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PREFACE

In response to the request from the Government of the Islamic Republic of
Pakistan, the Government of Japan decided to conduct a feasibility study on the Lining of
‘Distributaries and Minors in Punjab and entrusted the study to Japan International
Cooperation Agency (JICA), '

JICA sent to the Islamic Republic of Pakistan a study team headed by Mr.
Toshihito Otani, Nippon Koei Co. Ltd., twice between March 1996 to June 1997,

o The team held discussions with the officials concerned of the Government of the
Islamic Republic of Pakistan, and conducted ficld surveys at the study area. After the
‘team returned (o Japan, further studies were made and the present report was prepared.

_ I hope that this report will contribute to the prc:motion= of the project and to the _ |
cithancerient of friendly relations between otr lwo countries. . .

I wish to express my: sincere appreciation to the officials concerned of the
Government of the Islamic Republic of Pakistan for their closc cooperation extended to
~ the tean. ' ' '

July, 1997

! @Ws ,Z,{/f

Kimio Fujita
" President
‘Japan International Cooperation Agency
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SUMMARY

I Introduction

The Study on "the Lining of Distributaries and Minors in Punjab" has been conducted during
the period of 16 months from April 1996 to June 1997 according to the “Scope of Work"
agieed between the Irrigation and Power Department, Governineni of the Punjab (PID) and the
Japan International Cooperation Agency (JICA) in September 1995,

The Study area comprises three canal systems in Punjab province: the Lower Clicnab Canal
(LCC), Lower Jhelum Canal (LIC) and Central Bari Doab Canal (CBDC). There are 717
‘Distributaries and Minors in the Study arca with a total length of6,615 km and a total gross
command area of 24,450 km2 (GCA) or culiulable command area of -2, 116000 ha.

At present, it is the responsibility of PID to operate and maintain the irrigation system from the
barrages to dislribuhrics and minors. The Government of Punjab decided to bring aboul the
institutional reforms in PID, which would be lransformcd into autonomous bodies, namely
Provincial Lrrigation and Dramage Authority (P]DA) under statutory arrangements

The objeclives of the Sludy under such circumstances are: : &
hH '_To select approxnmatcly 500 km of Distributaries and- Minors, to formulate a _
canal lining project and to conduct a feas;blluly study of the project; and
2)  Tocarry out lechnology transfer Lo the Pakistani counterpart pcrscmncl Ihrough
on-the-job !rammg in the course of the Study ‘

The Project broadly comprises two components: (i) physical woiks including the li_n_ing"of 540 -

~° km of Distribwtaries and Minors belonging to 12 Distributary systems with a total command

arca of 241,111 ha and remodeling of relatéd structures in the three canal systems, and (ii)
formulation” of farmers organizations in compliance with GOP's inslitutional reform
program. The Project would be implemenied as a pilot project under PID or its successor. The
total cost would be Rs. 3,120 million (USS$ 92 million). The Study revealed that the Project
would create new water resources equivalent to 10.7 % of the aulhorz?cd discharge and be
econonucally viable with an EIRR of 19.9% based on a conservative cv.lluallon -

Bl Background
1. Nationa! Economy and Agricultural Seclor

Although Pakistan’s economy had grown rapidly during 1980-92 wi:lh an annual GDP growi'h |
rate of 6.1%, Pakistan's per-capita GNP is still low {(US$ 420 in 1992), Primary objective of



five year development plans in the past has been to increase per capita income and alleviate

poverty.

Agricultore is the key cconomic sector of Pakistan. Agriculture sector had achieved an annual
growth rate of 4.5% during 1980-92. It accounted for one fourth of GDP, half of cmployment,
and substantial share in export earnings. Agriculture supplies most of the country's food and

raw iiaterials for major domestic industries.

Pakistan covers about 79.6 million ha. The cultivated area is 21 million ha, of which 16.2
million ha (77%) arc irrigated. Of the total cultivated area 10.4 million ha are single cropped,
5.7 million ha are double cropped and 4.9 million ha are fallow. Pakistan's climate is arid to
semi-arid, which makes non irrigated agriculture difficult. Around 90 % of agricultural output
comes from ircigated agriculiure.

Pakistan's population was 82 million in 1980; it is estimated lo have increased to 128 million in
“January 1995 with a growth rate of more than 3% per annum. The United Nation predicts that
| Pakistan's population will be 148 and 243 million in the years of 2000 and 2025, respectively,
‘which is an alarming projection in view of the country's food productioi] potential. Pakistan is
a food importer even now. Imports of agricultural products such as wheat, sugar, tea and
oilseeds amount to 12-14% of all imports, and agricultural inputs, mainly feuilizer, another 3-
5% of imporis. The Water Sector lnvestment Plan (1991) predicts that in the year 2000 food
grain will be short by 40 % and other crops will also be greatly in short supply if the current
- rate of yicld incréasc'conlinues.

'- '2._ - Eighth Five Year Plan.

“The emphasis of the Eighth Plan is on using the agriculture sector as the main instrurent of
growth and development. The pritnary goal of lhc'agricullufc sector is the achievement of a
growth rate higher than the population growth, in order to ¢nsure food security, self
sufficiency and targe exportable sumpluses. With the agreement on water accord, focuses will
now be faid on (i) Integrated management of agriculture, irrigation and drainage; {(ii) Efficient
land manhgé'menl'; and (iit) Efficient water mmmgemént.

The major goal of policy and planning in the water sector conlinues (o be that of uplifting the
agro-based economy of the country by maximizing crop production. This goal will be
accomplished through progressively increasing surface water supplies, replacing public
tubewells with private ones, iimproving cxisting nranagement practices using the latest
technologics available, and protecting land and infrastructure from walcﬂogging, salinily, and



‘floods. Efforts will also be made to operate and maintain irrigation and drainage sub-systems at
a high efficiency level.

Regarding the distributaries and minors, the following strategics are proposed for
implementation:

(i)  water conveyance efficiency of canals and drains should be improved by lining and
remodeling;

(i) existing irrigation and drainage systems should be rehabilitated;

i) fertile lands should be protected froim waterlogging and salinity by giving priority to
disastrous arcas having saline groundwater underneath. The expleitation” of
groundwater resources ii fresh groundwater zones should be left 1o the private sector;

(iv) borderline waterlogged areas should be treated with preventive measures such as
lining of minors and distributaries, water regulation and management, OFWM and
improved cropping pattern,

-3, " National Policy on Inslitutional Reforms

From the meetings with the farmers in the project area, officials of the Federal and Provincial

Governments and in pursuance of the documented studies carried out by Gevernment itself and
with the assistance of international agencies such as World Bank, Asian Development Bank,
and OECF, it is realized that the performance of agricultural sector has been dismal and poor.
I is recognized that among the various constraints one of the most serious constraint is the old

colonial institutional system which docs not allow the beneficiaries 1o participate m the

development, operalion & maintenance process of economic resources. This lack of

participation by the beneficiaries is more evident in the water séctor which IS having the highés!

influcace on agriculture in the arid and semi arid r_egibn of Pakistan. o

The water resource is increasingly becoming scarce in terms of per capita avaiiabiliiy due to
rising population. The increased pressure on land and water for maximum produclivity by
individual farmers has resulted in unauthorized use of water particulatly by the influentiat
farmers in the head reaches of the distributaries. '

The national commission on agriculture (1988) also comments "Not only does the availability
of canal water vary seasonally, the distribution proccss itself suffer from certain’ chronic
incquities, the worst bcmg tailenders i.e. farmers at the extreme end of the d!stnbulary systcm

The cominission further comments "of all the inputs in agricullure the greatest gains can be
oxpected from more efficicnt use of water, which ‘ilSOI maximizes gains from other in-puis such
as fertilizer. Increasing’ agriculture producuon will, therefore, depend crucially on the fational
use of land land mlprovemcnt increasing the supply of water by reducing the water losses,
more efficient water use and better agronomic practices.” It is therefore realized that it is h1ghly

§-3



cssenlial to improve the efficiency of this resource and one way would be through the full
participation of the farmers - the beneficiarics.

