farm income. The crop yield survey indicates that the improved
irrigation facilities has helped to adopt multiple cropping pattern as a result
cropping intensity has increased to 192 percent in stage 1. A

Farmers has positive acceptance on the system improvements as it insures reliable
- supply of water in all fields from head to tail.

With regard to the extend and quality of farmer’s participation in O & M, the
project has positive impact on water allocation, distribution and conflicts
resolution of system. However withv regards to reduction in O & M cost through
mobilization of local resources, only marginal success has been achieved.

The project has been able to hand over almost all tertiary canals of stage [ area
and has not yet formulated any programs to hand over secondary and distributory
canals. It is required to make a action plan for this also and the make the system
more suitable. )

The indicators of organizational effectiveness i.e. no of times meetings. held in a
_year, participation of members in the meeting, settlements of disputes,
implementation of decisions, and changes in farming system show optimistic
result

Comparing the magnitude of maintenance work, within and outside of tertiary
canal, per unit maintenance cost is ]esé than 5 percent ever not corisidering the
main canal’s maintenance cost. There is _néf record of maintenance of tertiary

* canals. In practice, tertiary committee used to spend the fund received from MIP
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as a share of water cess collection in desilting the canals rather than doing it by

volunteer labors. Moreover, the procurement of construction material and tools

and plants to be used in maintenance to tertiary canals and field channels, is not

practices by the organizations. This is so because most of such demands are

fulfilled by MIP block maintenance budget. ‘

-To avoid all these Jomt management consequences, the project should monitor the
farmers, and should limit fulfilling ever-increasing demands for maintenance work.

. After all, the reliability of water supply is most governing factor in a attaining
farmers participation eigher in construction phase or into its operation and
maintenance. Once farmers see water in the parent canal, they will start forgetting .
the misunderstanding if any created during the course of participation approach
and will proceed towards getting water to their fields. A

C All project activities and the attitude of working personnel should be focused only
in the direction of supplying water to the field within the targeted time.

¢  System ih]provement is needed to link MIP main canal to Tanak Barrage, where
Indian authority has built up the intake structure on the afflux bound to supply
water incase the Sarda Barrage, become non-functional.

. Agriculture division in the MIP organization should be continued and pilot farm
activities should be maintained from MIP itself for supporting farmers of stage |
and stage 1l area. |

. The activities of pilot farm should now be concentrated on increasing the water
use efficiency in the ' project area with adequate emphasis being given to
encouraging the farmers to build the field channels.

. The project-should make every effort to replicate the transformation process of

stage I to the stage | area.

8.3 OVERALL PERFORMANCE OF MIP SYSTEM
8.3.1 Performance of System in Regard to Proposed Objective

The summary of proposed objective at time of project appraisal and actual

achievement in stage 1 is given in Table 8.1.
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Table 8.1 : Objective and Achievement

S.No. Particulars Original hefore Proposcd Achicvement Performance
project objective (of objective)
1. Cropping 134 165 192 Very Good
: intensily major

2, Crops yicld
paddy 2.4 3.2 4.0 Very good
wheat 1.1 2.10 2.10 Good
maizc 1.0 2.0 2.0 Good
potato 7.0 11.0 13.5 Good
oilseeds - 0.5 0.60 0.70 Good
pulscs 0.6 (.70 0.8 Good ~

3. Per capital in 65 118 177.1 Good
conics

4, Economic - 14% 29. % Good
intcrnal ratc of
relurn , _

5. lrrigable area 3400 4800 4800 Good
in (ha) ‘

8.3.2 Performance Evaluation of Irrigation Management Actives

Logical performance evaluations of different management actives are carries out

and are given in Table 8.2,

Table 8.2: Logical Performance Evaluation

S.No. Activities Performance
l. Design Simplc
2. Construction Simple
3. Opcration Co-opcrative
4. Watcer delivery Reliable
5. Water distribution Equitable
6. Watcr application Appropriatc
7. Wastagc of watcr Low
8. Complicit management Good and prompt
9. Communication Good
10. Resource mobilization Good
11 Decision making Quick
12, ISF (collection) More
13. Opcration  and  main- | High
tenance sharc
14. Overall efficiency High
5. Productivity High
16. Cropping intensity High
17. Owncr ship fecling Good
18, Willingness to pay Good
19. Overall performance Good
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8.3 SUGGESTIONS FOR FURTHER STUDY AND RESEARCH

The use of secondary d‘ata that contain insufficient information will, in longv run,
need to be replacéd by a set of more focused in depth studies that address the
rﬁanagement process, ahd identify more precisely, the complex relations between the
system design, planning implem'{antation_, control, O & M and water users relationship. It
is alWays difficult to use secondary data, particularly where the objectives of those
studles may be quite diverse. A systematic approach to measurement of output and
management- perf‘ormance taking into the consideration institutional and resources
conditions; likely to result in a much clearer understanding of the factors that affect
performance. - | '

