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CURRENCY EQUIVALENTS

US$ 1 = Rs 16.4

FISCAL YEAR

GOI, State: April 1 - March 31

WEIGHTS AND MEASURES

The metric system is used throughout the report

ACRONYMS AND ABBREVIATIONS

BBMB - Bakhra Beas Management Board

CE - Chief Engineer

Kharif - Summer, rainy season

NABARD - National Bank for Agricultural Refinance

and Development

O&M - Operation and Maintenance

PIMTI - Punjab Irrigation Management Training

Institute

Rabi - Winter, dry season

SOE - Statement of Expenditure

SYL - Sutlej-Yamuna link Canal

The project is based on the findings of an IBRD/IDA appraisal mission which

visited India in June, 1989. The mission consisted of Messrs. C.J.Perry (Task

Manager), B. Albinson, and Ms T.N. Estoque (Banx), and Messrs. W. Barber, R.K.

Sabherwal, and S.G. Naryanamurthy (consultants).
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

STAFF APPRAISAL REPORT

I. LOAN/CREDIT AND PROJECT SUMMARY

Rgorrowe: India, Acting by its President

Executing Agency: Irrigation and Power Department, Government of

Punjab

Loan and Credit Amounts: IBRD: Loan US$ 15 million equivalent

IDA: Credit SDR 117.7 million

(US$ 150 million equivalent)

erxms: IBRD: 20 yea_z 4.icluding 5 year grace period at
the Bank's standard variable interest rate.
IDA: Standard with 35 year maturity

Px.s act Description: The Project would follow the successful Punjab
Irrigation Project (Credit 889-IN) which
supported investments in canal and watercourse
lining. These investments, which were well

executed and economically sound, would be
continued and expanded to include facilities
(communications and canal regulation structures)
designed to allow improved system operation.
Development of the Kandi area, which is the

poorest region in the state would be supported.
The proposed project would also support
investments and planning in drainage, which is

an increasingly serious environmental and

economic threat to large areas of northwest
India. Institutional facilities would be

provided to support the recent reorgenization of

the Irrigation Department into functionally

specialized departments.

Benefits and Risks- Increased irrigation efficiency would benefit
some 60,000 farm families, particularly those at
the tail ends of watercourses. Development of
new water resources in the Kand area would

benefit a further 35,000 farm families in the

poorest and most backward part of the state.
The major risk would be the ability of the
Government of Punjab to fund project investments
in parallel with heavy competing demands for

resources in other sectors. Technical risks, on
the basis of prior experience in the State, and

the very progressive farming sector, would be
minimal.
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Estimated PrQject Cost and Financing:

Local FEign Total

Comonent - - - (US$ million) - - -

System Modernization
Watercourse Lining 31.6 1.7 33.3
Canal Modernization 43.7 2.4 46.1
Canal Regulation 10.3 0.6 10.9
Communications 4.4 0.4 4.8
Future Development 19.4 1.3 21.2

109.9 6.4 116.3
Kandi Area Development

Kandi Canal 24.2 1.2 25.4
Kandi Low Dams 16.1 0.8 16.8
Tubewells 12.1 0.9 13.1

52.4 2.9 55.3
Drainage

Surface Drainage 21.8 1.1 22.9
Sub-surface Drainage 5.5 0.2 5.7

27.3 1.3 28.6
Institutional Development

Studies 1.8 1.5 3.3
Training 3.4 0.3 3.7

5.2 1.8 7.0

Total Baseline Costs 194.8 12.4 207.2
Physical Contingencies 14.6 0.8 15.3
Price Contingencies 21.7 2.3 24.0

TOTAL PROJECT COSTa 231.1 15.4 246.5

Financing Plan:
Local Foreign Total
- - - - (US$ million) - - - - -

GOI/State of Punjab 81.5 - 81.5
IBRD/IDA 149.6 15.4 165.0

Total 231.1 15.4 246.5

Estimated Disbursements:
(US$ million)

IDA/Bank FY
1990 1991 1992 1993 1994 1995 1996 1997 1998

Aniual 12 7 18 21 25 23 23 31 5
Cumulative 12 19 37 58 83 106 129 160 165

Economic rate of return: 25%

MaRa: IBRD 21800-21802

aIncluding taxes and duties of US$4.8 million



3-

II THE~ AGftCfLt1 FlQ

Agriculture in the National Xconomy

2.1 India has a land area of 3.27 million km2 of which 49% is cultivable and
about 16% irrigated. The population of about 810 M is growing at an annual
rate of 2.2%. GDP grew at little more than 3% per annum in the 1950's and
1960's, but has averaged 4.5% since 1980. Per capita GNP reached US$300 in
1987. Average per capita income has increased, but there has been limited
progress in the living standards of the urban and rural poor - some 280 M
people with annual incomes below the poverty line, 80% of them living in rural
areas. Agriculture contributes about 35% of GNP, and is the largest single
sector in the national economy. It engages 65% of the total labor force and
accounts for 25% of India's merchandise exports.

Development Prioritiea

2.2 Development plans of the Government of India (GOI) and state governments
give priority to alleviating poverty and creating employment, especially in
rura' areas. The primary determinant of rural incomes, especially for the
pooy, is the performance of the agricultural sector. Since independence, GOI
devalopment plans have emphasized .agriculture and sought to raise foodgrain
production by increasing the use of fertilizers, plant protection chemicals,
and improved seed varieties. In support of these objectives, GOI has
strengthened the institutions supporting the sector - in agricultural
extension and research, seed production, and agricultural credit - and
accelerated the development of irrigation. As a result of these efforts, the
annual growth rate in foodgrain production over the last 15-20 years has
averaged 2.7%, slightly above the population growth.

2.3 Up to 1964/65, the irrigated area increased at a rate of only about 2%
per year, of which approximately two-thirds was from surface water resources
and one-third from groundwater. Since then, the rate of increase has almost
doubled, mAinly through accelerated, private-sector groundwater development.
At present, the irrigated area is almost 70 M ha, about 55% of which is
surface irrigated and the rest served by groundwater.

2.4 Actual utilization in many completed irrigation projects remains
significantly lower than planned due to over optimistic assumptions about
system efficiency, farmer preference for water-intensive crops and lax system
management. Experience varies widely over the country, however, with some
states performing far better than others. Punjab, and the other areas of
northwest India are among the most productive and successful irrigating
states. In such states, increased attention is being paid to mnaximizing the
productivity of existing infrastructure, and ensuring that the productive
potential of land and water resources is sustained through investments as and
when required in modernization, drainage, and flood control.

The State of Punjab

2.5 With a poaulation of 17 M (1981), Punjab ranks thirteenth among the
states in India. It is India's fifth most densely populated State with 333
persons per km2 compared to an 1981 Indian average of 214.

2.6 The labor fo-re constitutes about 32% of the total population. Female
workers account only for 2% of the labor force. Cultivators and agricultural
laborers are 36% and 23% of the labor force, respectively. Migrant workers
meet much of the demand for construction and the peak agricultural season.

2.7 Between 1970/71 and 1983/84, State income grew at 4.7%/year, compared to
an all-Indian growth of 3.6%. Annual per capita income averages Rs 3,500
(US$ 220), and grew at an annual rate of 4.0% compared to an Indian average of
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1.6%. Agriculture has grown rapidly, and since its weight in the total State
income is high (about 50%), this growth has influenced greatly the pattern of
State income. Furthermore, the surpluses generated in the sector have
provided the capital for investment in non-agricultural activities.

2.8 The average farm size in Punjab is about 3.8 ha. Due to higher rainfall
in the sub-montane parts of the State, farm size is generally smaller than in
the alluvial plains.

2.9 The rapid agricultural growth in the late 1960's accelerated the
subdivision of the traditional family farm, though recently it appears that
the increasing mechanization of Punjabi agriculture is leading to a trend of
increasing farm sizes.

Farm Size Distribution
1961 1971 1981

Below lha 7 38 19
1 - 3ha 28 31 19
3 - Sha 25 14 28
5 - lOha 31 12 26
l0+ha 10 5 7

Total 100 100 100

2.10 Tenancy legislation, implemented since 1953, has been strictly enforced.
various related acts ensure the security of tenants. About 93% of all
holdings are fully owned and self operated, and 7% partly owned and partly
rented.

2.11 Land reform was enacted in 1950 and revised in 1972 when ceilings were
imposed on family land ownership. A family unit of five persons may own
either up to 7 ha of land receiving assured irrigation for at least 2 crops a
year, 11 ha of land with one irrigated crop a year, or about 21 ha of rr.infed
land.

2.12 Punjab was the first State in India to provide at least a primary school
in each of its villages. However, the literacy rate at *11% (1981 census)
still lags behind the States of Kerala, Gujarat, Tamil Nadu and Maharashtra.
Health centers are well spread throughout the State; each serves about 20,000
people within a 5 km radius. The Government of Punjab (GOP) has also been
actively involved in rural drinking water supply. In 1986, about 71% of the
villages in the State were provided with this service.

2.13 All of the villages in Punjab are electrified and agriculture accounts
for 40% of total electricity consumption. Annual per capita power consumption
is the highest in the country (except Delhi) at about 354 kWh compared to a
national average of some 167 kWh. Well developed railway and highway systems
provide Punjab with good access to the rest of India. National highways are
connected by a comprehensive network of state highways and district village
roads. About 97% of the villages are already accessible by all-weather roads.

2.14 Agricultural Supporting Services are generally well developed. High
yielding varieties, fertilizers and pesticides are widely used, and the
agricultural research program at the University of Ludhiana is among the most
active in India. The Training and Visit extension system is currently being
introduced with Bank support. Marketing facilities are particularly well
developed for major crops, in all of which Punjab is a surplus producer.
Commercially oriented agriculture, with significant support from credit
institutions, has allowed a high degree of mechanization in the sector.



Setat Development Objectives

2.15 The Government of Punjab's development strategy stresses Agriculture and
rural development. The State Annual Development Plan for the current Five
Year Plan includes the following specific objectives:

a) continued development of the main sub-sectors of the rural economy
(agriculture, irr.qation and electrification);

b) economic diversification and greater priority to rural industries;

c) increased allocations to social services, such ar education and
public health, with a view to maintaining the existing rate of
progress in these services;

d) expanded employment opportunities especially for skilled ard
educated workers; and

e) investment promotion designed to raise the standard of living for
the more backward rural communities.

The Agricultural Sector

2.16 Puniabi farmers are progressive and enterprising. The State led India
in the "Green Revolution" beginning in the late 1960's. In 1985/86, it
produced over 11% of total foodgrain production of India, while the net
cultivated area was about 3% of that of India. Productivity per agricultural
worker and per hectare of cultivated land is the highest in India. Some 60%
of centrally-procured foodgrains (used for redistribution to deficit states)
is produced in Punjab.

2.17 During the Green Revolution, production increases were dramatic,
averaging 15% per annum for foodgrains. This trend was due to the combined
effect of higher yields from the new crop varieties and rapid development of
private groundwater resources, and hence increases in area irrigated.

2.18 The tempo achieved during the peak years of the Green Revolution has
slowed c.onsiderably in recent years for several reasons: first, Punjab was a
leader in the Green Revolution, and most of the potential gains-in terms of
yield increases and cropping pattern changes-were captured very quickly;
second, the scope for furthes development of groundwater is limited; and
third, increasing waterlogging in saline groundwater areas is beginning to
affect the area available for cultivation.

2.19 Thus, further increases in the intensity of cultivation and crop yields
are increasingly dependent on better utilization of irrigation supplies
through system modernization, such as lining to reduce losses, and improved
control structures-and improved drainage in areas subject to seasonal flooding
and waterlogging.

Bank Group Support

2.20 India's agricultural development efforts have attracted substantial
support from the Bank Group, particularly to the irrigation program. Private
groundwater development and other on-farm investments have been suppcrted by a
series of agricultural credit projects in individual states and through lines
of credit to the National Bank for Agricultural Refinance and Development
(NABARD). Construction of irrigation infrastructure and land deavelopment,
designed to improve water use efficiency at farm level, have been financed
through a number of irrigation and command area development projects, and
through the National Water Management Project. Marketing, warehouses, seed
development, horticulture, forestry, dairying and the development of drought
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prone axeas has also received *ssistance. A major effort in agricultural
extension over the last fifteen years has resulted in reorganization of the
extension services of all the major states to the Training and Visit system.

2.21 In the state of Punjab, the Bank group has supported the Kandi Watershed
Area Development Project (Ln 1897-IN) components of national projects in
extension, research, credit, seeds and dairy, as well as two irrigation
projects - the Punjab Flood Protection and Drainage Project (Cr 15-IN) and the
Punjab Irrigation Project (Cr 889-IN), which was successfully completed two
years ago, (PCR 6/89).

1II. THE PROJECT

Origin and Rationale for Dank involvement

3.1 The Bank's assistance strategy to India is to support policies and
investments that promote economic growth and social development in a context
of macro-economic stability. The emphasis is on efficient resource
allocation, increased efficiency in the public sector, and the appropriate
targc;ing and delivery of support systems to the poor.

3.2 The recently completed Punjab Irrigation Project supported a program of
watercourse and canal lining. Sus3idiary components included groundwater
monitoring studies, experimental suosurface drainage works, and trials of
improved irrigation techniques. Canal and watercourse lining, the major
investment in the project, was successfully implemented, generally to high
technical standards. Project benefits (mostly from wacer savings due to
reduced seepage losses) were close to appraisal projections. The project was
well received by the beneficiaries, and the Government of Punjab sought
further assistance for implementation of a continuing program of
modernization.

3.3 During formulation of the proposed project, attention was paid to longer-
term issues facing the irrigated agriculture in Punjab as full development of
the state's water resources approaches. In particu'ar, results from the
groundwater monitoring studies, which paralleled similar analytical efforts in
adjacent states (Rajastbnn and Haryana) where Bank-supported projects are
under execution, confirmed that actual and potential waterlogging is a severe
threat to large areas of northwest India. This situation was described in a
Bank report, which was presented and discussed at a seminar in India in May,
19881. During preparation, the involvement of specialists with wide
experience of surface and subsurface drainage problems brought rew
perspectives to the problem, and the consequent introduction of new standards
and approaches.

The Project Area

3.4 TapoaraRhy 1 nd S Ll: The plains of Punjab form part of the vast
Indo-Gangetic alluvial plain. The topography is gently graded and of low
relief. In the west, the plain slopes towards the Sutlej River and in the
southwest towards the desert adjoining Rajasthan. The plain is crossed by
natural drainage ways which are meandering and widely spread.

3.5 Soils are light in texture, varying from silty to sandy loam. There is
little salinity except in areas with high water table. Almost the whole of
the area is already levelled, except for some dune areas in south west Punjab,
which are progressively being brought into production.

1 The Rising Water Table and Development of Waterlogging in Northwestern
India, July 1985



3.6 The Kandi Zone is formed by the outwash fans which have been deposited
by numerous small, ephemeral rivers (choes) which originate in the Sivalik
hills and debouch onto the Indus plains. The zone is about 5.0 km wide along
the entire mountain front between the fcothills and the plain proper. The
alluvial deposits of the zone thicken rapidly westward from a feather edge at
the contact with the outcrop of the Sivalik rocks to several hundred metets
where they pass transitionally into the plain deposits. The Kandi zone
deposits consist of lenticular bodies of silt, sand, gravel and boulder beds
of varying thickness and lat6ral extent. The soils are light, well drained,
and have slopes in the range of 1:400 to 1:700.

3.7 rJ.tmia: Annual rainfall averages about 720 mm with 85% occurring in the
kharif season. However, variations in timelineis and amount of rainfall are
large which make irrigation necessary for reliable crop yields. While
temperatures seldom fall below freezing, ground frosts can occur in January
especially on sandy aoils. This causes little damage to cereals, but more
sensitive crops like potatoes and mustard can be affected. The proportion of
sunshine hours exceeds 50% in all months of the year.

3.8 Water Resources (Annex 1): The primary river basins involved in the
project (the Ravi, Beas, and the Sutlej, Map IBRD 21800) are international
waterways flowing through India to Pakistan where they join the Indus river.
India and Pakistan are signatories td the Indus Waters Treaty (1960) which
sets out their rights and obligations with respect to'these and other
tributaries of the Indus system. The Treaty gives India the unrestricted use
of the Ravi, Beas, and Sutlej rivers for irrigation and other uses (Article
II) and the right to utilize the natural channels of the rivers for disposal
of drainage effluent (Article IV, Paragraph 8), provided "each Party will
avoid, as far as pract'icable, material damage to the other Party" (Article IV,
paragraph 2). Project works have been designed in accordance with the Treaty
and do not give rise to the need for notification of Pakistan under the terms
of the Treaty. Further, in the opinion of the Bank's staff, the project would
not adversely affect the quality or quantity of the drainage effluent flowing
into Pakistan.

3.9 The Indus Water Treaty of 1960 between India and Pakistan, allocated to
India about 39,300 Mm3 annually. Since 1960, two major storage dams have been
bu.ilt: Bhakra Dam on the Sutlej River, and Pong Dam on the Seas with storage
capacities of about 7,190 Mm3 and 7,290 Mm3 respectively. The Thien dam, with
a storage capacity of about 2,340 Mm3 is under construction on the Ravi River.
When completed, the ratio of reservoir capacities to average annual flow of
the three rivers would be about 40%, permitting a reasonable deQree of
seasonal regulation. Distribution of these waters among the riparian states
in India (Punjab, Haryana, Rajasthan and Himachel Pradesh) is governed by
interstate agreements, and administered by the Bhakra-Beas Management Board.

3.10 The present crop intensity (rainfed, canal-irrigated ane well-irrigated)
is about 167% in the major commands of the plains. Water availability is the
limiting factor to agricultural production. The traditional warabandi system
of irrigation distributes water in fixed relation to the area served, thus
ensuring that all farmers receive regular but limited supplies. Accordingly,
the fammers practice light irrigation by conscious decision because this
provides the highest returns per cubic meter of water available to them.
Heavier irrigation is practiced in those areas where the water table is close
to the surface, or poor drainage leads to frequent flooding during the
monsoon, and in some areas where .ater allowances are relatively high because
adjustments to the distribution system remain to be made following the
reallocation of water at the time of the Indui's Waters Treaty. In such areas,
rice is the dominant crop.

3.11 Development of irrigation in the Kandi Trant is limited to some private
and public tubewells, and seve al low dams (supported under the Kandi
Development Project). Water has been allocated for a surface irrigation



system to cover about 22,600 ha, and the potential also exists for further,
carefully planned groundwater development and the construction of more low
dams. The Kandi tract is a particularly backward area of Punjab, and the
Government gives high priority to improving economic conditions in the area.

Project Objectives

3.12 Punjab's investment program in irrigation, which would be supported
through the proposed project, has the following objectives:

a) improving the productivity of the existing irrigation system;

b) raising living standards in the pooiest and most backward areas of
the state through development of irrigation facilities;

c) initiating drainage works, trials, and studies to address the
short- and long-term environmental and production impact of the
rising water table in the State of Punjab in the context of other
basin states; and

d) further upgrading the efficiency and skills of the Irrigation
Department.

3.13 A number of discrete investment components have been identified by GOP
for implementation during and following the next Five Year Plan (1990-94) in
support of these objectives. Others still recuire final detailed design, or
clearance from central agencies, or are the subject of internal prioritization
among competing alternatives for available resources. These two categories of
investment-those selected and finalized for implementation, and those still to
be scheduled-are referred to as the core and the non-core programs,
respectively. In ̂ rder to allow optimization of the program over time, to
accommodate expansion of successful innovations, and delays due to
unforeseeable events, the project would provide scope for some flexibility in
the ultimate composition of the investment program. Some 90% of project funds
would be allocated to a firm program of core investments, while the remainder
would be used to support selected components of the non-core program.

3.14 This flexibility would be exercised within a well organized
institutional framework, which has recently been established by GOP (Annex
17), and which would be further strengthened under the project. Furthermore,
it should be noted that major components of the project would yield benefits
in direct proportion to the work done, and thus can be advanced or delayed
without prejudice to the returns to the investment. These characteristics
would be exploited in the course of finalizing annual implementation plans.

Project Description

3.15 The project would include the following investments to support the
objectives described above.

(a) Improved irrigation efficiency would be achieved through lining of
canals and watercourses; modernized control structures in the
canals, both to improve operation and to take advantage of
potential power generation potential; and new radio communications
facilities.

(b) Agricultural development in the poorest areas of the
statA would be achieved by developing the Kandi Canal;
constructing public tubewells in suitable areas above
the alignment of the canal; construction of low dams
in the Kandi tract; and construction of lift
'rri! t fa:' 'ti,=- :n r adjo'`ing the Sutlej-
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(c) lnaaa nrnSammn would be addressed through drainage
I ~~~~~~works in and around currently waterlogged *reas;

equipment for improved maintenance; extensive pilot
works in groundwater drainago; and an ongoing major
technical study of the options for controlling the
drainage problems of notthwest India. Lining programs
in main canals.. distributaries and watercourses in
areas with a r.aing water table would also provide
drainage benefits.

(d) InttutiuLL1 D.v.1olnt would be supported through
emphasis on specialist skill developmnt in specific
aspects of water resource development.

3.16 In addition to these major components, a number of studies
(predominantly related to the water balance and water allocation procedures
within the State) would be supported.

Detailed Yeatures (Core Program)

3.17 Lining nf est- urRm (Arnex 3, 16% of base costs) A watercourse
typically serves 200-300ha, or 50-100 farmers. The farmers are jointly
responsible for its operation and maintenance id for allocating water among
themselves in fixed turns. Seepage from unlint watercourses results in local
waterlogging, reduced supplies to tailenders, a ,-" wastage of water. In saline
groundwater areas, this wastage is total; in s3 et groundwater areas, some of
the seepage can be recovered through wells.

3.18 Some 4000 km of watercourses would be lined in the following order of
priority: (i) completion of works in areas initiated during the first project;
(ii) waterlogged areas; (iii) saline groundwater areas; and (iv) sandy soil
areas. The annual volume of water conserved by these works is estimated to be
about 230 Mm3, sufficient to irrigate about 40,000 ha.

3.19 Watercourses would be lined for about 70% of the z;ll length. The
beneficiaries are closely involved throughout the whole rocess of planning
and construction. Lining provides the opportunity to in._.ove the alignment,
and increase the comaanded area, since the lined channel runs at a higher
elevation. The standard watercourse design has a brick rectangular section
with an internal plaster seal. It has generally proved to be stable and
successful. A limited number of failures have occurred in areas with
expansive soils and high water table. For such conditions, GOP has recently
developed and tested a brick lined, plastic sealed, semicircular section which
has strucrtural advantages, and is marginally cheaper to construct, though
requiring a slightly wider overall right or way.

3.20 (Annex 3, 22% of base costs) The
project includes the lining of 349 km of branch canals and 467 km of
distributaries and minors. Canals have been selectel in accordance with the
following priorities: (i) saline groundwater areas; (ii) oversize sections;
(iii) heavy loss reaches in sandy soils, and (iv) Leaches where operational
problems have occurred. The annual savings in water, based on measured .osses
in unlined and lined sections, are estimated to be 240 Mm3 . Important
secondary benefits would include more precise regulation (in conjunGcion with
the proposed regulator remodelling); reduction of waterlogging, and reduction
in the land requirement.

3.21 The modernized channels would normally be constructed parallel to the
original canals between major structures such as regulators and bridges, and
the transition connected during a brief closure. This technique has been
developed in Punjab to avoid closing the larger canals for the time required
for conventional in-situ construction.
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3.22 Modernization of SysteM Regulatisn (Annex 4, 5% of base costs) In
Punjab, main and branch canals are regulated, running at full or partial
supply, whereas the distributaries a-:e unregulated, running either full or
empty. The existing controls in the regulated portion of the main and branch
canals are mostly controlled by drop needles (kherries). In practice, these
structures are impossible to adjust to ensure a regulated supply to the head
of the distributaries. With adequate control, the supply of the authorized
discharge at each distributary head will be possible, and the inherent storage
characteristics of the canals themselves would provide limited storage to
attenuate fluctuations in supply.

3.23 Various types of structure and configurations are possible, and each
site must be treated according to its individual characteristics and the
condition of the existing structure. The program includes the modernization
of 80 cross regulators, 150 head regulators, 80 gauge sites and 90 new
escapes.

3.24 The program of canal and watercourse lining together with the improved
regulation requires the updating of the operational design to define the
channel capacity and full supply levels at each control point in the system.
Such plans would be developed for each major command prior to finalization of
designs in that area.

3.25 Communications Network (Annex 5, 2% of base costs) Punjab's canal
system has a combined length of about 12,000km, serving about 3 M ha of
irrigated land. Communications depend on a single wire ground return
telegraph and telephone network. The network includes over 100 Morse key
telegraph offices and 300 hand magneto telephones owned by the Posts and
Telegraph Department. Most of this equipment is sixty years old or more.

3.26 This slstem was the best available when the systems were originally
designed and constructed. But with the construction of storage facilities on
the Beas, Sutlej and Ravi rivers, a complex multi-purpose system has evolved
which requires more reliable and co-ordinated operational control to improve
productivity.

3.27 An integrated communication system would be constructed to provide
communication between State and District offices for voice, teleprinter and
high speed data terminals using a modern, high quality Time Division Multiple
Access system with digital trunk links leased from the Department of
Telecommunications. The system has been designed so as to take maximum
advantage of existing communications facilities, and avoid duplication of
services.

3.28 Drainaga (Annex 6, 14% of base costs) The surface drainage component
will provide for improvements to the existing system in about 200,000 ha of
waterlogged areas in the Districts of Faridkot, Ferozepur, Bhatinder and
Sangrur. Design zriteria have been agreed during project preparation, and
will be based on the Rational Formula for small catchments (up to 10 sq km)
and on the USSCS procedures for larger catchments. The designs will be
suitable for machine construction and maintenance. The works include
construction of new link drains (795 km); resectioning existing drains to
conform to agreed capacity criteria (1643 km), and construction of some 3000
associated structures, mostly small watercourse crossings, but also including
rail and road bridges.

3.29 Drain construction will be by dragline, dredger and backhoe. The
Irrigation Department has 27 draglines, 9 of which are over 25 years old and
18 are about 16 years old. Some of these machines are obsolete and some
additional equipment will be needed. The project would include purchase of
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3.30 Some 5,000 ha of subaurface drainaga would be installed in a pilot
program in the Districts of Faridkot, Ferozepur, Bhatinda and Sangrur. The
areas to be selected are pockets of low lying land where the drainage levels
are below the elevations that can be achieved by gravity outfall. The
component includes (i} the procurement of a drainlaying machine; (ii) the
laying of laterals and collector drains; and (iii) the provision of sumps and
pumps to lift the drained effluent to disposal points.

3.31 The effluent will, in most cases be moderately to highly saline and
cannot be used directly for irrigation. For this pilot operation disposal
will be by conjunctive use (discharging into bran( canals) or into
evaporation ponds. This means of disposal will be adequate and safe for the
purposes of the project, but recycling back to the system can only be done to
a certain extent, since each time the effluent is recycled the salt
concentration r ses.

3.32 The ultimate solution to the disposal problem must be based on a
regional solution to the water and salt balance problem. Agreement has been
reached with GOI and the affected states that, in parallel with the project,
under Terms of Reference agreed with the Bank, a study of the regional options
for a long-term solution to the dr4inage requirements of Punjab, Haryana, and
Rajasthan would be carried out. Agreement were reached at negotiations that
the results of the study would be furnished to the Bank by December 31, 1992,
and thereafter, a proposal for actions to be taken on the basis of the results
and recommendations of the study.

3.33 The performance of this pilot subsurface drainage area would be
monitored during the project, and the viability of the technique assessed. If
successful, the program would be extended during the later years of the
project. Proposed project investments have been carefully evaluated during
preparation and appraisal to ensure that no adverse impact on downstream
riparians would result.

3.34 The Kandi Canal Command Area (Annex 7, 12% of base costs) The proposed
Kandi Canal would irrigate about 56,000 ha via a 139 km long canal. The
command area covers a narrow strip lying to the east of the road running from
Ropar, through Hoshiarpur to Dasuya. The main recharge effects of the Kandi
Canal irrigation system will be within the command area and downstream of the
command area (by lateral groundwater flow); the recharge effect of the Kandi
canal system in the alluvial tract between the Kandi main canal and the
foothills will be negligible. Under the project, about 20,000ha of new
irrigation would be developed.

3.35 Kandi Zone Lo.w namn (Annex 8, 8% of base costs) More than 90 watersheds
in the Kandi tract need protection against flood damage, and water resource
development. Of these watersheds, 23 have identified sites for
irrigation/flood control dams, of which three have been completed, one is
under construction, and six have completed feasibility studies. Under the
project, up to 9 sites would be developed to serve 6,700 ha. Benefits would
include irrigation (the area is well suited to tree crops, which have been
introduced successfully in completed commands), substantial reduction in flood
damages in downstream areas, and availability of perennial water supplies for
domestic use.

3.36 Construction of these dams would involve resettlement of about 150
families. The detailed provisions for resettlement and rehabilitation of
oustees were agreed at negotiations (Annex 8, Appendix 1). Assurances were
obtained from GOP that. socio-economic surveys of oustees would be conducted
as a basis for determining their current circumstances, and preferences for
rehabilitation; and that plans for resettlement and rehabilitation of oustees
ensuring that they would at least regain their previous standard of livelihood
would be consistent with standards agreed with the Bank. The agreed
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arrangements would ensure that any oustee wishing to continue in agriculture
would be able to do so: for marginal farmers, land would be provided at the
expense of the project; for larger farmers, project authorities would assist
the oustee to obtain equivalent land to that lost through purchase, using
funds from the acquisition of his previous holding, supplemented by
inatitutional finance. Landless laborers would be provided with houseplots,
and at least one member of each landless family would be offered suitable
employment. It was also agreed that resettlement and rehabilitation measures
meeting the agreed standards would have been implemented for each dam six
months prior to impounding of water. where land was required to resettle
oustees or provide replacement farmland, it was agreed that project
beneficiaries would be encouraged to make land available to oustees, thus
expediting the process of resettlement and rehabilitation. These arrangements
would be carefully monitored during implementation, and adjusted as necessary
after a minimum trial period of three years.