In formulating strategy for implementation in the water sector the 8th five year plan
emphasizes on transferring bartiai responsibility for O & M to farmers associations so that O
& M financial burden on the public sector is eased. It recommends to implement a pilot
program to cvaluate the concept of transferring irrigation depariment into autonomous bodics
with the ultimate aim of involving the private sector in irrigation management.

' The Government has also given a clear mandate to the international financial instititions
helping the National Drainage Program to impléinent institutional reform which would make
the participation of the beneficiaries essenttal to achieve the twin objective of making the
system efficient and transfer the burden of O & M expenditure to the beneficiaries, In
discussion with Government Agencies at Federal and Pravincial level the institutional reforms
were clearly mentioned and recognized. The will of the Government was also indicated 1o
implement institutional reforms on pilot bases.

I Agriculture in the Punjab Province

 The Punjab province has a total arca of 20.63 million ha of which about 12.1 million ha

- (59 %) is cullivated and about 10.7 million ha (88.5 %) is irrigaled by canals and tubewells,

whereas the remaining 11.5 % is rainfed land. The total i'rrigated area in the Punjab province
fapcounts for about 75% of the total irrigated arca (17 million ha) in Pakistan.

There are two scasons for cropping, ﬁairllciy, Kharif in summer (April-September) and Rabi in
Awinter (October -March). The annual crop intensity in the Study area is estimated al about
128 % (68 % in Kharif and 62 % in Rabi respectively). Generally, the farmets cultivate same
farny land continuously without fallow. Put another way, more than 10 % of CCA are left
uncultivated through both the seasons. Insufficient water is the main reason for uncultivated
areas. Cultivable wastelands are due mainly to waterlogging and severe salinity.

In the Study area ivhcal cultivation for self- consumption forms a prominent part of cropping
* pattern in the Rabi season together with fodder. The proportion of farmers gmwmg sugarcane
in both Rabi and Kharif is low in the Study area. In Kharif paddy, colton, and maize are
grown in simifar propoullon ‘But, foddu is the main Kharif crop. Other than major crops,
apcsc;d grams, vegetables are also growa lo & small extent, Fruit crops (citrus) is more
prominent -in LIC than in LCC and CBDC.

‘Wheat is the main staple food crop in Pakistan. Punjab produces about 73 % of the national
production. Rice is the second most important food cereal and export commodily. Punjab is



the leading rice growing province with about 59 % of cropped arca and 44 % of total
produclion. In Punjab, peak levels of cotton production were obtained in 1991 with about 11.4
million bales. However, both production and cropped area arc on the downward trend from
1992 as a result of Cotton Leaf Curl Virus (CLCV) infestalion which increased from 1989,
Punjab with about 521 thousand ha under cane shared approximately 60 % of national cane

acreage and about 53 % of total production.

The Punjab is thie main granary arca of Pakistan in practice as well as in name. However, the
unit yiclds of major crops have not reached sufficient levels. - The average yields of the major
crops are lower than world average yields. The reasons arc shortage of irrigation waler,
insufficient amount of fertilizer application, ate sowing, saline soil and water, shortage of
capital and credit ete. According to the farm survey conducted in this Study, 94 % of farmers
rcpoftcd shortage of irrigation water as the major cause for low productivity, followed by

salinity.
IV Present Conditions of [rrigation and Drainage
1. Distributary and Minor

Water source for the Study area is river waters of the Jhelum and Chenab rivers. Diversion of
the waters into off-taking canals is made through headworks/barrage. The main canals divert
water (o the respective irrigation systems. Braach canals which branch off from the main
canals function as conveyancé'cllal1nels up to distributaries and minors in the respective
“jrrigation divisions. These channels distribute water to the watercourses.

A

The main canals and the branches have some sort of control struclures (o _lihlit the distribution
of water into the distributacies. There is, h’owever; 10 control on the distributary/minor
generally. When a proper quantity of water enters the head of these channels, it is distributed
to cach outlet automatically according to its capacily.

It is important to note that the canal system was designed in the second half of the 19th century |
during the Brifish regime, with the objective of extensive irrigation to bring more areas under
irrigation in order to setile more people without considering the crop water requircments. The
perennial canal sysiem, therefore, is not designed for maximum production on irrigated Jand
but only to eliniinate the possibility of famines. In order to maintain a cropping intensity of
75% the canal are generally allocated one cusec of water for every 333-350 acres of cullurable

command area (approx. 0.2 livsfha).



The unlined channels are designed as regime or non-silting and no:l~sc0L|ri:ng channels,
“requiring careful control on silt entry; and a continuous flows close to design discharges special
in summer months when river waters are fairly silt laden. They are designed to operate -
successfully and distribute water equitably while flowing close to full supply (i.e. designed)

conditions.

It is notéd, however, that since the canal system is continuously deterioraling, the system is not
functioning as expected in view of water conservation and hydrautic performance. In terms of
water conservation, it is observed that breaching and overiopping of water frequently occur due
to low frecboard of earth embankment, that stecling of water is & commion practice near the
upper reach of the channels cither by breaking and increasing the size of outlets, and that
considerable scepage losses are inevitable becanse of unlined condition. In fact, water does
not reach to the tail in some channels due to the above reasons. In terms of hydraulic
performance, it is observed that water is not appropriately conveyed to the downstream due to
scoring/silting, sliding of side slopes, weed hazard and irregular cross section of channels.
Distribution of water is not proportionally made due to deteriorating/breaking of structures.

2, Scepage Tesis

Most of the channels in the Study area are unlined. Qut of 6,61 1km in length, only 814km, or
C12% hasbccn lined for the distributaries and minors. A considerable secpage losses are
 expected from the‘viéwpoim of soil mechanical condition and groundwater table. Seepage
‘tests have been conducted in this regard,

Secpage lﬁcasu_remc'ni of distributaries and minors was sublét to the Itrigation Research
* Institute of PID. Secpage loss was measured by the two methods, inflow-outflow method (50
reaches) and ponding method (10 reaches).

~ Although the measured seepage rates disperse largely depending on the respective channels
and their status, disﬁibm_ion sanges of values measured by the two methods (1 - 13 cfs/msf) are
more or less the same regardless of the measuring method. In estimating the seepage rates of
the existing unlined channels and the proposed: lined channels, the average of the unlined
channels (6.32 ofs/ms{) and that of the newly lined channels (1.47 cis/msf) are deemed 10
- Fepresent the Study area. The scepage amount is calculated based on the welled perimeter of
- thc’éxiélihg and the planned canals. The balance between the former and the latter is decmed as
saved water, which is estimated 10 be 10.7%.