Further studies need to more well beyond the main focus reported here of water
delivéry to canal system, canal operation and maintenance,- Agricultural, or socio-
economic aspect. Similarly ‘future studies have to include greater concern for
environmental effect of both irrigation and drainage system which have the capacity to
undermine agricultural st;dbility.'if they are not made part of the objective'set for system
n'mn_gcrs. ' | '

- The report has attempted to address the short falls that exists in current irrig,ation. '
system and management practices in relation to water dehvery and its proper'
management and farmer’s participation in the canal systems.

There can be llttl¢ doubt that what is required in the future is the implementations
of performance-responsive framework that managers and planners can use co_ns'istent aﬁd
more focused performance case studies in a range of physical and institutional
environments. .

Appropriate ways and means to replicate the extensions activities of pilot farm to
other large irrigation broject under joint management should be sough at policy level. The
information on the use of high yield crop vanities of the farm shc')uld be disseminated to
other irrigated areas in Nepal. The DOl in close co-ordination with DOA, can modify the
mandéte of pilot farm to carry out similar activities in some othér projects. -

If this combination of intervention and knowledge improvement can be taken,
then I am confident that this will be the basis for more sustainable, performance-oriented

irrigation management in the future.

179



10.

REFERENCES

Abernethy Charles. L, “Objective of Irrigation Water Management and Methods
of Measuring their Achievements” In : Improvement in Irrigation Manage’ment |
with Special Reference to Developmg Countries (ed K.K. Framjl) 1.C.1D, New'
Delhi, State of Art No. 4, 1987 : .
Agriculture C Division; South ASla Department Document of World Bank Staff
Appraisal Report Mahakali lrng,atton Project- (stage—l) June 1980.

BOS. M.G.; “Performance Indicators for Irrigation and Dramag,e , Workshop on
Evaluation of Performance of Surface Drainage, I™ Congress on Irrigation and
Drainage Sustdmablhty of Irrigated Ag,neu]ture Cairo Egypt 1996.

Brito R. A L. etal and BOS., M G. “Water and Land Resources Development
Management for Sustainable Use” 10" Agro-Asian Reglona] C onference
l’roceedmg on, Bali (Indonesia), 1998.

Dahama, O.P.” Extension and Rural Welfare Ramprasad and Sons, Year 1997.
F.A.O., Tlrrigation and Drainage Paper; lrrigation Practices and Water
Managcment, Rome, 1971, '

Governme_nt of India, Ministry of lrrigation and Power; Report on ln'igation
Connnissid_n, Volume-1, New Delhi, 1972, |
Government of India, Ministry of Water Resources, Status Report on _Centtal]y |
Sponsored Command Area Development Programme, New Delhi, 1999.

Ghosh, R. (Ex-Chairman, C.W.C), ‘;Socio-Eeonomic lmpaet of Water use
Projects”, Government of India, Ministry of Water'Resources, New Delhi, 1987‘.
Kandu, P.S; “Performance of Irrigation System in Respect of Equity Reliability
and Availability of Water”,Agricutture Finance Corporation Ltd, Bombéy, 1986.
Murry-Rust, D.Hommond and Snell, W.Bart; “Lirigation System Performance
Assessment and Diognosis, M1, 11LR1, and IHE, Sri Lanka, 1993.

Olin Manuel.; “Transfer of Management to Water users in Stage - and State — 2

of BLGWP in Nepal”, Irrigation Management Transfer Workshop by IIMI, Sri
Lanka, 1994. |

180



15.

18.

19.

20.

21.

22,

Peri Gideon and Skbgerboe Geﬂdnd V.. “Evaluation and Improvement of
Irrigation System”, Water Management Technical Paper No.49(A), California, |
US.A,1979. | |

" Parkash Hasan Z and Aggrawal, M.P., “Economic Alnalysis of Irrigation Project”,

Central Water Commissi'on, New Detlhi, 1984.

Procedural Guidelines for Surface Irrigation System, Department of lfrigatiqn,

errigation Line of Credit-Pilot Project, Nepal, November,1995.

Sir M.Macdonald and Partners Ltd in Association with Macdonald Agriculture
Service Ltd., and East Consult (P) Ltd., Nepal, “Design Manual for Irrigation

Projects in Nepal M-10 Engineering cost Estimating and Economics manual”,

_Febru.ary, 1990.