3.37 During negotiations, GOP provided evidence of the impact of its ongoing
catchment stabilization works at the sites identified for Low Dams. These
data indicated that in all sites, the silt load in the runoff has been reduced
to levels substantially below those assumed in designing the facilities. This
has been achieved through a multi-year program, which would be continued under
the project. Assurances were obtained that GOP would maintain the existing
levels of catchment protection at sites for proposed LQv Dams.

3.38 Assurances were also obtained from GOP that the existing Dam Safety
Review Panel would continue to operate, under Terms of Reference satisfactory
to the Bank. The panel would meet regularly to review progress in design,
construction, operation and maintenance of dams supported under the project.

3.39 Areas with c:o *.-ter Potential (Annex 9, 6% of base costs) In the
eastern part of the Kandi zone, groundwater is the only feasible source of
irrigation and domestic water supply. However, development requires public
sector intervention. The deep water table, and the existence of boulder beds
in the soil strata preclude existing private sector construction techniques,
and make the economic well size beyond the capacity of an individual farmer.
The project would therefore support about 240 public tubewells, irrigating a
total of about 10,000 ha. Although the benefits used in the economic analysis
are based on their agricultural impact, these wells would provide a perennial
source of safe drinking water to the areas served, as well as irrigation.

3.40 Well site selection has been restricted to areas with a known positive
groundwater balance or where such a positive balance will be established after
the implementation of proposed surface water irrigation development. Wells
would be grouped in clusters to economize on the cost of power lines, and
extensive command areas would provide the benefits of irrigation to as many
farmers as possible, albeit with a reduced water supply. In consequence,
although the living standards of beneficiaries would rise sharply, farm
incomes would generally remain somewhat lower than in the main agricultural
areas of the state.

3.41 ZtX.dios (Annex 10, 2% of base costs) The project would support a number
of ongoing and new studies and pilot investments. The common objective of
these activities would be to maximize the utility of available resources
(through advanced irrigation techniques, conjunctive use of saline
groundwater, exploitation of limited freshwater supplies through "skimming"
wells; augmentation of groundwater through deliberate infiltration; and
improved canal scheduling and improved operational guidelines, based on
modelling studies, for stabilizing flows below the major storages). In
addition, data collection facilities would be improved through establishing a
network of groundwater monitoring wells, and regional weather stations.

3.42 Tnatitutinnal flevdlopment (Annex 11, 2% of base costs) In most Indian
States, engineers are expected to rctate, often frequently, between the
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design, construction, operation and regulatory functions. To some extent this
is an appropriate part of career development for younger engineers, but the
development of specialist expertise, and awareness of the latest technical
developments is inhibited. In consequence, GOP has recently established two
specialist departments, each headed by a Chief Engineer. The first, the
Central Design Office, provides support to field units for all detailed
designs of facilities and structures. The second, under the Chief Engineer
(Water Resources Planning) coordinates investment planning in the state.
Creation of these two Departments, which complement existing Departments
responsible for O&M, and Construction, establishes the basic framework for
well organized sectoral development, as well as the working environment to
encourage development of professional skills. The project would support
institutional facilities (buildings and equipment), training, and study tours
to reinforce the new organizational structure in specific areas, including
Computer Aided Design, computer-based implementation planning, which would be
introduced progressively during project implementation.

3.43 The project would also support the establishment of an in-service
training institute for engineers (the Punjab Irrigation Management and
Training Institute). The curriculum would be geared to the particular needs
of Punjab, where standards for design, construction, and operitlon are well
documented, and thus the study curriculum can be formulated specifically to
meet the existing needs of the Irrigation Department.

Future Irrigation Development (Non-Core Program)

3.44 Several additional components are in a late stage of preparation (Annex
12, 10% of base costs), and on the basis of pre-feasibility estimates, appear
to be economically and technically viable. A condition of disbursement
against these components would be provision to the Bank of detailed cost and
benefit estimates justifying the economic and technical viability of the
investment, and a corresponding financing plan.

3.45 Canal Modernization In addition to the basic canal lining program, GOP
has identified several areas where more radical modernization is required.
These include commands where the partition of India resulted in reduced total
area served by the main canals, and hence oversized and inefficient sections,
and areas where river regulation now allows provision of year round supplies
in place of seasonal allocations. In both cases, resizing of the distribution
system is required. These components, in the Badshahi and Upper Bari Doab
commands, would result in a net saving of water although more profitable year-
round cropping would be introduced.

3.46 Hvdro-power DeveloRment in the Upper Bari Doab The existing excess
capacity in the main canal in the Upper Bari Doab can be exploited to generate
power through a series of drops. Works would include provision of a link
canal from areas served by the Ravi to the Beas river, to allow surplus
irrigation supplies to be recovered for irrigation use in other commands.

3.47 Combined Bikaner/Eastern Canal Major improvements to system efficiency
would be made possible by combining two large parallel canals-the Bikaner
(which feeds Rajasthan) and the Eastern (which serves Punjab). These canals
were constructed separately to serve their respective commands, and have been
running continuously for many years. Their condition has deteriorated over
this period, and the partial lining provided at the time of construction is no
longer adequate, resulting in extensive local waterlogging. It is therefore
proposed to combine the two channels into a single modern lined canal, saving
water and releasing several hundred hectares of land to productive use.

3.48 Where practicable, canal modernization will include installation of
micro-hydel units. While the total amount of energy generated will be small
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are an attractive investment, particularly in combination with canal
modernization.

3.49 Development of Lift Irrigation in Areas Adjacent to the Sutlej-Yamuna
Link Canal (SYL) The SYL project is an interstate canal designed to transfer
agreed quantities of water through the state of Punjab to Haryana. The canal
passes through areas of Punjab which have limited irrigation facilities, and
GOP proposes to augment the capacity of the SYL to carry water to these areas,
aad introduce surface irrigation on some 130,000 ha. The interstate agreement
regarding the functioning of the SYL would not be affected by this change, but
final clearance of the plans remains to be obtained from the Central Water
Commission.

Project Implementation, Organization and Management

3.50 All project components would be implemented by the Punjab Irrigation
Department, except for watercourse lining, which is the responsibility of the
Punjab State Tubewells Corporation, a semi-autonomous state agency, and the
installation of hydel units, which is the responsibility of the Power
Department. All three agencies report to the Secretary, Irrigation and Power,
GOP, who would have ultimate responsibility for project implementation. Civil
works would be executed in accordance with the standards set out in the Punjab
Public Works Department Specifications (1963) or such later specifications as
are agreed with the Bank. Relevant standards to be followed, which have been
reviewed by the Bank, are set out in Annex 2.

3.51 As noted above (para 3.12), the total cost of identified components
considerably exceeds the likely resources available in the next Plan Period.
Components already fully prepared for implementation within the plan period
include lining of watercourses, canal modernization, the Kandi Canal, tubewell
development, surface and subsurface drainage works, communications, and
institutional and studies activities. These components would form the core of
project investments, but additional investments in the other components
described above would be supported subject to the arrangements set out in para
3.44.

Monitoring and Evaluation

3.52 Progress and quality of civil works components would be monitored
through the normal procedures of the Irrigation Department. Progress would be
reported seasonally to the Secretary Irrigation and to the Bank in relation to
the annual work program. Quality is the primary responsibility of the field
engineers in charge of works. An additional level of quality assurance is
provided by the Vigilance Wing of the Irrigation Department. The purpose of
this organization is to monitor, through spot-checks, that works are generally
executed in accordance with specifications. This procedure is not designed to
provide primary quality control, but rather to allow independent review (the
Vigilance Wing reports directly to the Secretaty) of performance. Experience
under previous irrigation project indicated that the system is effective, and
it would continue under the project. Annual reports of problems, remedies,
and actions taken would be compiled for the Secretary and made available to
Bank supervision missions. Use of Critical Path Planning techniques would be
introduced under the project, specifically for implementation of the SYL
project, and for the Kandi Low Dams. As experience is gained, the system
would be expanded to include contract management.

3.53 Evaluation would be carried out through two mechanisms: first, as is
current practice, the annual implementation plan would be based on analysis of
experience in previous years, including reasons for shortfalls or exceedance
of physical and financial targets. Additionally, specific evaluations of
current and proposed techniques and designs would be undertaken within the
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EnvJ.ron ental Impact

3.54 The impact of the project works on the environment would be positive.
The lining components in saline groundwater areas would slow the development
of waterlogging; surface and sub-surface drainage investments would control
and reduce existing waterlogging which both reduce the productivity of land
and provide breeding grounds for water-born diseases. The investments in the
Kandi Low dams, which follow catchment stabilization, would protect downstream
areas from flash-floods and consequent annual damage to crops, and property
over large areas, while oustees living standards would be restored or improved
through the agreed program of R&R. Together with the tubewells and Kandi
Canal, the dams would provide a reliable source of domestic water as well as
irrigation supplies.

Operation and Maintenance, Cost Recovery

3.55 Canals are operated in accordance with clearly defined rules and
priorities. The Plan of Operation is established and published in advance for
each season, so that farmers know with considerable certainty when they can
expect to receive water. Under the project, this system would be continued,
but studies would be undertaken (Annex 10) to ascertain whether improvements
in irrigation efficiency are possible through some rescheduling of priorities
during the season.

3.56 The Chief Engineer (Canals) is responsible for maintenance of all canals
in Punjab. Current levels of maintenance are generally good. Under his
charge is a staff of about 2000, distributed throughout the commands. Under
the Irrigation Rules, the Department is currently responsible for maintaining
all works down to and including the irrigation outlet which serves 50-100
farmers. The farmers are responsible for maintenance below the outlet, but
GOP has recently decided that in cases where maintenance of the watercourse is
inadequate, this work would be undertaken departmentally at the expense of the
beneficiaries. Initial funding for this work will be drawn from the Rural
Development Fee, a charge already levied on marketed production, but
ultimately, in accordance with Government Orders already issued, the
beneficiaries would have to deposit in advance the expected maintenance
requirement.

3.57 Irrigation charges currently amount to Rs 140 M, of which collections
are 90%. Expenditures on maintenance are currently Rs 250 M, but this figure
is under .eview by GOP and is likely to increase. Present levels of water
charges cover about 70% of government expenditures on O&H, but very
substantial additional revenues are generated through market taxes (Rs 600 M/
yr) and through the Rural Development Fee (Rs 300 M/yr). Funds accumulated
from the Rural Development Fee are to be allocated to O&M works while
experience is gained in the cost of maintaining watercourses at government
expense.

3.58 Assurances have been obtained from GOP that all canals and facilities
above the irrigation outlets would be maintained so as to function in
accordance with design specifications. In this connection, the program of
performance monitoring (Annex 10) would provide the basis for determining that
maintenance is adequate. Sufficient resources (funds, equipment, staff) would
be provided to the Chief Engineer (Canals) to achieve this end. The resources
provided for O&M of project facilities would be specifically identified in the
annual state budget, and the source of such funds identified.

3.59 Public Tubewells would also be maintained by the ID through its State
Tubewells Corporation. Cost recovery for OaM is structured around a metered
charge for power, which is charged at the commeLcial rate (about four times
the rate for private agricultural consumption). Overall, this leads to cost
recovery for public tubewells which is somewhat lower than current recovery in
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surface systems (about 50% through direct charges, versus 70% in surface
systems). This is justified by the relative poverty of the well-irrigated
areas, and the deliberate policy of extensive irrigation (paras 3.39-40) and
the additional benefits to a wider group of beneficiaries through provision of
domestic water.

Project Costs

3.60 Total project costs including physical and price contingencies for a
seven year implemencation program are estimated at Rs 7,364 M (US$392
million). Cost estimates are based on June 1989 prices for similar works
recently undertaken in the state of Punjab. Physical contingencies varying
between 5 and 10% have been applied to construction works, and 5% to machinery
and equipment. Total physical contingencies are about 7% of base costs;
local price contingencies are about 25% and foreign price contingencies about
18% of the respective base costs plus physical contingencies. Price
contingencies are based on the following projected inflation rates by Indian
financial year:

1991 1992 1993 1994 1995 1996 1997 1998
Local % 7.2 7.0 6.9 6.6 6.5 6.4 6.1 6.1
Foreign % 6.5 4.4 4.4 4.4 4.4 4.4 4.4 4.0

The breakdown of costs by component is summarized below, and detailed in Annex
13.

Estimated Project Costs and Financing

Rs X USS M 4F-
oreign
Component Local Foreign Total Local Foreign Total Exchange
System Modernization

Watercourse Lining 522 27 549 31.6 1.7 33.3 5
Canal Modernization 721 39 760 43.7 2.4 46.1 5
Canal Regulation 171 10 180 10.3 0.6 10.9 6
Cormunications 72 8 80 3.8 0.4 4.2 2
Future Development 329 21 350 19.9 1.3 21.2 10

Subtotal 1,814 105 1,920 110.0 6.4 116.3 5
Kandi Area Development

Kandi Canal 399 20 419 24.2 1.2 25.4 5
Kandi Low Dams 265 12 277 16.1 0.8 16.8 4
Tubewells 200 16 216 12.1 0.9 13.1 7

Subtedal 864 48 912 52.4 2.9 55.3 5
Drainage

Su;ace Drainage 360 17 377 21.8 1.1 22.9 5
Sub-surface Drainage 90 4 94 5.5 0.2 5.7 4

Subtotal 450 22 472 27.3 1.3 28.6 5
Institutional Development

Studies 29 25 54 1.8 1.5 3.3 46
Training 56 5 61 3.4 0.3 3.7 7

Subtotal 86 30 115 5.2 1.8 7.0 26

Total Baseline Costs 3,214 205 3,419 194.8 12.4 207.2 6

Physical Contingencies 240 13 253 14.6 0.8 15.3 5

Price Escalation 854 70 924 21.7 2.3 24.0 9

TOTAL PROJECT COST 4,308 288 4,597 231.1 15.4 246.5 6

Note: Including taxes and duties of about Rs 90 M (US$4.8 M equivalent).
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Fineanlng Plan

3.61 The Loan and Credit would finance 100% of foreign exchange costs, and
64% of local costs (67% of total cost). Total project costs would be financed
as follows:

Local Foreign Total
- - - - (USS million) - - - - -

GOI/State of Punjab 81.5 - 81.5
IBRD/IDA 1406 1 5-4 165 -0n

Total 231.1 15.4 246.5

Financial provisions to be made by GOP are consistent with budgetary
allocations for the project period.

Procuzement

3.62 Civil Works.: Works to be financed under the project would cost about
US$204M excluding engineering and administration, and the cost of land. Most
of these works would be small, labor-intensive, scattered, and hence unsuited
to International Competitive Bidding. In addition, canal modernization works
would be restricted by periods of closures. For the purpose of bidding, civil
works can be grouped as follows:

a) LCB Contracts (US$184M). Contracts for Ilnina of nanals ant
modernization of watorcourses would gene..ally be grouped into
packages of US$0.3-2.5M (Rs 5-40 M) each with convenient slices.
The 13 low dams are scattered and cannot be grouped to form a
package exceeding US$ 10 M. As such, these contracts would also
be let under LCB procedures; however, prequalification procedures
would be adopted as appropriate (contracts for each dam and
distribution system would be awarded as a unit). LCD contracts
would be based on a standard document approved by Dank. LCB
procedures have been reviewed by the Bank and found generally
acceptable.

b) Force account and Unit Price Contracts (US$20M). Some minor field
channels would have to implemented within a limited period of
time. Such works would be awarded under small unit price
contracts following competitive bidding procedures. Installation
of pilot sub-surface drainage works (US$5.8M) would be carried out
departmentally, since no contractors are experienced in this type
of work. Drilling of about 230 tubewells (USS6.OM) would also be
carried out departmentally. GOP has established competent staff
capable for drilling about 60 wells per year. At present there
are no local contractors with trained personnel and equipment
suited to the conditions in the project area. In addition, when
the quantity of work is difficult to estimate in advance, such as
repairs to existing systems, etc., small works would be
implemented departmentally. The aggregate of force account
contracts would not exceed 10% of all civil works.

3.63 Goods Vehicle and Equipment Vehicles equipment and goods costs are
estimated at US$23M. For ICB procurement, a margin of preference of 15% of
the CIF price of the imported goods would be extended to domestic
manufacturers in evaluation of bids. Contracts for vehicles and small items
which would not interest foreign firms estimated to cost less than US$200,000
each would be procured under LCB up to an aggregate value of US$2.0M. Certain
minor items costing US$5000 or less would be procured through local shopping
procedures up to an aggregate value of US$1M. Standard bidding document for
ICB and LCB acceptable to the Bank would be adopted. General rate contracts
will not be acceptable as a substitute of LCB procedures (such contracts will
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will not be acceptable as a substitute of LCB procedures (such contracts will
be acceptable for any procurement under Local Shopping procedures).

3.64 C =1n=Cnt 3f ConRultaLs. Services estimated at USS 1.5M would be
procured on terms and conditions satisfactory to the Bank on the basis of
guidelines for the use of consultants by World Bank Borrowers and the World
Bank as Executing Agency published by the Bank in August 1981.

3.65 Contrant Review. All bidding packages and bid evaluation reports for
civil works estimated to cost over $200,000 equivalent, covering about 50% of
works contracts, for equipment and vehicles estimated to cost over USS 100,000
equivalent, and all ICB contracts and contracts for consultant services would
be subject to Bank's prior review. The remaining contracts would be subject
to Bank's post review.

3.66 Procurement arrangements are summarized below; figures in parenthesis
indicate amounts to be financed by the Bank:

ICB LCB Others NA Total
------------(USS Million)------------

Civil Works - 170 20 27 217
(127; (15) (142)

Equipment, Goods and Vehicles 16 6 2 - 24
(14.5) (4.5) (19)

Training, Consultancy Services - - 4 1.5 5.5
(4) (4)

TOTAL 16 176 26 28.5 246.5
(14.5) (131.5) (19) (165)

Disbursements

3.67 Disbursements for all civil works under contracts exceeding US$200,000
and for equipment under contracts exceeding US$100,000 would be fully
documented, as would disbursements for vehicles, consultancies, and training.
For all other expenditures, IBRD/IDA would disburse against statements of
expenditure (SOEs). Supporting documentation for SOE's would be available for
inspection by supervision missions and auditors, and retained by GOP for one
year after Bank receipt of the audit report for the fiscal year in which the
last withdrawal from the loan/credit account was made.

3.68 Disbursements would be made against the following: (a) 75% of
expenditures against works; (b) 100% of foreign expenditures or 100% of ex-
factory costs or 65% of local costs of equipment and vehicles procured
locally, and; (c) 100% of training and consultancy for institutional
development. Retroactive financing of up to SDR7.8 million would be provided
for expenditures made after July 31, 1989 on civil works. Disbursement are
projected over a period of 8 years from January, 1990 to March 1998. Project
completion is expected by September 1997, and loan/credit closing by March 31,
1998. In order to facilitate timely payments of project costs, a Special
Account amounting to US$8M. equivalent to four months estimated average
disbursements, would be established at the Reserve Bank of India.
Replenishment of this account would be made quarterly, or when the Account is
drawn down to about 50% of the initial deposit.

Accounting, Reporting Requirements and Audits

3.69 The Irrigation and Power Department of GOP would be subjected to normal
central and state control and audit procedures which have proven satisfactory
in the past. Audit reports would cover the special account, and would include
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a separate statement as to %hether SOE's submitted can be relied upon to
support the related withdrawal. A separate record and accounts would be
maintained for project expenditures. Assurances were obtained from GOP that
accounts and financial statement would be submitted to the Bank within 9
months of the end of each financial year, and that accounts pertaining to
project expenditures would be made available to supervision missions.

3.70 Assurances have been obtained from GOP that: semi-annual progress
reports would be submitted to the Bank within three months of the end of each
reporting period. These reports would compare actual and target physical and
financial progress for ongoing project components, and would indicate the
status of budgetary provisions for ongoing works, and for works proposed to be
initiated within the following twelve months. A Project Completion Report
would be prepared by GOP within six months of project completion.

Project B-nefits and Justification

3.71 The project would result in incremental irrigated area due to lining and
modernization of canals and watercourses, extension of canal commands and
construction of new storages, wells, and distribution networks. Approximately
112,000ha of new irrigation would result. The economic rate of return of
project investments varies by component (Annex 16). Canal lining in areas of
saline or high water table has a return of 33%. Watercourse lining returns
vary from 20-40% depending on whether the local gro4ndwater is saline. Where
the groundwater is saline, and little or no recovery of seepage is possible,
the returns are highest, and such areas would have priority; where
groundwater is fresh, and recovery of losses is possible, returns are lower,
since the saving is restricted to non-beneficial evaporation (about one third
of the seepage), plus the cost of pumping. Returns to tubewell and surface
irrigation development in the Kandi area are lower, varying from 12-20%, but
these investments provide the only significant basis for economic development
in the poorest area of the state. Other project activities, in drainage,
provision of improved regulation and communications, upgraded and modernized
facilities for the Irrigation Department, and consultancy services to the
Bhakra Beas Management Board, provide the basis for assuring sustainable
improvements in agricultural productivity in the area of India which
contributes by far the major share of surplus foodgrain production. The
sensitivity of project returns to changes in costs and benefits is indicated
in the table below.

Base Costs Benefits Switching Values
Ccz=nnapnt ERR% +10% -10% Costs% Benefits%

Canal Lining 33 30 29 +40 -45
Watercourse Lining 20 16 18 +32 -35
Kandi Canal 20 17 18 +30 -29
Tubewells 15 13 13 +14 -14
Kandi Dams 15 12 13 +10 -14

3.72 At full development, the project would result in incremental production
of about 136,000 tons of rice, 276,000 tons of wheat, and 5,00 tons of
cotton. The incremental employment created would be approximately equivalent
to 50,000 full time agricultural jobs.

Project Risks

3.73 The major risk to the project is that other demands on the State's
resources will limit Government of Punjab's ability to fund the project. The
project investment plan has been carefully related to the state's Five Year
Plan to minimize this risk. Furthermore, major project investments (in
lining, tubewell development, and drainage) are such as to generate benefits
in direct and irmediate proportion to the extent of development, so that the
economic impact of delayed implementation is limited. The projected
agricultural impact of the project is based on levels of productivity which
are already widely achieved in the state. Farmers are fully aware of the
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benefits of irrigation, and the value of water, so that the scope for
increased production generated by the project is likely to be fully exploited.

IV. SUMMARY OF AGREEMENTS TO BE REACHED AND RECOMMENDATION

4.1 A condition of disbursement against additional components would be
proN.Lsion to the Bank of detailed cost and benefit estimates justifying the
economic and technical viability of the investment, and a corresponding
financing plan (para 3.44).

4.2 During negotiations, an assurance was obtained from GOI that the results
of the study of regional drainage problems in PW India would be furnished to
the Bank by December 31, 1992, and thereafter a proposal for actions to be
taken on the basis of the results and .ecommendations of the study (para
3.32).

4.3 During negotiations, agreements were obtained from GOP that:

a) socio-economic surveys of ouStees would be conducted as a basis for
determining their current circumstances, and preferences fv=
rehabilitation; and that plans for resettlement and rehabil4tation of
oustees ensuring that they.would at least regain their previous
standard of livelihood would be consistent with standards agreed with
the Bank. These arrangements would ensure that any oustee wishing to
continue in agriculture would be able to do s0: for marginal
farmers, land would be provided at the expense of the project; for
larger farmers, project authorities would assist the oustee to obtain
,equivalent land to that lost through purchase, using funds from the
acquisition of his previous holding, supplemented by institutional
finance. Landless laborers would be provided with houseplots, and at
least one member of each landless family would be offered suitable
employment. Resettlement and rehabilitation measures would have been
implemented for each dam six months prior to impounding of water.
Where land was required to resettle oustees or provide replacement
farmland, it was agreed that project beneficiaries would be
encouraged to make land available to oustees, thus expediting the
process of resettlement and rehabilitation. These arrangements would
be carefully monitored during impementation, and adjusted as
necessary after a minimum trial period of three years.(para 3.36)

b) the existing levels of catchment protection at sites for proposed Low
Dams would be maintained (para 3.37)

c) the existing Dam Safety Review Panel would continue to operate, under
Terms of Reference satisfactory to the Bank. The panel would meet
regularly to review progress in design, construction, operation and
maintenance of dams supported under the project (para 3.38)

d) civil works would be executed in accordance with the standards set
out in the Punjab Public Works Department Specifications (1963) or
such later specifications as are agreed with the Bank (para 3.50)

e) reports of problems, remedies, and actions taken as a result of
inspections of civil works by the Irrigation Department would be
compiled and made available to Bank supervision missions (para 3.52)

f) all canals and facilities above the irrigation outlets would be
maintained so as to function in accordance with design specifications
(para 3.58)

g) an agreed program of performance monitoring would provide the basis
for determining that maintenance is adequate. Sufficient resources
(funds, equipment, staff) would be provided to the Chief Engineer
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(Canals) to achieve this end. The resources so provided would be
specifically identified in the annual state budget, and the source of
such funds identified (para 3.58)

h) accounts and financial statement would be submitted to the Bank
within 9 months of the end of each financial year, and that accounts
pertaining to project expenditures would be made available to
supervision missions (para 3.70)

i) semi-annual progress reports would be submitted to the Bank within
three months of the end of each reporting period. These reports
would compare actual and target physical and financial progress for
ongoing project components, and would indicate the status of
budgetary provisions for ongoing works, and for works proposed to be
initiated within the following twelve months. A Project Completion
Report would be prepared within six months of project completion
(para 3.70)

4.4 With the above assurances, the projbct would be suitable for an IBRD
loan of US$15 million equivalent for a term of 20 years, including 5 years of
grace at the Bank's standard v,riable interest rate, and an IDA credit of SDR
117.7 million (US$150 million equivalent) on standard terms with 35 years
maturity.
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IND IA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Water Resources

The Present System

1. The Beas, Sutlej and Ravi rivers constitute the major sources of water
for surface irrigation in the states of Punjab, Haryana Rajasthan and Himachel
Pradesh. (Map IBRD 21800)

2. The principal components of the system are summarized below.

(a) The Bhakra Dam on the Sutlej ri-ier, the highest straight gravity
dam in the world.

(b) Gobind Sagar, the reservoir formed by Bhakra Dam, with gross
storage capacity of 8855 Mm3 (7.18 MAF) and live storage of 6860
MM3 (5.56 MAF).

(c) Two power houses at the foot of Bhakra Dam, the Left Bank P.H.
having an installed capacity of five 108 MW units, and the Right
Bank P.H. with five 132 MW units.

(d) The Nangal Barrage, which picks up the water released at Bhakra
Dam for diversion into the Nangal Hydel Channel and the Anandp,r
Sahib Hydel Channel.

(e) Two power houses, each with a capacity of 77 MW, at Ganguwal and
Kotla on the Nangal Hydel Chan.el.

if) Two power houses, each with a capacity of 67 MW, on the Anandpur
Sahib Hydel Channel (owned and operated by Punjab).

(g) Headworks at Ropar, which picks up the water raleaaed down the
river at Nangal and through escapes from the two hydel channels,
for diversion into canals serving Punjab.

(h) Headworks at Harike below the confluence of the Bea3 and the
Sutlej which picks up waters released downstream at Ropar and at
the Pong Dam into the Beas and water diverted from the Ravi at
Madhopur into the Ravi-Beas Link, for diversion into canals
feeding Punjab and Rajasthan.

(i) The Pandoh Dam on the Beas above Pong which diverts water into the
Beas-Sutlej Link.

(j) The Beas-Sutlej Link, a channel partly in tunnel and partly in the
open, which lets the water diverted from the Beas into the Gobind
Sagar through the Dehar Power House, with an installed capacity of
six units of 165 MW each.
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(k) The Pong Dan on the Beas with gross storage capacity of 8260 Mm3

(6.70 MAF) and live capacity of 7120 Mm3 (5.77 MAF), and with a
power house with six generating units of 60 MW each.

(1) Headworks at Madhopur on the Ravi which diverts water to the Upper
Bari Doab Canal for irrigation in Punjab, to the Upper Bari Doab
Hydel Channel (for 'eneration of 45 MW owned by Punjab), and a
link canal between the Ravi and the Beas.

(m) The Thein Dam (2345 Mm3, 1.9 MAF,under construction) on the Ravi
above the Madhopur diversion structure.

(n) An extensive canal system, of which the major channels are the
Bhakra Main Line (continuation of the Nangal Hydel Channel), the
Sirhind Canal and the Bist-Doab Canal taking off from Ropar, the
Rajasthan Feeder and the Sirhind Feeder taking off from Harike,
and the Sutlej-Yamuna Link (under construction), a continuation of
the Anandpur Hydel Channel.

3. The Government of India set up the Bhakra Beas Management Board (BBMB)
to manage these facilities. Punjab, Haryana, Rajasthan and Himachal Pradesh
(HP) participate in key decisions on operating the system through
representation on the Board, the Technical Committee and other forums for
consultation. The BBMB has under its direct control all the dams, the Nangal
Barrage and all the power houses except those on the Anandpur Hydel Channel
and the Upper Bari Doab Hydel Channel. These power houses and the headworks
at Ropar, Harike and Madhopur are operated by Punjab; the divisions of flows
at the headworks are to be in accord with allocations made by the BBMB.

3. The system (other than some of the canals mentioned under item 7 above,
and the Anandpur Hydel Channel and the power houses on it) was developed in
three phases, as below:

(a) Bhakra-Nangal Project encompassing Bhakra Dam, Nangal Barrage,
Nangal Hydel Channel, Bhakra Main Line, and the power houses at
Bhakra Left Bank, Bhakra Right Bank, Ganguwal and Kotla.

(b) Beas Project - Unit 1 encompassing Pandoh Dam, the Beas-Sutlej
link and the power house at Dehar.

(c) Beas Project - Unit 2 encompassing Pong Dam. and the power house
at Pong.

Characteristics of the Water Resources

4. The most significant hydrological feature of the Bhakra/Beas system and
the Ravi river is that snowmelt makes substantial contribution to flows in the
rivers. Winter precipitation in the form of snowfall in the upper catchments
gives rise to flows in April and May, making these rivers perennial. The
catchment areas of the Livers also receive heavy rainfa.l during the monsoon
season extending from late June to late September, from moisture bearing winds
both from the Arabian Sea and the Bay of Bengal. Thus the monsoon season is
marked by high river flows and floods. Winter rainfall occurs in a small
measure due to cyclonic winds or westerly disturbances which pick up moisture
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from the Arabian Sea on their way to the Himalayan region. This very
phenomenon results in snowfall at higher altitudes.