3, Tubewells in FGW and SGW Areas

In the Study Area, in order to compensate deficit of surface water, groundwater irrigation
through tbewells is extensively applied. Tubewells are broadly divided into two types; ones
are SCARP (ubewells owned by WAPDA wilh discharge about 85 lit /sec and the others are
farmer owned private tubewells with discharge about 28 lit / sec. The nos. of tubewells in the
Study area are 4,500 for SCARP tubewells and 84,900 for private tubewells. Total annual
discharge is estimated at 16.9 billion m3. In fresh groundwater zone, utilization of groundwater
is quitc common, however, in saline groundwater zone, it is seldom used. Most of them are in
fresh groundwater zone and one tubewell scatters every 20 ha on average. In line with
Agriculture Census in 1990, the percentage of irrigated areas classified by irrigation
method/source are 1) Conjuuctwe use, surface and tube well water: 52 %, 2} Surface water
only: 28 % and 3) Tubewell water only: 20%

4, Inequitable Distribution of Water

Inequitable distribution of water in terms of head and tail reaches of distributary and minor
canals are often complained aboul by local farmers. In order to clarily the situation, data of
seepage tests performed for selected canals in LIC, LCC and CBDC were u‘sed.;Ratids
between measured and designed discharge were taken o show the extent of water sufﬂticnoy.
Ratios between reduced distances of test sites from canal heads and the total distances of - |
corresponding canals are also taken to indicate the location of test sites quantitatively. In each
irrigation system, correlation factoss between the former and the lalter:parameter show 1legali\'c
valucs. Besides the ratios at downstream are as much as 30 or 40%: of |h'il'a.t upstream.
Comcqucmly, it is appropriate to conclude that inequity of water is prevailing i in the Pro;cct

A\

Area as was pointed out by local farmers,

S.. Watercourse

There exist 2,946, 6,636 and 1,905 watercourses in LIC, LCC and CBDC areas, respectively.
Of these, number of water users associations so far organized and accomplishment of lining
made fully or partially are 717 and 24% in the LIC System, 1,305 and 20% in the LCC System
and 404 and 21% in the CBDC. System, respectively.

6. Water and Salt Balance

Net lrfigaiiml Water Requirement ‘was estimated based on potential evapotranspiration
calculated with modified Penman equation. Necessary meteorological data from 1986 to 1995
for the calculation are collected fi rom three stations, Sargodha for 1.JC, Faisalabad for .CC and
Lahore for CBDC. Based on the results of calculation, comparison of net irrigation requirement
10 the actual water supply was made for the three canal systesiis from canal discharge, cropping



calendar, crop arca, meteorological data and irrigation efficiency. Actual surface water
application is far from sufficient as compared with estimated net irrigation water requirement.
The degree of sufficiency is 36% in LIC, 30% in LCC and 47% in CBDC. Consequently, it
was clarified that farmers in the Study Area would be in serious shortage of irrigation water
without supplemental supply from tubewells.

Balance between ircigation water supply including ground water and water requirement was
also performed. In LJC and LCC, even with supplemental supply of ground water, water
requirement is not satisfied. On the conteary, 17% surplus water was found i:n'CB'DC, since the
-area is blessed with relatively sufficient rain ds compared with the other two areas.

There is a salt accumulation in the soils of both, the fresh water zones (average 4.7 tons
~ /hectare) and the saline zones (average 3.1 tones /hectare). In the ground water of the fresh
waler zones and in the saline zones there is a reduction of salts,

Y N Present Conditions and Problems of Lined Canals in the Study Area

The canal is 1o the extent of 12% or 814 km out of 6,611 km has been lined within the study
area. Brick lining is predominant and covering 58% of total length ,concrete lining covering 30
%e and brick side protection covering 12%. Canal linin'g'ratio for distributaries and minors in
LIC, LCC and CBDC systems are 5, 15 and 20%. Specifications of canal lining are 3 inches
thickness is for concrete lining and 4.5 inched for brick lining on edge supported on 0.7S
inched mortar plaster. | |

APM (Adjustable Proporlionai 'Modulé) is p;rcdoniin'am and open flume type follows. Total

numbers of oullet surveyed are 1,085, out of which only 35 outlets are in good condition and
" keep initial function, 725 outlets are observed somewhat damaged and need repair and 324
' O;Iile!s scem to have lost functions and need replacement.

-Regarding construction period, there are two types 1) construction through year round and 2)
~only in irfigaﬁon closure period. For most of distributaries and minors inspected, construction
'pcribd arc 1 year to 1.5 years through. Repair work and lining work for the larger canal have
been made in the irrigation closure period of about ene month in December and Januvary. Canal
diversion method has been applied wihiere perenniat construction are possible since there are
enough right of way. Adoption of narrow and hydfaulically ideal canal section (o maximize the
velocity and to make the canals free from siltation are necessary for canal lining works. Proper
- selection of lining material and 1116th0dology is also important,



A% Constraints for Irrigation System Managemoent

In order to confirm the constraints for institutional reforms for irrigation systerit management,
the team asked for interviews with the farmers in the Study arca and the officials of the
provincial goverament, in addition to collection of information and field investigations.

1. Farmers Argument

During the team meetings with the fanmers the constraints in irrigation system were high lighted

in the following order of importance.

(a)  The water supply in the system is deficient to respond to the increased cropping
intensity which in turn is essential to fulfill the food requirements of the increasing population.
It was argued by the farmers that whereas their parents and grand parents had more land to look
after the requirements of the same family size; the farms got subdivided among their sons and
grand sons lo almost 1/10 th of the original size and thercfore this small plot of land has to
grow enough to fulfilt the needs of a'similar size of family. To do so more inlensive irvigation
is riceded to grow (wo or three crops per year and consequently more water is required.

(b)  The imigation management which was efficient and equitable has deteriorated in the last
30 10 40 years with the result that the canals are in disrepair and desilting of the system is
usually deferred. The water distribution which was proportional to the tand holding has
become highly incquitable to the detriment of the tail farmers as a result. The head farmers and -
~the large farmers using their political and economic influence interfere with the system and

draw three to four times more water than their avthorized share at the cost of the tail farmers. -

They resort to use of pipe siphons in the distributary, breakiﬁg and lowéring the crests of their '-
waler courses, making their animals stand in distributary just belo’u) their out lets to raise the
water level in the disiﬁbutary enabling their out fets to draw more water or some l_imés even
breaching the distributary.  They complained that the irrigation canal officers and staff which
used to be highly professional in the exercise of their legal powers, a quarter of a century back,
have been rendered power-less by the interference of the political system and therefore, the
legal framework used for equitable distribution of water has been totally dismantled and is
rarely applied. They stated that during the 1ast ten years no farmer has ever been punished -
‘under the canal and drainage act despite more frequent comumission of crime of

1llisappr0pi'ialio:1 of water. 1t was desired that the law should not only be made ﬁpplicable but
should be seea to have become applicable.

(¢)  Some farmers interviewed stated that they have to pool their resources in order to make
informal payments required for obtaining somewhat regular supply at their waler courses.
Such informal payments are equal! or same times more than the formal paymeats of water
charges and are on the increase.