Sir William llalcrow_and Partners, ‘Coilsul_(ing Engincers, “Guidelines for
Operation and Maintenance of Mahakalj Irrigation Project. (Stage-1)”, Burdérbp :
Park, United Kingdom, March, 1984, ' ' ,

Tyagi, N.K., “Performance Evaluation of Irrigation System- A Case Study
CSSRI, Karnal, 1986. '

Tyzigi, N.K. and Mishra, A.R., “Evaluation of Water Delivery System ; Some
Case Study from Harj/ana, CSSRI, Karnal, 1988.

Tyagi, N.K., “Management of Irrigation System, A National Symposium .(')n,.
Advance Centre of Post-Graduate Agriculture Education and Reseérch
Management;, CSSRI, Karnal, 1993. . | ' . |
Tanak. A, “Present Problem of Fertilizer”, A Faculty of Agriculture, Hakkaudo
University, Sapparo, Japan, 1977. | . - .
Timilshinha Uttam Raj, “ A Dissertation on Farmers Role in Irrigation

Management: Case Studies of Irrigation system in Nepal”, W.R.D.T.C,
University of Roorkee, January, 1999, '

181



APPENDIX — A (TABLES)

Tables - Title S - Page No. .
-A-1 Inter quartile ratio of water availability in six small schemes . 182

of Nepal. . i .
A-2 Water supply along wahby and Bahrsail. ' 182
A-3 . Operation and maintenance descriptors and performance 183 .

“indicators. Nilo coelho irrigation scheme (1989-1997)

A-A Impact of more costs moductivity on equivalent (kg) and as of 184 -

crop iﬁ revenue per ha, | | | |

A-S Discharge record at Sarda Barrage broad weir towards . 185
Main canal of Nepal.

A6 Climatic data - - S 186

A-7 Water supply and demand of SAR v _ . : 187

A-8 Projected cropping pattern | L 188

A9 Crops water requirement (calculation) : 189

A-10 | Demand supply of water for stage I and Il area (ealculated) 194

A-11 (a) Running of channel fér 1 week on 3 weeks | 196
(b)  Running of channel for 19 days on 20 days off 196
(c) Iiunning of main canal of alternately 10 days open and |
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A-20 Calculation of economic internal rate of return A 212



Table A-1 Inter ratio (IQR) of water availability ir

tdex (WAI) in six small schemes of

Nepal
Name of system Hills | Terai
Barctar | Bandarpa | Jamune | Tulsi | Parwanlpur | Laxmipur

Average 161 | 146 144 146 144 © 179

, ’ _ (a) By distance form head of system
Head 25% 160 134 168 | 153 154 186
' Trail 25% 151 154 141 149 135 162
IQR 106 | 115 T19 | 115 110 . ERE

‘ (b) Independeht of distance S

WAL heighest 25% 195 173 177 162 170 - 199
. WAI lowest 25% | 124 127 130 138 120 158
“1QR 1.57 1.36 1.36 1.17 .1.40. . - 1.26

A-2 Water supply along Wahby and Bahr Seilarelative to total Fay'oum water supply

Area Discliarge Gross command area Supply (%)
' (m3 /S) (ha)

Fayoum System total . 771 151,865 100 -
Bahr Yusufat Lahun | 50.0 102,181 96
Bahr Hasan Wasef 27.1 49,685 107
Bahr Wahby total area 13.6 30,660 107
Bahr Wahby d/s of Nasria 9.0 23,100 717
Bahr Wahby u/s Nastria total 46 7,560 120
Bahr Wahr Wahby u/s Nasria 3.0 3,405 173
excluding Bahr Seila :
Bahr Seilat total area 1.6 4,155 75
Area B 0.35 685 101
Area C 0.37 1,094 66

| AreaD 0.33 943 68

| Area E 0.26 705 71
AreaF 0.29 730 79
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A-4 Tmpact of more costs productivity on equivalent (kg) and as % crop revenue per ha.

' Crop Minimum Price | Average Price - | Maximum Price
' - Prod (kg) | % Revenue | Prod (kg) .%A_Revenue Prod (kg) % Revenue
Pumpkin 2422 9.69 1211 4.48 757 3.03 -
Cowpea | 287 23.93 188 45.68 130~ [1083
Beans 206 11.44 a6 808 |13 |57
Watermelon | 1556 622 1037 4.15 | 778 - [3.11
Maize | 910 22 .75 670 676 490 | 1225
Tomato- l7é1 3.84 1721 3._82' 1721 3.82
indicatory ‘ | | |
Tomato- | 2804 | 14.02 1519 | 7.59 911 458
salad - o
Banana 2052 5.13 1319 1330 947 237
Coconut . | 1823 | 3.41 1458|273 467 0.88
Guava 581 527 977 326 | 664 221
Mango 1673 8.37 1558 279 {167 o034
Grape 753 1.88 565 141 365 | 091

»