5. The Sutle River has its origin in Lake Mansarovar in Tibet. It covers
a distance of about 300 km before entering Indian territory at Shipkila in
Kinnaur District of Himachal Pradesh. The total catchment area of the Sutlej
up to Bhakra Dam is 56860 sq. km., of which 37060 sq. km. lies in Tibet and
19800 in India. The whole of the catchment lying in Tibet gets snowfall and
scanty rain. About 14650 sq. km. of the upper catchment in India, out of
which 1240 sq. km. is under permanent snow cover, gets snowfall in winter and
contributes substantial snowmelt. The major rainfall bearing area lies below
Kalpa, and covers 8516 sq. km. The average annual rainfall in this area is
about 1100 imn, with 75% to 80% of this occurring in the four monsoon months
from June through September. It has been estimated that the snowmelt runoff
contribution in the Sutlej varies from 50% to 60% of the annual runoff,
depending on the quantum of snowfall in winter and rainfall in the monsoon
period. Selected measures of runoff of the Sutlej at the Bhakra Dam site are
given below:

Period 1911-12 through 1985-86

(a) Average Annual Runoff 16,175 Mm3

(b) Annual Runoff at 50% Dependability 15,294 Mm3

(c) Annual Runoff at 75% Dependability 12,688 Mm3

(d) Maximum Annual Runoff 25,011 Mm3

(e) Minimum Annual Punoff 11,295 Mm3

Deliveries to the Partner States

6. Tuie average annual run-off available from the Beas, Sutlej and Ravi is
about 39,300 Mm3. Table 1 shows the actual annual run-off during the past five
years which have been below average. Tables 2 and 3 show the actual
deliveries of water and power to the partner states during the past 5 years.

Groundwater

7. Out of 17 000 Mm3 of annual net recharge to the groundwater, about 14
800Mm3 is drafted (net). The net draft included about 590 Mm3 utilization of
saline groundwater in conjunction with canal supplies. The quality of the
groundwater in the South-Western districts of the state, Bhatinda, Faridkot
and parts of Ferozepur ranges from marginal to highly saline.

8. The majority of the tuibewells are shallow, of strainer type with diesel
or electric pumps delivering 5-15 1/s. There are about 650,000 shallow
tubewells, 2250 deep tubewells and 6500 dug wells in the state. The
groundwater resources have been developed almost entirely by the private
sector, shallow tubewells and dug wells are all private ventures and only 0.2%
of the tubewells are state owned.
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INFLOWS INTO TBR BHUAKRA-BAS RAVI SYSTEM

82/83 83/84 84/85 85/86 86/87
Unit-Mm3

Rharif (April 21-Oct. 20)

1 Sutlej flows into Bhakra 12609 13762 10666 11112 12870
2 Beas flows diverted to Bhakr 2915 2752 2997 3223 3043
3 Beas flows at Pong 6824 7712 6210 8551 8639
4 Ravi flows at Mladhopur 4872 5622 3778 4115 5088

Total 27220 29848 23651 27001 29640

Rabi (Oct. 21 - April 20)

1 Sutlej flows into Bhakra 2472 2281 1843 2206 2254
2 Beas flows diverted to Bhakr 1235 1053 934 1159 1182
3 Beas flows at Pong 1440 801 749 1367 1386
4 Ravi flows at Madhopur 3287 2044 1705 2751 3313

Total 8434 6179 5231 7483 8135

Full Year

Sutlej flows into Bhakra 15081 16043 12509 13319 15124
Beas flows diverted to Bhakr 4150 3805 3931 4381 4224
Beas flows at Pong 8264 8513 6959 9918 10025
Ravi flows at Madhopur 8159 7666 5483 6866 8401

Total 35654 36027 28882 34484 37774
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Table 2

Wat-r Deliveriea Kade to Partner States
1982/83 to 1986/87

Unit - Mm3
1982/83 1983/84 1984/85 1985/86 1986/87

Rharif (April 21 to Oct. 20)

1 Punjab 10,849 10,294 10,253 8,680 10,063
2 Haryana 3,645 3,334 1,559 3,030 3,601
3 Rajasthan 5,028 5,193 5,347 4,752 5,803
4 Delhi 161 le 162 236 254

Total Deliveries 19,683 18,939 17,321 16,698 19,721

Rabi (Oct. 21 to April 20)

1 Punjab 5,639 6,329 5,678 5,887 5,308
2 Haryana 3,345 3,420 2,993 3,499 3,475
3 Rajasthan 4,374 4,801 3,277 5,477 5,535
4 Delhi 433 401 395 338 375

13,791 14,951 12,343 15,201 14,693

Full Year (April 21 to April 20)

1 Punjab 16,488 16,623 15,931 14,567 15,371
2 Haryana 6,991 6,754 4,552 6,529 7,075
3 Rajasthan 9,402 9,995 8,624 10,229 11,339
4 Delhi 594 518 557 574 629

33,475 33,890 29,664 31,899 34,414
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Tabl 3

3nergy Generated and Delivered - 1982/83 to 1986/87
Unit - MKwh

1982/83 1983/84 1984/85 1985/86 1986/87

Generation

Bhakra Power Houses 5,676 5,809 4,624 4,750 5,609
Canal Power House 1,181 1,226 1,308 1,247 1,232
(Ganguwal & Kotla)
Dehar 2,610 2,731 2,943 3,106 3,131
Pong 1,461 1,526 1,199 1,493 1,739

Total 10,928 11,292 10,074 10,596 11,711

Delivery

Punjab 4,006 3,836 3,478 3,660 3,953
Haryana 2,813 2,844 2,439 2,532 2,762
Rajasthan 2,302 2,439 2,046 2,188 2,409
Himachal Pradesh 231 298 261 211 223
Jammu & Kashmir 216 275 316 530 711
Delhi - (-)41 91 - -
Others 842 1,006 813 937 1,004

Total 10,410 10,657 9,444 10,058 11,062



- 2-Annex
Page 1

INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Standards, Specifications, Criteria and Codes for Investigations,
Designs, Construction and Water Management Practices for

Irrigation and Drainage Works

General

1. Main work components of the project are: canal modernization and water
course lining, Kandi Canal (Stage I), Kandi Low Dams, Sutlej-Yamuna Link
(Irrigation works in Punjab), rehabilitation and modernization of canal
regulation structures, surface and sub-surface drainage and public tubewells.
The many project components would be designed by adopting standards and
practices well established in the Irrigation Department (ID).

2. The glossary of terms used in investigations, planning, design and
construction of project works would be those published by Bureau of Indian
Standards (BIS) for river valley projects and in the ID's Manual of Irrigation
Practices. Terms relating to irrigation management would be those defined in
Northern India Canal and Drainage Act of 1873 and Punjab State Tubewell Act,
1954 with Rules and Notifications. Irrigation monitoring and assessment terms
are defined in the Revenue Manual.

3. Latest versions of the BIS standards for investigation, planning, design
and construction of various project components would also apply together with
instructions contained in ID's Handbook for the Design of Lined and Unlined
Channels and Masonry works, and in the Punjab State Tubewell Corporation's
(PSTC) Water Course Manual (under revision). Publications on the standards or
practices of Central Water Commission (CWC), Central Board of Irrigation and
Power and of international organizations applicable to project works would
also be consulted. Indian Road Congress (IRC) standards or those developed by
ID would be followed for the construction of the project bridges.

4. Specifications of materials and works as given in the publication
"Punjab PWD Specifications, 1963" would serve as standard specifications.
These specifications supplement each item of the Common Schedule of Rates
(CSR) adopted in ID. For work items involving new construction methods or
technologies, new specifications as appropriate will be drafted by the ID
authority competent to accord technical sanction. New specifications
(materials/works) proposed for such works will be forwarded to Bank for
comments.

5. Water allocation procedures to a beneficiary in canal commands are well
defined and legalized in the State. The procedures have worked
satisfactorily. These would be followed in the commands of new irrigation
facilities to be built under the project.

6. Other publications on glossary of terms, standards, designs, codes and
practices applicable for project implementation are short listed below. The
list does not include ID publications quoted above:
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Title 1E

Part I Irrigation Practice 4410 (Part I) - 1967Part 2

Part 2 Project Planning 4410 (Part 2) - 1967

Part 3 River and River Training 4410 (Part 3) - 1967
Part 4 Drawings 4410 (Part 4) - 1982

Part 5 Canals 4410 (Part 5) - 1982
Part 6 Reservoirs 4410 (Part 6) - 1983
Part 7 Engineering Geology 4410 (Part 7) - 1982
Part 8 Dams and dam sections 4410 (Part 8) - 1968
Part 9 Spillways and syphons 4410 (Part 9) - 1982

Part 10 Civil works of Hydro-electric 4410 (Part 10) - 1969

Generation system including water conductor
Part 11 Hydrology:

Section 1 General Terms 4410 (Part 11/Sec. 1) - 1972

Section 2 Precipitation and run off 4410 (Part ll)/Sec. 2) - 1972
Section 3 Infiltration and water losses 4410 (Part ll/Sec. 3) - 1973
Section 4 Hydrographs 4410 (Part 11/sec. 4) - 1977

Section 5 Floods 4410 (Part 11/sec. 5) - 1977

Section 6 Groundwater 4410 (Part ll/Sec. 6) - 1985

Part 12 Diversion Works 4410 (Part 12) - 1973

Part 13 Operation, maintenance 4410 (Part 13) - 1985

Part 14 Soil Conservation and Reclamation:
Section 1 Soil Conservation 4410 (Part 14/Sec. 1) - 1977
Section 2 Reclamation 4410 (Part 14/Sec.2) - 1977

Part 15 - Canal Structures:
Section 1 General Terms 4410 (Part 15/Sec. 1) - 1973

Section 2 Transitions 4410 (Part 15/Sec. 2) - 1973
Section 3 Flumes 4410 (Part 15/Sec. 3) - 1977

Section 4 Regulating works 4410 (Part 15/Sec. 4) - 1977
Section 5 Cross Drainage works 4410 (Part 15/Sec. 5) - 1977

Part 16 Gates and Valves:
Section 1 Gates 4410 (Part 16/Sec. 1) - 1979

Section 2 Valves 4410 (Part 16/Sec. 2) - 1981
Part 17 Water Requirements of Crops 4410 (Part 17) - 1977

Part 18 Energy Dissipator Devices

Stilling basins: 4410 (Part 18) - 1983

Glossary of terms used in water well drilling 9439 - 1980

technology.

Canal Lining Standards

7. According to the instructions in the ID's Revenue Manual, longitudinal
sections (L-Sections) of all channels in a Division must be checked at least
once in 5 years. Those needing revision should be revised. The fact that the
L-Sections have been scrutinised and found to be in order should be recorded
by Executive Engineers (EE) on the back of each L-Section. This endorsement
of the EE should be countersigned by the Superintending Engineer (SE). The L-
Section of a channel may be revised by the SE provided that it has not been
revised during previous five years or if the full supply discharge of channel

is less than 100 cusecs.
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8. The latest L-Section of a channel-as checked and approved by the
competent authority will form the basis for lining of canals either within
existing section or by constructing a new parallel channel. If the prevailing
full supply line differs from the sanctioned one considerably, detailed
hydraulic surveys of the channel will be carried out before taking up lining
work.

9. Lining of a channel either within an existing section or in a parallel
new channel involves adjustment of outlets which would be approved by the
Chief Engineer (CE). After completion of channel lining and final adjustment
of outlets, the EE will inspect all outlets to certify that they draw their
authorized discharges with full supply levels at the heads of channels.

10. Be .ch Marks (BMs) at about 500-1000 feet (150-300 m) apart will be
established along the side of the channel to be lined before commencement of
the work. The BMs should be located so that they are not disturbed during
lining activities. The BM levels should be co-related with the starting and
closing GTs or canal BMs by double levelling. The correctness of BM levels
fixed for construction work should be ascertained by check levelling done by
an officer of ID independently. By the end of each day's work, a line of
levels will be run returning to the starting point of that day to check the
work done on that day. The permissible error in levelling is expressed as
E = C*SQRT(M) where E = error in feet; M = distance in miles; and C = constant
with values varying as follows:

Rough levelling E = i 0.4*SQRT(M)
Ordinary levelling E = ± 0.1*SQRT(M)
Accurate levelling E = ± 0.05*SQRT(M)
Precise levelling E = + 0.02*SQRT(M)

11. Main and Branch canals with discharges 350 cusecs and above will be
lined with bricks on edge underlain with LDPE film. Flat brick and LDPE film
will be used for distributary and minor lining. The specifications for lining
distributaries and minors with bricks were prepared by ID's Central Design
Cffice for Phase I works. Detailed specifications for canal lining with brick
on edge will be prepared by the Central Design Office.

12. There are no IS publications on brick lining of canals. Nevertheless,
the IS publications on canal lining listed as follows would be used for
guidance:

Title IS

- Earthwork on canals, code of practice 4701-1968
- Design of cross section of lined canals, 4745-1968
code of practice

- Boulder lining of canals, code of practice 4515-1967
- Criteria for design of lined canals and
guidelines for selection of type of lining. 10430-1982

- Guide for laying combination lining for
selection of type of lining. 5690-1982

- Lining of canals with burnt clay tiles,



- 31 - Annex 2
Page 4

code of practice. 3872-1966
- Lining of canals with low density
polyethylene film, code of practice. 9698-1980

- Specifications for low density polyethylene
films (second revision) 2508-1984

- Maintenance of canals-lined 4839 (part 2)-1979
- Under drainage of lined canals, code of
practice. 4558-1983

13. Existing structures on canals and channels to be lined will either be
remodelled or rebuilt according to ID or IS criteria. In case structures are
found to be structurally safe, these would be suitably linked to upstream and
downstream lined sections with adequate transitions and precautions to ensure
that the LDPE film functions effectively at the inter faces and that there is
no seepage at the joints. In case existing structures are to be linked to
main or branch canal lined in parallel, these would be corrected with
following minimum radii:

Disnhare (Cusecs) Radius {feet)

1500-2499 1000
2500-4999 1500
5000-7499 2000
7500-9999 2500
10,000 and above 3000

14. Decking designs on road crossings will be wide enough to allow passage
of harvesting combines.

15. Outlets reconstruction on lined channels will either follow type designs
issued by the Central Design Office or IS-Canal outlets, code of practice 7986-
1976.

Water Course Lining

16. Rectangular brick section with inside plaster or half circular brick
section resting on LDPE film, will be adopted. The Design Manual for water
courses lining (Phase I) is being revised. The revised manual will be
reviewed by Bank.

Low Dam

17. The following IS and other publications will apply:

A. Geological and Foundatlon Investigations
- Site investigation for foundations IS: 10042-1981
- Sub surface investigation for foundations, IS: 189-1979

code of practice
- Diamond core drilling for site investigations IS: 6926-1973

for river valley projects, code of practice
- Guide for core drilling observations IS: 5315-1980

- Indexing and storage of drill cores IS: 4078-1980
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Presentation of drilling information and core IS: 4464-1967
description in foundation investigation
Sub-surface explorations for earth IS: 6955-1973
and rock fill dams, code of practice

- Sub-surface explorations by pits trenches, IS: 4453-1980
drifts and shafts, code of practice

- Symbols and abbreviations for use in geological maps,
sections and subsurface exploratory bores IS: 7422-1974

- In-situ permeability tests, code of exploratory bores
Part I. Tests in over burden IS: 5529

- Part 2 Tests in bed rock IS:1969 & 5529

- Recommendations for grouting of pervious soils IS: 4497-1968

- Hand Book of Hydrology GOI. MOA Central Unit for IS: 10084
Soil Conservation (Hydrology) and Sedimentation 1982 - 1972

- Criteria for design of diversion works, Part I IS:
- Coffer Dams.

- Methods for fixing the capacities IS: 5477
of Reservoirs - Part 1 to 4 (1969-71)

- CWC Book on estimation of design flood peak and
recommendations on water availability

- Classification and identification of soils for
general engineering purposes IS: 1498-1970

- Material testing codes IS: 2720-1971-85

- Guide for topographical surveys for river
valley projects IS: 5497-1983

- Guide for storm analysis IS: 5542-1969
- Stability analysis of earth dams IS: 7894-1975
- Drainage system for earth rockfill dams IS: 9429-1980
- Free board requirements in embankment dams IS: 10635-1983
- Design of under seepage control measures IS: 8414-1973
for earth and rock fill dams

- Code of practice for protection of slope for IS: 8237-1985
reservoir embankment

- Design, construction and maintenance IS: 5050-1986
of relief wells

- Drainage system for gravity dams, code of practice IS: 10135-1982
- Design of small dams USBR
- Earth Manual USBR

B. Spillways and Recaps Channels.
- Guidelines for fixing spillway capacity IS: 11223-1985

- Recommendations for hydraulic design of ogee IS: 6938-1973
overflow spillways

- Criteria for design of chute and channel spillways IS: 5186-1969
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- Plain and reinforced concrete, code of practice IS: 456-1978
- Recommended guidelines for concrete mix design IS: 10262-1982
- Concrete Manual USBR

C. Operation and Maintenance.
- Guidelines for operation of reservoirs IS: 9323-1974

- Guidelines for safety inspection of dams CWC: 1987

- Safety Evaluation of Existing Dams - 1980 USBR

Public Tubewello.

18. The practice, standards and guidelines for tubewell construction are as

follows:

Part I Construction IS: 2800-1979
Part II Testing IS: 2800-1979

- Requirements for well screens and slotted pipes IS: 11189-1985

- Methods of tubewell Development IS: 11189-1985
- Specification for gravel for use as pack in tubewellsIS: 4097-1967

- Design of Gravel pack for Tubewells, Central Board
of Irrigation and Power Publication, August, 1967

- External upset drill pipe assemblies for use in
water well drilling:

- Part I screwed on joints drill pipe IS:11312-1985
- General requirements for direct circulation rotary

drilling rigs for water wells. IS: 7206-1986
- Kellys for direct rotary drilling part I

square and hexagonal Kellys IS: 1180-1985

- Specification for submersible pumpsets for clear, IS: 8034-1976

cold, fresh water
- Specifications for steel tubes used for water wells. IS: 7270-1983

- Ground Water and Wells (second edition) Published by Johnson,
1986 by Fletcher G.Driscoll St.Paul,Minnesota

F. Surface and Subsurface Drainage.

19. The plactice, standards and guidelines for design and construction of
surface and subsurface drains are as follows:

- Guidelines for planning and design of IS: 8835-1978
surface drains

- Drainage Manual USBR

- Guidelines for construction of river embankments IS: 11532-1985
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- Design of ccoss drainage works 7784-1975/80/83
code of practice (Parts I, II, III)

Rehabilltation and Modernization of Canal Regulation

20. Structures Rehabilitation and modernization proposals for canal
regulation structures would be prepared after careful inspection of the
condition of each structure during canal closures by a committee of senior
officers of ID including design engineers (civil and mechanical) from Central
Design Office. Selection of the structures for this work would be made by the
CE (Canals), taking into consideration the rotational program of main, branch
and distributary canals on each ca.al system. The stability of structures
selected for modernization would be checked by the Design Office. The types
of regulation gates (Godbole, BHEL etc.) to be installed for heading up to
FSLs at control points during low supply in the parent channel would first be
tested at one site before taking a decision on modernization proposals.
Provisions in the publications listed in the following would serve as
guidelines to plan, design and implement the works.

- Code of practice for design and construction of IS: 1080-1980
simple spread foundations

- Code of practice for subsurface investigations IS: 1892-1979
for foundations

- Guide for location, selection and hydraulic design IS: 6936-1973
of canal escapes

- Code of practice for design of cross drainage works

- Part 1 - General Features IS: 7784-1975
- Part 2- Specific Requirements IS: 7784-1983
Section 1 Aqueduct

- Criteria for hydraulic design of cross IS: 7114-1971
regulators for canals

- Recommendations for structural design criteria IS: 5620-1985
for low head slide gates.

- Recommendations for structural design of IS: 4622-1978
fixed wheel gates.

Monitoring and Evaluation (M&Z) - Water Management

21. An important M&E activity during project period would be the seepage
measurements in old and new canals and watercourses lined with and without
LDPE films. The following standards would apply:

Measurement of seepage losses from canals, code of practice:

- Part I, Ponding Method IS: 9452-1980
- Part 2, Inflow outflow Method IS: 9452-1980
- Guidelines for assessment of seepage losses from IS: 9447-1974
canals by analytical method.

22. Existing procedures of flow measurements in various reaches and at
control points of the irrigation systems, upstream and downstream of canal
outlets would be studied. Recommendations to improve and refine water



-Anne 2
Page 8

management for delivering the allocated supply at farm gates would be made.
The following standards would apply for the flow measuring operations:

- Glossary of terms and symbols (used in IS: 1191-1971
connection with)measurements of liquid
flow with a free surface.

- Guide for selection of methods for measuring IS: 9922-1981
flow irn open channels.

- Instructions for collection of data for the IS: 2915-1964
determination of error in measurement of flow
by velocity area methods.

- Velocity area, methods for measurements of flow IS: 1192-1981
of water in open channels.

- Liquid flow measurements in open channels using IS: 9108-1979
the plate weirs.

- Liquid flow measurement in open channels by IS: 6059-1971
weirs and flumes-weirs of finite crent width for
free discharge.

23. Evaporation loss from reservoirs to be created by Kandi Low daias will be

monitored. IS. 6939-1973 on methods of determination of evaporation for
reservoirs, would apply.

24. An important M&E activity would be to measure annual water and sediment
inflow into Kandi Dam Reservoirs. Observations for each reservoir site
(existing or proposed) would be published in the form of an Annual Report.
Findings in the report would be used to refine rainfall - run off
relationships adopted for each catchment and taking steps to minimize entry of
sadiment into the reservoirs. This work would be undertaken by a division
already functioning for the purpose in Kandi Canal Administration. The

following standards would apply:

- Estimation of discharges by establishing stage IS: 2914-1964
discharge relation in open Channels, recommendations.

- Measurements of suspended sediment open Channels. IS: 4890-1968
- Control of Sediment in reservoirs, code of practice IS: 6518-1972
Bank Guidelines to establish vec tative contour hedges.



- 36 - Annex 2

Page 9

Sutlej Yamuna Link (Punjab Component).

25. The standards to be followed for works on SYL components are listed
below.

A. Civil Works

I. Hand Book of Instruction for the Design of Lined and Unlined Channels
and Masonry Works.

II. Bureau of Indian Standard Publications.

a) IS! 456-1978 Code of practice for plain a.-I reinforced concrete
(3rd revision with amendment No. I).
b) IS: 269-1976 Ordinary and low heat portland cement (3rd revision
with amendments 1 to 5).
c) IS! 1786-1985 High strength deformed steel bars and wired for
concrete reinforcement (3rd revision).
d) TS 432 (Part TL 1982 Mild steel and medium tensile steel bars
(3rd revision).
e) IS: 11A9-1966 Deformed bars for Concrete Reinforcement Not Rolled
mild steel and medium tensile steel.
f) IS* 1986-1981 Code of practice for hard chromium plating on iron
and steel (for general engineering purpose) (lst revision).
g) IS! 875-1964 Code of practice for structural safety of buildings
loading standards (reinforced) (with amendment No. 1)
h) TS! 213t-1981 Method for standard penetration test for soil (lst
revision).
i) IS! 1904-1978Code of practice for structural safety of buildings
shallow foundation (2nd revision).
j) TS: 295 Code of practice for design and construction of raft
foundation
k) IS! 2950 tpart-Tl 1981 Design (2nd revision).
1) 7215-1974 Tolerance of fabrication of steel structures.
m) IS: 5620-1985 Recommendations for structural design criteria for

low head slides gates (2nd revision).
n) IS! 8009 - Part I 1976 Shallow foundation subjected to

symmetrical static vertical loads (with cmendment No.1).
O) IS! 6531-1972 Criteria for design of canal head regulators.
p) TS! 3873-1976 Code of practice for laying in situ cement concrete

Liaing on canals (lst revision).

q) I.S. 4745-19C8 Design of Channel (for rugosity co-efficient and
free board).

r) S.Ls 778,4 Code of practice of design of cross drainage.
s) .S. 640,0. Code of practice determination of allowable bearing

capacity in shallow foundation.
t) T.S. 8408- River Training Work.
u) _S_ 80Q9. Part I: For determination of B.C. in shallow

foundation.

v) TS. 3372. Stresses in steel for water retaining structure.
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II. Indian Road Congress Publications

a) IRc;z -19A5 Standard specification and code of practice for road
bri( es (section I) General features of design (sixth revision).

b) IRC: 6-1966 Standard specification and code of practice for road

bridges (section II) Loads and Stresses.
c) IRC: 21-1972 Standard specification and code of practice for road

bridges (section III) cement concrete (plain and reinforcement)
(lst revision).

d) IRC: 40-1970 Standard specification and code of practice for road
bridges (section IV) Bridges, stone and block masonry.

IV. SYL Specifications

a) Specification No.Earthwork r;pecifications for SYL 2-SYL (const-II)
Canal Project.

b) Specification No.Concrete specifications for SYL 3 - SYL.Canal

Project.

B. Mechanical Works

1. Design of fixed wheel gates, stop-logs, radial gates and specification

for purchase of their hoists

a) IS-4622-1978. Recommendations for structural design of fixed wheel

gates.
b) IS-5620-1985. Recommendation for structural design criteria for

low head slide gates.
c) IS-4623-1979. Recommendation for structural design of radial

gates.
d) IS-11855-1986. Rubber seal for hydraulic gates erection
e) IS-807-1976. Code of practice for design, manufacture,

erection and testing (Structural portion).
f) IS-6938-1973. Code of practice for design of rope drum and chain

hoist for hydraulic gates.
g) IS-2266-1977. Steel wire ropes for general engg.purposes.
h) IS-1893-1975. Criteria for earthquake resistant design of

structures.
i) IS-7215-1974. Tolerances for fabrication of steel structures.

j) IS-2709-1982. Guide for selection of fits.

II. Preparation of Specifications for Purchase of E.O.T.

(electrically operated overhead travelling) and H.O.T.

(Hand operated travelling) cranes.

a) IS-3177-1977. Code of practice of electric overhead travelling
cranes and gantry cranes other than steel works cranes.

b) IS-807-1976.Code of practice for design manufacture erection and

testing (Structural portion) of cranes and hoists.
c) IS-2266-1977. Steel wires ropes for general engg.works.

d) IS-1554. PVC insulated heavy duty cables.
e) IS-3109. Round steel link chain (Electric butt. Welded) Grade 40.
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II. Specifications for Purchase of Pumping Equipment for SYL (including

motors and other electrical accessories).

a) IS-325. Specification for three phase induction motor.

b) IS-2223. Dimensions of flange mounted AC induction motors.

c) IS-2254. Dimensions of vertical shaft motors for pumps.

d) IS-2253. Types of construction and mounting of motors.

e) IS-4691. Degrees of protection provided by enclosures for rotating

electrical machinery.
f) IS-2118. Specification for flame proof enclosure of electrical

apparatus.
g) IS-6362. Designation of methods of cooling for rotating electrical

machines.
h) IS-900. Code of practice for installations and maintenance of

induction motors.
i) IS-4029. Guide for testing three phase induction motors.
j) IS-4722. Specification for rotating electrical machines.
k) IS-4889. Methods of determination of efficiency of rotating

electrical machines.
1) IS-4728. Terminal marking for rotating electrical machinery.
m) IS-966. Single phase small AC and Universal electric motor.

n) IS-3202. Code of practice for climate proofing of electrical

equipment.
0) IS-2848. Platinum resistance thermometer elements

p) IS-1885. Electro-technical vocabulary (Rotating-(Pt XXXV)
machinery).

q) IS-781. Guide for testing insulation resistance of rotating

machines.
r) IS-8789. Values of performance characteristics for three phase

induction motors.
s) IS-3043. Code of practice for earthing.
t) IS-5120 1977. Technical requirement for rotodynamic special

purposes pumps.
u) IS-1710 1972. Vertical turbine pumps for clear, cold and fresh

wateL.
v) IS-6875 1973 (Part III). Push Button and related control switches.

w) IS-2959 1975. Contractors for voltages not exceeding 1000 V-AC or
1200 V-DC.

x) IS-1822 1967. AC motor starters of voltages not exceeding 1100 V.
y) IS-694 1977. PVC Insulated cables for working voltages up to and

including 1100 V.
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Canal and Watercourse Lining

Scope, Benefits and Costs

1. Watercourses About 4,000 km of watercourses serving 426 chaks are
included in the project. Each watercourse with a capacity greater than 0.6
cusecs will be lined to about 70% of its length, and no shareholder will be
more than 1000 ft from a lined channel.

2. The distribution of watercourses by physical characteristics is;

Ongoing schemes 70,678 ha
(mostly saline groundwater and/or waterlogged land)
Waterlogged Zone 4,419 ha
Saline Groundwater Zone 10,000 ha
Sandy Tracts 84,403 ha

Total 169,500 ha

3. Seepage from watercourses short circuits the irrigation process and is
not passed productively through the physiological system of the crop. About
two thirds of the leakage passes directly to the groundwater. In saline areas
the leakage to groundwater cannot be recovered for productive use. In sweet
water areas partial recycling is possible but at the cost of pumping. The
reduction in leakage is estimated to be 234 Mm3, sufficient to irrigate about
39,000 ha.

4. There are significant secondary benefits including improved areal
distribution which brings a better supply to all parts of the chak, reduction
in filling time at the start of the turn and reduced operational losses. In
addition, there are reductions in the cost of maintenance. The obviously
improved system reliability also encourages farmers to invest in better inputs
to their operations. These secondary benefits are difficult to quantify and
have not been taken into account in the economic analysis.

5. The total estimated base cost is Rs 1,290,000 per chak. The area served
is 169,500 ha and the cost per ha is Rs 2954. The average area per chak is
398ha (982 acres). Map IBRD 21801 indicates tne scope of the watercourse
program.

6. Canala The lining of canals will be restricted to (i) saline
groundwater areas; (ii) oversize sections (e.g. Old Lahore Branch); (iii)
selected heavy loss reaches in sandy soils; and (iv) reaches where special
operational problems have occurred. In addition some reconstruction of earth
canals will be included.