(d)  Because of the shortage of water, their fands have become saline dué to lack of leaching
and higher use of tube wells, pumping water with far more salinity than canal water. At the
same time the tube well water is many times more expansive than the canal water.

(e)  The lining of distributary and miners was preferred more for system efficiency and
cquitable operation than for saving the water lost by seepage.

2. PID's Opinion on the Consfrainis

The Department of Iivigation on the other hand commented about the constraints that

(a)  The canal system has gone into decay becausc of lack of O & M financing by the
government year after year resulting into deferred mainteniance. The fixation of yard stick for
. financing the O & M, has not kept pace with the inflation on one hand and on the other the
availability of funds lag far behind even the present yard stick revised some times in eighlies.
‘The Finance Department complains that since there has been no revision in the water charges
since early eighties, it is_no{ possible for them (o provide the necessary funds for O & M. They
-argue that return from agriculture to the fanimers has increased more than twenty times since the
sixties but water rates have only been doubled. In real terms the water rates have dectined to
one fifth or one sixth of the water rates paid in sixties. '

. (b)  The irigation department also accept the fact that there is enormous political interference
in the legal, functional and administrative responsibilities of the department rcs:ulting' into
overall dc’:te'ridralion'qf the system. They are however, confident that the stoppage of such
interference: by political system, the provision of adequate finance for O & M and
 corresponding increase in water charges could revive the department to its old glory. '

VI-  PFarmers Méeling and Proposal for Improveinent

Meetings were held at 24 villages in November, 1996 in addition to the seven meetings held in

- May-June 1996 jointly involving about 1200 to 1300 farmers. These meetings were intended to
elicit an' articulate response from the farmers regarding their under standing of the current
situation and their. prospective for a more equitable and sustainable system of water
management at the distributary and minor level. This participatory appraisal involved direct
dialogue with farmers.

Diaidgucs with farmers indicated that their desired objectives were clearly' articulated, even if
the mechanism for achieving thesc objectives was nol. Farmers were unanimous about their felt
- needs. After concluding the initial dialogue on grievances and desired situations, altempts were
made to develop a farmer consensus about a workable solution to the constraints and moving
towards a realistic attainment of desired goals. The farmers were, therefore, asked to
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comprehénd and perceive various management options that could bring about such an
altainment, After a great deal of time and patience the following three perspectives emerged
which were discussed one by onc to arrive upon the best solution: (a) Improvement of the

Exisliﬁg System; (b) Confracting Out the Distributary / Minor: (¢) Farmer Management:,

After discovering flaws in the first two options, the discussion moved on to the novel approach
of farmer-managed surface water supply. Farmers were confident that if the management of the
distributary / minor was given to them, they would be able to manage the water adequately.
The farmer consensus resulted in the formation of a tentative plan for farmer management of
water resources up (o the dislribulary / minor level. Framers created and agreed to this plan
with the threc main reservations that;
« comprehensive training and initial technical assistance was 1o be provided to them by
neuteal people (“such as you (JICA team)”)
* the plan should enjoy complete legéi cover under notification by faw
» the farmers commiitee should have funds for operation and maintenance of the
distributarics.

Vi Development Concept
1. Objectives of the Project

GOP's principal policy for the water sector is to restore c.nviron'mcniélly sustainable irrigated
agriculture which would increase per capita income and alleviate poverty. Complymg with the
GOP's policy, this Project is formulated with following objectives:
(1) To increase agricultural production through immg of Distributaries and Mmors which
would create new water resources; : _
(2) * To develop participatory water management system for sustainable O&M of irrigation
and drainage systems; and )
(3) To realize equity of water distribution.

To achieve the above objectives and according to the S/W, the Project has been formulated
broadly comprising of two components: (i) physical works inciudillgflhe lining of 540 km of
Distributaries and Minors belonging to 12 Distributary systems with a command arca of
241,111 ba and remodeling of relevant structures and (ii) farmulahon of farmers Orgam?auons
under the GOP's institutional reform program. The Project would be lmplemeutcd on a pilot

basis.

2. Necessity of the Project

GOP's primary policy for agricvltural development is to achieve a growth rate higher than the
population growth rate. Since water is the most important input for agricultural production,
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continuous development of water résources is essential. As manifested in the Bighth Five Year
Plan, GOP places higher priority on the small scale investment on existing infrastructures rather
than the large scale dam and reservoir development as wete implemented in the 1960s and
1970s. Measures will be taken such as the lining of watercourses and distributaries/minors,
rchabilitation and remodeling of infrastructures, and improvement of water management in
order to achicve the increcase in water supply, enhancement of irrigation efficiency, prolection
of waterlogging and salinity, and sustainable expansion of agricultural production.

“This project is aimed to increase water supply for crop production {10.7 % of authorized
discharge or 163 MCM per annum), rationalize waler management, and alleviate waterloggiig
- and salinity through the lining of distributaries and minors. Since these objectives are identical
to the above mentioned government strategies, this project exactly complies with GOP's policy.

GOP plans to execute a nation wide institutional reform regarding the O&M of irrigation and
- drainage system in the country and expects that a workable model of FO would be evolved
based on the results of pilot projects for adoption on a countrywide basis.

in !..inc with GOP's basic strategy for the institutional reform, the Study Team formulated a pilot
- project plan for O&M of Distributaries and Minors including the plan for organizational
'slmclurc, setting up, finance, transfer of facilitics, and water management. For this, the Study
Team had a number of meetings with farmiers and obtained farmers' optnion on the institutional

reforim,

3. Functions and Bcneﬁts,of Canal Lining

Canal lining will have vanous funchons such as the control of seepage, strengthening of levee,
_ increased flow vcloc;ty, actwal.cd function of slructurcs environmental improvement,
beiterment of O&M, ete. Each function brings about a variety of benefits which are either
quantifiable or unquantifiable. Among the benefits accrued from the Project, those quantifiable
will be as follows: (i} increased crop production; (ii) cost saving of lubewells; and (ili) reduced
- O&M cost. In the asscssmenl of cconomic viability of the PIOJCCI only these three benefits will

be taken into accoum Other benefits including the cquily of water distribution or improved

water management will not be counted as economic benefit, because they are unquantifiable and

it is better not to count them for conservative evatuation. Impacts of success of the institutional
| rc'form‘ would be unfathomable. But its direct benefits afc unquantifiable, too.
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VIII  Qutline of the Development Plan
1. Selection of the Priority Areas

Selection of the priority canals and areas is made in accordance with the following criteria:

(1) Degree of salt concentration of ground water and its level. Salt concentration is to be
more than 1,000 ppm.

(2) Degree of seepage losses through distributarics and minors. Seepage rate should be
mote than § efs/msf to be economically viable.

{3) Status of Water Users Association for watercourses. Condition of watercourses, lined
or untined is lo be considered. _

(4) A distributary with its minors is régarded as one system,. If the distributary is located
in the saline area (more than 30% in length), its minors are deemed Lo be the same.