Tawe s

L e et
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TablcA-5  Discharge Record at Sarada Barrage Broad Weir to
Main Cana Year 1994/95 Volume(cubic ln)’-ooo_ '
Day/M May june  july ugust :mber tober smber :mber nuary ebuarnarch april
I . 0 1158 1417 1158 1158 1158 436 363 346 276 346
994 1158 1054 1158 1158 436 363 346 276 346
1054 1054 37 1158 1158 436 363 346 276 346
1054 1054 994 1158 899 436 363 346 380 346
1417 1037 1417 1158 899 436 363 346 380 346
1054 994 1417 1158 346 436 363 346 380 346
1054 1417 1417 1158 346 436 363 346 380 346
0 544 1417 1417 1158 363 397 363 346 333 346
9 1417 1158 1417 899 1158 363 397 346 333 333 346
10 436 1158 1417 899 1158 363 436 346 333 333 346
11 1158 1158 899 994 1158 363 436 346 333 333 346
12 708 994 899 994 1158 363 436 346 -333 333 346
13 1158 1158 994 994 1158 346 436 346 333 333 346
14 1158 1054 994 1158 1158 346 436 346 333 333 346
15 899 1054 994 1158 1158 346 436 346 333 333 346
16 899 1158 1158 760 1158 346 436 346 333 480
17 899 1158 1158 760 1158 346 436 346 285 480
18 708 1158 760 899 1158 346 436 346 285 346
19 544 1417 760 1158 1158 346 436 346 285 346
20 1158 1417 899 1158 1158 346 436 346 285 333
22 1158 1417 1158 1158 1158 346 436 346 285 333
23 1158 1417 1158 1158 1158 346 436 346 285 333
24 708 1417 1158 1158 1158 346 436 346 285 333
25 436 708 1158 1158 1158 346 436 346 285 333
26 1158 1417 1158 1158 1158 605 436 346 285 285
27 1158 1417 1158 1158 1158 605 436 346 276 285
28 1158 1417 1158 1158 1158 605 436 346 276 285
29 1158 1417 1158 1158 1158 436 363 346 276
30 1158 1417 1158 1158 1158 436 363 346 276
31 1158 1158 1158 363 346 276

0 NN AW N
O O O O O O
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A-9

1. Water- chulrelilcul for Rabi Crops

CROP WATER REQUIREMENT

(i) Wheat-1 period 15" Nov. to 15" March lolal days 120 (Sunﬂower Linsced,
lentil; garlic)
SI.No. Item October | November | December | January | February | March
I. | No. of days - 15 31 3] 28 i3
2. Mid point - 8 31 62 81 113
3. % of growing - 6.7 25.8 51.7 75.8 94.2
| season L . o )
4 Cu coulllcncnl o - 0y 0.28 0.01 0, 88 e 0. (\2 .
Pan evaporation . 15.5 67 69 02 00,4
- losses Uip___ __ |. . ... R, NN SRS S
0, Constumplive use - 4.58 18.76 42.1 g0t | Soll
CU ene e m——
7. Effcctive rainfall - 1.5 8 9 16 12
8. Presowing - 30 30 - - -
9, NIR= 6-7+8 - 33.05 . 40.76 33.1 64.1 4411
- 10. | NIR=NIR/0.75 - 44.] 54.33 4413 8547 | 51.89
(i)  Wheat-2 period Ist November to 28" February total days — 120
SI. No. | Item October | November | December | January | February | March
1. No. of days - 30 31 31 . 28
2. Mid point - 15 . 46 77 . 106
3. % of growing - 12.5 383 64.33 88.3
season Bk . .
4, CU coefficient (k) - - 0.17 0.44 0.76 0.733 -
5. Pan evaporation - 91 67 - 69 92
losses Ep
6. Consumptive use - 15.47 29.49 - 52.49 69.44
CU
7. Effective rainfall - 3 8 9 16
8. Presowing - 60 - - - -
9. NIR=6-7+8 - 72.47 21.49 43.44 51.44
10. | NIR=NIR/0.75 - 96.53 28.6 68.63