-40 - Annex 3- 40 - ~~~~~~Page 2

7. The savings in water are estimated to be 240 Nm3, sufficient to irrigate
about 54,000 ha. Additional benefits will accrue from reduced maintenance and
better operation. About 349 km of branch canals and 467 km of distributaries
and minors will be modernized at a base cost of Rs 828 M. Map IBRD 21801
shows the location of the canals to be lined.

Operation and Maintenance

8. Watercourses Farmers are at present responsible for maintenance below
the outlet. Generally, this arrangement has proved satisfactory, but GOP has
recently decided that in cases where maintenance of the watercourse is
ir.adequate, the work would be undertaken departmentally at the expense of the
beneficiaries. Initial funding for the work will be drawn from the Rural
Development Fee, a charge already levied on marketed production for purposes
which include improving irrigation facilities. Ultimately, in accordance with
Goverrment Orders already issued, the beneficiaries would have to deposit in
advance the expected maintenance requirement.

9. Canala The Chief Engineer (Canals) is responsible for maintenance of
all canals in Punjab. Current levels of maintenance are generally good.
Under his charge is a staff of about 2000, distributed throughout the
commands.

10. Irrigation charges currently amount to Rs 140 M, of which collections
are 90%. Expenditures on maintenance are currently Rs 250 M (about Rs 80/ha),
but this figure is under review by GOP and is likely to increase.
Expenditures on maintenance appear low because they do not include the costs
of operating the main Bhakra-Beas complex which is operated as an autonomous
utility by the Bhakra-Beas Management Board, and is fully self financing
through revenues from the sale of electricity. In addition, there are no
controls to be operated on the irrigation system below the distributary head
(typically 5 000-10 000 ha level), which limits the number of operators
required.

Watercourse Design Characteristics

11. watercourse Hydraulic Designa All watercourses will be lined for about
70% of the full length. The lined section will be either rectangular or
semicircular. The hydraulic design will be based on a Manning 'n' of 0.019
and the Lacey 'f' will not be less than the associated upstream distributary.

12. Watercourse Structural Desian The standard design of the watercourses
in Phase I was a rectangular section, with an internal plaster seal. While
this design has proved entirely satisfactory in practice, the ID has
constantly searched for ways to improve the design and reduce the costs. As a
result of trials with various designs over the past several years, the section
proposed for Phase II in areas where the water table threatens the foundation
stability of the lined section is a semicircular brick lined section with
either an internal plaster seal or an external LDPE seal. The features of the
semicircular and rectangular sections can be summarized as follows.

13. The semicir-ular sg-tion uses less bricks and is about 20% cheaper
overall than the conventional rectangular design, and provides the possibility
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of mechanical compaction for the whole section including side earth banks.
The semicircular section is structurally comparable with the rectangular
section. Cleaning is easier than the rectangular section. However the strip
of land required in fill sections is about 1-2 m more than the rectangular
section. The proposed external LDPE film is dependant on the integrity of the
side banks which experience has shown to be vulnerable to cultivation by
farmers. For this reason an internal plaster seal will be needed in high
embankment sections.

14. The rectangular section has been well proved in 30,000 km of watercourse
over the past 20 years and is less susceptible to damage by farmers
cultivating close to the channel. It takes marginally less land in embankment
sections which are most common in the watercourse alignment.

15. The conclusion is that the lower cost of the semicircular section has to
be balanced principally against the marginally wider strip of land consumed in
embankment sections. The project will permit either design to be used as
appropriate for the particular site.

16. For the conventional rectangular design, the earthworks will be
mechanically compacted to 90 % Standard Proctor up to the base formation
level. The bed will be 3" flat brick and the sides 4 1/2" brick set in 1:5
cement sand mortar. The inside surfaces will be plastered with 3/8" thick 1:3
cement sand plaster. The external embankments will be hand compacted.

17. For the semicircular design, the pad method of construction will be
used. The earthworks will be mechanically compacted to the full embankment
profile to 90 % Standard Proctor, and the semicircular section excavated
either by hand or back hoe. For cut sections, a 200 micron LDPE seal will be
placed directly on the prepared earth. For fill sections, the LDPE film will
be omitted and an internal 3/8" thick 1:3 cement plaster seal will be
provided. In both cases a 3" flat brick lining will be laid in 1:4 cement
sand mortar. Chart IBRD 45296 shows the watercourse designs.

,.8. Watercourse pivision structures (Nakkas) The main weakness in the
current watercourse lining program is the design of the nakkas. The thin
steel plates sliding in narrow grooves are subject to corrosion, theft and
choking of the groove. The farmers have had to resort to temporary
substitutes using clay plugs borrowed from the nearby banks. Accordingly, the
design will be changed to a simpler concept using sloping side benches and a
bed bench. The benches will be one course of bricks wide. The shutters can
be any material, steel, concrete or wood and the bench design makes the need
for an accurate fit in a groove unnecessary. The bench nakka will be used for
both the rectangular and semicircular watercourses. Chart IBRD 45669 shows
the nakka design.

19. Watercourse Monitoring. A randomly selected sample of about 20% of the
watercourses constructed (10% rectangular and 10% semicircular) will be
examined one year after construction and the loss over the lined length
measured with a portable V notch or flume. A report on the results of the
measurements, together with a description of the condition of the channel and
nakkas will be provided. Repeat measurements and reports will be made on the
same sample annually (See Annex 10 for details).
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Canals Systems

20. Ooerational ReAnirements. The canal system have been operated for up
to 100 years and rotational procedures are well established. Nevertheless a
review will be made of the methodology to see whether there are any
possibilities for improvement with the better regulation and canal facilities
which will be provided under this project, or any changes called for in
connection with the proposed extensive micro hydro plan. The operational plan
for each major main branch showing the rotational options will be reviewed and
hence the regulation required determined.

21. From the operational plan, the regulation requirements, flows and FSLs
at all nodal points will be defined and published, so that all those involved
from the on-farm level upwards will have clear and unambiguous objectives in
the design for service to the farmer.

22. Implementation of Works and Standards. The canal, distributary and
watercourse remodelling will be planned in such a way that the facilities are
completed in operational units. All materials and workmanship will comply
with agreed Standards (IS) (Annex 2).

23. Selection of Canal Lining Seal. The Phase I canal lining program was
based on a standardized cup, or split cup section. The lining specification
for the Phase I program consisted of standard bricks laid flat (for channels
up to 500 cusecs) or laid on edge (above 500 cusecs) in 1:3 cement sand mortar
on a seal layer of 3/8" 1:3 cement sand plaster underlain with a blinding
layer of 1:5 cement sand plaster. This specification has been used for
several decades and has proved to have satisfactory structural and sealing
characteristics. Prior to lining, seepage losses average 2.4-3 m3/s/Mm2.
After lining, losses are typically in the range 0.5-0.6 m3/s/Mm2 (1.5-2.0
cusecs/Mft2). For further improvement of the lining performance, and cost
reduction, trials have been done over the past eight years, in parallel with
the Phase I program, on the use of LDPE film in place of the plaster seal.
After extensive testing under site conditions of 400, 600, 800, 1000, and
1200 gauge (100,150,200,250,300 microns) LDPE film it was found that 400 gauge
was invariably heavily pinholed, 600 gauge occasionally pinholed and 800 gauge
rarely damaged in laying. No damage to 1000 and 1200 gauge was observed.
Based on these results, 800 gauge was adopted for extensive trials. About 250
km of distributaries and minors were included in the pilot program and
regularly monitored. Seepage, measured by ponding, was in the range of 0.06-
0.15 m3/s/Mm2 ( 0.2-0.5 cusecs/Mft2). No case of peeling off of the brick
skin has occurred. There is no sign of compression failure at the toe of the
brick lining. Nor has any other defect developed in the pilot reaches. The
cost of the LDPE sealed section is about 10% less than the plaster sealed
section. It is concluded that the case for using LDPE for channels in the
range tested (i.e. < 500 cusecs) and under the quality control provided is
satisfactory, and there is no reason to doubt that, under similar conditions
of quality control, the technique can be extended to branch canals.

24. Policy to be Adopted for Stage II. Based on the evidence described
above, either the conventional plaster or an LDPE seal may be used. The
lining program for the larger branch canals which use LDPE will be closely
monitored for two years after construction, including leakage measurements by



-43 - Annzx 3
Page 5

ponding methods and close inspection for structural defects. Regular
performance reports will be prepared and forwarded to the Bank for review.

25. Canal H4ydraulin nsiga, The canal design will be based on a Manning 'n'
value of 0.018 for brick lined sections. For earthwork sections the 'n' value
will follow measured values in the original canals.

26. Lined sections (Diagram....) will generally be either cup (b-0) or split
cup (b > 0) where high groundwater level conditions indicate the use of a
larger width/depth ratio. The radius of curvature for the cup section will be
standardized in extensive reaches of channel. The minimum Lacey 'f' will be
consistent with the upstream channels. The maximum velocity will be 2 m/sec
and Froude Nos between 0.9 and 1.1 will be avoided.

29. Earth sections will have a defined width/depth (W/D) ratio related to
discharge. The W/D ratio may be either derived from Lacey values or
arbitrarily fixed based on running experience. Both maximum and minimum Lacey
'f' values will be consistent with the upstream conditions.

30. Canal Stru-ctural Desion. Earthworks will be mechanically compacted to a
minimum dry density of 95 % standard Proctor.

31. Lining will be standard brick as follows:

Canal discharge < 350 cusecs:

Side slopes and bed: (i) 3" flat bricks in 1:3 cement sand
mortar;

Seal: (i) 3/8" thick 1:3 cement sand plaster seal
which is placed on 1/2" thick 1:5 cement
sand plaster blinding layer; or

(ii) 800 gauge (200 micron) LDPE film.

Canal discharge >350 <500 cusecs:

Side slopes: (i) 4 1/2" brick on edge, laid herringbone
bond, in 1:3 cement sand mortar;

Seal: (i) 3/8 thick 1:3 cement sand plaster seal
which is placed on 1/2" thick 1:5 cement
sand plaster blinding layer; or(ii)800
gauge (200 micron) LDPE film.

Bed: (i) 3" flat brick in 1:3 cement sand mortar;
Seal: (i) 3/8" thick 1:3 cement sand plaster seal

laid over 1/2" thick 1:5 cement sand
plaster blinding layer; or

(ii) 800 gauge (200 micron) LDPE film.

Canal discharge > 500 cusecs:

Side slopes and bed: (i) 4 1/2" brick on edge,laid herringbone
bond, in 1:3 cement sand mortar;

Seal: (i) 3/8" thick cement sand plaster seal
which is placed over 1/2" thick 1:5 cement
sand plaster blinding layer; or
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(ii) 1000 gauge (250 micron) LDPE film.

32. The LDPE film will be laid directly on the prepared compacted earth
except where sharp stones or roots indicate the need for a plaster blinding
layer. The structural design of all embankments will be as homogeneous
compacted fill. Dispersive clays should not be used for embankment material.
In zones of high water table, drainage from behind the lining will be
provided, vented to a sealed drainage pit which can be pumped dry if ever the
canals have to be drained for maintenance.

33. Computer Proggxax2n Microcomputer programs will be prepared by GOP for
the rapid design and checking of the hydraulic designs described above.
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Regulation of Surface Water For Irrigation.

Background

1. The Bhakra-Beas-Ravi complex delivers water to four main distribution
points, Ropar, Madhopur, Shah Nehar and Harike/Ferozepur (Map IBRD 21800).
Indents for delivery to these points are placed with the BBMB by the three
riparian users and a regulated supply delivered by systems of main and branch
canals to heads of distributaries. The distributaries and minors deliver a
supply to the watercourse outlets. The d_stributaries and minors run either
full on or off in rotational turns. The rotational turns may be continuous,
or staggered to suit the demand or the supply. The supply delivered to the
watercourse, whenever the distribution system is running, is a convenient
farm stream of 30-60 l/s and is distributed within the chak by rotating the
whole stream. The distributaries and minors are not regulated; they are
designed for area-proportional distribution.

2. Although the BBMB has a high degree of control through the storage
available, there is significant unplanned variability in the supply caused by
uncontrolled run-off below the dams and by operation for power. The BBMB is
actively pursuing a program to improve the operational capability, but the
canal system will always have to accept some unplanned variations.

Existing Control Structures

3. The regulated portions of the system, the main and branch canals, are
upstream controlled by cross regulators using drop needles or 'kerries'. As
in any upstream controlled system, escapes are provided to cater for
accidental mismatching of inflow and outflow. The regulators have to be
adjusted each time there is a change in the rotational flows because of
planned irrigation or in response to rainfall. The drop aeedle regulation
mechanism are the source of considerable inefficiency, allowing leakage
between each needle and requiring several hours to set and reset. At the
distributary head structures, the kerries allow leakage during the period when
the distributaries are 'off'. The leakage cannot be used directly and
evaporates, or finds its way to the groundwater. While such leakage can be re-
pumped from the sweet water zones a pumping cost is incurred: from the saline
zones the leakage is all lost. The kerries at the regulators take several
hours to adjust and in this period the rotational flows cannot be guaranteed
to the distributary heads. The savings result both from preventing leakage
to non running distributaries and from eliminating the time interval for the
manipulation of regulation by the drop needles. Savings in water could result
from both causes are estimated to be of the order of 100 M m3 (0.09 MAF) per
year. In addition, the current communication system is inadequate to ensure a
balance in the input and output to each system with consequential losses
through the escapes.
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Proposals for Improvements of Control Structures

4. The project proposes to provide more easily managed regulators and an
improved communication system (Annex 5). in addition, provision is made for a
computer based operational monitoring system which will provide the
possibility of more sophisticated operation than the current priority
rotations (Annex 10).

5. The desirable hydraulic characteristics of the regulators for upstream
control will be to provide constant upstream levels in spite of changing flow
through the structure. A number of options have been evaluated for this,
including the use of long weir controls and a number of automatic gates.

Modernization Scope

6. Cross Regulators, Canal Head Regulators, Autorecorders and Escapes
will be modernized or provided as follows:

Cross Head Auto Escapes
Regulators Regulators Recorders Gated Spillway

Sirhind Canal System 33 29 30 14 23
Sirhind Feeder 7 18 14 7
Eastern Canal 5 14 7 6 2
UBDC 26 45 14 4 11
Bist Doab Canal 6 31 5 2 10
Bhakra Main Line 3 13 10 3 8

Total 80 150 80 29 61

The base cost of the component is summarized in Annex 13, Table 5.
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Communications Systems

Introduction

1. The management of the water regulation system for storage, power
generation, irrigation requires a canal control system which is capable of
being regulated, and a management service which has access to data. For the
latter, a reliable communication network is essential.

2. There are now 117 telegraph offices and 318 magneto type telephones,
operated by the Irrigation Department to monitor the daily discharges at major
headworks, and in main branch, distributary and minor canals. The single wire
earth return telephone system is over 70 years old and has no direct link with
the State Headquarters in Chandigarh. Both the telegraph and telephone land
lines are vulnerable to storm damage and are frequently down at times when
they are most urgently needed.

High Quality Digital Communication System Master Plan

3. It is proposed to replace the existing telegraph system with a high
quality digital communications communication system to provide secure
communications for regulation of releases from Bhakra, Pong and eventually
Thein dams, for canal regulation in the State and for flood warning. A Master
Plan has been developed for the communication system, and will be implemented
under the project.

4. Agreement has been reached with the Department of Telecommunications
(DOT) for the leasing of high quality digital trunk circuits between the main
Circle and District offices. The field operations will be linked to the trunk
system with high quality digital Time Division Multiple Access (TDMA)
satellite systems. The objectives of the system will be to:

a) fulfill both State Headquarters and District Headquarters
communication requirements while simultaneously integrating
District Headquarters, Circle Offices and Field Offices into a
State wide network;

b) have the ability to expand and adopt to new communication
requirement and to establish temporary radio links with field
offices of the Communication Circle and with flood/drainage
monitoring points of the Irrigation Department;

c) provide direct time shared telemetry links from important
regulation head works to the State Headquarters for regulation
monitoring;

d) provide direct teleprinter and fax links from District
Headquarters to State Headquarters for passing messages from
various Circle Offices located in a particular region;
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e) provide intercommunication between each station located in the
jurisdiction of each District Headquarters; and

f) provide access to the state and national DOT system and hence to
the Punjab State Electricity Board and the Bhakra Beas Management
Board and anyone connected to that system.

5. Svstem Description The TDMA systems will be installed at the
following centers and hooked into the DOT trunk network at these locations.

(i) Chandigarh
(ii) Patiala
(iii) Ludhiana
(iv) Jalandar
(v) Hoshiarpur
(vi) Ferozepur
(vii) Amritsar
(viii) Bhatinda
(ix) Talwara
(x) Shahpur

Each TDMA system will serve a radius of approximately 30 to 40 km and,
together will provide coverage to all the circle and field offices in the
Punjab. About ten TDMA systems will be needed. Each TDMA system can have up
to 128 subscribers, thus ten systems will provide 1280 connections for the
Irrigation service.

Cost and Phasing of Program

6. An amount of Rs 63.7 M has been provided for ten TDMA systems. The
program will be phased to bring in about two complete TDMAs each year.
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Drainage Component

Introduction

1. Large scale development of surface water irrigation systems was
initiated in the Indus Basin during the latter part of the 19th century using
run-of-the-river supplies from the major tributaries of the Indus River. By
early in the 20th century, much of the plains area of what is now the Indian
State of Punjab was receiving surface water irrigation through diversions from
the Sutlej, Beas and Ravi Rivers. However, provision was not made for
evacuating surface water surpluses by construction of drains. In fact, the
already poorly defined natural drainage was made less effective by the
superpositioning of irrigation, road and rail infrastructure and the
development of farmland by the settlers across the natural micro-drainage.

2. The impedances imposed on the natural drainage had little negative
impact on agricultural production in the irrigated areas during the first half
of the present century, due to the high infiltration rates of the soils, the
availability of a large unfilled reservoir in the groundwater system to
receive infiltration, and the relatively low rainfall on much of the area.
But flooding from the large rivers and spate streams debouching from the
Himalaya was a recurring problem. However, the introduction of surface water
irrigation and the creation of surface water drainage impedances on an
extensive area caused a positive change in the groundwater balance in the
area. The groundwater system waa unable to dispose of all the additional
recharge by natural outflow, and the surplus was taken into groundwater
storage. This reslIted in a progressive rise of the water table beneath the
gross area under irrigation. This had no impact on agriculture until the
water table had risen to within 2.0 m or less from land surface, which was not
a common phenomenon in the first half of the century, except in the vicinity
of large unlined canals.

3. In the decade after independence, the water table rose to near land
surface and water logging conditions developed in extensive areas of the
plains of northeastern and central Punjab. Deprived of the groundwater
reservoir to accept infiltration, flooding increased on lands which had
previously not been subject to this hazard. In 1963, the Government of Punjab
undertook a regional surface water drainage and flood control project with the
assistance of the World Bank. The drainage works were concentrated in the
northeast and central parts of the State where the drainage problem was then
most acute. Only a network of master drains was provided in the southwestern
part of the state. The development of the surface water drainage system in
the northeastern and central parts of Punjab, together with intensive
development of groundwater for irrigation by the private sector (which
incidently, provided vertical drainage) have removed the water logging and
associated flooding hazards.
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4. Meanwhile, in the southwestern part of the State (where the water table
was originally deeper than in the northeast and center) the water table was
still rising. In this area, most of the groundwater is of poor quality,
unsuitable for irrigation, and the prospects for private groundwater
development are very limited. Water logging first became evident early in the
1970's and there has been a progressive extension of the area with dangerously
shallow water table depth in the subsequent period. It is estimated that the
gross area with a water table at a depth of l.5m or less at the end of the
monsoon is now about 200,000 ha. The area covers parts of Ferozepur,
Faridkot, Bhatinda and Sangrur Districts. The gross area underlain by poor
quality groundwater (and therefore at risk from water logging) is estimated to
be about 650,000 ha. A survey of the above districts in 1987 indicated that
about 17,000 ha of land in scattered pockets have been completely abandoned
because farming had become impossible due to water logging.

5. The drainage component of the project would address the drainage problem
in southwestern Punjab by:

(a) reconditioning and improving the existing master drainage system;

(b) construction of link drains outfalling into the master system from
areas of surface water drainage congestion;

(c) construction of toe drains by connecting borrow pits along
selected major canals with high seepage losses which cause local
water logging, the toe drains outfalling to the master drains; and

(d) initiating reclamation of the 17,000 ha of abandoned water logged
land (which cannot be treated by surface drainage improvements due
to drain depth limitations) by installing sub-surface pipe
drainage systems.

A. Surface Drainage Works

Scope of Work

6. The surface water drainage system under consideration covers a gross
area of about 1.0 M ha, but the proposed works aim specifically at improved
drainage for an area of 200,000 ha of water logged land in the districts of
Ferozepur, Faridkot, Bhatinda and Sangrur (Map IBRD 21802). The work
involves:

a) reconditioning and improving 1,693 km of existing drains,
including provision of appropriate crossings, bridges and cross
drainage structures;

b) construction of 136 new link drains of total length 795 km to
connect depressions and other areas of drainage congestion
(totalling 62,000 ha) to the main drains; and

c) linking the borrow pits to form toe drains along reaches of the
(i) Rajasthan Feeder Canal; (ii)Sirhind Feeder Canal;
(iii)Ferozepur Canal and (iv)Bikaner Canal with a total length of
519 km, and connecting them to the main drainage system.
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Design criteria for the Drainage System

7. Main System The regional drainage system is designed to evacuate the run
off generated by a three-day storm in three days from an area of about 10 km2.
An area attenuation factor applied to larger catchments which progressively
reduces the design runoff coefficient inversely with the increased area. The
design capacities for surface drainage channels are shown below for a series
of catchment areas:

Design capacity of drain

Catchment area Total capacity Capacity/ha
(km2) (m3/s) (1/s/ha)

10 1.90 1.90

20 2.46 1.23
30 3.03 1.01
75 5.48 0.73
125 7.13 0.57
2,500 142.50 0.57

8. The design criteria follow the Indian Standard code and are closely in
accord with international standards for design of drainage systems on
agricultural land in this type of climate and soil conditions. Cross drainage
and other structures associated with the drains are designed for a three day
storm with a 50 year return period, apart from district road and railway
bridges which are to be designed by the particular authorities involved to
Indian standards for such structures.

9. Top Drains The toe drains will be designed according to the estimated
seepage losses they are expected to intercept along the canal reach on which
they are located. Care will be taken to minimize induced seepage losses by
setting the toe drain invert at as shallow a depth as is feasible. As the
water may be expected to be of good quality after the drains have run for a
short time, arrangements may be made for recovering the outflow for use rather
than discharging it to the main drainage system.

Implementation Schedule

10. The surface drainage component is scheduled for completion over a five
year period. The total cost including administration and engineering
supervision, and mainter.ance of works during construction is summarized in
Annex 37.

Buildings, Vehicles and Equipment for Construction

11. Buildings, including staff accommodation, offices and temporary stores
will be required for implementation of the project. The total estimated cost
of buildings in 1989 prices is Rs 3.22 M.

12. It will be necessary to procure a relatively small amount of
vehicles,plant and office equipment. The total estimated cost of these items
in 1989 prices is Rs 24.26 M.
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Maintenance of Drains

13. The Drainage Department has prepared a routine maintenance plan for the
drainage system to be constructed under the project. The plan includes the
engagement of a permanent labor force for general light maintenance, removal
of heavy weed growth by special labor gangs or using draglines, and mechanical
desilting of drains. The drains have been divided into three categories for
estimating maintenance requirements: (a) drains requiring desilting and
reconditioning every year; (b) drains requiring desilting once in three
years; and (c) drains requiring reconditioning every six years. The five
year plan reflects the expected build-up of the drainage system over the life
of the project from 1,693 km of drain length at the start of the project to
2,488 km at completion. The toe drains are not included as these will be
maintained by the canals organization.

14. The drainage maintenance plan indicates that the works could be carried
out without increase in staffing above Class IV category (permanent labor).
However, additional plant would be required above that already available. The
estimated cost of this equipment in 1989 prices is Rs 12.5 M.

S. Sub-surface Drainage Works

Background

15. A survey of the districts of Ferozepur, Faridkot, Bhatinda and Sangrur
in 1987 indicated that some 17,000 ha of land had then been abandoned for
agriculture. These lands lie in scattered pockets in the bottoms of broad
valleys and range in area from about 40 ha to more than 500 ha. However, it
should be noted that the water table continues to rise in a gross area of
about 650,000 ha and assuming only the lower lying areas of the broad swales
become very seriously water logged, a considerable expansion of the area
requiring drainage treatment may be foreseen. Moreover, land should be
treated for water logging before it becomes so badly deteriorated as to be
abandoned, thus requiring expenditures on land reclamation in addition to the
cost of drainage.

16. The areas which are extremely water logged generally lie in the bottoms
of shallow closed basins which cannot be drained effectively by surface
channels as the grade to the outfall is limited. This limits the depth to
which the open channel can be taken while maintaining an outfall gradient.

Pilot Subsurface Drainage Area

17. A pilot area of buried PVC pipe drainage was constructed on 300 ha in
1986/87 as a Research Study under the Punjab Irrigation Project (Cr IN-893).
An area of 100 ha has perforated PVC laterals set at a depth of about 1.0 m
outfalling directly into an open drain. The remaining 200 ha have laterals
set at about 2.0 m depth and outfalling into a pipe collector from where the
drainage effluent discharges to a sump and is then pumped to an open drain.
The laterals of 150 mm diameter rigid PVC pipe were perforated and then
wrapped in rot-resistant fabric before being set in the ground in a gravel
shroud at the selected depth to maintain an outfall gradient. In the case of
the 200 ha area with pumped water evacuation, the collector is a 200 mm
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diameter rigid PVC pipe which outfalls into the sump. Brick-built inspection
pits were installed at 200 m intervals on the laterals in both areas and at
the junctions with the collector on the 200 ha area.

18. The area selected for the pilot development was extremely water
logged, had been abandoned for about 15 years and had acquired a dense growth
of bullrushes. Despite the fact that the construction was done under very
adverse conditions (using inappropriate equipment and requiring dewatering to
lay the pipe), and using the only available PVC pipe material (which had to be
adapted for drainage use), the work was completed successfully and drained the
land to a minimum depth of 1.5 m in the 200 ha area and to a minimum depth of
0.75 m in the 100 ha area.

19. Since 1987, the owners of the previously derelict land have
progressively extended reclamation. At present, 95 ha of the 300 ha pilot
area are being cultivated. However, it is clear that reclamation of such
badly deteriorated land involves inputs which are beyond the means of many of
the almost destitute land owners In particular, manual removal of bullrush
roots has proved to be expensive. The costs to the farmers are indicated
below:

Cost Estimate for Recl-mation of Deteriorated Land

Item Description Cost/h&

(Rs.)
1. Clearance of bullrush cover and roots manually 2,500
2. Repeat ploughing (4 passes) 1,000
3. Labor working behind tractor plough (32 man days) 960
4. Land levelling with tractor 1,680
5. Gypsum treatment for alkalinity 1.500

Total 9,350

Note: arrangement must be made for leaching water

20. Provision will be made under the proposed project for tearing up roots
by one or two passes with a deep set cultivator behind a tractor as a project
cost. This would replace items 1 and 2 above.

21. The effluent from the sump on the 200 ha areas has had EC values in the
range of 2000-3000 pmhos/cm for the past two years. This water could probably
be used for leaching and might be used for irrigation in conjunction with
surface water. The outflows from the 100 ha area have EC values around 6,000
Amhos/cm and must be discarded to drainage.

22. The success of the pilot area has prompted GOP to include a component
for sub-surface drainage by buried pipe systems in the project. A pipe laying
machine will be procured from abroad. The machine is capable of trenching,
laying pipe, installing a gravel pack and backfilling as a continuous process
with pipe depths up to about 3.0 m. The flexible, corrugated PVC pipe
material required for use with the machine is now manufactured in India.

Scope of Works
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23. There are 17,000 ha of essentially derelict land due to waterlogging
(and a growing area which will need treatment). The project will support
construction of sub-surface drainage on 5,000 ha on a pilot basis, after which
the performance of the technical and economic performance of the system will
be assessed. On the basis of this assessment, the future program will be
established. The machine to be procured could cover about 4,000 ha/yr in
the hands of a skilled operator. The GOP implementation program allows one
year to procure the pipe layirg equipment and then envisages installation of
sub-surface drainage systems on 1,000 ha in year 2 and on 2,000 ha in each of
years 3 and 4.

24. The Drainage Department has identified about 5,000 ha of very badly
deteriorated land due to water logging which will be treated under the
project. The land is distributed in 41 scattered pockets of sizes ranging
from 40 ha to 413 ha (Map IBRD 21802).

Design Criteria for Subsurface Drainage System

25. Basic Design. The systems have been designed with lateral drainage
pipes set at a depth of about 2.0 m with a spacing of 150 m. In general,
laterals will extend 750 m to either side of a collector drain which will
outfall to a sump from where the effluent will be pumped to an
evaporator/fishpond. Water surface slopes in pipelines will be on gradients
of 1:5000. The laterals will be of 100 mm diameter perforated, corrugated PVC
pipe. The collectors will be of similar material of 150 mm and 200 mm
diameters, depending on the area under the drainage system. The pipes will be
shrouded with graded gravel, but experiments will be carried out with pipe
which is pre-covered with a man-made fibre filter to test whether this is
technically equal to a gravel shroud and can be installed at lower cost.
inspection manholes will be provided at 250 m intervals along the laterals and
at the junctions of laterals with the collector(s). The sump will be a brick
lined circular structure of about 3.0 m diameter and 2.5-3.0 m deep, with a
concrete floor. Electrically powered centrifugal .pumps will be provided as
standard for effluent evacuation, with a number of diesel powered centrifugal
pumps on standby in Drainage Department Stores. Housing for the pump
operators is included in the cost estimate.

26. Design Drainable Surplus The average rate of water table rise in the
region of 0.5-1.0 m/yr indicates a drainage requirement of 50-100 mm of water
per year from the regional surface. This translates into an average drainage
requirement of 0.016-0.032 1/s/ha on the gross area. However, with the
development of the water logging in valley bottoms, such areas become drainage
sinks for the surrounding higher land. They may actually be disposing by
evaporation of the drainable surplus from an area two to four times larger
than the water logged area. This must be taken into account when estimating
the quantity of effluent which will be produced from any given subsurface
drainage area. Moreover, allowance must be made for peak outflows from the
system which would occur due to heavy rain or irrigation applications. It is
considered that the design discharge from the drainage system should be taken
as about 0.1/s/ha. The pipe systems as designed are capable of handling such
unit area discharges.