As a result, twelve distributaries were selected as shown in the following table:

N " System/Distributary | Cultulable Command . {engthof Pmpose.d[."i?ning

Area ~ Distributaries
C.C.A. and Minots. - Length
(ha) . C(km) (k)

t. Lower Jhelum _ I _ T
Pindi 2,285 6.36 686
Hujjan 25,236 C8003 78.18 -

* Kirana 50,765 138.08 S 9649
" Sub-total ' 78.286 31507 8153

2. Lower Chenab _ _ T T
Saangwala e627 25.04 - 24.74

' Nasrana 34,677 - gr4z 187
Gojia : 7,540 TR Y 1552
Mungi 19,161 41.29 37.31
Janiwala/Hamza 6,513 18.58 18.51-
Pismahal 18,242 : 82.13 82.13
Killianwata* 27,798 ST7 3698

T T Subtotal 120,558 2340 291.03
Yo Bai Do T T

Thamman® . 25877 64.54 3387

China 16,390 33.27 33.08

Sub-total o 42,267 9781 66.95

TGrand Tol 24140 646.28 7 539.51

Note: * shows the total commands including the arca covered with channels not proposed for lining.
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2, Water Management Plan

In the Project Area, irrigation water does not meet crop water requirement under the present
cropping intensity of 130% despite the fact that supplemental ground water jrrigation is
extensively applicd. Without new additional water resources to be developed in the fulure, there
will be no complete solution for the water scarcity. Usually, water management system targets
performing optimum use of irrigation water with respect to timing and quantity controlling
surplus and deficit of water through gate operation, however, due (o constant insufficicncy of
walter it, is quite difficult to apply the concept to the irrigation system in the Project Area
without complete reduction of 'irrigation area and change of cropping pattern, Consequently, it
is the bes factics to maintain and operate the present water dislribution system on Distributary
and Minor canals with additional tube well irrigation under solid and practical operation and
maintenance work 1o keep and maintain design factors and condition of canals and their related

©slriclures.

3. Design Discharge

' The authorized discharge in the Study area is based on the so-called Irrigation Branch Method
which was derived from the experience gained by the Department and was determined without
- considering crop water requirements. The number of cusecs required at the outlet to irrigate
- onie thousand acres of area fit for irrigation, known as Water Allowance, was fixed to be 2.84
“cusecs/] 000 acres or 0.2 lit/sec/ha. '

[tis noted that there is no miaster plan for the increasc of application of water despite the fact

* that the area is s&l’fcring from shortage of "water. Nonetheless it is proposed that the design
d:ischarge_ be iim'rtlza'sed by 10% of present authorized discharge at outlet considering the future

“development of water resources including utilization of flood water in the Kharif season and
more fational water management of the existing reservoirs in the near future. In fact, recently,
daily measured discharge shows 5% to 8% increase during the peak peried.

Thc procedutre for the calculation of the proposed design discharge for the priosity canals for
lining is as follows: '

. (l}' The last updated authorized discharge at each outlet and CCA statéd in the Qutlet
Register in the respective branch offices has been adopted as the basic figure.

(2Y 'The authorized discharge stated above has been increased by 10% and accumulated
~ from the tail to the head of the distributaries and the minors.
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(3) The channel discharge has been designed by adding the standard absorption loss (Qab)
stated in the guidelines for unlined channels;

Qab = 0.0133 x L x Q0.5625,
where, L: length of section (1,000 feet) and Q: discharge of the section in cusec.

The canal thus desighed will accommodate about S0 % morc capacity than the present
authorized discharge if the frecboard is wtilized.

4. Design Criteria

.Amon'g canal lining method tabulated above, 1) Improved brick lining, 2) Conctete lining and
3) Protected thick membrane Jining are pre;-qnaliﬁcd' consequently according to characteristic of
each materials. In accordance with alt study results of literature review, ficld inspection,
technical discussions, pre-qualification study and rough cost-benefit evaluation above, concréte
lining is basically proposed for the project

The canal lining criteria was developed considering 1) Proportional distribution of water and
silt, 2) Employment of hydraulically ideal section (narrowesl séclion) and a regulation by
maximum depth allowed, 3) Maximum removal of drops if possible and proper design of canal
slope to acquire minimum allowable velocity of about 0.5 m/sec even al the tail of canals, 4)
Setting of proper freeboard and 5) Employment of trapezoidal section with propet side slope. |
Proportional distribution of water and silt are discussed later in the structure planning: Principal -
*clements of the criteria are summarized below. Connection between side slopes to bottom of
channel is proposed to be dene with circular line in accordance with the recommeridation by
PID design directorate. - ' -

Hydraulic Design : by Manning’s Formula, value of n = 0.016

Side SIopé 12 1(1: 1.25, water depth is more than 4 feet (1.22 m))

FFreeboard : 1 fool and.().?- m (0.5 feet (0.15m), water depthiis less
than 2 feet (0.6 hm)) for lining portion and
0.5 fect (0.15m) for earth portion B

B/D Ratio . 0.8 - 4.5 as shown in Figure 5.2.4-2 and minimum

_ width of canal bed is set at 1.5 fect (0.46111)_
-Allowable Velocity: 4 feet (1.22 m/sec) Max., 1.5 feet (0.46111fscc) Min.
Lining : 3 inch (7.5 cm) conerete on | inch (2.5 cm) mortar

The ideally required function of an outlet, is that proportional distribution of water and silt shall
~ be achieved at all levels in the distributary. Adjustable Proportional Module {APM) Outlet



which has been used in most of ¢ases at present has been obsérvcd_ to have weak silt extraction
function and open flume Ountlet is exposed and vulnerable. Adjustable Orifice Semi-Module
(AOSM) is thus proposed in gencral for the project since AOSM, used for Command Water
Management Project, showed good performance for proportional disteibution of both water and
silt. Alt outlets are to be renewed along with the construction of lining. Pipe cum AOSM with
an outlet chamber is proposed generally. Operational heads are to be retained for the purpose
of proporlional operation of AOSM. In cases where operation head of outlet (water head
between parent channel and watercourse) is not enough for proper function of AOSM
particularly at tail, open flume type is proposed and Pipe Outlet is adopted in the case where the
other types are inapplicable.

5. Construction Plan

Proper supervision on ¢arthwork quality control is one of the ntost important factor to achieve
tonger life expectancy of canal lining. Having the advantage of temporary diversion which
would make continuous construction a year round activity, such quality control will be
possible. Temporary diversion method is proposed to be used for the project in general.
‘Breaks in continuity of conslruction due to meteorological conditions would be negligible.
Steel slip form, would give good control on cement mix and longer curing under wet condition

. and are therefore proposed to be cmphasized to reduce the seepage to the minimum through

canal prism. Designed total length came to be 539.51 km. Total acreage of temporary land
compensation is estimated to be 138 ha for an average of 2.7 m width outside ROW. Average
" work volume per lincar meter based on canal sections surveyed and designed is estimated to be
4.15 m? of excavation, 8.69 m3 of embankment arid 0.5 m3 of concrete.

1X Agricultural Emprovement Plan

For the improvement of agriculture in the Project ﬁrea, it is inevitable to raise and improve the
unit yield of crops. With efficient use of irrigation water and application of fecommended
farming practices, improvement of agricultural productivity of main crops including fodder will
- be achieved.