57.92

1e9



(iti)  Gram, Mustard, Onion, Vegetables period 16/10 to 28/02 Total Period 136

Days
St Item 6clobcr "~ | November December January February March
No. -
1. | No. of days 16 30 31 31 > 28
2. | Mid point. 8 31 S 62 93 115
3. | % of growing 6 25.41 50.82 76.23 94.26
season ' .
4. | CU coefficient (k) 0.1 0.28 0.59 0.88 0.6
5. | Panevaporation 56 91 67 69 92
losses Ep - 1 ,
6. | Consumptive use 5.6 25.48 39.53 60.72 55.2
CU ' : ,
. 7. | Effective rainfall 29 3 8 9 16
8. | Presowing 30 30 - - - -
9. | NIR=6-7+8 68 | 52.58 31.53 '51.72 139.2
10, | NIR=NIR/.75 8.25 65.72 39.4 49 48.12
(iv)  Peas, Pulses Potato Period 1" Nov. to 28 Feb Total Period =120 days
S1. No. Item October. | November | December | January | Fcbruary | March
I No. of days 30 31 31 14
- 2. Mid point 15 46 71 99
3. % of growing season 12.50 38.33 64.17 88.33
4, CU coefficient (k) 0.43 0.93 0.93 0.55
5. Pan evaporation losses 91 67 69 72
6. Consumptive use CU 39.13 ~ 65.66 64.17 39.6
7. Effective rainfall 3 8 9 16
8. Presowing 60 - - - -
9. NIR= 6-7+8 90.13 57.66 55.17 23.6
10. 120.16 72 68.96 29.5

NIR= NIR/0.75
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2. Water Requirement for Kharif

()  Paddy Period 15/06 to 15/10 Total-Period 120 Days

Sl. No. - ltem June July August | Scptember | October
I. | No. of days 15 3 3 30 o ds
2. (Midpoint - {8 3 62 92 o 1S

3| Wholgrowingsenson | 67 | 258|516 | 7667 | 038
‘4. | CUcoeflicient (k) | 092 I.1 1.3 1.14 0.7
5 Pan evaporation losses | 146 180 171 125 58

Ep : . .

6. | Consumptive use CU 134.3 199.8 | 2223 142.5 39.2°
7. Nursery 5% of col. 6.7 - - - -
8 Total CU= 6+7 141 199.8 2223 142.5 39.2
9, Eftective rainfall 66 470 358 299 29
10. | Presowing 38 37 - - -
11. | Land Preparation 100 50 - -
12. | Pecolation losses 30 62 62 - 60 30
13. | NIR=8-9+10+11+12 243 0 0 - 0 40.2
14. | FIR=NIR/0.90 270 0 0 0 44 87

(i)  °Maize: Period 15 June to 15 Oct. Total 120 days

Sl : Item June July August | Scptember October |
No. .
1. | Growing days 15 31 31 30 s
2. | Mid point 8 23 62 92 | IIS
3. | Y% ofgrowing season | 66 | 1918 | 516 | 767 | 958
4. | CU coelficient (k) | 025 0.6] | | o818 | 027
5. | Pan evaporation Josses Ep 136 | 180 171 125 | 50
6. | Consumptive use (Cu) 34 109.8 171 102 1512
7. | Effective rainfall 92 152 140 119 56
8. | Presowing ' 30 30 - - -
9. |NIR=6-7+8 0 0 31 .0 0
10. | FIR=NIR/0.85 0 - 0 36.47 0 0
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_ GROSS IRRIGATION REQUIRMENT

1. - RabiCrop
Sl. Item Oct. | Nov. | Dec. Jan.. | Feb. March
No. K
1. Wheat ~1, Area 45% | - 2180 2180 (2180 . |2180
FIR in mm |- 96.53 |28.64 |57.94. |68.63
: Discharge in cubicm | - 0.804 (0.231 [0467 |0.613
12 | Wheat=2 - 1200 . | 1200 * | 1200 1200 1200
_ Area 25% FIR in mm | - 441 5433 |44.13 85.47 | 58.47
_ Discharge in cumec - 0.204 |0.243 [0.198 {0424 [0.265
3. | Pulses, peas, potato-
14% Area - 672 672 672 672 -
FIR in mm - 120.10 {72.1 63.96 295 -
| Discharge in cumec - 0312 (0.181 [0.173 |0.002 |-
4. Gram, Mustard,
Onion/ Vegetable
12% Area 570 570 . {570 570 570 570
FIR in mm 8.25 65.72 {394 |64.65 |49 -
Discharge in cumec 0.083 ]0.J46 |0.085 }0.139 [0.117 |- _
. B. "~ Kharif a Crops
Sl. June July August Sept. Oct. Nov. -
No. | - '
1. | Paddy _ : ,
AREA 4272 . 4272 4272 4272 4272
-1 89% in ha 270 0 0 0 . 447
FIR in mm 4.45 0 0 0 0.712
discharge -
2. | Maize , ,
Area 7.1 336 336 336 336 336 -
FIR in mm 0 - 0 36.47 0 0 -
Discharge 0 0 0.047 0 0 -
in cumec .
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2,