27. Evaporation/Fish Ponds It is planned to dispose of all groundwater
drainage effluent within the project area through evaporation ponds. It is
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also planned that ponds will be used for fish culture. An ongoing experiment
shows that carp can be raised successfully using a water source with EC of
about 4,000 pmhos/cm (taken from a tubewell to a one acre pond at Khuranj).
What still remains uncertain is for how long the fish culture will be
successful with increasing water salinity in the pond. It must be accepted
that the prime function of the pond is to dispose of water by evaporation and
to store salt, and that fish production is a possible secondary benefit.

28. Calculations indicate that evaporation ponds can provide a mechanism for
disposal of the water component of the drainage effluent and can store salt
for up to 20 years without loss of evaporation rate due to salt concentration
through time (see Appendix 1). However, the area committed to evaporation
ponds will be large. Assuming that a tile drainage area on a valley bottom
effectively drains three times its area of surrounding land, and that the
regional drainage requirement is in the range of 0.016 - 0.032 1/s/ha (para
24), 12-24 ha of ponds could be required to dispose of the drainage effluent
from 100 ha of treated area collecting from a total area of 400 ha. In this
respect, the measured outflows from the 200 ha pilot area, which range from
about 4 l/s to 7 1/s (0.02-0.035 1/s/ha on the drained area) may be
misleading. The area still carries a thick cover of bullrushes on about
135 ha, which are functioning as pumps and probably transpiring about two
thirds of the drainable surplus.

Implementation Schedule and Cost Estimate for Subsurface Drainage
Works

29. The groundwater drainage component is scheduled for completion over a
four year period. The total cost of the works in 1989 prices is estimated to
be Rs 122..41 M including administration and engineering supervision, and
maintenance of works during construction but excluding physical contingencies.
The overall inclusive cost for the drainage system is Rs.23,700/ha of which
about 30% relates to the land and works required for the effluent disposal
system by evaporation tanks.

Equipment

30. The only major item of equipment to be procured is the pipe laying
machine at an estimated cost of Rs 4.8 M in mid-1989 prices. The machine has
a life of 15,000 hr. of operation, or 10 years at 1500 hr. operation per year.
Depreciation and maintenance of the machine has been included under the cost
estimate for construction of the pipe drainage system.

Land Reclamation

31. As noted under para 19, reclamation of the badly deteriorated land
presents difficulty to the land owners, particularly with regard to root
clearance. A provision will be made under the project for ripping up the root
of bullrush using a crawler tractor fitted with a heavy duty cultivator. The
estimated cost for this work is Rs.3,000/ha.

Materials Procurement

32. The major materials procurement item is corrugated PVC drainage pipe.
Estimated pipe requirements are as follows:
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Ttam Description lnit 90/91 21/92 92/93 93/94 94/95 Total

1. 200 mm pipe m - 10,600 21,200 21,200 - 53,000

2. 150 vm pipe m - 5,300 10,600 10,600 - 26,900

3. 100 nun pipe m - 70,000 140,000 140,000 - 350,000

Note: all pipes of corrugated PVC.
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OPERATION o0 EVAPORATION PONDS

Introduction

1. The use of evaporation ponds to dispose of the water in the saline
drainage effl-rat, and to collect the salt for disposal, is an interim
solution to tne effluent problem, proposed to parallel the execution of the
pilot sub-surface drainage works. Studies are also underway in relation to
the long term solutions to the drainage problems of the region, of which
evaporation ponds are one of several solutions to be considered. This pilot
system will provide valuable information for the broader study.

Assumptions for Calculations

2. The following assumptions are made for computing water and salt balances
in the pond.

a) Effective area of pond for evaporation - 20,000 m2 (2.0 ha)

b) Depth of water at FSL - 2.0 m.

c) Evaporation from water surface - 1,825 mm/yr with 186 mm in December-
January (62 days), 236 mm in February-March (59 days), 366 nm in
April-May (61 days), 427 mm in June-July (61 days), 366 mm in August-
September (61 days) and 244 mm in October-November (61 days).

d) Rainfall on pond - 350 mm/yr with 20 mm in December - January, 20 mm
in February - March, 10 mm in April - May, 100 mm in June - July,
140 mm in August - September, 60 mm in October-November

e) Pond is full on 1 April and returns to FSL on 31 March.

f) Flow rate of incoming drainage water is constant.

g) Dissolved solids in drainage component is constant at 2,000 ppm.(2
kg/m3).

h) Seepage losses from pond are negligible.

Pond Water and Salt Balances

3. As there is no change in storage from 1 April to 31 March, the pond would
dispose of water as follows:

Total annual evaporation (1.825 m on 20,000m2) = 36,500m3
Assumed annual rainfall on pond 7,000m3
Balance to dispose of drainage effluent c 29,500m3

The pond is able to dispose of 29,500m3/yr of drainage water at an average
inflow of 0.9351/sec. Estimated drainable surpluses are in the range of
0.01591/sec/ha (50mm/yr) to 0.0321/sec/ha (100mm/yr). The pond could
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inflow of 0.9351/sec. Estimated drainable surpluses are in the range of
0.01591/sec/ha (SOmm/yr) to 0.0321/sec/ha (l00mm/yr). The pond could
therefore dispose of the drainable surplus from 29.5-59 ha.

4. _prd Water Balance Assuming drainage water inflow constant at 0.9351/sec

or 4.04 mm/day, the pond water balance over the year would be as follows with
no change in storage:

Eari2d Incoming water Outgoing Change in pond level
Drainage Baia Evaorat Tn Poerioeid Cuuative
-------------------------------- mM ------------------------

April-May 246.44 10 366 -109.56 -109.56
June-July 246.44 100 427 -80.56 -190.12
Aug-Sept 246.44 140 366 +20.44 -169.65
Oct-Nov 246.44 60 244 +62.44 -107.24
Dec-Jan 250.48 20 186 +84.48 -22.76
Feb-March 238.36 20 236 +22.36 -0.4*

* rounding error

5. Pond Salt Balance It is assumed that the pond is initially filled with
drainage water containing 2,000 ppm dissolved solids. The added drainage
water imports 59,000 kg of salt annually to the pond which increases the
dissolved solids in the water by 1,475 ppm each year at 31 March. Thus, if
the water is held in the pond over a series of years without exporting salt,
the salinities will increase as follows:

Start of first year - 2,000 ppm
End of first year - 3,475 ppm
End of third year - 6,425 ppm
End of fifth year - 9,375 ppm

End of tenth year - 16,750 ppm

6. Calculated water and salt balances for bimonthly periods are tabulated
below:
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Pond Water Blance - A4-monthly
Total salt in Pond Nater Volum Salinty

Date (Kg) Meter3 (ppm)

1 April 80,000 40,000 2,000
31 May 85,858 37,809 2,377
31 July 99,716 36,198 2,755
30 September 109,574 36,607 2,993
30 November 119,432 37,855 3,155
31 January 129,451 39,545 3,274
31 March 138,985 40,000 3,475

1 April 375,000 40,000 9,375
31 May 384,858 37,809 10,179
31 July 394,716 36,198 10,904
30 September 404,574 36,607 11,058
30 November 414,432 37,855 10,948
31 January 424,451 39,545 10,733
31 March 433,985 40,000 10,850

Conclusions

7. The following conclusions may be reached from the foregoing calculations:

a) Evaporation ponds located within the irrigated area could provide a
mechanism for disposal of the water component of the groundwater drainage
effli'ent, but the salt component would be concentrated in the ponds from where
it would have to be eventually disposed of.

b) If the raw groundwater effluent is of a similar salt concentration
as the assumed for the calculation (2,000 ppm), the evaporators could be
expected to function, continuously accumulating salt, for more than 20 years
without significant reduction of the evaporation rate from the pond surface.

c) The chemical composition of the pond water would change through time
as less soluble salts were precipitated - this would require further study if
the ponds were intended to accumulate salt over a long period.

d) The efficiency of the ponds for disposal of effluent is a function
of the area of the water surface, the evaporation rate and the rainfall on the
surface, and the rainfall input can vary over a wide range.

e) The area of land required for evaporation ponds would be large.
Assuming that tile drainage system on a water-logged area effectively drains
an area four times as large, in the range of 12-24 ha of ponds would be
required to dispose of the effluent from 100 ha of area provided with tile
drainage.

f) The evaporator ponds would have to be designed to minimize seepage
back to the groundwater system. Any design which permitted significant
seepage would imply recirculation through the drainage system. Thus, an
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unlined pond water level would have to be at or. about the level to which the
surrouading land is to be drained. An alternative would be to install plastic
lining if fish culture demands the ponds are not in deep cut, if this
operation otherwise would be successful.

g) Any proposal to utilize the ponds for fish culture would have to
examine the progressive changes of water quality in the ponds.
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Kandi Canal

Introduction

1. The Kandi Canal system is served from a headworks on the left bank of
the Mukerian Hydel Channel, which by-passes a large loop on the Beas River to
generate power at three drops. The Kandi main canal capacity at its head is
14.2 m3/sec of which 6.9 m3/sec are allocated to Phase I of the development
with the main canal extended to km 59.2, leaving 7.3 m3/sec to serve the
command of an extended main canal under Phase II.

2. Construction of Phase I was initiated in 1978/79, but progress has been
slow due to the slow rate of funding. Work has been concentrated on the main
canal. Out of 59.2 km of main canal, about 38 km has been constructed, and 28
cross drainage structures, one cross regulator and one escape have been
completed. The main canal is now complete to km 23, but irrigation water can
be distributed to only about 1,500 ha through one distributary and a number of
direct outlets from the main canal. It is estimated that the balance of works
to complete the Kandi Canal system would cost about Rs 421 M in 1989 prices
with allowance for physical contingencies.

The Project Area

3. The command area of the Phase I of the Kandi Canal Project lies on the
lower part of the Kandi Zone (a piedmont region below the foothills of the
Himalaya) and is a narrow, northwest by the southeast oriented strip lying
between the main canal and the Hoshiarpur-Dasuya road (Map IBRD 21801). The
gros command area is 24,650 ha of which 19,720 ha (80%) will be served with
irrigation. The mean annual rainfall is in the range of 900-1000 mm, of which
about 85% occurs during the monsoon season from mid-June to mid-September.
The soils are mainly sandy loam or loamy sand, and are very well drained.
About 50% of the area has land slopes of 0.5-1.0%, 40% has slopes of 1-3% and
the balance has slopes of 3-5%. The area is crossed by numerous spate streams
(choes) which debouch from the Himalaya foothills. Most of the proposed
command area is now rainfed, but there are a number of tubewells under private
ownership, mainly in the eastern part of the command where groundwater levels
are shallower.

Water Availability and Allowances

4. e water supply for the Kandi Canal Project will be taken from the 474
MCM ear.narked as the annual supply for the 'Project of Extension and
Improvement of the Shah Nehar Canal System' of which the Kandi Canal Project
is an independent component. Phase I of the Kandi Canal Project was
originally allocated 132 Mm3, and Phase II was allocated 148 Mm3. At that
time, it was intended to irrigate 19,720 ha under gravity from the Phase I
Main Canal and 9,990 ha through three lift schemes taking off from the canal.
During project preparation, it was agreed that the lift schemes would be
delete.d and much of their -roposed command area would be supplied from the Low
Dams and Public Tubewells Projects to be financed under this project (see
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Annexes 8 and 9). Thus, the water allocation required for the gravity
irrigation under the Phase I Kandi Canal project is 88 Mm 3 .

5. The design water allowances at the heads of the distributaries is 0.25

1/s/ha, and 0.21 1/s/ha at the heads of the outlets to chaks. As the reach to

km 23 and parts of the lower reach of the Kandi main canal has been

constructed, these capacities are essentially fixed. However, more than two
thirds of this capacity will not be required even when Phase I works are
completed.

Design Characteristics

6. Main Canal. The Kandi main canal has been designed as a contour canal
with a bed slope of 1:9,524 in the head reach and 1:8,333 to 1:7,143 in the
lower reaches. The completed trapezoidal sections are lined with single brick
lining over 1:3 cement sand mortar. The new sections will be constructed with
the new cup-shaped design section and lined to accepted GOP standards (see
Annex 2). The existing works will be renovated as required. Field
inspections indicate that the constiucted works are generally in good
condition.

7. Main Canal Structures. There will be seven distributary outlets with

gated head regulators and 43 direct outlets to chaks along the Phase I main
canal. Provision is made for three cross regulators, one tail regulator and
three escapes, of which one cross regulator and one escape have been
constructed. A total of 91 cross drainage works are required, of which 45
have been constructed. The completed canal will have 10 village road bridges,
two foot bridges and one railway bridge.

8. The main canal has been designed for water level controlled flows to the
distributary heads and direct outlets. However, the capacity of the canal is
over twice what will be required at full development of the Phase I.
Moreover, increaseed diversions will be required through the construction
period of the Phase I as elements are completed and demand water. Given the
low bed gradients, it would be possible to control levels in the canal for
deliveries to the offtakes by operating the gates of the proposed cross
regulators. However, the same result could be obtained passively by
installing duck-billed weirs (long crested weirs) at the same locations as the
proposed gated cross regulators. The weirs would incorporate a sluice gate to
flush any silt accumulation. The design section of GOP ID is studying the
possible use and design of duck-billed weirs with a sluice gate as a possible
alternative to gated cross regulators. The proposed escapes will have to be
gated to drain the canal for maintenance, but the tail escape could be
designed as a fixed head structure.

9. Distriuntion syste . The distributary and minor canals will be fully
lined. The water courses will be lined to about 5.0 ha blocks, giving an
average density of lined water course of 37.5 m/ha. The lining of these
channels will be to accepted GOP standards (see Annexure 2 for details). The
canal system will turnout to chaks of about 100 ha. About 25% of the outlets
will offtake directly from the main canal (due to the configuration of the
command area and the topography), with the balance 75% offtaking from
distributaries and minors. In addition to the gated head regulator on the
distributaries, the canal structures include outlets to the traditional
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adjustable proportional module (APM) design, falls, cross drainage structures
and road bridges. Culvert crossings will be provided at about 500 m intervals
on water courses. Manually operated slide gates will control offtakes from
the water courses to permit rotational water supply deliveries according to
the warabandi system within the chaks.

Drainage and Flood Protection

10. The command area lies on moderately steep slopes and the natural
drainage system is well developed. Thus, no enhancement of the natural
drainage is required for land drainage. However, the spate streams which
cross the project area are subject to flash flooding, and some flood
protection works are required. It should be noted that the low dams, which
are to be constructed in the Kandi zone as another component of the project
(see Annex 8) , will provide flood protection to the Kandi Canal system.

Implementation Schedule and Cost Estimates for Completion of Works

11. Table 1 shows cost estimates for the works remaining to complete the
Phase I Kandi Canal Project as of March 1989, in 1989 prices, and indicates
the annual funding requirements to complete the project in the period to
1994/95. As the costing in 1989 prices is not inclusive of physical
contingencies, appropriate contingencies are indicated on the table. The
total cost of the remaining works in 1989 prices with physical contingencies
is Rs. 420.0 million.
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SNDXA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Kandi Low Dams

Background

1. The Kandi includes all the land within the Punjab Siwalik Hills together
with a narrow band of colluvium which lies immediately below the hills and to
the east of the highway which runs from Chandigarh in the southeast through
the towns of Ropar and Hoshiarpur to Dasuya in the northwest. Kandi area lies
mainly within the administrative districts of Hoshiarpur and Ropar, covers an
area of 4600 km2 (about 9% of the Punjab state) and contains 6% of Punjab's
population.

2. The constraints to agricultural development are mainly the uneven
distribution, in time and space, of the rainfall and topographical and soil
limitations. Flash floods cause soil erosion and flood damage and extended
periods of drought mitigate against advanced agricultural techniques.

3. To overcome these constraints, an integrated development program, the
Kandi Area Development Project (KADP),was started in 1980 (Ln 1897-IN). The
main components were:

(a) afforestation of the catchment areas to reduce the sediment load
and peak flows;

(b) provision of check dams, land levelling and contour bunding in the
catchment areas; and

(c) construction of 10 dual purpose irrigation and flood attenuation
dams.

In addition to these three main components the project had several subsidiary
components including a cattle exchange program, development of fisheries,
cottage industries, and horticulture. When the KADP closed on 31.12.88, only
three of the planned small dams had been built.

4. The present project contains three components to support irrigation
development in the Kandi Zone:

(a) groundwater development for irrigation using deep tube wells
wherever aquifer characteristics are suitable and tne groundwater
balance permits;

(b) completion of the Kandi canal system for diversion of its
allocated surface waters, for irrigation; and

(c) the construction of 13 small dams in the Kandi area itself for the
dual purpose of flood control and irrigation.
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The Randi Dams

5. There are 21 major and 120 smaller spate rivers that discharge from the
Siwalik foothills into the plains of the Punjab. There are 31 promising dams
sites on these rivers which could provide irrigation to about 22 000 ha of CCA
in the Kandi area. The annuai run-off from the area is about 85 Mm3. Of the
31 prospective dam sites, three have been developed under the Kandi Watershed
and Development Project (para 3), at Dholbaha, Janauri and Maili. The
construction of a further 9 dams and completion of preparatory designs for 4
more are proposed under the project. The total base cost is Rs 277 M (Annex
13, Table 11). Table 1 summarizes the main features of the dams to be built
in this project.

6. Dams are planned to be constructed are at Perch, Sconk, Siswan, Mirzapur
and Haripur in Ropar District, and at Thana, Ramtatwali, Malot, Damsal,
Arniala, Chohal Saleran and Lalwan are in Hoshiarpur District (Map IBRD
21801).

7. Tooraphy The project area can be divided into two zones, the
foothills zone and the piedmont zone. The foothills zone to the north and
northwest bounds with Himachal Pradesh and to the south east with Haryana.
Ground slopes are steep, and the elevation ranges from 450m to 750 m. The
piedmont zone lies below the foothills zone. The terrain is somewhat
undulating and incised but the slopes are milder than in the foothills. The
piedmont forms the northern fringe of the Indo-Gangetic plain, and altitudes
vary from 320m to 450m.

8. Geology The deposits now constituting the Upper Siwaliks in the Punjab
have been affected by the latest Himalayan series of upheavals by which they
have been folded, faulted and elevated into the outermost foothills of the
Himalayas. The major faults in the Upper Siwaliks are of great significance
as these generally mark the weaker zones along which major rivers like the
Sutlej and Beas have pierced the Siwaliks. The iuajor geological structures in
the Siwaliks are the Janauri anticline and the Bhaddi anticline. The Janauri
anticline plunges to the northwest and disappears under the alluvium of the
river Beas. The anticline has been formed by thrust faults in the Basement
which have not emerged through the cover of the Upper Siwaliks. The edge of
the southwest limb of the anticline, on which most of the low dams in
Hoshiarpur District are situated, consists of beds of Upper Siwalik strata
dipping steeply downstream. The dip decreases rapidly upstream, and in the
upper half of the watersheds, the beds are almost horizontal. The northeast
linrb facing the Soan and Sutlej valley has a generally milder dip. The axis
of the anticline roughly follows the watershed divide.

9. The Pinjore Stage of the Upper Siwalik Formation comprises banded
sandstones, clay shales and siltstones. The sandstones are generally medium
to coarse grained, current bedded and friable with a weak calcareous cement.
The clay shales and siltstones are generally massive and compacted but are
largely uncemented. They often contain plastic clay seams parallel to the
bedding, which have a low shear resistance, particularly when saturated.

10. Hydrology The Kandi area and its surroundings have a
hydrometeorological network including about 60 daily rain gauges, nine
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autographic rain gauges (four at meteorological stations) and 54 run-off
gauging stations. Some of the gauging stations are equipped for making
sediment discharge measurements. Of the daily rain gauges, about 40% are
observed only during the monsoon (June-September). The density of gauges is
about 180 km2 /gauge which is considered adequate to describe the area
variability of seasonal and annual rainfall. Flow gauging at 33 rivers was
started in 1977 and subsequently extended to cover 54 rivers. Most of the
rivers are gauged during the monsoon period from July to September. All the
13 rivers, which are proposed for dams in this project, are being regularly
gauged. Suspended sediment observations are being made regularly at 17
stations including all 13 watersheds where dams are proposed. Sediment data
for 10 years or more are available at most of these stations.

11. Vegetation. The vegetative cover in the catchment areas has been
studied intensively and classified into four categories:

(a) Category 1: good tree cover (501-75%) with good bush and grass
cover;

(b) Category 2G:intermediate tree cover (25%-50%) with good bush and
grass cover

(c) Category 2: intermediate tree cover (25%-50%) with intermediate
bush and grass cover;

(d) Category 3: poor tree cover (25%) with poor bush and grass cover.

12. About a century ago, the Siwalik hills were covered with thick forests
of acacia and pine trees, but unrestricted tree felling and overgrazing,
particularly near the villages, destroyed much of the cover. The Punjab
Government, with the aid of the Bank, has started a reforestation program
along with soil conservation measures to restore the environment. Most of the
project area has already been treated or is under treatment. Full cooperation
will be maintained with the proposed Watershed Development Project now being
appraised.

13. Soils The command areas of the proposed dams are situated partly in
the fringes of the Siwalik hills where along the valley floors there are
remnants of alluvial terraces with sandy loam to loam soils, and partly in the
alluvial soils of the piedmont zone. The piedmont soils are typically deep
and well drained, occur on moderat- slopes and are subject to slight to
moderate erosion problems. These soils are usually non-calcareous. Except in
some parts of the flood plains of the larger rivers, almost all the cultivable
area in the Kandi tract has been brought under cultivation. These light soils
require assured irrigation to provide high yields.

Dam Technology

14. Flood Hydrology Design flood hydrology is based on the synthetic
triangular unit hydrograph method and the rainfall intensities of the
corresponding return periods. The catchments are small and steep, so short
duration storms are critical. A 1955 storm was adopted as the standard
project storm. This event was quite severe (about 500 mm in 24 hrs) with a
return period of about 1000 years. It was widely spread, covering most of the
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districts of the Punjab from Gurdaspur to Bhatinda. The daily precipitation
has never been equalled or exceeded in any part of the zone. The design storm
was transposed to the various watersheds of the Kandi area, and a correction
for dew point and average height above mean sea level applied. The PMF was
estimated by increasing the precipitation of the 1955 storm by a factor of
1.45 to maximize the moisture conLent on the basis of advice from the IMD.
For the Maili dam, completed in 1987, the assumptions made in synthesizing the
unit graph were confirmed by observations of 14 flood hydrographs recorded
between 1975 and 1982.

15. Yield Hydrology. Good correlations were found to exist between the
rainfall and runoff for monthly periods during the monsoon (July-September)
and the non-monsoon period (October-June). Long term rainfall data are not
available for all the watersheds. Where data was not available the adjacent
stations at Hoshiarpur, Chandigarh, Jaijon, Dholbaha, Garhshankar and Ropar
were used. An estimate is made of the expected yield reduction from the
catchment when the reforestation and catchment vegetation program is
completed.

16. Sedimentation, For most of the catchments, sediment measurements have
been made for a number of years by measuring the sediment load during flood
periods, plotting the sediment load against discharge, and then calculating
the total average sediment load. The annual catchment erosion has been found
to vary between 0.1 to 44 mm. Dead storage in each dam will be provided to
give a life of at least 50 years.

Darm Design

17. The site investigation includes engineering geological exploration holes
at a sufficient density to prove the soundness of the site from both the
structural and hydraulic aspects. Particular care is required in the highly
deformed formations encountered to examine the possibility of sliding along
thin interbedded deposits with low shear resistance, and to prove the water
tightness of the formations in the foundations.

18. The dam heights have been fixed by simulation studies using the
generated run-off for about 40 years. The criteria will be provision of
sedimentation dead storage for at least 50 years and irrigation service
without stress for 4 years out of 5

19. Ungated fixed crest spillways would be provided with a capacity
sufficient to route the project flood with a 2m freeboard and the PMF with a
0.3m freeboard.

Dam Safety Panel

20. A Dam Safety Panel was formed for the KADP in 1979 and has met 32 times
in the period 1980-88 to review all aspects of work on the three dams
constructed under that project. Records of their meetings and recommendations
are on file. The panel includes a hydrologist, an earth dam specialist and a
geologist, none of whom have been connected with the project. The
arrangements will be continued for the current project. Terms of reference
will be agreed with GOP.
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Irtrigation Service Requirements

21. Over most of the dam command areas, the most usual seasonal crops are
wheat, gram and mustard in the rabi and maize, bajra and groundnut in the
kharif. Small areas are under pulses, cotton and oil seeds. Rice is only
grown in the valley bottoms and not on the freely draining soils.

22. The design cropping pattern assumes that wheat will continue to be the
major irrigated rabi crop. During the kharif, maize, pulses and oilseeds will
dominate. There has to be a ready supply of good quality fodder as all
livestock owners are not necessarily landowners. Since the predominant rabi
fodder crop, berseem, has a high irrigation requirement for full yield
development, it is proposed that equal emphasis be placed on improving the
yield of kharif silage fodder crops.

23. Wat.r ReauirgmAntR Penman's method was used to compute crop water
requirements for input into the simulation model. The assumed overall
irrigation efficiency is 50% for the all-lined system.

24. Water Delivery The irrigation channels and watercourses will be fully
lined. The steep gradients will be exploited to allow the smallest possible
channel sections. The systems are gated at the dam and are proportional down
to the chak level. No control gates are used below the dam to the chak
intakes. The entire system will run either full on or off. A standard farm
stream with a duty proportional to the chak size will be delivered to the chak
intake whenever the system runs. Distribution within the chak will be by
rotation of the farm stream to each holding in proportion to the area of
holding.

IXplementation

25. The work will be executed by the Kandi Area Development (KAD)
Administration under the direction of the Chief Engineer. The feasibility
reports for each dam are cleared by a Technical Committee which includes the
Departmental Heads concerned (CE(KAD), CE (Canals), CE (Drainage
Administration), Director of Agriculture and the Chief Conservator of Forests.
For the technical aspects of dam design a report from the Dam Safety Panel is
also required. After the feasibility report is approved, detailed project
designs and cost estimates are prepared and approved by the GOP. Feasibility
Reports are the responsibility of the Directorate of Planning and Design
Studies in the KAD Administration. Detailed project reports are done by
Superintending Engineers of Construction Circles. In order to ensure
uniformity and completeness of the deta led work all reports will be prepared
in standard formats.
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pOLICY OF THE STATE GOVERNMENT FOR REHABILITATION AND RESETTLEMENT REGARDING

PROJECT AFFECTED PERSONS OF LOW DAMS IN KANDI AREA

I. GENERAJL

This Rehabilitation and Resettlement Policy covers 13 Nos. Flood Attenuation-
cum-Irrigation Dams. These dams are proposed to be constructed in the Kandi
Area of Ropar and Hoshiarpur districts in Punjab under the Low Dams Components
in World Bank Aided Punjab Composite Irrigation Project Phase II. The
construction of these dams and its appurtenant works and creation of
reservoirs are likely to cause displacement of some families from these areas.

Not much Rehabilitation and Resettlement is required for these dams in Kandi
Area as the number of oustees is quite small. In case of 9 dams, namely Perch
Dam, Chohal Dam, Saleran Dam, Lalwan Dam, Damsal Dam, no house/shop of any
family and also no public property gets submerged. On the remaining 4 dams,
the number of families, whose houses are likely to get submerged are given
below:

1. Budki Dam 3
2. Thana Dam 23
3. Ramatatwali Dam 16
4. Haripur Dam8

In addition to the above 50 families, there are some other families, whose
part-land holding shall be left unacquired. This will also be acquired if the
unacquired land holding is uneconomical. In that case, the Project Affected
Families, whose house and uneconomical part-land holding is acquired, may be
around 200. It is only after finalization of location, height of dams, the
detailed survey of the reservoir area, preparation of land acquisition
documents and comprehensive socio-economic survey that the precise number of
affected families will be known.

The project afiected families will be settled and rehabilitated on houseplots,
generally on Panchayat lands (55 hectares available) in the vicinity of their
previous habitat without disturbing their social groups. The basic amenities
such as roads, schools, electricity supply, water supply and medical
facilities, etc., are already available in the villages of resettlement. For
this purpose major sons will be considered as separate families.

On the basis of the feasibility reports, the total land likely to be submerged
in the reservoir area, including the land required for construction of dams
and their appurtenant works would be approximately 900 hectares out of which
only 190 hectares is cultivable land. The land holdings in the Kandi Area are
very small. More that 50% of the farm sizes are below one hectare and 70%
farm sizes are below two hectares. The farmers in general are small and
marginal. The average number of family members is five. The rehabilitation
of the Project Affected Families is of prime importance to the Government of
Punjab, as such, a comprehensive and liberal rehabilitation and resettlement
policy has been framed with the following objectives:
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(a) The affected families do not receive any set back in the process
of their displacement and resettlement.

(b) They acquire a susta-Inable alternative economic base which is
intrinsically equal to or better than what they had in their
original habitat.

(c) They are accepted as equal partners in the host community and get
harmoniously integrated therein while retaining their identity.

The resettlement and rehabilitation measures for the Project Affected Families
have been based generally on the proposed guidelines and package provisions of
Ranjit Sagar Dam as discussed with the World Bank Mission for this Project.

II. PROJECT AFFrETE-D FAMILIES

On the basis of socio-economic survey, the Project Affected families
will be categorized as under:

1. Non-residential families.

2. Residential families, whose land only is submerged:

(a) Land from 1-25% submerged.
(b) Land from 26-50% submerged.
(c) Land from 51-75% submerged.
(d) Land from 76-100% submerged.
(e) Part-land left unacquired which becomes uneconomical.

3. Residential families whose land as well as houses get submerged:
(a) Houses and land from 1-25% submerged.
(b) Houses and land from 26-50% submerged.
(c) Houses and land from 51-75% submerged.
(d) Houses and land from 76-100% submerged.
(e) Landless oustees whose houses are submerged.! (f) Houses and land partly acquired and left over is

I uneconomical.