- The CICIA_ without the Project is 241,111 ha, which will not be changed even with the Praject.
The crops cultivated are suitable for the Study arca, which has similar characteristics with the
Agro Ecological Zone. It is understood that the present cropping pattern has been evolved as a
* result of the past experience in agricultural practice reflecting the existing agro-ctimatic and
- socio-economic conditions of the arca, and contributed to the promotion of the local industry
reflecting the local economy. The farmers in the Study arca have long cultivated and
experienced in the major crops grown in the (wo seasons of Kharif in summer and Rabi in
winter. Under such circumstances, it is not proposed to introduce anj,r new crops in the Peoject
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arca, which does not, however, restrict the farmers' intention to modify their cropping pattern
in the future,

The crop intensity is estimated at about 133%. Considering the perennial crops such as
sugarcanc and fruit trecs, it may be more than that. In some areas, the cropping intensity is as
high as 90% in Rabi. In due consideration of the high cropping intensity as such, it is not
realistic to raise the cropping intensity any further. The cropping rotation systeme including
fallow will be introduced after the implementation of the project through the utilization of
reclaimed fand. Tmprovement of the soil fertility will be also achieved by adopting the crop
rotation system.

After the completion of the Project, it is expected thal the yields of crops under the water stress
condition would increase on account of increasing irrigation supply by saving scepage water
loss. The anticipated yields after completion of the Project are estimated using the relationship
between the yield response factor (Ky) for various crops and scepage saving rate.

The benefit derived {rom the Project is estimated on the basis of the increment of the unit yield

* corresponding to the increment of the saved water, but not to the improved farming practices,
which results in a conservalive estimate of benefit. It is noted that the Government of Punjab
has a considerable reputation for agricultural supporting services such as a_griéu!lural research
and extension. In this régard, it is anticipated that the increment of the unit yields would be
much higher than the calculated figures owing to the multiplier effect of increased water and
improved farming practices | :

X Institutional Development Plan for "'O'&M
1. ‘Basic Institutional Development Concept

As stated carlicr, the Government of Pakistan, the Governnient of the Provinces and the donor
agencies are presently debating the transformation and reorganization of the irrigation
departments of the four provinces into autonomous Provincial Irrigation and Drainage
Authoritics (PIDAs) who should have equally autonomous Area Water Boards (AWBs) for
each canal commiand or & group of canal commands. The Fanuers’ Orgaliizalion (IFO})on a pilot
basis should be set up at each of the distributary/minor with equal autonomy for the arca under
the distributary. These bodies should be self financing after an inilial period of 3 to 7 years,

2. Proposed Farmers Organization

It is proposed that facmiers should be orgaitized at twa levels for operation and maintenance of
irrigation system at distributary level;
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(i) Water Users’ Associations at watercourse level (WUAS).

(i) ~ Distributary Farmers® Organizations {FOs).

During the mectings with the farmers along the 12 selected distributaries some of them
suggested that instead of cach outlet represented on the Distributary Farmers Organization (FQ)
one member from a group of outlets irrigating a village or a chuk, may represent such group of
oul lets. This was particulatly a view of the farmers where the distributary was very long and
had many outlets. The augment has a weightage for seven out of the 12 distributaries which
have more than 70 outlets cach.

(1) Water Users Associations (WUAs):

The watercourses usually serve 20 to 100 farmers. The watercourse farmers® associations to be
called the Water Users’ Association (WUAs) should have all the farmers of the walercourses as
its members. The formation of the water users associations will be a compulso:r'y requircment
- for lining of the distribulary. The farmers shall include the owner farmers and the lessee
farmers and not the share croppers.

(2)  Distributary Farmers’ Organization:

The _'distributary level Farmers’ Organization should be called FOs._' The chairman of the
watercourse water users’ association shall be the member of the distribuléry farmers’
crgani'}.alion. ThllS.FOS will be federation of basic water users’ associations. It will give
équal rcprcsc;itatid’n to all the water vsers. Th;:inémbcrs of the dislribul:iry farmers’
6rganiialion will “elect their chairman, member technical, member finance and four more
1i1¢|11bcr to form managing commitlee subject to the conditions that at least four members of the
 seven members of the managing committee are to represent the tail half of the distributary.

Responsibilities and Powers of FOs:

a) To operate, manage and improve the irrigation and drainage infrastructure
comprising of, minors, distributaries and drains together with any structure thercon
located within the area relevant to the FO concerned.

" b) To obtain irrigation water from (he PID. or its successor concerned at the head of
the distributary arid to supply the same to their members and other water users, if
any.

¢} To receive the drainage efflueit from their water users and to convey the sanie
- through field / collector drais to the designed nodal points of the drainage system.

d) To engage, hire or cmploy any consultants, advisors and employees as may be
deemed necessary.
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¢) To collect the agreed water charges and other dues from its water users and pay the
agreed consideration for the supply of irrigation water and conveyance of drainage
afftuent to the PID concemed.

f) The chairman of the farmers’ organization shall have the same legal powers as that
of Divisional Canal Officer {DCO) and the member technicat as that of a
Subdivisional Canal Officer (SDCO) within the jurisdiction of the distributary to
deal with defaulters committing unauthorized use of water, interference with
outlets, cuts in distributary banks, use of siphons, willful damage or ponding of
water by animals and non payment of dues, etc.

Technical assistance requifed for institutional reforins

The technical assistant team responsible for the organization development of the FO
would have the following long-term experts (for five years cach), onc of whom or an
additional person may be the Team Leader. '

1) A Sociologist, i) A Management Socialist, * iii) A Financial Management

Specialist, iv) An Irrigation Q&M Specialist, and v) Twelve Local

Village Motivators (one for each dlstnbulary)

All the above experts could be engaged from amongst the local experls except lhc Team
Leader. '

X1 Initial E nvlronmenhl Examination (ll*l)

An Initial Environmental Examination (JEE) of the Sludy arca was carrtcd out during phase Ito
assess whether an Environmental Impact Assessment (LIA} was necessary or not, having taken -
into consideration 19 items that could cause impacts.’ It indicated that there will rot be any
major significant- environniental impacts envisaged due to the project and that an EIA was not
necessary. Furiher study during phasc Il on the following items, and the impacts on the
selected project canal command areas due to proposed activitics was carried out.

1. Land requicements and the Canal Righ't of Way (Rcscdaﬁon)
2. - Restoration of equitable water rights

w

Institutional changes
4.  TFarmers income and living standards
 Torest plantations on canat side
Health and sanitation
Drinking water supply
hmpediment to Livestock

W N LA

Ground walter table
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10 Water quality
11, Water quantity
12 Soil salinisation
13. Saltbalance

X1 Implementation Program

The exccutive agency for the Project would be PID/PIDA, The implementation period would
be 6 years (1999 -2004) from the foan agrecment to the completion of the implementation.
Estabishinent of FO should be finalized in-accordance with the proposed schedute before
completion of the construction work so as to take over the irrigation facilities on time.

‘The Institutional Reforms, being an integral part of main project of Lining of Distributaries and
Minors in Punjab, shall be implemented along with the main project. The initial work shall be
so started that the farmers organizations (FOs) are not only in place but arc capable of taking
over the distributary from irrigation departnient on its completion.

"XIHH  Cost Estimate

The project cost comprises investment cost, replacement cost and O&M cost. Institutional -
‘reform cost is included within the investment cost. Cost estimates are based on current price at
the time of May, 1996. Ixchange rate of Rs. 34 to US$ 1.0 is apptied for cost estimate at the

same time.

(1) * Investment Cost - _ _
" Investnent cost consists of ) Compensalion' Cost, 2) Direct Construction Ccs{,' 3)
Administration and Consultant Cost, 4) Institutional Reform Cost, 5) Physical Contingency
and 6) Price Contingency, Project cost is thus estimated to be Rs. 3,120 million (US $ 92
million or 9.9 billion Yen).