Total dis;harge of stage 1 for Rabi crops

_ ltems Nov, De. Jan, Feb. March
Wheat -1 0.804 | 0.231 0.467 - 0.613 0
Wheat-2 _ . 8.204 -0.243 0.198 | 0424 0.265
Pulses, pea, gram, | 0312 0.181 0.173 - 0.002 .0
mustard, vegetable - | 0,146 0.085 0.139 |- 0117 o
Total discharge for| 15 | 076 | 0996 125 0265
stage I area ’ _
Taking’ 75% 2 1.01 1.328 1.67 0.487
conveyance efficiency , ’

For Stage Il area| 2.75 1.4 1.83 2.29 0.674
discharge in cumec ] - _ :
Total Required | 4.75 2.41 3.16 3.96 116
discharge at head
B. Total discharge for kharif Crop. (in m*/Sce)

June | July | August | September Octoﬁcr

Stage 1 area. 445 [ 0 0 70.047 071 .
Stage Il area 550 | 0 0 0.070 0.976
Total Discharge required 995 | 0 0 - 0.117 1.686
Taking 75% conveyance | 13.0 | O 0 _ 'O.'13 2.26
efficiency total discharge at

_head
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A-10 . :Derhand supply of water for stage I and 11 area (caiculated)

T:2% 2(a): Demand (SAR) a.nd Actual Supply of Water for Rabi .Crops (Stage I)

Sl. No. Month . Demand in m”/sec Supply in m/ se

1 November _2.28 . 5.08 :
2. December 247 40
3. January - 1.65 ‘ 3.70
4,  February ‘ 1.81 4.42
5. March - - 023 | - 2.25

4

(b) Demand (SAR) and actual Supply of Water for Kharif (Stage-I)

SI1. No. Month . Demand in Supply in Remark -
, I » m’/sec m'/ sec :
1 June 6.17 8.30
2. July. - 13.4
3. Aug - 13.5
4, September - 134
5 October - 1.27 4.5
(¢) Demand and Supply estimated for Stage I and 1I Area for Kharif Crops
SI. No. Month Demand in Supply in Remark
m’/sec m'/ sec
1 June - 13.00 13.0 Just meet the
' : demand
2. July 0 13
3. Aug B 0 13
4, September 0.120 13
5 October 2.26 13

‘ - (d) Demand and Supply for (estimated) Stage | and 11 Area for Rabi Season |

SI. No. . Month Demand in Supply in Remark
m*/sec m’/ sec

1 November 4.75 4.25 Deficit

2. December 241 4.25 Exceed

3. January 3.16 4.25 . Exceed

4. February .3.96 4.25 Exceed

p) March 1.16 4.25 Exceed

lo4
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.(e) Demand and Supply of water (estimated) for Stage I and Il Area f_br Rabi.
~_Season ' : 2 ‘ '

SI. No. Months Demand in m' | Supply in m" Remark
1 November 487800 [ 137100 . Exceed
2. December 6602688 - 11003000 Exceed
3. January 4435776 9942000 Exceed
4. February 2076192 9727000 ~ Exceed
5 March 298080 5882000 . Exceed
() Demand and Actual Supply for Kharif Crops (Stage I)
S1. No. Month Demand | Actual Supply Remark
' inm of water m’ : ‘
1 . June . 15992640 21554000 - Exceed
2. July - 37249000 -
3. - August - - ' 34444000
4. September | - - 34018000
5 October 3304800 173071000

(g) Actual Demand and Actual Supply of Water for Khm;if Stagbe 1

SI. No. Month Actual Demand | Actual Supply Remark -
' of water in of water in
m’/sce m’/sec. -
] June 590 . 830 , Exceed
2. July 0 13.40
3. August 0 13.5
4. September 0.067 . 132
5 October 0.95 4.50
(h) Actual Demand and Supply of Water for Rabi Crops Stage | -
S1. No. ~ Month Actual Demand | Actual Supply Remark
of water in of water in :
' ~ m’/Sce m’/Sec.
1 November 2.0 5.08 Exceed
2, December 1.01 4.10
3 January - 1,328 - 3.70
4, February- ' 1.67 4.02
5 . March - 0.487 2.25
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Table A- .11(a) Channel Roaster forr 7 days(ohe week ) on and 21 days off