The Project Affected Persons/Families whose land is being acquired, will
receive liberal land compensation. The following categories of Project
Affected Families shall be treated as displaced persons for special
rehabilitation facilities:

(a) Houses and land from 1-25% of their holding being acquired.
(b) House and land from 26-5-% of their holding being acquired.

(c) House and land from 51-75 of their holding being acquired.
(d) Houses and land from 76-100% of their holding being acquired.
(e) Landless families whose houses/shops being acquired.
(f) Families whose only land above 75% of their holding being

acquired.
(g) Families whose part-land is acquired rendering the left-over land

uneconomical.
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The cut-off date for the purpose of deciding a displaced person would be
1.7.1989.

A displaced person shall mean any person who, from at least one year prior to
the date of cut-off, had been ordinarily residing or cultivating land or
carrying on any trade, occupation or calling in the area to be affected due to
submergence permanently or temporarily or the area required by the project.

i
III. THE BROA PRTNCIPLE OFRHABILITATTON OF DISPLACED FAMILIESRI~~~II
The objectives of the State Government is to ensure that all displaced
families would be, after their reiocation and resettlement, improved upon
their previous standard of living within a reasonable time.

1. F RESIDENTIAL PLOTS

__Each oustee would be allotted a plot of minimum size of 200 square
meters to a maximum size of 502 square meters depending upon his
previous house size. The plots shall be allotted out of the village
Panchayat lands close to their habitat.

2. LAND FOR REHBILITATION

In case the Panchayat Land is not available for
rehabilitation of the oustee families, land will be acquired at
the cost of the Project. The oustees will be allotted a plot size
up to 200 square meters free of cost and for any excess area he
will be charged reserve price equal to the cost of acquisition of
the plot and its development charges. The families who prefer not
to settle at a place earmarked for the oustees will be paid the
reserve price of 200 square meters of plot, which otherwise is
being allowed to him free of cost.

3. FATR LAND COMPENSATION

The compensation for the land to be acquired would be
assessed in accordance with the provisions of the Land Acquis:tion
Act applicable in the State of Punjab which is quite liberal.
Under this Act, full market value, plus 30% solatium plus interest
up to the date of making the actual payment shall be paid. The
Government of Punjab would ensure that full payment of
compensation would be made prior to taking possession of land in
accordance with Land Acquisition Act of 1984.

4. COMPQNS2ION FOR HOUSES BEING ACOUTRED

The compensation for the house to be acquired would be assessed in
accordance with the prevailing procedure as under:

(i) Current commor. schedule of rates as applicable to P.W.D.
Irrigation Branch will be adopted for the evaluation of
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Irrigation Branch will be adopted for the evaluation of
houses and other structures.

(ii) The Kacha houses are generally required from day to day by
the inhabitants. As such, no depreciation on account of the
age may be deducted from the compensation for Kacha Houses
of the value below rupees two thousand. This monetary limit
may be enhanced to rupees four thousand due to price
escalation.

(iii) The compensation of kacha houses of the value of rupees four
thousand and above to account for depreciation shall be
assessed after making an ad hoc deduction of 12% with
marginal adjustments on account of difficulty in determining
the exact age of Kacha house beyond five years.

(iv) No depreciation will be made on the assessed compensation of
Kacha houses, the age of which is less than five years.

(v) In the case of pucca buildings depreciation at nominal rates
will be deducted as under:

(a) Five years old Nil
(b) Next 20 years 1% per annum
(c) Next 25 years 1/2% per annum
(d) Next 25 years 1/2% per annum

(vi) No deduction on account of depreciation shall be made for
religious places of worship.

(vii) The assessment on the basis of (i) to (vi) above would be
increased by 25% in respect of the private houses, public
buildings and religious places of worship less than 60 years
of age to arrive at the final evaluation for compensation
purposes.

5. DISMANTLED MATERIALS

The displaced persons will be permitted to take away the
dismantled materials (malba) free of cost and utilize in any
manner they like.

6. TRANSPORTATTON

It would be ensured that no hardship is caused to the affected
families while moving out from their habitat to the place of
rehabilitation. The oustees constructing houses at the new sites will
be entitled to the transportation charges for their household, livestock
and dismantled ma':erials up to a maximum of two truck loads per family
on the productior. of actual receipt, whichever is less.

7. VEMPTn N
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(a) The employment Exchange of that area will be asked to give
priority in employment to the Project Affected Families.

(b) the rural youth of the Project Affected Families will be
provided technical skills to take up self-employment in the
fields of agriculture, industries, service and business
activities.

(c) For landless and non-agriculturist Project Affected Persons,
one member of each family will be given employment on the
Project in accordance with his capability during the
transition period prior to establishing new production
systems.

8. CIVIC AMENITIES

Civic amenities will be provided or strengthened in the new

set,lements as required. The amenities to be provided at each
site would be determined by the RehabIlitation and Resettlement
Plan Implementation committee. Amenities will be include the
following to meet the local requirements:

a. Drinking water well/tubewell with trough
b. Link and approach roads and pacca drains
c. Electricity
d. Dispensary
e. Primary School
f. Panchayat ghar-cum-community hall
g. Cremation and burial grounds
h. Demarcation of pasture land and its improvement, etc.

9. RELIGIOUS PLACES

The places of religious and archeological importance would be
reconstructed with consent of concerned persons outside the submerged
area of the reservoir at the cost of the project.

10. SOCIO-ECONOMIC SURVEY

A detailed Socio-economic survey of the Project Affected Families

of each dam will be conducted separately to evaluate their social and

economic status. An expert academician group consisting of a

sociologist, an economist and an anthropologist either from Punjab
Agriculture University, Ludhiana or any other University of Punjab would

be engaged to conduct this survey. The technical and revenue staff of

the department will assist them in the job.

The survey will broadly include the information relating to detail

of family, caste occupation (Primary and Secondary), type of houses,
detail of occupational holdings, livestock size and nature of land
holding and ownership of land whether Panchayat or private, his option

of alternative occupation. training preference wise, his willingness
towards land and houses compensation, etc., and the choice of his place

of settlement, etc. Special efforts will be made to find out whether
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the partly unacquired land left is economical or uneconomical. Landless
cultivators shall also be enumerated.

11. FINANCIAL ASSISTANCE FOR PURCHASE OF LAND AND AVOCATIONS

The project will provide several alternative options from among
which affected families may choose for re-establishing their economic
productivity.

One option would be for the Project Affected Families to acquire
land as follows:

(i) Where affected landowning families are left with non-
economic agricultural holdings or no farmland, project
beneficiaries in the command area will be contacted by the
project authorities to provide land at a fair market price
to such affected families.

(ii) Landless families would be provided houseplots in the
vicinity of the project command area to enable them to
continue in the present occupation.

(iii) Farmers other than marginal are expected to receive
sufficient compensation money to be able to purchase
farmland. However, marginal farmers ho may not retain
sufficient purchasing power to buy '. d will be provided an
ex-gratia amount sufficient to bridge he gap between
compensation and the cost of land.

(iv) Additional options are provided through existing long-term
soft loans on concessional terms for taking up gainful
occupations through the Punjab Backward Classes Land
Development and Finance Corporation, Integrated Rural
Development Programme agencies and the Punjab State
cooperative Agriculture Development Bank Limited provide
financial assistance for purchase of land and taking up
other avocations.

(a) The Punjab Backward Classes Land Development and Finance
Corporation - Bankfinco ( A Punjab government undertaking)
was set up for the uplift of the Backward and Economically
Backward Classes and other weaker sections of Society whose
income is below Rs 6400 per annum. the Corporation gives
financial assistance for the purchase of land, Agriculture
Equipment, small scale and village industries, etc. The
Financial assistance is given by the Corporation under the
following schemes:

(1) Distribution f oans through Ranks

Under this scheme loans up to Rs 10,000 are provided to the
beneficiazies except the Scheduled Castes provided with
yellow Identity Cards. The loans are arranged through banks
with a capital subsidy of 25% to 33%.

(2) nistribution of loans our of Cor2oration Funds
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Under this scheme the loan assistance is provided to the
beneficiaries possessing yellow cards whether belonging to
Urban or Rural areas.
The rate of interest varies from 0% to 4% up to Rs 30,000/ -
and 7% beyond Rs 30,000. The Corporation grants loans for
the purchase of agricultural land, residential house or
plots, agricultural machinery, dairy farming, poultry
farming, pig_y, sheep farming, purchase of trucks, cars,
petrol pumps, setting up of small scale industries etc.

(b) PUNJAB SCHEDULED CASTE LAND DEVELOPMENT AND FINANCE
CORPORATTON

The Punjab Scheduled Caste Land Development and Finance
Corporation provides loan to the member of Scheduled Castes.
The loan is granted against the immoveable property owned by
the beneficiaries, for purchase of agricultural land, dairy
farming, poultry farming, piggery, small scale industries,
seed money for setting up industries etc.

The maximum amount of loan advance is Rupees One Lac and the
recovery period varies from 5 to 15 years. The rate of
interest varies from 3% to 8% depending upon the amount of
loan and period of recovery.

(c) TNTEGRATED D PMENT PROGRAMME

The objective of the programme is to assist weaker sections
of the society having an annual income of Rs. 6400 or less.
Under this programme the small and marginal farmers and
agricultural laborers defined as under are provided loans
for various avocations.

(1) SMALL FARMER: A cultivator having an un-irrigated
land holding of 2 hectare or below or having one
hectare Class-I irrigated land is called a small
farmer.

(2) MARGINAL FARMER: A cultivator having an unirrigated
land holding of one hectare or below or having half
hectare Class-I irrigated land is called a marginal
farmer.

(3) AGRTCTLTURAL LARORERS: A person without any land
other than homestead and deriving more than 50% of his
income from agricultural waters is an agricultural
laborer.

Subsidy is available varyina from 25% to 66.6% for various
types of beneficiaries subject to a ceiling of Rs. 3000/- to
RS. 5000/- per family. State level/District level/Block
level committees are formed by the Government including
public representatives to supervise the implementation of
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the progzamme. The programme is implemented through
District/Block Rural Development agencies.

RATE OF INTEREST:
The credit is available to I.R.D.P. beneficiaries on 10%
concessional rate of interest.

REPAYMENT OF LOAN
The loans under Integrated Rural Development Programme are
repayable normally within 3 to 5 years.

TRAINING OF RURAL YOUTH FOR ..-LF-EMPLOYMENT
This is another component of I.R.D.P.; the objectives of
TRYSEM scheme is to provide technical skills to Rural Youth
from families below poverty line to enable them to take up
self-employment in the field of agriculture, industries,
services, business etc. After identification of
beneficiaries, the youth are imparted training in various
avocations. The priority is given to the members of
Scheduled CAstes and Scheduled Tribes. In addition to
stipend and honorarium, tool-kits are provided to trainees
free of cost.

DEVELOPMENT OF WOMEN AND CHILDREN TN R'JRAL AREAS
The objective of the scheme is to provide assistance for
income generating opportunities to women members of the
weaker sections of society.

(d) PUNJAB STATE CO-OPERATTVE AGRICULTURE DEVELOPMENT BANK

The bank advances loans to its members for purchase of land,
poultry farming, dairy farming, orchards, pisciculture,
irrigation purposes etc.. Any person having land or
landless laborer and not less than 18 year of age can become
member of the bank. The member has to deposit an amount
equal to 5% of loan amount as share money. Rate of interest
varies from 10% to 12.5%. Bank also provides subsidiary for
pisciculture. The loan is returnable in 3 to 13 years
depending upon terms and conditions of loan.

IV. IMPLEMENTATION COMMITTEE

It has been decided to constitute implementation committee at District level
to ensure effective implementation of relief and rehabilitation measures for
the Project Affected Families. Separate Committee will be formed for each
District in which the Dam is located.

(a) MMERS OF THE COMMITTEE

The committee will be formed to include Government officials and
representatives of non Government Organizations. The Deputy

; Commissioner of the District will be its Chairman. The other
officials cf the committee shall be Executive Engineer concerned
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(Member Secretary), the Sub Divisional Magistrate (Civil),
District REvenue Officer, Land Acquisition Officer and the
Divisional Forest Officer. The Non Government Organization
members will be M.L.A/EX-M.L.A. of the area, village Sarpanch and
two representatives of the Project Affected Persons.

(b) TERMS OF REFERENCE OF THE REHABILITATION AND RESETTLEMENT PLAN
IMPLEMENTATION COMMITTEE

1) To review the mode of assessing compensation for land and
property at the prevailing market rate so as to ensure fair
compensation.

2) To identify suitable Panchlayat/Evacuee land for providing
alternate house sites to the oustees.

3) To allot house sites to oustee families as per the scheme.

4) To assign responsibilities of rehabilitation and
resettlement to concerned departments.

5) To supervise training arrangements for those who have opted
for alternate avocations/occupations.

6) To assist the ousters in purchase of alternate land in case
of those who want to carry on with their existing profession
of agriculture.

7) To help arrange and administer financial assistance from the
project to small and marginal farmers affected by the
project for the purchase of land or starting other gainful
avocations/occupations according to their preference.

8) To ensure provision of all basic and civic amenities in
their new places of settlement.

9) Any other aspect deemed necessary by the committee to
mitigate the problems of the persons affected by the
project.

10) Monitoring performance of the resettlement operation to
ensure that the objectives of the plan are achieved, and
make adjustments and improvements in the plan as required to
relieve these objectives.

V. DETAILED PLANNING AND MONITORING

The project in cooperation with the District Resettlement and Rehabilitation
Committee will prepare site-specific development plans for the areas of the
receiving displaced families. These plans will be the product of joint-
planning among the Committee, beneficiary population, and displaced people and
will be ratified by all parties one year prior to implementation.
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Kandi Groundwater Development

Introduction

1. The construction of about 240 public tubewell irrigation facilities is
proposed under the project. The facilities will be located in eleven selected
blocks of Gurdaspur, Hoshiarpur and Ropar Districts (Map IBRD 20801) where
deep water levels and/or difficult drilling conditions prevent the development
of the ground water resources by the private sector. The command areas of the
proposed facilities are presently dependant on rainfall for agriculture and
they do not lie within areas which may be expected to receive a surface water
irrigation supply in the foreseeable future.

Physical Features

2. The proposed development areas lie within the piedmont zone adjacent to
the foothills of the Himalayas. The selected areas in Balachur, Bhunga,
Dasuya, Mukerian and Talwara Blocks of Hoshiarpur District, and of Dhar Kalan
and Pathankot Blocks of Gurdaspur Districts are located on alluvial fans where
land slopes are steep and the soils are sandy loam or loamy sand. Much of
this land has been roughly terraced, but considerably levelling will be
required for irrigation. The areas of Anandpur Sahib and Nurpur 9edi Blocks
of Ropar District are in inter-montane valleys where slope and soil conditions
are similar to those on the fans discussed above. The selected areas of Narot
Jaimal Singh and Bamial Blocks of Gurdaspur District are located on
interfluves within the tributary complex of the Ravi River at the edge of the
alluvial plain. Here the land is flat and the soils are i.ainly of riverain
silt. Flood protection embankments have been provided along the Ravi River
and were effective during the record floods of 1988. The mean annual rainfall
in the area ranges from about 1,000 mm to 1,600 mm, increasing to the
northeast and towards the hills.

Hydrogeology

3. The aquifer system is formed by alluvial deposits which are typical of
the piedmont zone, consisting of lenses of boulders, gravel, sand and silt of
varying thickness and lateral extent. Beds of clean coarse material form the
aquifers which are under some degree of confinement at depth within the
sequence. Depth to water level ranges from about 3.0 m below land surface on
the interfluve area of western Gurdaspur to more than 50 m in parts of the
alluvial fan zone. Regional groundwater flow is towards the southwest.
Recharge conditions are good due to the relatively high rairfall, the high
infiltration rates of the soils, and the dense network of streams and rivers
which cross the area. Developments assoc3ated with the construction of low
dams in the Kandi Zone will enhance recharge. The chemical quality of the
ground water is good and suitable for irrigation of all types of crops.

Tubevell Irrigation Facilities
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4. Due to the varying aquifer conditions in different parts of the project
area, yields ranging from 75 m3/h to 150 m3/h may be expected from wells of
varying depths and pumping water levels. A water duty of 0.56 1/sec/ha has
been selected, and well command areas of 38 ha, 50 ha and 75 ha are planned in
accordance with expected well yields. The tubewells will be equipped with
submersible electric pumps. The power supply will be through 11 kV and 440 V
distribution lines which will be extended from existing 33/11 kV transformer
stations as a cost to the project. The water will be distributed from the
well head through buried PVC pipe distribution systems with turnouts through
alfalfa valves to outlet commands of about 4.0 ha. Below the valve outlets,
the water will be distributed to the field through earthen channels.

5. Tuheiwlls The tubewells will range in depth from 65-200 m. Pumping
heads are expected to range from 30-90 m. Depending on drilling conditions
imposed by the formations encountered, the wells will be drilled either by
percussion rigs or rotary rigs, or by a combination of percussion and rotary
drilling. Well tubular materials will be of mild steel pipe. The pump
chamber will be of 300 mm diameter and the blank casing and slotted pipe
screens will be of 200 mm diameter. The wells will be gravel packed.

6. PuEmhouse The pumphouse will be brick-built, incorporating an elevated
horizontal girder as a hoist which will be used for mounting a chain pulley
set to withdraw the pump unit for servicing.

7. Distribution System water will be distributed through buried PVC pipe
systems with alfalfa valve outlets at about 4 ha. The pipe systems will be in
closed loops. Single loops are planned for commands up to 50 ha, whereas the
larger systems will be served through a double loop with each loop serving an
equal area. The PVC pipe will be specified for 2.5 kg/cm2 internal pressure
and will be of 200 mm diameter above the loop and 160 mm diameter within the
loop. The pipes will buried at about 1 m depth below land surface. Pressure
within the pipes will be maintained from an elevated tank of reinforced brick
construction. A simple header tank will be provided for the single loop
systems. The double loop systems will be provided with a distribution chamber
designed to equally divide the well discharge between the two loops and to
permit withdrawals from the loops to be made independently. The iron alfalfa
valves will be set in brick-built distribution boxes. Earth channels
constructed by the farmers will deliver the water from the valved outlets to
the fields.

8. Pu= UJnits Submersible electric pumps and appropriate starter relays
together with motor protection devices will be installed on the wells. A
digital operation-hour recorder will be fitted on the 440 V delivery line to
the pump motor. Pump motor capacities will range from 20 HP to 80 HP
depending on the design discharge and pumping head at any locality. Howe-zer,
discharge/motor capacity characteristics of the pump units have been grouped,
as far as is possible, to facilitate maintenance.

9. Automation of Pum= gperation The elevated tanks of the distribution
systems (para 7) will be fitted with high level and low level float switches
connecting to the pump starter relays. These switch devices permit start up
of the pump unit in response to withdrawals on the pipe line(s) and shut down
when withdrawals cease or reduce and tank water level rises to maximum design
level. Thus, operation of the pump unit becomes independent of the presence
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level. Thus, operation of the pump unit becomes independent of the presence
of the pump operator.

10. Power Supply The tubewell facilities will be located in areas where the
existing density of 11 kV distribution lines is sparse. Therefore, it will be
necessary to extend 11 kV lines from existing 33/11 kV transformer sub-
stations to the well locations. To minimize costs of power transmission, the
wells to be energized have been clustered, so far as possible, on the
existing sub-stations. It should be noted that, although the power lines will
be constructed under the project, they are not intended to be retained as
dedicated lines. However, the provision of independent switch gear at the sub-
stations would allow special treatment to the project wells if operational
circumstances demand such treatment.

Capital Cost Estimates of Tubewell Facilities

11. On the basis of the detailed cost estimates of the various types of
tubewell facilities, the weighted average capital costs of the components of
an "average" tubewell facility serving a 59 ha average command area have been
derived as follows:

Capital Cost Estimate for an Average Tubewell Facility on 59 ha

Item Description Base Physical 1989
Cost (Rs) Cont (%) Cost

A. Preliminary 4.0 0 4.0
B. Tubewell System

1. Tubewell construction 341.0 10 375.1
2. Pump house 17.6 0 17.6
3. Elevated tank and pipe

distribution system 236.4 10 260.0
4. Pump unit complete 69.3 5 72.8
5. Installation of pump unit 2.0 0 2.0

Sub-total (1-5) 666.3 (0.9) 727.5
C. Power transmission 98.5 5 99.6
D. Establishment at 12.5%

of items 1-6 83.8 (0.9) 90.9
Total 768.8 922.0

(Cost pez hectare of an average tubewell facility = Rs 15,600)

Other Capital Expenditures

12. The works will be implemented by the Punjab State Tubewell C poration
(PSTC) which is equipped to undertake such works. However, it will be
necessary to purchase some equipment and vehicles and to erect some building
for implementation of the project.

13. Equipment and VehlJal. The following equipment and vehicles would be
procured under the project at the indicated estimated cost in mid-1989 prices:
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Item Description Unit Cost Number Total Cost
(Ra- Ml (Rs-Ml

1. Heavy duty percussion rig 4.00 4 16.0
2. Air compressor 0.55 2 1.1
3. Heavy duty trucks 0.30 4 1.2
4. Miscellaneous office and

field equipment sum - 0.2

Total 18.5

14. Ri4ldings. A temporary store will be erected for storage of
construction materials at a cost of Rs. 25,000.

Replacement of Tubevell Facilities

15. The assumptions for replacement of tubewell facility components are as
follows:

Ttem Description Year of Replacement
1. Tubewell Replaced after 15 years
2. Pump house Replaced with well after 15 years
3. PVC pipes Replaced after 25 years
4. Pump unit Replaced after 10 years
5. Power system Not replaced at project cost
6. Other components Maintained through life of project

Annual Operation and Maintenance Costs of Tubewell Facilities

16. The O&M costs for an average tubewell facility serving 59 ha are
estimated as follows.

A. En5xrv costs have been computed for an average facility using the

following assumptions:
a) average pump motor capacity = 33.5 HP = 25 KVA
b) average pumping hours - 2,500 hr/yr
c) fixed charges for meter - Rs. 168/yr
d) energy consumption charges - Rs. 0.56/KWH
e) excise duty on energy consumption - Rs. 0.11/KWH

The annual cost of energy for operating the average pump for 2,500 hr/yr is
Rs. 2,500 x 25 x (0.56 + 0.11) + 168 - Rs. 42,043, say Rs. 42,000.

B. Staff salary costs are estimated as follows for the average tubewell
facility:

Ttem_ Description Annual Cost (Rs.)
1. Pump operator at Rs. 1,400/month 16,800
2. Other maintenance staff salaries 2,300
3. Allowance etc. for 1 & 2 above 3,400
4. Supervision staff salaries and allowar.ces 1,560

Total 24,060

Of this amount, roughly two thirds would be recovered through the direct
charge for power to the beneficiariea.
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Studies, Pilot Demonstrations and Establishment of Monitoring Systems

Introduction

1. A number of studies and demonstrations to test improved irrigation
technologies, to investigate possible practices for use of poor quality
groundwater for irrigation, to develop skimming well technologies, and to
compare relative performances of existing and improved irrigation practices in
canal command areas were undertaken as research components of the earlier
Punjab Irrigation Project. Some of these studies require long-term data to
provide conclusive results, and a number of the studies have provided results
which require additional information for general application. In addition,
the preparation of the proposed project has revealed the need for additional
studies and for establishment of appropriate monitoring systems. Thus the
proposed studies component of the project will include continuation of studies
initiated under the previous project, some newly identified studies and the
establishment or strengthening of monitoring systems.

Continuing Studies from Punjab Irrigation Project (Rs 12.6.M)

2. Conjunctive use of brackish/saline groundwater with canal water (Rs 0.6
M) Under the first project, simple methodologies for determining sodicity
hazard were developed and experimentation was established in farmers' fields
with a range of soil textures to test water use procedures for conjunctive use
of groundwater of various qualities with canal water. This experimentation
and demonstration activity will continue under the project. The work will be
carried out by the Water Resources Directorate (WRD) of GOPID.

3. Skimming fresh water overlying saline groundwater(RS 4.4 M) A. thin
layer of fresh water often overlies the generally saline groundwater in
southwestern Punjab. The head relationships between the two layers are very
fragile, and up-coning of salt water can occur if the skimming well device is
not carefully designed and constructed. Experimentation with skimming wells
was initiated under the first project, and both multiple shallow tubewells
connected to a single centrifugal pump and a dug well with four horizontal
bores were found to be effective if designed with pre-knowledge of the
vertical distribution of water quality in the upper part of the aquifer system
section. This experimental work will continue and will be carried out by the
WRD of GOPID.

4. Groundwater quality distribution in southwestern Punjab (Rs 6 M) Use of
the skimming well facilities discussed above (para 3) requires knowledge of
the vertical distribution of groundwater quality in the upper layers.
Investigations to determine the three dimensional distribution of water
quality were initiated under the first project on 4,500 ha in the Mukatsar
area through hand drilling with water sampling at 4.5 m, 9 m, 15 m, 25 m and
35 m depths. It is planned to extend this type of survey over the whole of
the generally saline groundwater area which is at hazard from water logging in
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the next ten years. The farmers have start-d to adopt skimming well
technologies, but require water quality distribution information for designing
appropriate structures. The work will be carriedi out by the WRD of GOPID.

5. Evaluation of Drip IrXigation.(Rs 1.2 M) An ongoing investigation of
use of drip irrigation for fruit cultivation, which was initiated oy Punjab
Agricultural University under the first project, will continue.

6. Comgarison of performancet of existing and inaprnyAd irrigation practices
in canal command areas IRs O.5 MI. This ongoing study, which was initiated
under the first project, is being carried out by Punjab Agricultural
University. The study is located in Jai Singh Wala village area of Bhatinda
District. The study includes a wide range of experimentation with irrigation
practices, use of other agricultural inputs, pest control, preparatory tillage
practices, use of constrained water supplies and conjunctive use of
brackish/saline groundwater with fresh canal water. Support for the study
will continue under the project.

Application of Computer Technology

7. lmpzrovinD Water Delivery Manaaement. The principal objective of the
project is to improve the efficiency and effectiveness with which water i3
delivered for irrigation by the Irrigation Department. Modernization of
structures and lining of channels (Annexes 3 and 4) will make it possible to
control better the flows in the system so that available water is used most
effectively. The modern communication system (Annex 5) will make it possible
to transmit data on wa.er availability and flows in various parts of the
system, reliably and quickly, so that decisions can be taken on how flows
should be regulated at control points, and these decisions conveyed to the
control points.

8. These improvements of c^mmunication and control capabilities should be
accompanied by development of management methods through which appropriate
decisions are taken on the basis of the large amount of precise data which
will become available. Therefore, it is necessary that the following
activities also be undertaken to derive maximum benefit from the large
investment being made:

(a) development of advanced methods of management;

(b) provision of means for application of these methods by installing
computers at appropriate locations; and

(c training of personnel in using the methods.

9. The current Plan of Operation uses a rotational priority to decide which
distributaries of the system will receive water. Because large branches of
3000 cusecs or more are operated in rotation, it usually turns out that one of
the branches in second or lower priority has to be operated at part flow at
any given rotational turn. It then becomes necessary to select a set of
distributaries which it will be feasible to run with the flow available and
the controls available on the branch. As similar decisions have to be made on
the same branch several times a seascn, distributaries have to be selected
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the same branch several times a season, distributaries have to be selected
also with consideration to equitability.

10. The Potential for an Tmproved Plan of Operation: With the improvement
in .mmunication and control capabilityl that will be available through
implementation of the project, computers with appropriate software can help to
make the best choice and ensure high equitability performance. The
application described above will involve maintenance of comprehensive
information on how every distributary has run during the season. It is
proposed that software 2 will be developed to support the operation of the
irrigation systems under the rotational priority method, including methods for
prescribing the choice of distributaries in partially run branches .

11. Diversity in cropping within the same command to match differences in
soil, groundwater availability, etc. in different regions must be expected to
increase when farmers strive to maximize returns in the modernized system.
This may necessitate a review of the method of operation of the canal system
with a view to giving maximum support to such diversified agriculture. It is
necessary that work be undertaken to develop alternative methods of decision
making on water allocation at every turn. The new communication system will
enable such decisions to be communicated to the field promptly. The best
means of testing alternative methods is to simulate on the computer how these
methods will work, and evaluate the results of simulation. It is proposed to
undertake work on developing alternative decision making methods. The work
will include field tests in pilot areas of methods found attractive in
simulation studies.

12. The Plan of Maintenance: The original system was provided with entirely

unlined Lacey regime channels: these wide shallow sections closely approximate
to natural rivers and require minimum maintenance but suffer from large losses
in permeable ground. The structures used crude drop needle controls. The
more efficient lined narrow sections now being introduced in selected reaches,
and the new gated structures will require a more rigorous Plan of Maintenance.
Maintenance of the cani.l system can be planned and organized better if a
database in which maintenance requirements are entered as they are reported
from the field is maintained on a computer. It is proposed that such a
database be developed at each circle/division headquarters. Necessary
software to plan maintenance works including working out manpower and material
requirements will be developed.

13. The project will require a huge number of drawings, but large sets of
them will be to the same prototype design, only with different parameters. It
is possible to generate such drawings with a good CAD (Computer Aided Design)
package. It is proposed to buy good software packages from sources in India
or abroad. Computers with accessories, such as plotters, will also be bought

1 The designs for modernization of control structures will take account of the

need to operate various combinations of distributaries.

2 Software to demonstrate how the above decision support system might operate,

has been developed under World Bank sponsorship and made available to the Computer Cell

in the office of the Chief Engineer, Canals. The software also includes an alternative
method of water allocation at a turn, of the kind discussed in para 24.
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or abroad. Computers with accessories, such as plotters, will also be bought
and installed at selected locations.

14. While every effort will be made to build up in-house capability for
developing software, it will be necessary to engage consultants to help the ID
carry out some of the tasks outlined above. Cost estimates for the study sub-
components are summarized below:

eascriptleCn cost {RX M)

Computers and accessories 4.0
Consultancy Services 2.0
Training of personnel 0.5
Software procurement 3.03

Total 9.5

New Research and Monitoring Activities (RD 41.8 M)

15. Study of Artificial Recharge on Surface Drainage Systems (Rs 2.S MI.

The development of the groundwater resources of Punjab is at, or approaching,
the safe limits in large areas of the State. Marked overdraft conditions are
being experienced during dry sequences with falling groundwater levels in some
areas. It is essential to conserve all waste water so far as is possible.
Good quality water which is presently runoff through drains during storms, or
as water which has to be escaped from canals during canal flow/irrigation
demand mismatches offer possible sources of recharge water.