{2) . Replacement Cost and O&M Cost
The fcplacemein cost is estimated to be 20% of the direct construction cost for every 20 ‘years,
" namely Rs. 19.85 mitlion and 1% of devaluation of canal is predicted and the replacement cost
¢ per 20 years comies lo be Rs. 397 million, O&M cost is divided into facility maintenance cost
and personnet cost and estimated to be Rs. 23 million per year.



X1V  Project Evaluation

The direct benefits to be expected from the canal lining, (1) increased production (Rs. 4970
million), (2) reduction of tubewell operation cost (Rs. 10.1 million), and (3) reduction of
operation and maintenance cost (Rs. 5.0 million) are calculated.

Economic Internal Rate of Return (EIRR) of the Project (12 distributaries) is computed as
19.9%. EIRR for cach distributary is also computed and the result is shown in the Svinmary
Table.

Farm bu'dge't on different farm size has been analyzed for "with project” and "without project”
case. It is expected that the farm income will increase by 10% on average for all farm sizes
after the implementation of the Project.

Farmers' capacily to pay for water charges is assessed by the comparison between farmers' net
reserve and estimated water charge after the implementation of the Project. Water charge is
computed by dividing the O&M cost and replacement cost (assuming 12% of discount rate) by
CCA. The share of water charge against net reserve is less than 3% for all size of farmers, and
1o sefious impact is expeéted. | ' |

XV - Conclusions and Recommendations
~A. - Conclusions
1. The Project broadly comprises two components: (i) physical works inclugding the lining

of 540 km of Distributarics and Minors belonging to 12 Distributary systems with a total
command arca of 241,111 ha and remodeling of related structures and {ii)'formhlalioh’ of

farmers organizatians in éo’mpliance with GOP's ihS(ilutioual reform program. The total cost
woutd be Rs. 3,120 million (US$ 92 million). The Project would be’ :mplcnmntcd by
PID/PIDA for six years from 1999 to 2004 on a pilot project basis,

2. The study revealed that the Project would create new water resources cqﬁivatcnt to 10.7
% of the authorized discharge and be economically viable with an BIRR of 20 % Lased on a
conservative evaluation. The Project would increase farmers' i:mome_ by about 10 %. The high
" economic viability could be attribuied to the short distance of Distributaries and Minors per
CCA (2.2 /ha) and the Jow unit cost (Rs. 12,940/ or US$ 380/a). In general, prerequisites
for high cconomic viabitity of a canal lining project would be (i) most of the benefited arca falls
in SGW zones; (ii) average secpage rate is 6.3 cfs/msf or more; (iii) canal is designed suitable
for lining.



3. Judging from the dialogue at farmers mectings, farmers have a strong wilk and sclf-
confidence to undertake the O&M of Distributarics and Minors. But they are also cognizant of
necessity of technical assistance from experts. It is eagerly anticipated that the farmers'
capability demonstrated in the management of watercourses will be exerted for Distributaries

and Minors.

4. The Project will realize more equitable and rational water management through (i)
physical improvement of canal system including the regularization of canal shape and
remodeling of outlets and (ji) farmers' direct participation in water management which will

* effectively suppress illegal abstractions. '

B. Recommendations

l. The Project is economically feasible and technically sound. It is recommended that
GOP/GOPunjab would implement the Project as soon as possible.

2. It is recommended that GOP/GOPunjab would procure technical services of engineers
for the detail désign, preparation of tender documents and construction supervision of the

- Project.

3. It is rccommended that GOP/GOPunjab would make arrangement for the

' imp!emcmalion of pilot projects including technical assistance for farmers organization to
implement the participatory O&M including legal framework establishment and formation of
orgahiz:jtion,- tégis{ralion, transfer of faci'lilics, formation of O&M plan, assessment and
collection of water charges.

4. - Reporls concerned states that land acquisition outside the canal right of way is very
difficult and need a long procedure even one year rent. It is rccomiended that the GOP and
GOPunjab would make a comparative study on the original plan and altemative plans as shown
below and adopt more practical ones for the canal reaches where land acquisition is unavoidable
in the current design.
(i) ~Construction of diversion canal completely within the right of way using portable
‘precast concrete flume to omit land acquisition and reduce diversion earthwork volume
“which may increase construction cost and require furthier study of working procedure
“of the concrete flume: . _
¢ (i) Lining work within the canal closure period using geomembrane and precast concrete
pancl (o omit land acquisition as well as diversion work.



5. It is recommended that GOP and GOPunjab would execute the following rescarch and
tests prior lo commencement of construction at ceitain stretches of canal and incorporate the
results of the research and tests in detailed design and construction plan: (i) measurement of
seepage rate (pre and post lining condition); (i) construction speed and soil compaction test;
(iii) measurement of required earth volume; (iv) measurement of hydraulic features of tined
channel such as roughness cocflicient, velocity and discharge; (v) experiment about temporary
outlets; (vi) pmponioﬁa!ily of each type of outlet; and (vii) improvement of water tightness and
reinforcement of concrete at ficld condition.

6. Activation of agricultural exlension activitics is very important for dissemination of
techuologies on effective use of water and adequate farming practice, It is recommended that
GOP/GOPunjab would enhance the efficiency of research and development, strengthen
extension activities, and allocate necessary budgets.,

7. Initial environmental examination (l[ili} was conducted on 19 items. Environmentally
the Project has more beneficial impacts than adverse inipacls and possible a.dverse.impzicls that
could occur. It is recommended that GOP and GOPunjab would take the following mmg‘mvc
actions: _
(i) Forest plantations in the right of way removed for the construction work should be
reforested after the completion of the PmJect
(i) ~ Drinking water supply should be continued during the construction stagc and shallow |
hand pumps be reinstalled at smtab_le locations. Tubewell schemes should be
monitored for loss in fresh water aquifer potential. If they are affected, alternate
~ schemes should be provided; ' o o
(iii) - Model studies should be undemken lo dc!crmmc salt waler mlmsaon inito the fn,sh
water and loss in aguifer potential; _
(iv) The formation of a committee in PIDA to implement ihc monitoring plan and lake

corrective action.

8. ‘The Project does not inchide such components as OFWM, drinking water supply and
drainage, of which inclusion in the Project was requested by DOA and other Provincial
' Dx,partmcn'ls The reason is that these items are out of scope of this Study. Neveitheless these
items are important for farmers’ lwmg and production activities and may bc dealt with by
FO/WUA. It is proposed that GOP and GOPunjab would implement different pro_[ccls for these
items.



9. It is recommended that GOP and GOPunjab would make adjustments between this
Project and NDP-I to avoid overlapping of works and any other inconsistency when detail
designs of the latter are started.