Blocks N.C.A. | Irrigate | Reqd Canal | Vol.Of | Group | Group [ Group | Group
o in ha Areaha | head Capacit | Water I e, |1 v
: dischar |y Reqd (A,D, | H) (B,E,G) | (EF,G
ge cumec Cum H) ' Daiji)
cumec v Cume
' : c
A 1100 1056 0.344 2.25 891648 [ 2.0
B 1 1200 - 1152 0.375 2.05 972000 | 2.15
C . 1218 1169 -] 0.381 2.057 987552 2.1
D 1282 1230 0.4 2.17 1036800 | 1.25 1
E 1610 1542 0.50 259 - ] 1296000 ‘ 1.1 1.8 ..
F 1525 1464 0.477 2,75 1236384 1.0
G 1675 .| 1608 0.523 3.01 1356616 1.0 5
H 1390 1334 0.434 25 1124928 |1 1.15
Daiji 400 384 0.125 0.72 . | 324000 - 0.7
Table A-{ .1 1(b) Channel Roaster for 10 days on and 20days off
Blocks N.C.A. | Irrigate | Reqd Canal Vol. Of | Group | Group | Group
inha - | Areaha { head Capacit | Water I II(BFG | I
dischar |y Reqd (A,D, | Daiji, (C,G,.E,
‘ge cumec | Cum F) ) F)
cumec Cume
c
A 1100 ~ | 1056 0.344 225 891648 1.40
B 1200 1152 0.375 2.05 972000 1.45
C . 1218 1169 0.381 2.057 987552 1.6
D 1282 1230 0.4 2.17 1036800 | 1.6 ‘
E = 1610 1542 0.50 2.59 1296000 : 1.075
F | 1525 1464 (2477 2.75 1236384 | 1.25 0.65 '
G 1675 1608 0.523 3.01 1356616 1.65 0.5
H 1390 1334 0.434 2.5 1124928 1.075
Daiji 400 384 0.125 0.72 324000 0.5
Table A-. .11(c) Channel Roaster for 10 days on and 20days off
Blocks - N.C.A. | Irrigate | Reqd Canal Vol. Of | Group | Group | Group
inha - | Areaha | head Capacit | Water (AJD, [I1KB,C, |1
dischar |y Reqd FH) [EG (C.G,E,
ge cumec | Cum Daiji | Daiji, F) :
_ cumec cumec | )
A 1100 1056 0.344 2.25 891648 1.5
B 1200 1152 0.375 2.05 972000 1.45
C 1218 1169 0.381 2.057 987552 1.6
D 1282 1230 0.4 2.17 1036800 | 1.6
E | 1610 | 1542 0.50 2.59 1296000 , 2.0
F 1525 1464 0.477 2.75 1236384 | 2.15
G 1675 1608 0.523 3.01 1356616 2.1
H 1390 1334 | 0.434 2.5 1124928 | 2.1
Daiji 400 384 0.125 0.72 - 324000 ) 0.5
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Table A-14° " Derivation of Economic Aprices for traded outputs and inputs

World prices (US$/t) - - Paddy Wheat Maize Olseeds Urea TSP DAP Muriat

- ' ' ‘ ' . potash
projected 2000 prices ~ 291 189 120 - 271 165 143 163 . 122
(1995 contant) . . : o S
Nepal adjusted world prices 218 - 189 - 120 . 271 165 143 - 163 122
Shipping. and handling 67 . 147 119 46 91 112 90 | 147
CIF Calcutta prices . 285 336 239 317 . 256 255  253. 269 -
Trasportation &handling . I o
to Nepal border _ 40 40 40 40 40 40 40 = 40
CIF at Biratnagar 325 376 279 357 296 295 293 309

Equivalent (NRS) © 22961 26564 19711.4 25222 20912 20842 207004 21831
Transportation &marketing A o ' ' '
- {cost from border to whole ' _ ‘ A
Isale market . -2066.5 -2391 1774 2270 1882.1 1875.7 1863 1964.7
Wholesale price T 20894.5 24174 17937.4 22952 22795 22717 22563.4 23796
Trasportation&marketing = . . o :
from wholesale market to : S .
project area A 1880.5 2176 1614.3 20657 2051.5 20446 2030.7 21415

price at project area 19014 21998 16323.1 20886 24846 24762 24594.1 25937
proccessing ratio - T 62% 100% 100~ 100 . o

" |JEqvilent raw product ~11788.7 21998 16323.1 20886 24846 24762 24594.1 = 25937
proccessing charge 657 : I
By product o 984
Transportation from project _ _— oo
area to farmgate 300 300 300 300 300 300 300 . 300
Farm gate price - 11815.7 21698 16023 20586 25146 25062 24894 26237
(NRS/Tone) : ‘
Pulses 41355
NOTE

a. Prices based on World Bank price Prospects fo Mo;or primary Commodmes 1993-2005, November2 1993
bProjected 2000 prices are adjusted to 1995 constant prices by World Bank Manufactunng Unlt Value Index
.cWord prices adjusted for ¢ quality differences ‘
d. Since curret data was unavailiable at the time of calculation the Master plan 1988 cost was inflated by 40% :
to allow for the increase in shipping & handling costs
e. 10% of CIF at Biratnagar with converted by scf. 0.9 from border to wholesale market
f. US$ 1=NRS 70.65

I.C.RS 1=NRS 1.6 '
g. Marketing& transportation fromm wholesale market to project area is taken as 10% with scf 0 9
g NRS 30/KM is taken for transportation from project area to Farm Gate and distance-is assumed to 10 km
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A-19

Minikits distribution from 1987 to1995

Crops

1 Wheat

2 Chickpea
-3 Lentit -

4 Paddy

5 Ground nut
. 6 Maize .

7 Greengram

8 Rapeseed
-9 Blackgram
10 Vegetable
11 Pigeonpea
12 Soyabean
13 Sesbania
14 Cowpea

- 15 Sunflower

Total

232

1987 1988
80 36
30 29

22 30
100 125

20 .
240

1989
100
12
12
100
0
28

276

1990
181
26
32
150
7

0

04.