16. An experiment is proposed for artificial recharge which involves
construction of low checks at intervals along the man-made master drains where
they pass over fresh groundwater areas. The checks will create ponds which
will infiltrate to groundwater. The spacing between checks will be a function
of the height of the check and the bed gradient. With drain bed gradients of
about 1:4,000, a 1.0 m high check would create a 4,000 m long pool upstream of
the structu-e. Such low structures would not seriously affect the hydraulic
characteristics of the drain, and they would be designed so that they would be
swept away in the case of a very high flood flow.

17. The study will investigate:

(a) the most appropriate check structure design in terms of materials
and height relative to the drain dimensions;

(b) the recharge benefits from creation of the sequence of pools; and

(c) any other benefits, such as farmer use of the stored water for
irrigation by direct pumping.

The investigation will be implemented on the Patiala Ki Rao and Jayank Devi Ki
drains which discharge to the Sutlej through Siswan Nade drain. The work will

3 Includes foreign exchange of about US $ 50,000
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drains which discharge to the Sutlej throuqh Siswan Nade drain. The work will
be carried out by the 'RD of GOPID.

18. HydroloGlical Study of Existing Water Logged flepressions (RS 2O Ml The
land surface of the general area in which water logging conditions are
developing in southwestern Punjab is gently undulating with local elevation
variations of 3-4 m. Depression areas vary in extent from less than 50 ha to
more than 500 ha, and are of varying shapes ranging from elongated to more or
less equi-dimensional areas. As the water table rises towards land surface,
water logging conditions first develop in the bottoms of the depressions.
Field examinations of the presently water-logged areas indicate that the
depressions are functioning as drainage sinks for both surface water and
groundwater runoff from their micro-catchments. This interpretation of
groundwater movement led to the hypothesis that provision of a pipe drainage
system to lower the water table to a minimum of 1.0 m below land surface in a
water logged depression (together with alleviation of any surface water
drainage congestion) would remove the drainable groundwater surplus from a
more extensive area of higher land surrounding the treated depression by
lateral flow. It has been suggested that the ratio of treated land to drained
land may be as high as 1:5 in some circumstances. Natural evaporation from
the water logged surface would dispose of the concentrated groundwater surplus
from such an area ratio (equivalent to 250-500 mm/yr) unless the groundwater
became extremely saline.

19. However, the surface water and groundwater hydrology of waterlogged
depressions has not as yet been studied in detail. The full effects of
alleviating surface water drainage congestion on the overall water balance are
unknown. Also, the lateral extent of the groundwater drainage benefit from
treating a localized area on the valley bottom with ti'e drainage is unknown.
As design decisions for both surface water and groundwater drainage systems
depend on knowledge of such phenomena, detailed hydrological studies are
proposed for two typical depression areas which are presently affected by
water logging.

20. The areas selected for study would meet the following criteria:

(a) presently water logged area not less than 200 ha;

(b) one area with an elongated shape and one area with an equi-
dimensional shape;

(c) artificial surface water and groundwater drainage rot yet
provided, but planned under the project;

(d) the area will have reasonable year-round accessibility.

21. The area of the micro-catchment will be accurately contoured at 25 cm
interval and a network of benchmarks will be established so that flooded area
can be easily assessed. The following instrumentation will be provided: (i)
daily rain gauge backed up by a totalizina gauge; (ii) a gauging station for
measuring runoff if any defined channel exists; (iii) a network of shallow
piezometers on a grid of 200 m in the depression bottom extending to 400 m on
the side slopes and covering the entire micro-catchment; (iv) a water level
measuring instrument; (v) provision for baling out piezometers for water
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quality sampling; and (vi) a portable EC meter. The piezometric network will
be accurately levelled.

22. The following data will be recorded:

(a) before drainage treatment: daily rainfall; (ii) extent, depth and
duration of flooding; (iii) runoff, if it occurs; (iv)piezometric
water levels weekly; and (v)water quality in piezometers weekly.

(b) after drainage treatment: (i) above measurements continue; (ii)
daily outflow from groundwater drainage system; and (iii) water
quality of drainage outflow weekly.

In addition, more intensive observations will be made, as considered
appropriate, to observe responses to particular conditions, as for example -
intensive rainfall or irrigation application.

23. The data will be interpreted and reported annually with an appropriate
series of piezometric maps, depth to water table maps, flood extent and
duration maps and selected hydrographs of water level and water quality. The
aim will be to establish a water balance and salt balance for the micro-
catchments before and after provisio. . ainage treatment, and to define the
extent of the area benefitting from * atment. The work will be carried
out by the WRD of GOPID.

24. Improvements to the Water Oi.i _ -esting Capability of the Water
eources Directorate (Rs 4.0 M). .. _ laboratory of the WRD is handling an
increasing volume of work relating to water quality testing and particular
problems relating to testing water quality resulting from industrial effluents
turned out to the drainage system. The need to test groundwater quality for
similar pollution may also be foreseen. The laboratory equipment, sampling
equipment and transport facilities of the WRD require enhancing and this would
be supported under the project.

25. Auamentation of Weather Monitoring Network (Rs 045 M). GOPID maintains
a network of weatt.r monitoring stations in the state. It is proposed to
augment this network by 15 additional stations which will be equipped to
monitor: (i) pan evaporation; (ii) rainfall intensity and daily rainfall;
(iii) temperature; (iv) humidity; and (v) wind velocity and direction. The
stations will be run by WRD of GOPID.

26. Establishment of a purpose-built Groundwater Level Measuring Network (Rs
L.70 Ml. Groundwater level monitoring in Punjab has relied mainly on water
levels recorded in open village wells. Many of these are now being filled in
as village water supplies are provided from hand pumped tubewells. Given the
high level of groundwater development in the State, there is need for a
properly spaced and equipped network of piezometers to monitor groundwater
levels. It is proposed to install a network of piezometer tubewells to an
appropriate depth below the phreatic water level at a spacing of about 5 km (1
piezometer/25 km2). Many of the wells can be constructed by hand-drilling
techniques. About 500 observation points will be equipped with water level
recorders. The network will be established and monitored by the WRD of GOPID.
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Monitoring of Seepage Losses from Lined Canals And WatereouAses (Rs . 1 0 Ml

27. Lining of canals of the Punjab Irrigation System was initiated in the
early 1950s, continued with the development of the Bakhra System, and
accelerated from the early 1970s when lining of the canal system of the state
was started on a large scale. Some 3,000 km of lined canals exist in the
State at present, and it is planned to line an additional 800 km of canal
under this proposed project. Lining of water courses on a significant scale
was initiated about two decades ago. The water courses of some 3,000 chaks
are presently lined, comprising about 25,000 km. An additional 10,000 km of
water course lining will be undertaken under the proposed project, and at
7.0 km per chak, this equates to about 1400 additional chaks with lined water
courses.

28. The de-igns for lining of both canals and water courses have evolved
over the years as experience has prompted modifications to previous design
criteria. The present designs are basically a single brick over a sand-cement
mortar layer underlain by polythene sheeting on compacted earth, for both
canals and water courses. Preferred design cross sections are now cup shaped
with steep side slopes for canals and water courses.

29. The benefits of lining are predicated mainly on water savings, but also
on O&M improvements. The Irrigation Department has undertaken numerous
studies of the performance of lining, and particularly the relative
performance and cost of various designs standards. However, there has been no
systematic program to monitor the effectiveness of lining canals and water
courses over time in reduction of seepage losses. Standard techniques for
estimating seepage losses have been developed by the Irrigation and Power
Research Institute (IPRI) of Punjab. The need is now accepted to collect
information on the effectiveness of lining for reduction of seepage from both
canals and water courses in a more regular and systematic way as a basis for
confirming long-term performance, and the adequacy of maintenance provisions.

Selection of Monitoring Sample

30. Given the existing length of lined canals and the present number of
lined water courses, and the fact that these quantities will grow rapidly
through time, complete monitorin- of the effectiveness of the lined system is
not feasible, and an appropriate ,ampling system for monitoring has been
devised.

31. The IPRI now has staff and equipment to make detailed estimates of
seepage losses on about 35 canal reaches and 65 water courses per year. It is
proposed to double this capability under the project and to establish a system
of regular monitoring of seepage losses based on 70 canal measurements and 130
water course measurements per year.

Proposad Canal Seepage Loss Testing _roa_

32. The program would be structured as follows:



-~~~~~~~~~~~~~~~~~~~
-94 - Annex_ X

Page 8

a. IPRI will make 130 water courses loss tests per year at which 120
tests will be under the routine program and 10 tests will be
reserved to investigate special situations;

b. the repeat testing will be at 5 years intervals and the test will
be an exact repeat of the first tests to provide comparable
results;

c. the program will be developed over 5 years to test the efficiency
of water course lining in the entire range of geographic
situations;

d. as the program will be developed to test the effectiveness of the
present lining technique through time, the selected water courses
will be either recently completed to present design standards, or
constructed under the project;

e. the repeat testing program will cover 600 water courses or about
13.5% of the water courses lined by year 1994/95;

f. the 10 tests per year will be reserved for investigating special
situations such as: (i) anomalously high seepage losses in any
routine test chak or area of chaks; and (ii) specially identified
water course which are not included under the routine program.

Cost Estimates

33. Ca2ital costs The IPRI will require additional vehicle3 and equipment
to support the two additional measuring teams required for the program. The
equipment and vehicle requirements and cost are summarized below:

Cost
(Rs 000)

Computing equipment 170
Gauging equipment 85
Office furnishing 50
Jeep with tractor 165
Total 470

34. Recurrent Costs The present costs of making the tests average
Rs 650/test on canals and Rs 386/test on water courses. Therefore the
recurrent costs (in 1989 prices) of the monitoring program for the 5 year
project life are as follows:

Test Type Unit Annual Schedule Total Cost
Cost 90/1 91/2 92/3 93/4 94/5 No. Rs '000

1. Canals 650 70 70 70 70 70 350 228
2. W/Courses 386 130 130 130 130 130 650 251

Improving Operational Capability of Bhakra-Beas Management Board
(BaMB) (Rs 25.0 M)
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3s. The BBMB is responsible for operation of the system of reservoirs,
diversion structures and canals which harness the flows of the Ravi, Beas and
Sutlej rivers, and deliver water to the state. of Pun,ab, Rajasthan and
Haryana in accordance with agreed entitlements. The Board also operates the
large hydroelectric power facilities in the complex, and delivers power to the
states of Punjab, Haryana, Rajasthan and Himachel Pradesh in their due shares. u
It is a statutory body reporting to GOI. Capital expenditures and operating
expenses of BBMB are met by the beneficiary states according to agreed shares.

36. BBMB has prepared and Action Plan for implementation over a six year
period, which is envisaged as the first stage in the process of bringing state-
of-the-art methods to its operations. The components of the plan are:

a) procuremePt and installation of a modern communication system;

b) procurement and installation of a modern Load Despatch system for
managing its power facilities;

c) development and implementation of an advanced decision support
system for managing water deliveries;

d) development of methodologies for predicting stream flows into the
system;

e) development of a decision support system for annual, seasonal and
monthly water allocations;

f) investigation of prospects for adding intermediate water storages
in the system, and for adding pumped storage hydro plants;

g) institution development towards building capability to apply
modern methods and tools for decision making.

37. The project will finance items (c) through (f) of the above list. The
total of the expenditures estimated for these items is Rs 25 M. Brief
descriptions and cost estimates of the components are given below.

38. Decision Support System for Water Delivery Control (Rs 14 0 M): The
beneficiary states can use the water delivered to them to best purpose if BBMB
can adhere to the deliveries planned at monthly allocation meetings. However,
fluctuations occur due to many reasons, of which the principal are:

a) releases for power generation are not uniform, and there is not
enough in-line storage in the system to smooth the fluctuations
adequately;

b) demands from the power grid into which BBMB is tied often require
it to deviate from generation planned;

c) many small streams flow into the Beas and Sutlej below the dams,
and add to the waters reaching the "contact" points at which BBMB
delivers water to the states; and
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d) even without these inflows (c), BBMB cannot predict water
availability at Harike with much precision because the water is
corveyed through long natural channels of the Sutlej and Beas.

39. A computer model of the water conveyance system, which can simulate
dynamic flows in the system, can be used to manage releases at the reservoirs,
and operate the in-line storages available, in such a manner as to adhere
closer to the planned deliveries, and reduce fluctuations. It is proposed
that a decision support system bas,d on such a computer model be developed.
This will require hiring of a foreign consultant firm, or a joint venture of a
foreign firm and an Indian firm, as expertise in development of such a system
is not available in India. Development of the system will include the
following:

a) a study visit by senior BBMB officers to comparable systems abroad
where modern methods of water delivery management are in
operation, to enable BBMB to draw up terms of reference for the
system it would like to install;

b) development and implementation of the decision support system,
including the hardware and software;

c) training BBMB personnel at installations abroad where similar
decision support or control systers are in operation, and;

d) training of BBMB computer and operating personnel in 0 & M of the
implemented system.

40. It is estimated that about 36 man-months of expatriate effort and about
50 man-months of Indian effort will be required. The financial provisions are
as follows:

QA=a

Eoreign local
(US $ M) (Rs M)

Consultancy services and equipment 0.4 5.6

Study tour and training of operating 0.1 0.4
Personnel abroad

Total 0.5 6.0

41. Development of Streamflow Prediction Methodologies (Rs 6.0 M):
Management of releases from the reservoirs at Bhakra and Pong will be easier
and more effective if the following contributions to the system can be
predicted over the short range with some accuracy:

a) contributions from snowmelt during April-June;
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b) contributions from the major rainfall catchments above the
reservoirs during the monsoon period June-October; and

c) contributions to the natural channels of the Sutlej and Beas
between the dams and Harike during the monsoon

42. In the years 1980 - 1983, the Indian National Remote Sensing Agency
(NRSA) provided to BBMB forecasts of flows in the Sutlej from snowmelt, based
on satellite imageries. While the predictions were not sufficiently accurate,
they have given confidence that good results could be obtained with additional
information from the ground. NRSA has made a proposal for a two year study to
improve the prediction methodology, with ground equipment installed on pilot
basis at six selected locations. This study .s expected to cost Rs 0.8 M.

43. A number of institutions in India 'e.g. the National Institute of
Hydrology, the Central Water Power and Research Station, and Indian Institutes
of Technology) could take up the task of developing catchment models for
predicting streamflow. Groups of contiguous catchments could be assigned to
different institutions after ensuring that they have the capability to carry
out the work. The cost of developing models for these catchments, and
installing equipment to acquire and transmit data for effective use of these
models, is expected to be Rs 6.0 M.

44. Decision Support System for High Level necisions (Rs 2.0 M). Decisions

on seasonal water allocations from anticipated water availability are taken at
meetings of the Board before each season. A Technical Committee consisting of
senior irrigation and power officials of the states and the BBMB meets toward
the end of each month to take decisions on the reservoir releases for the
following month. The decisions to be made at these forums are quite
complicated because the entitlements of the states for water and power are
stated in complex terms, and the decisions have to be taken with due
consideration to effective use by the partner states of the water and power
deliveries. A decision support model incorporating these complexities could
help each partner state to study the options available, and work out a
strategy for negotiation, as invariably there are conflicts between the stated
requirements of the states (at least in the time distribution of releases, if
not in total quantum). This can be expected to lead to improvement in the
final decision, and the resulting performance. Studies done in the past
indicate that a Linear Programming model could provide a good basis for this
decision support system.

45. This study sub-component will develop a decision support model with the
above described capabilities, and train concerned personnel in its use. The
model could be developed with in-house effort supplemented by help from a
consultant, or could be fully contracted to a consultant.

46. Investigations of Intermediate and Pumped Storage Potentials IRs 3.0 M):
Water releases through the power plants at Bhakra and Pong are subject to
large fluctuations during the day, as required for energy generation. The
ponds at Nangal, Ropar and Harike are inadequate to smooth these fluctuations
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before water is delivered to the irrigation systems. The storages at Nangal
and Harike are now considerably less than they were when constructed, due to
siltation, but estimates of cost of restoration of even part of the lost
capacity look prohibitive. Investigations of restoring storages will be
pursued further, and the possibilities for constructing new intermediate
storages will be investigated.

47. New thermal plants of large capacity have been commissioned on the North
Indian electrical grid into which the hydel generation controlled by BBMB is
tied. As rapid on/off operations of large thermal units is not desirable, the
grid now has excess thermal generation at times of low load. But tnie need to
release water from Bhakra and/or Pong to meet irrigation requirements still
remains, and BBMB often has to by-pass its hydel generators with water
released at times of low energy demand. A possible solution is the
installation of pumped hydel plants in combination with associated storages
below the main dams where water released in excess of irrigation demand is
retained during the high energy demand period and from where the surplus
thermal energy of the low demand period is used to lift the water to a higher
level for re-release through generators during energy demand peaks.
Investigations of the relationsnips between thermal and hydel generation
capacities and energy demands in the medium term, and of likely sites for
pumped hydro plants with associated low and high level storages will be
undertaken as part of this study sub-component.
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XNDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Institutional Development

A. Punjab Irrigation and Management Training Institute

1. Many states have set up Water and Land Management Institutes (WALMIS)
but the pattern adopted does not suit the needs of the Punjab, where farmers
are well trained to use water economically and warabandi has been successfully
employed. After detailed study, the nearest parallel which could provide
suitable model for Punjab is the Training Institute situated in the same
premises as the Maharashtra Engineering Research Institute (MERI) which has
been successfully working since 1964. It utilizes the laboratories of MERI
and staff to the extent needed and has an independent teaching faculty. It
provides training to new entrants and in-service training to the engineering
staff through refresher courses (an engineer is sent to the institute after
five years to update his knowledge). For special subjects, guest lecturers
with appropriate experience are invited. The training institute is under the
administrative control of the Maharashtra Irrigation Department. A Principal-
Cum-Director runs both the Training Institute and the Research Institute.

Location and Staffing

2. The proposed institute would be located separately in the buildings at
the disposal of the Irrigation & Power Research Institute (IPRI), Amritsar.
Some additional accommodation would be provided by completing a number of
buildings in the existing complex. Initially, faculty members will be drawn
from the experienced staff from the Punjab Irrigation Department and from the
Agriculture, Soil Conservation and Forest Departments of Punjab Agricultural
University, Ludhiana and other engineering colleges. Ultimately, an
independent teaching faculty will work for the proposed Institute under its
own Director. The Punjab ID will act as the nodal department.

Objectives and Scope

3. The objectives of the PIMTI will be to provide training to new entrants
at various levels, and to provide in-service training to the staff at higher
levels. The latter training would be imparted by organizing 3-4 weeks
refreshers courses. PIMTI would also organize workshops to provide
interaction between the field staff, trainees and teaching/training faculty to
find solution to the problems being faced. It would also provide training in
modern management techniques i.e. Programme Evaluation & Review Techniques for
effective monitoring duAing construction and operation and effecting cost
control. Training would also cover structural and mechanical tasks being
faced by the Punjab ID engineers to enable better control on irrigation
waters.

Organization

4. PIMTI will be headed by a Director in the rank of Superintending
Engineer from Punjab ID. The Director will be assisted by two Joint Directors -

a Joint Director (Training) and a Joint Director (Refresher Courses) - also in
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the pay icales of Superintending Engineer and to be drawn from
research/scientific community. The Director will function under the
administrative control of Chief Engineer (Research). There will be six
Associate Professors who will head the faculties of Soil Science; Plant
Science, Irrigation Engineering, Computer Science, Mechanical and Electrical
Engineering and Hydraulics. There will be two visiting professors who will be
paid honorarium for the period spent with PIMTI. There will be an
Administrative Officer in the pay scale of Executive Engineer to assist the
Director. He will be assisted by an accounts branch and an administration
branch. PIMTI will have a trained Librarian and an Assistant Librarian and
supporting staff. Staff consisting of one Head Draftsman and two Draftsmen
will assist in the preparation of drawings, estimates, compilation of data,
etc. Transport will comprise: two staff cars, one mini bus, one station wagon
for the use of Director, Joint Directors, and trainees for field visits.

Accommodation

5. S aff Residential accommodation will be constructed at Gawal Mandi
located at a distance of about 1 Km from the proposed lccation of PIMTI, to
accomnodate six officers and ten subordinates in the first instance. The land
belongs to the ID.

6. Hostel Accommodation ainees. A hostel will be constructed on ID
land at Doburji to accommodate 30 trainees. In addition, provision will be
made for a mess for the trainees, common room, and acconmodation for care-
taker, etc. The land is about 8 Km from the proposed location for PIMTI and
is just at the boundary of Amritsar city on Amritsar-Jalandhar Road.

B. Facilities and Equipment for the Irrigation Department

7. The Irrigation Department is currently distributed over eight locations
in Chandigarh, in offices rented from private and other government agencies.
This has several adverse implications: first, and most importantly it limits
the professional contact among different parts of the organization, second, it
discourages the investment in facilities where sites are not permanently
occupied, and thirdly, it is expensive.

8. Under the project, a central office would be constructed to house the
entire head office staff. Equipment (computers, software, crawing office and
other technical facilities) would be supplied, and support would be given
through training and study tours for professional skill development in areas
such as computer aided design, and critical path analysis.
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Future Irrigation Development

A. Remodeling of Badshahi Canal System

Background

1. The Badshahi Canal command area is located on the left side of the Ravi
river in Gurdaspur District of northeastern Punjab. The command area is
bounded by the Ravi in the west and the UBDC Hydel Channel (Annex 13) in the
east. The existing system provides irrigation tc about 4,550ha (11,380 acres)
in 38 village areas.

2. The Badshahi Canal is a very old channel which predated the UBDC system
constructed in the mid-19th centurj. It has retained a water right from the
Ravi since that time. Originally, the canal had an ungated inundation intake
from the Ravi, but it is now supplied from the UBDC Hydel Channel through the
Salampur Feeder and then the Salampur Minor. The supply is non-perennial, but
with a high duty of 20 cfs/1000 acres. The existing channel is not to a
design section and tollows an irregular alignment. There is no proper
arrangement of water deliveries and much water is wasted. The farmers
maintain the system and a water cess is not levied.

Remodeling Proposal

3. It is proposed to provide a properly designed and modernized irrigation
system to the area now served by the existing system (4,550ha) and to an
extended area of 2,720ha (6,795 acres) on the downstream of the present
command. The water duty of the existing command area will be reduced to 7 cfs
/ 1000 acres and a duty of 3.5 cfs / 1000 acres will be allocated to the
extended area, but the supply will become perennial.

4. The works will involve construction of a canal of appropriate capacity
on a realignment to replace the existing channel, and extending the canal to
serve the new part of the command area. The canal will be lined in cup-shaped
section in accord with Punjab ID standards (Annex 3). A canal head regulator
will be provided together with drops, bridges and escapes as necessary. There
will be 44 level controlled outlets to chaks (average area 165 he) distributed
along and on both banks of the canal. Flood protection and cross drainage
works are not required (the command area already has the necessary flood
protection embankment).

Cost satimates

5. A summary of the estimated costs of the project by major components is
given below.
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TtCiii lnescrition Base Coat Phys- Con_ Total

(RsM) (%) (RsM)
A. Preliminary 0.241 10 0.265
B. Land 6.685 10 7.354
C. Canal Works

1. Regulator 0.100 10 0.110
2. Falls 0.515 10 0.567
3. Bridges 3.085 10 3.394
4. Earth work 3.688 10 4.057
5. Lining 9.177 10 10.095

6. Outlets 0.220 10 0.242
7. Water courses (unlined) 0.036 10 0.040
8. Miscellaneous 0.97' 10 1.073
9. Maintenance (1%) 0.178 10 0.196

D. Establishment and Eng. Supervision
at 12.5% of A-C 3-113 10 3-.42442

Total 28.013 30.814

Note: All costs at mid 1988 level.
The average investment cost per hectare is about Rs 4240 including physical
contingencies. The project is planned for implementation over a four year
period.

B. Upper Bari Doab Canal Hydel Project

Background

6. The Upper Bari Doab Main Canal (UBDMC) takes off from the left bank of
the River Ravi at Madhopur Headworks. The canal was originally constructed to
convey run-off-the-river water from the Ravi to serve irrigation to a large
command area, most of which is now in Pakistan. As water of the Ravi was
allocated to India under the Indus Water Treaty, the major proportion of the
low flow on the river is now transferred to the Beas and thence to the Sutlej
through the Madhopur Beas Link Canal (MBLC) to serve irrigation elsewhere in
Punjab and in Haryana and Rajasthan.

7. Madhopur Headworks has a diversion capacity of 500 m3 /s (17,500 cfs) of
which 285 m3/s (10,COO cfs) goes to MBLC and 215 m3 /s (7,500 cfs) goes down
UBDMC to serve irrigation in the part of the Upper Bari Doab command remainiuig
with India. The first cross regulator on UBDMC is at Tibri, about 45.5 km
below Madhopur Headworks. In this reach of the canal, there are many drops in
the form of chutes, and since 1964, GOP has undertaken works associated with
the UBDMC by constructing a hydel channel from Madhopur to make use of the
fall on the upper 18.3 km of the canal for generation of power. There ib
potential for additional power generation on a hydel channel from km 18.3 to
just above the Tibri regulator and on a link canal to the Beas te&ing off from
the hydel channel which could be used to escape water when there is no demand
in UBDMC command area.

8. The hydel channel from Madhopur Headworks to km 18.3 of UBDMC loops to
the right of the main canal. Under the first stage of the scheme, three power
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houses, each of 15 MW capacity, were constructed at kme 4.1, 7.5 and 12.2 of
the hydel ch&..nel which then had a discharge capacity of about 104 m3/s (3,625
cfs). The second stage was started in 1984. The hydel channel was remodelled
to carry about 207 m3/s (7,250 cfs) and additional power houses, each of 15.45
MW, were located in parallel at each of the earlier power house sites, giving
total generating capacity of 91.35 MW on the channel.

Planned Hydel Worke

9. The third stage works plan to capture the remainina hydropower potential
on the UBDMC from below the third pair of power stations on the Stage I/II
hydel channel to the Tibri regulator. The planning for these works takes
account of the regulation of flow on the Ravi that will be available when
Thein Dam is completed. Power releases at the dam would be about 357 m3/s
(12,501 cfs), and this would be re-used for power generation at a proposed
power station at Shahpur Kandi about 12 km below Thein, which would tail water
to the Ravi above Madhopur. At the headworks, 207 m 3/s would be delivered to
the existing hydel channel, and the remaining 150 m3/s would be passed through
a parallel hydel channel which is planned on an alignment to the right of the
existing channel. The new channel would have three power houses, each of
about 23 MW capacity and located close to the existing power facilities.
Below the third group of power houses, the existing and proposed channels
would join to a single channel with a capacity of 357 m3/s which would
continue on an alignment on the right bank of UBDMC to outfall above Tibri. A
power facility with three units of 16.5 MW would be installed at a drop on the
extended hydel channel.

10. The extended right bank hydel channel with 357 m3/s capacity and its
associated facilities constitutes what is now called the Stage III project.'
However, the efficiency of working of the existing power facilities (and of
the proposed Stage III and Shahpur Kandi Scheme-) is constrained by the lack
of escape capacity. There is the opportunity to provide escape from the UBDMC
just above Tibri to thb Beas. This escape can be constructed as a hydel
channel to exploit a potential power drop on the 8 km reach to the Gaddi Nalah
and thence to the Beas. If constructed with a capacity of 357 m3/s with 163
m3/s (5700 cfs) considered as sufficiently firm for power generation, a power
facility of 24. NW capacity can be installed on the channel. The channel would
essentially replace the MBLC escape in function.

11. The UBDC hydel development component which could be financed under the
project would include the extended right bank hydel channel and its associated
power facility, plus the escape cum hydel channel to the Beas (the power
facility on this channel would be constructed later).

Power Generation

12. It is estimated that the power generation of the Stage III facility
would be about 150 M kWh/yr during the period before Thein dam is completed.
After the completion of Thein dam and associated downstream hydel development,
generation would increase to about 244 kWh/yr. These levels of generation

lThe original Stage III project had the hydel channel aligned on the left
side of UBDMC.
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ganeration would increase to about 244 kWh/yr. These levels of generation
assume the availability of the escape channel to the Beas.

Cost Estimates

13. Provisional cost estimates for the works which could be financed under
the project are:

Bam
Stage III hydel channel 1000
Power house and appurtenances 300
Electrical works _t.U

Subtotal 1750
Escape channel

Total 2070

C. Construction of Combined Bikaner and Eastern Canals

Background

14. The Bikaner Canal and the Eastern Canal (Main Branch) take off from
Ferozepur Headworks on the Sutlej River and run almost parallel and in close
proximity for about 61 km. The Bikaner Canal, constructed in 1926, carries
water to Rajasthan to serve the Gang command area. It was originally lined
with lime mortar to which upper courses of brick lining were later added, but
the entire lining has now deteriorated so that it is completely ineffective
for controlling seepage losses, The Eastern Canal was constructed in 1933 to
serve irrigation in the Punjab, and is an unlined channel. Due to the failure
of the lining of Bikaner canal and the lack of lining in Eastern Canal, a
broad stretch of land in their vicinities has become completely water logged.

15. Rajasthan plans to reline the Bikaner Canal to modern standards. The
-ork within Punjab will be carried out by Punjab XD against reimbursement by
Rajasthan. To take full advantage of this situation, Pu.ijab plans to
construct a combined channel for the Bikaner and Eastern Canals from RD 45,000
to RD 190,400 (about 44 km), with the additional cost involved in creating the
additional capa,.ity and linking to existing distributaries of the Eastern
Canal system being at the expense of GOP. The channel below RD 190,400 to RD
368,500 at the Rajasthan border will function exclusively as a feeder channel
for Rajasthan.

Description of Works on Combined Channel

16. The design discharge at the head of the Bikaner Canal is about 78 m3/s
(2720 cfs) and it was intended to deliver 75 m3/s (2640 cfs) at the Rajasthan
state border. The head discharge of the Main Branch of Eastern Canal is about
69 m3/s (2411 cfs). The Eastern Canal runs close to the right side of Bikaner
Canal from the head to RD 72,500 and again from RD 129,200 to 190,400; in the
intervening reach it loops away from Bikaner Canal. The design discharge of
the combined canal starting at RD 45,000 will be about 146 m3/s (5105 cfs)
which is calculated to be sufficient to supply 75 m3/s to Rajasthan at the
border and Punjab's share to the area commanded by the Main Branch after
accounting for transmission losses in the canal. The lined channel will be in
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accounting for transmission losses in the canal. The lined channel will be in
trapezoidal section with a double layer of tile lining.