C. Recommendations for Institutional Reforms

In pussuance of the national policy indicated in the report of the agriculture commission (1988),
national conservation strategy 1992, Eighth five years plan (1993) and the recent Punjab
Ordinance of May 29, 1997 on reoiganization of Irrigation institutions --- the world wide
recognition (hat participation of the beneficiaries in the development of national resources has
proved to be more beneficial then public sector unilateral handling, it is a gréal opportunily to
intcoduce the institutional reforms into this project of lining of distributaries and minors in
Punjab on pilot basis . The lining component (hardware) will serve to be a great inceative (o the
farmers to organize and prepare them selves for this responsibility which has hitherto been
considered as an external utility run by the state for which they have been paying service
charges It will also relieve the provincial governments of subsidizing the O&M of the irrigation
and drainage system and release ils resources for other impoﬁant social welfare sectors such as
education, health and domestic water supply etc. which are starved because of the extreme
necessity of diverting resources to keep this life line[irrigation system] of rural Pakistan in
reasonable state of operation. It will also improve the investnient efficiency on the O&M of the
distributarics becausé of dircet and iminediate accountability. |

The greatc:sl social benefit will accrue from the equitable distribution of water among all the
farmers irrespective of their geographic position along the length of the distributary. It is our
firm belief that if the FOs and Water Users Association are set up according to our
r;commend'mons it will be possible to achieve the same standard of equity as is avnlable on
the water courses. The success of these institutional reforms will give a very strong signal,
both to the government departments and the farmers, that it is in their interest to replicate the
same reforms all over the country. The present skepticism that the farmers are ignorant and
they will not be able to handle and operate complicated éngineering works - a myth created by
interested partics, will be dampened and farmers of other distributarics will come forward with
the recjucsl for similar reforms. On the analogy of improvement of water courses under
- OFWM p'rbjecl: there is a'strong likelihood of financial participation by the farmers in the
© future improvement of distributaries in the country.” llowevcr, the nnplemenlauon of these

~ reforms in this pilot project is of paramount importance as it is feared that if lefl to government

departments to implement the reforms, the vested interesis, the lathergy and the "I know all"
~ attitude of the government officials on oné side and the lake of trust of the farmers in the
present instilutions on the other, there is much less likely-hood of its success.



Itis, therefore, essential that an independent team as given in the report [technical assistance
required for institutional reforms} is organized to handle these reforms at the grass roof level. {t
will interact with the government on be-half of the farmers as a well informed body to plead
their cause.. The drafting of by laws, rules and regulations, the water supply and financial
agreements can not be left to the government departments who, the farmers feel, to be biased
against the farmers as the opposite party. The farmers will only trust and confide in a party
whom they consider 1o be speaking on their behalf, It is, therefore, recommended that the
institutional reforms to be implemented by an independent body should be made an integral
rather an essential component of the project . Without such reforins the investment ef ficiency
even in this project woutd be doubtful as the outlets will be broken again and even the banks of
the distributarics will be breached by vested interests.
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Abiana
Chak
Check

Dikka

Katcha

‘Khal commitice
- Kharif

Mogha

" Pacca
Pukka Nucca

Rabi
Sarkari Khal
Turnout

Warabandi

GLOSSARY

Water charge

Command arca of a watcicourse

Means of blocking of the full flow of a watercourse to divert water into a
farmer's field or channel through a ‘turnout’

Temporary means to restrict flow (used by irrigation department)
Local/traditional/earthen/unimproved/not brick and concrete

Traditional committce of farmers on watcrcourse

Summer

Irigation departiment’s engincered uncontrolled tumout into a
watercourse, designed to deliver a constant flow proportional to the level
of the supply canal{hence designed to allocate water faiddy between ali
watercourses on a canal, as canal flows)

Improved/modem/high-quality

Improved permanent concrete turnouts and checks on watercourses,
comprised of a concmtcgiid to closc it

Winter C

Government chanael, apphed to the m'nn stem of a watercourse -
Diversion point, a pukkﬁ micea whete modemx?cd but otherwise a

earthen cut in the watercourse to farmer's channel or field :
"Fixed turn,” the roster whereby each farmier on & WaterCourse receives -

*the full water flow in tumn at a fixed period |

" Watercotirse
Numberdar

- Patwari
Bailder

Smal channél from the mogha to f'tnncr‘chan'ne!s and fields
Vllhge level officer who collects the W'ltcr charge from farmers

: PID officer rcsponsnble for assessment of watcr chargc
- PID officer overseeing the canal system
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Numbers:

Distance:

Weight:

Volume:

A

- CONVERSION FACTOR

Lakii{Lac)

Canat mile

" Pound (Ib)

Chattak
Seer

“Maund (40 Seer)

Bushel
Kantar
Bale (unland raw colton)

- Quiintal
long ton

short ton

gal (Imp)

gal (U.S)

cubic foot per sec’
(cusec) '

Million Acre Feet (MAF)

Marla

Kanal

"Am:

100,000
5,000 ft 1,524 m
0.4536 kg
0.128 Ibs 0.058 kg
2,057 ibs 0933 kg
82.286 lbs 37.324 kg
60 Ibs 2722 kg
110.2 1bs - 50kg
392 Ibs (prior to 1979/80) = 177.8 kg
375 ths(1979/80 on) C170.1 kg
220.4 1bs 100 kg
2,240 lbs 1.016 1
2,000 lbs 0907 ¢
4546 liters
- 3,758 liters
- 28.32 titers per sec
1 (litfsec) _
0.02832 cubic meters per sec
{cumsec)
1,234 million cubic meters
{MCM)
1/20 Kanal : 0.0025 ha
- 1/8 acre 0.0506 ha
0.4047 ha
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Unit

m ncler
km kilometer
ft feet
acre acre
ha hectare
km? square kilometer
g gram |
kg kilo gram
ton '  metiic ton .
ib pound
S _ second
hr - hour
. litter
- m3 cubic meter
Bm3 -_ billion cubic meter
- MCM -7 million cubic meter
- MAF million acre feet :
- efs/msf o cubic feet per second/million square fect
ppm ' o . parts per million -

“ Exchange Rate -

US$ 1.0 = Rs.34=).Yen 110
" (as of end of June 1996)

Fiscal Yecar

Ist July ~ 30th June
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Length:

Area:r’

- Weight:

METRIC CONVERSION TABLE

| inch

1 foot

1 yard

1 furlong

1 mile

I nautical mile
I centimetre
1 metre

1 metre

1 kilometre
1 kilometre
1 kilometre

- lacre

| acre

1 hectare -

1 squarc kilometre
1 square kilometre

- 1 square mile

1lb.
1 maund

1 metric ton (2205 bs.)
1 long ton (2240 Ibs)

- 1 short ton (2000 1bs.)

I ounce

1 kilogram
1 kilogram
1 kilogram
1 kilogram

-1 quintal

1 quintal

‘Volume:

I cubic metre

I pint

-1 gallon (Imp.)
1 gallon (U.S)

{ litce

- Xiv -

2.539 centimetres
0.305 metic
0.914 mctre
0.201 kilometre
1.609 kilometres
1.852 kilometres -
0.39 inch

3.2808 feet

.09 yards

5.00 furlongs
0.62 mile

0.54 nautical mile

0.405 hectare
0.00405 km?
2.47%1 acees

= 0.386102 square mile
= 247.1047 acres
‘ 2.589 km?

0.454 kilogeam

= 37.324 kilograms

1000 kilograms

~ 1016 kilograms
= 907 kilograms
= 0.028 kilogram
- 17.147 chattanks

1.07 seers
2.2046 bs.

- 0.027 maund

2.6792 maunds
100 kilograms

35.314724 cubic feet
0.568 liter

4.546 liters

3.785 liters

1.7G61 pints
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