40
8

444

1991 1992
224 300
20 30
44 40
260 200
.8 16
.20 40
8 0.
40 40
32 0
21 128
16 30
1230
0
705 854

71993
200
92
08
175
.25

- .50.

.5
120
10
- 589

20
100

1623

41 .

1994

200
70.

70

275-
40 .
20

120
30

875
80

40

1820

1995
250
80
100
200
40

- 90

140
30
707
50
20
31
40
105

1933

Total

1571

389
446
1585
166

‘ .. 248

75
504
118

2320

217
122
131

40

- 105

8027
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Calculation of Economiclnternal Rate Of Return

Table - A-20
Year Fry Invetment Net Increamental Discount Rate Net Present Value at
NRS' 000 Benefit in '000 20% 30% 20% 30%
1.1982/83 . 1103799.5 -103799.5 0.833 0.769 . -86464.98 -79821.8155
2 1983/84 24404 1 28586 0.694 10,592 19838.684 16922.912
3 1984/85 1445225 -70522.4 0.579 0.455 -40832.47 -32087.692
4 1985/86 216340 -118993.2 0.482 0.35 -57354,72 -41847.62
5 1986/87 345870 -222839.8 0.402 0.269 -89581,52 -59943.8524
6 1987/88 14422 1 136628.6 0.335° 0.207 45770.581 28282.1202
7 1988/89 161213.2 177151 0.279 0.159 49425.129 28167.009
8 1989/90 5706.2 248038.5 0.233 0.122 57792.971 30260.697
9 1990/91 6484.3 298474 0.194 0.094 57903.956 28056.556
10 1991/92 15326.6 © 318628.9 0.162 0.055 51617.882 17524.5895
11 1992/93 10374.9 292713 0.132 0.043 38638.116 12586.659]
12 1993/94 6372.3 358265.4 0.112 0.033 40125.725 11822.7582
13 1994/95 577571 331813 0.093 0.025 30858.609 8205.325
14 1995/96 52757 1 315050.7 0.078 0.019 24573.955 5985.9633
15 1996/97 5275701 315050.7 0.065 . 0.015 20478.296  4725.7605
fo 0.318 0.0578
37 201718 52757 1 315050.7 100186.12 18209.93046
262976.33 -2660.69974

Economic Internal Rate Of Return=20+ 10/262976.3/265637 =29.8

Say =29 % :
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Fig. No.

Fig

Fig.
Fig.

Fig

Fig. B7a)
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B-5

. B-6(a)
(b)
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APPENDIX -B (FIGURES)
Title N Page No.

Weekly relative water supply (RWS) in three Terai system | - 213
in Nepal. ' o
chkly relative water supply (RWS) in three hill system in Nepal. 214

- Water availability index and yield in three Terai system in Nepal. 215

Water availability index and yield in three hill systemin Nepal. ~ 216
Relationship between disténce and water availability index in hills. 27
Relation ship between distance and water avai!ability iﬁdex in Terai 218
Water distribution equity, lower Chenab canal (Pakistan). - 219
Watér distribution equity after desilting in lower Chenab 220
canal (Pakistan). '

Irregularity in water delivery in Gohana and Adamplir distributries. 221
Relative water supply in Gohana and Adampur distributries 222
Demand and supply for both stage 1 and 11 area for kharif. . 223

Demand and supply of water for stage | and II area for Rabi crops. 224
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Fig. B-1 (a) Weekly relative water supply (RWS) in three Terai system'
in Nepal. ’
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(b)  Water availability index and yield in three hill system in Nepal.
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{a) Khikhi Distributary

Defivary performance ratio
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Fig. B-4~ Water distribution equity, lower Chenab 'canal‘ (Pakistan).
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(a) Lagar 'D'istr.ib'u‘t‘él-r'y
(before desiliting)

, Dem performancs ratio
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(b) Pir Mahal Distributary
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‘Fig. B-§ Water distribution equity 3™ - desilting. in lower Chenab -

canal (Pakistan):
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(b)  Relative water supply in Gohana and Adampur distributries
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