17. In addition to constructing the combined channel for additional
capacity, Punjab will also have to make arrangements for reconnecting Mehma
Minor and Kanianwali Distributary to the combined canal. This will involve a
head regulator and feeder channel for Mehma Minor and a head regulator for
Kanianwali Distributary.

Cost Sharing and Costa to Punjab

18. The cost sharing involves only the combined canal; the re-connections
are entirely at the expense of Punjab. The formula for cost sharing is based
on the proportion of water carried on the combined canal for each state
expressed in terms of "cusec miles." The length of the combined channel is
24.55 miles and the head discharge is 5105 cfs (of which 2964 cfs for
Rajasthan and 2411 cfs for Punjab). The total cusec miles is 125,326, of
which 78,206 for Rajasthan and 47,120 for Punjab. The total cost of the
combined canal is estimated to be Rs 598.1 M. Therefore the cost per cusec
mile is Rs 4772. Thus, Punjab's share of the total cost (Rs 398.1 M) is Rs
4772 x 47,120 = Rs 224.9 M. The additional cost to Punjab for connecting the
two existing canals is Rs 3.9 M, giving a total cost of the project to be
attributed to Punjab Rs 228.8 M.

D. Micro Hydroelectric Stations

Background

19. There are a about 40 regulation and bed control drops in the Punjab
major canal system which have confirmed hydropower potential. Five of these
are either completed or in progress. Of the 35 remaining, 17 are capable of
supporting an installed capacity of more than one megawatt, and 15 of these
sites coinc-.de with sites scheduled for modernization of the structures. Ten
of the most attractive sites which coincide with the program of control
structure modernization are included in this project component.

20. The proposed microhydro stations will be built and operated by the
Punjab State Electricity Board. Operation will depend on the irrigation
service, generation will be a secondary function. A complete summary of the
Punjab State Electricity Board's parameters and the forecast position is given
in Table 1.

21. There are currently in excess of 164,000 agricultural and 4000
industrial connections pending, in the state with a total shortfall of over
900 MW.

Sco}pe, Benefits and Costs

22. The ten stations selected as first priority are single falls supporting
in excess of one megawatt and on sites which are scheduled for modernization
of the regulation facilities. The sites are shown in Map IBRD 21801 and the
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costs, production benefits and salient features of the stations are summarized
in Table 2. The current cost of generation at the State's thermal stations is
about Ps 87 per unit. All the selected sites have costs below this figure.
The economic rate of return for this component is 25% if the alternative
method of generation is assumed to be thermal.

Technical

23. The turbines will be horizontal Kaplan units with automatically
regulated by-pass gates. The generated power will be fed into the grid via
33KV lines to the nearest substation. Three pilot stations have been
constructed and are operating. All the equipment used in the pilot stations,
apart from the gearboxes and some specialized control equipment, is
manufactured in the Punjab.

E.Sutlej Yamuna Link Canal
Lift Canal Systems

Introduction

24. The Punjab reach of the Sutlej-Yamuna Li:. (SYL) canal is being
constructed to convey up to 177 m3/sec of water > the Haryana State border to
provide that state with its share of the waters rom the Ravi and Beas rivers.
The SYL canal takes off from a headworks on the Nangal re-regulating pond at
the head of the Bhakra Main Canal, and parallels that canal on its left bank
to the vicinity of Morinda before taking a course in a generally south-
easterly direction to the Haryana border.

25. Though Punjab has no share in the Ravi-Beas waters ex Nangal, the SYL
canal within Punjab has been constructed for a capacity of 275 m3/sec. Punjab
proposes to use 25 m3/sec of the capacity of SYL canal , irrigate about
130,000 ha of land on either side of the canal in its te -itory using 580 Mm3

of water from surface water savings elsewhere in the State. The interlinkages
of the canal and river systems in Punjab permit these water to be effectively
transferred to the SYL canal.

26. As the reach of the SIL canal passing the areas proposed for irrigation
is mainly in deep cut, pump lift schemes will be required to deliver the water
from the canal to the proposed command areas. The command areas of six
distributaries from the right bank of the SYL canal and of one distributary
from the left bank wiill be served after a single lift from the canal.
However, serving the total command areas of two branch canals taking off from
the left bank will involve multi-stage pumping with as many as eight lifts to
reach the most elevated parts of their commands. The Command area of the SYL
project is shown on Map IBRD 21801.

27. The SYL canal is scheduled for completion to the Haryana bordor by June,
1990. Work has been started on all the lift systems, designs are almost
complete and much of the land required has been acquired. In terms of
expenditures, 44% of the estimated cost of the project in 19& prices had been
expended by March 1989. GOP plans to be able to deliver water to part of the
land served by single lifts at the time the SYL canal is commissioned to begin
water deliveries to Haryana. The entire scheme is planned for completion in
FY 1991/92.
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Sources of Water for SYL Lift Schemes

28. As noted above, although Punjab has no share of the Ravi Beas water ex-
Nangal, 580 Mm3/yr will be required to irrigate the lands to be served by the
lift schemes from the SYL canal. The proposed sources of the water are
summarized below:

a. Unuse allonatinnfrom the Rhakra-Nangal ProJAct. In 1955, 138 Mm3

was earmarked for irrigation of 36,000 ha in the Nangal-Ropar tract,
but less than 10% of this water is presently being used in thi3 area.
It is proposed that the unused portion (123 Mm3) will be allocated to
the SYL lift schemes.

b.Savings from abandoned channels. A number channels on the Sirhind,
UBDC, Bhakra and Bist Doab systems have been abandoned due to
urbanization, releasing about 185 Mm3.

c. Modernization of Badshahi Canal. After modernization (lining and
reducing canal sections to reflect the current command area) of this
old canal system, its water allowance will be reduced from the
present 20 cfs/1000 acres to 7 cfs/1000 acres in part of the area and
3.5 cfs/1000 acres in the remaining area. The saving of about 31 Mm3

will be made available on SYL Canal from Nangal headworks.

d. Modernization of Chakander Tract Irrigation System. The present
water allowance in this tract is 15 cfs/1000 acres. After
modernization, the allowance will be reduced to 7 cfs/1000 acres
resulting in a saving of about 123 Mm3 which will be used on SYL
Canal.

e. Constructing a new lined channel to replace the Bikar and Eastern
Canals It is estimated that savings in seepage would allow 118 Mm3

to be used on SYL Canal.

The total savings and developments from the above sources are 580 Mm3 for the
SYL lift schemes at full development. it should be noted that the proposed
lining and modernization work would have to be completed by the end of 1991/92
to provide all the required water against the SYL requirement.

Baslc Design Characteristics

29. pump Stations The pump stations on the SYL will be off set from the
canal with a water way irom the canal which would have an entry crest 1.2 m
higher than the bed level of the canal. Pumping will be by electrically
powered, vertical turbine pumps. The power supply will be delivered by
independent feeder lines from adjacent 33/11 kV transformer substations.
Appropriate banks of pumps of varying capacities will be fitted in the pump
stations.

30. Delivery SuMps. The sump receives the water from the pump station
through pump stocks and regulates flow into the canal system. A spilling
chamber is associated with the delivery sump and is capable of by-passing
about 33% of the capacity of the canal and returning any excess to the pump
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about 33% of the capacity of the canal and returning any excess to the pump
sump through a return flow pipe.

31. Canal System The channel system will be brick lined according to
standard GOP practices with a cup shaped invert, 1.25:1 side slopes, and
freeboard of 450 mm on branch canals and 300 mm on distributaries and minors.
(see Annex 2 for more details). With multi-lift systems, the canals will be
level topped to create storage and cater for pump breakdown or discharge
mismatching and prevent spillage.

32. He.ad regulators Off-taking distributaries aA- minors will be provided
with gated head regulators.

33. Escapes Esc;pes are provided as necessary at appropriate locations on
the canal systems.

34. Watercourses These channels will be lined according to standard GOP
practices (see Annex 2 for details). They will serve chaks of about 100 ha
with ungated adjustable proportional modules (APM) at their heads and slide
gated offtakes to 5.0 ha turnouts along their lengths.

35. Cross drainage structurea Major cross drainage structures are required
on the proposed alignments of the Upper Branch Canal and Lower Branch Canal
systems.

36. Bridges A variety of oridges will be required to pass roads, foot
traffic and railway across the canal system. Due to the small discharges in
the canals, most of the road bridges will have the form of culvert structures.

37. Communications An independent telephone system will be provided to
connect key locations on each system to its associated pump station(s). The
pump stations from the SYL canal will have a P&T telephone line connection and
will have wireless connection to the central control for the canal system of
the State.

38. Operation Safety Controls Electric float switches will automatically
switch off pumps at a pump station if water levels fall too low in the pump
sump or exceed safe limits in the delivery sump. Pump stations in multistage
systems will be electrically interlocked so that all stations close down in
the event of any one of the stations becoming unserviceable.

Implementation Schedule, and Cost Estimates for Completion of
Works.

39. Cost estimates are summarized below:
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TLAM XfiaL Year 2 YQL^x2 Base Phys Total
- - - - Rs Million - - - - Cost Cont. Cos

(Rs M) % (Rs M)

1 Preliminary 0.12 0.10 - 0.22 0.00 0.22

2 Land 12.801 10.00 - 22.80 10.00 25.08
3 Works 126.08 97.20 101.12 324.30 5.70 342.94
4 Tools & Plant 2.23 2.47 2.30 7.00 5.00 7.35
5 Establishment 13.57 7.00 7.21 27.80 5.00 29.17

Totals 154.80 116.78 110.63 382.20 404.26

OAK Costs of Water Deliveries

40. Water deliveries to the command areas require between one and eight
lifts, apart from an area served on the lower part of the Banour Canal which

can be supplied directly under gravity from SYL canal. Total lifts range from
3.Om to 56m, and the total volume of water to be delivered to the systems is

580 Mm3/yr.

41. Enaergy consumption on Lift Canal Systems. It is assumed that the

energy requirement to lift 1.0 MCM through 1.0 m is 3300 KWH. This implies a
wire-to-water efficiency of about 67% at the pump stations. On this basis,

the total energy requirement at full development for the lift pumping stations
will be about 47.7 GWH/yr.

42. O&M Cost Estimates. The estimates for annual recurrent costs for O&M of

the lift schemes at full development are summarized below:

Ttem Description Unit Unit cost Nos, Ttal

(Rs,000) (Rs. M)

1. Energy for lift pump MWH 1,500 47,700 71.55

2. Maintenance of systems h 40 130,000 5.20

3. Admin. and Supervision ha 50 130,000 6.50

Total 82.25

Thus, the total annual O&M cost is equivalent to about Rs 630/ha, based on an

economic price of power of Rs 1.5/kwh.
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INDI A
PUNJAB IRRIGATION AND DRAINAGE PROJECT

PROJECT COSI SUMMARY

IRS. ' 000) (US$ '000)

l otal 1 Total
Z Foreign Base S foreign Base

Local Foreign total EFgchange Costs Local Foreign total Exichange Costs

A. MODERNI.ZAIION Of CANALS AND INfRASTRUCTURE

1. WAIERCOURSES MODERNIZATION 521.743 1 27.40 2 b49.203 2 5 16 31,620 S 1.664 3 33.285 0 5 16
2. CANALS MODERNIZATION 720,656.0 39.443 8 760.099 8 5 22 43.676 1 2.390 5 46.066 7 5 2?
3. CANALS REGULATION MODERN17ATION 170. 67? 7 9.749 1 180.421 8 5 5 10.343 6 590 9 10.934 7 5 5
4. COMMUNICATIONS 63.314 0 6.b86 0 70. 000 0 to 2 3.837?2 405 2 4.242 4 to 2
5. FUTURE IRRIGAFION DEVELOPMENT PROGRAM 329,000.0 21.000.0 350.000 0 6 10 19.939 4 1.272 7 21.21? 1 6 10

Sub-Totla MODERNIZAIION Of CANALS AND INFRASTRUCITURE 1.805.385 7 104.339 I 1.909.724.8 5 56 109,417 3 6.32316 115,740.9 5 56
B. KtANDI AREA DEVEtOPMENI

1. KANDI CANAL COMPLEFION 399. 172 5 20,321 4 419.493 9 5 12 24. 192 3 1.231 6 25.423 9 5 12
2. KANDI LOW DAMS 264.907 4 12.416?2 277.323 6 4 8 16.055 0 752 5 16.807 5 4 8
3. TUBEWELLS 199.993 6 15.595 6 215.589 4 7 6 12. 120 8 945 2 13,066 0 7 6

Sub-total KANDI AREA DEVELORMENI 864.073 5 48,333.4 912.406.9 5 27 52.368 I 2.929 3 55,297 4 5 22
C. DRAINAGE I-'

1 SURFACE DRAINAGE 359.6b1 4 17,468 5 377.129 A S 1l 21.797 7 1.058 7 22.856 4 5 It
2. SUB- SURFACE DRAINAGE 90. 383 I 4. 109 0 94, 492 t 4 3 5.477 8 249 0 5.726. 6 4 3

Sub-Total DRAINAGE 450.044 5 21.577 5 471.621 9 5 14 27.275 4 1.307 7 28.583 1 5 14
0. STUDIES AND INSTITUTIONAL DEVELOPMENT

1. SIUDIES 38,483.0 25.944 0 64.427 0 40 2 2.332 3 1.572 4 3.904 7 40 2
2. TRAINING 56.131 8 4.523 3 60.655 0 7 2 3,401)9 274 1 3.676 1 7 2

Sub-Total STUDIES AND INSTITUTIONAL DEVELOPMENT 94.614 8 30,467 3 125.082 0 24 4 5.734 2 1,846.5 7,580 7 24 4

Total BASELINE COSTS 3.214. 1)8 5 204,717 23.418.835 7 6 100 194.795 1 12. .07 1 207.202 2 l OO
Physical Contingencies 240, 199 4 12,951 I 253.150 5 5 7 14.557 5 784.9 15.342 5 5 7
Price Contingencies 854.459 I 70.243 4 924.702 5 8 27 21.717 9 2.250 2 23,966 1 9 I2

lotal PROJECT COSTS 4.308.777 0287.911 54.596,69887 6 134 231.070 5 15.442.2 246.512 7 6 119

Nov'emere 27, 1989 17: 04



INDIA
PUNJAB IRRIGATION AND DRAINAGE PROJECI

SUMMARY ACCOUNTS COST SUMMARY

(RS '0003 IUS$ '0001

I lotal Z Total
7. loreign Bose 7 foreign Base

Local Foreign lotal lxchange Costs Local Foreign lotal L.chango Cosis

1. INVESTMENT COSTS

A CIVII WORKS

1. IAND ACQUISIIION 115.579 6 115.579 6 3 7.004 8 7.004 8 3

2 PRELIMINARY 7,278 0 431 5 7.709 S b 0 441 1 26 I 467 2 6 0

3 CONSIRUCTION WORKS 2,871.825 8 156.q4b 9 3.028.771 8 5 89 174,050 1 9.11 9 183.,bl 9 5 89

Sub-Total CIVIlt WORKS 2.994.683 4 157.377 4 3.152.050 9 5 92 181.4960 9.5380 191.034 0 5 92

B VEHICLES 1.800 0 200 0 2.000 0 10 0 109 1 12 1 12t 2 10 0

C. MIACHINERY AND EQUIPMENT CONSIRUCTION 103,012 0 11.445 8 114.457 8 10 3 6.243 2 6937 6 93b 8 10 3

0. MACHINERY ANO EQUIPMENT OTHfR 78.300 0 8.700 0 87.000 0 10 3 4.745 5 527 3 5.272 7 t0 3

E STUDItS 29.487 0 25.000 0 54.487 0 4G 2 1.787 1 t.5I3 2 3.302 2 46 2

f TRAINING 2.446 0 1,994 0 4.440 0 45 0 148 2 120 8 269 1 45 0

G STAFF COSTS 4.390 0 4.390 0 0 266 1 266 1 0

Total BASEtLINE COSIS 3, 214.tl8 8 204.737 2 3,418.835 7 6 100 394. 79 1 12. 407 1 207. 2'2 2 b 300

Physical Conti ngencies 240. 199 4 12. 951 1 253. 35O S 5 7 14 5?7 S 784 9 I3. 142 S 5 7

Pric'i Contingencies 854.459 t 70.243 4 924,702 S 8 27 21.717 9 2.250 21.968 1 9 32

total PROJECT COSTS 4.308.777 0 287.911 6 4.59b,688 7 6 134 231.070 5 15.442 2 246.512 7 6 119

November 27. 1989 17 04

I-"t
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PUNJAB IRRIG6ITION AND DRAINAGE PROJECT
Table I WAIERCOURSE NEDERNIZATIJO

Detait ed Cost table
IRS 00

Quanti,ly Base Costs

Unit 90191 91192 92/93 93/94 94/95 95/96 96/97 bloaT Unit Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/97 Total

IINVESTMENT COSTS

N. SuRvEy NOS. WiC 42 I 65 9 89 8 84 6 66 3 49 7 27 53 426 1 342 56 5 88 4 $20 4 113 8 88 9 66 6 37 0 57$ 7
8 C0NSIRUCTION MOKSs

NAIRAS NOS N/C 42 I 65 9 89 8 64 8 66 3 49 7 27 5 426 45 746 1. 925 I 3.014 5, 4. 105 9 3.879 5 3.031 027.271 7 1. 260 1 19.48? 8
BRIDGES NOS N/C 42 $ 65 9 89 8 84 8 66 3 49 7 27 5 426 23 2)9 927 1I .S30 I 2.084 0 1.969 1 . 38 41 153 0 839 6 9.891 3
8UIEDINGS ES - - .420 3 477 4 137 4 46 6 14 I 3 5 0 6 I. $00 0
EARIWNORKS NOS Ni/C 42 1 65 9 89 I 684 8 66 3 49 7 27 5 426 37 379 1. 573 0 2.463 2 3.354 9 3. 169 9 2.476 6 1. 856 2 1.029 6 15.923 5
tINING NOS W/C 42 $ 65 9 85 8 84 8 66 3 49 7 27 5 426 1.010 626 42.531 5 66.600 9 90.712 2 85.710 0 66.965 050 19885 27.839 9 4X0.48 0
MAINTENANCE OIIRIWG CONISTRUCTION ES $ 42 9 222 0 30$ 3 284 5 22$ 8 166 3 44 2 1.433 0
ENGINEERING Is. . . 10.035 4 10.035 4 10.035 4 10.035 4 10. 035 4 10.035 4 10.035 4 70.24800 -

Sib-lotal CONSIRUC11011 Wkl(~~~~~~~~~~~~~~~ 57.5605 3 84. 343 6 $10. 731 I 105.0951 I 4.28? 5 65. 674 5 40. 899 4 548 63$ 

total INVESTRINI COSTS 57 661 7 84.432 0 110.851 6 105.208 9 84.37$ 4 65.741 2 40.936 4 549.203 2

IotalI 57.66$ 7 84.432 0 110 85$ 6 105.208 9 84.37$ 4 65. 741 2 40.,936 4 549. 203 2

Mo~embe 27. 1989 17 03



INDIA
PUINJAB IRRIGATION AMD DRAINAGE PROJECT

CANAL 110DERNIZATION-BRANCK CANIALS
Detailed Cost table

IRS '0002

Oantity Base Costs

---- --- --- --- ---- --- --- --- --- ---- --- -- -- ' * Unit - - - - - - - - - - - - - - - - - . . . . . . . . . . . .
Unit 90/91 9t/92 92/93 93/94 94/95 95/96 96/97 lotal Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/9? Total

IINVESTMENT COSTS

A. CIVIL WORKS

1. SURVEYS /PRELIMINARY Is - -. 24 3 38 0 51 5 48? 38 2 28 5 15 9 24S5?
2 REGULATORS No 13 2 20.9 28 5 27 20 9 155 9 135 29 382 3 606 3 82? 0 782 5 606 8 450 3 259 8 3.915 0
3. FALLS NO 30? 7 27 23 3 22 7 Is55 92 8 6 10? 122 3.3063 2.0O?82 2.840 6 2.7652 1.,8900 1. 126? 1.047 0 f3.054 0
4. BRIDGES No~ 1?.4 26 6 34 7 32 5 25 9 t94 20 5 :6? 53 919 6 1.411 4 1,841.3 1.724 2 2.372 0 1.0259 556 7 8.851 0
5. EARIIIIORAS

SALINE GRNOUNATER I10m3 4.582. 4 6,970 6 9,290 9 8.8:2.9 6.998 6 5.316 2 3. 133 4 45. 104 0 9 4. 123 3 6.273 5 8.362 8 7.931 6 6.298 A 4.784 6 2.820 1 40.593 6 2-'
IGATERIDGGED AREAS I001113 472.6 742.3 1.002.9 949 2 745 5 5558 a 309 7 4.77a 09 425 3 668 0 902 6 854 3 67: 0 500 2 276 7 4.300 2 11
PROBLEM NAINIEIANCE :00m3 4,495.4 7.CS: 9.534 8 9.023 3 7.080 8 5.280 6 2.945 45.411 0 9 4.045 9 8.345 9 8.581 3 8.1:20 9 6.372 8 4.752 5 2.850 5 40. 869 9

SLib-otal ENR1IIONRKS 8.594 5 13.28? 5 17.845 8 :6. 908 8123.342 5 20. 037 4 5.749 3 85.763 7
6 IINING

SAL INE OROUNDWATER 1lODe? 2.1272 6 3,408 4 4.608 2 4.361 3.422 7 2.552 312.423 9 21. 949 6 5 14.1:218 22.1:54.6 29. 952 4 28, 346 5 22. 247 9 :6. 589 9 9.255 4 142. 688 5
WATERLOGGED AREAS lODe2 245 383 5 528 9 491 385 2 287 7 1260 6 2.472 6 5 1.592 8 2.493 0 3. 372.8 3. 29: 4 2.5041 1 .870 3 1.043 6 16,068.0
PROBLEN NAARTENANCE 100De2 2.375.? 3, 722.5 5.012 4 4.743 3 3.745 2 2.802 6 1. 546 5 23. 947 6 5 :5.442 : 24. 189 7 32,580 6 30.83: 4 24. 3431 1 2.2:6. 610. 052 0 155. 655 5

Stib-TotaI LINING 31.1 26 7 48. 837 3 65, 905 8862.369 3 49, 095 2 36.676 820. 352 0 314.392 0
7. NISCELLANEOIJS 89IILDINGS LS . 392 5 614 2 830 5 785 9 626 8 460 0 256 6 3.955 4
8 MAINTENANCE CUIRING C02NSTRUCIION ES . . . . 223 2 334.2 452 0 427 7 335 7 250 4 139 6 2.152 6
9 ER1GINEERING AND ON ES . . . . . 6.747 6 :0.585 3 14.312 4 13.544 7 10. 630 4 7.928 0 4.422 2 68.220 5

T StibTtl Il MRS49. 735 9 77. 792 5 304. 906 9 99, 354 8 77. 927 4 57. 983 9 32. 798 0 500.499 4

Novofer 27. 2989 17 03

I-,



PUNIJAB IRRIGATION AND ViR;iCE aPRDJECl
CANAL MIODERNIZAIION-PERENNIAL 0I/TRIBIuIARIES AND NINORS

Detailed Cost labli
ARS 0001

Q.an it y Bass Costs
-------------------------------------------------------------- - ----------t- - ----------- ---- ---------------------------------------------------....--- Unit 90/91 91/92 92/93 93/94 94/95 95/96 96/97 Total Cost 90/91 91/92 92/93 93/94 94/9S 95/96 96/97 Total

1. INVESIFENT COSIS
.... ... ...... ......

A. Clt IVI DRKS
....... ...... ..

1. SURVEYS / PRELIMINARAY IS - - - - 28 6 23 6 19 1 17 3 19 3 20 I 1t 0 143 02. LANO iS - - - - 1 019.9 864 i 700 9 636 9 521 7 330 3 270 7 4,344 03. REUtLATORS to 1 7 2.5 26 2 6 23 t6 1.7 15 29 47.9 71 1 75 6 76 6 66 8 46.8 SO 2 435 04. FALtS no 0.9 0.9 0.9 0.9 0.9 09 0.9 6 122 104 6 104 6 104 6 104 6 104 6 104 6 104 6 732.0S. BRIDGfS no 2 S 3 3 3 4 3.9 4 2 3 2 2 5 23 52 132 8 176 6 178.3 206 9 221 9 168 3 134 2 1.219 06. EAREttNRRS
... . .. .

SALINE GRONDNtWAtTER 100113 456 6 460 1 463 1 454 4 444 4 412 8 345.5 3.037 09 411 0 414 1 416 8 409 0 400 0 371 5 311 0 2.733 3NAIERLOGGEO AREAS 100.3 2.299.9 2.386 8 2 411. 9 2.388 6 2.430.9 2. 344. 1 1 986. 8 16.249 09 2 069.9 2. 148. 1 2. 170. 7 2 149 7 2, 187.8 2. 109 7 1. 788.1 14.624 1PROStE4 MAINTENANCE 100.3 190 3 190 191 4 189.2 194 4 181 8 128 8 1.266 09 171.3 171 0 172 3 170 3 174.9 163 6 115 9 1.139 4

Sub-lotel fARIHIORlS 2. 652.2 2. 733. 3 2.759.8 2.729 0 2. 762.8 2.644 8 2.219 0 18.4968 87. tINING

SALINE GROIUNDBtAER 10012 169 3 202 9 215 2 215 7 206 6 199 6 200 7 1.430 6 5 1.230 7 t. 3t 7 1.398 5 1..401 7 1. 343. 0 1.297 S 1.304 7 9.295 0WATERLOGGEO AREAS 100.2 1 008.3 1.078 5 1. 144 3 1.144 1, 095. I1.0598.8 1.057 7.586 69 6.553 8 7.010.0 7.437 A 7.436 0 7.118 t 6.882 4 6.871 0 49,309.0PROBLEN NAINTENANCE 10012 79 3 85 90 3 89 8 89 8 83 7 84 598 65 5t1 6 552 4 59A6.9 93 7 557.8 944 3 946 3 3. 887 0

Sub-Totat LINING 8.300.1 8.881. t 9.423.2 9.421 4 9.018.9 8.724 3 8.722 0 62.491.08 NISCEtLANEOUS BUILDINGS ES - - - - - 716 8 853 3 751 0 274 6 19.7 59 2 26 4 2.700 09. AINtl1E4ANCE DURllt CONSTRUCTION tS - - 51.4 55 6 S1 4 64 0 70 2 75.9 68 4 447 010. ENGINEERING tUD OH LS - - - - - - t 728.2 1t848.8 1.96! 2 1.960 6 1.876 2 1.813 3 1. 811 6 3. 000. 0

Stb-Total ClVIL WORKS 14,762 I 15,612.1 16,035.0 t59491.9 14.682 t 13,986.5 13.4181 104,007.8

Total INVESIHfT COSTS 14.782. 1 15.612 t 16;035 0 15;491 9 14.682 t 13.986 5 13;418 t 104.007 8

Total 14.782 I 15 612 I 16. 035 0 15 491 9 14.682 t 13.986 5 13.418 I 104.007 8

No er 27. 1989 17. 03
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IND IA
PUN.JAB IRRIGATION AMND DRAINAGE PROJECT

CANAL NODEANIZAIION WON PERENNIAL DISTRIBUTARIES AND NIINORS
Detailed Cost Table

fps 10001

Qant ity Base costs

Unit 90/91 91192 92/93 93/94 94/95 95/e6 96/97 lotla Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/97 lotla

I. INVESTNENT COSTS

A. CIVIL WORKS

I SIIRWTS I PRELIMINARY LS -46 5 37 9 29 6 28 I 31 7 31 t 24 I 229 0
2. REGULATORS RENAB No SI 58 62 55 5 5 2 SI1 38 29 147 5 169 6 178 9 160 9 146 3 149 9 1490 1.102 03. FALLS RENAB No I 7 I 6 2 4 2 2 1 6 I 7 I 7 13 122 211 7 194 0 293 I 272 A 192 a 213 2 206 5 1 586 0
4 BRIDGES No 6 6 6 6 6 B 6 42 53 318 0 318 0 319 0 318 0 316 0 318 0 318 0 2.226 0
S EARINNORKS

SALINE GROUNADWATER I00n3 1.265 1.353 1.435 I 1.439i5 1.371 1.32856 1.345 8 9.534 09 1. 138, 1.217 7 I 291 6 3.292 0 1.233 9 1. 195 7 1.211 2 8.580 6
NATERLOGGEO AREAS l40m3 1.858 2 1.983 4 2. 102 7 2. 103 B 2.012 5 1.943 9 1.944 7 13. 949 0 9 1.672 4 1.765j I 1.092 4 1.893 3 1.811 2 1.749 5 I.7350 3 12.654 I
PROBLEM MAINTENANCE 100e3 469 2 501 8 532 4 532 8 510 492 7 492 I 3.531 0 9 422 2 451 6 479 2 429 5 459 0 443 4 442 9 3.177 9

Sub-Totla EARINI4OR8S 3.233 I 3.454 4 3.663.? 3.664 2 3.504 2 3.388 6 3.404 4 24.312 8 66 LINING

SALINE GROUINDWATER 10Oii2 692 6 741 785 4 785 5 2519 726 5 2272 5.210 65 4.502 I 4.816 4 5.1050 5.105 74.887 2 4.322 I 4.726 6 33.865 0
NAIERLOGGEO AREAS l00mi2 1. 014 2 1. 085 2 1, 151 I1 . 151 I I. 101 2 1.064 2 1. 065 7.0632 865 6.592 3 7.053 8 7. 482 3 7.482 1 2. 157 9 6.917 0 6.922 5 49. 608 0PROBLEM NAINIENANCE 100m2 256 8 274 5 290 9 291 2 278 9 269 5 270 1 1.932 65 1.669 0 1.784 5 1.8911 1.893 0 1.e2 8 1.75127 1.75599 12.558 0

Sub-Totlal IINING 12.7634 f3.654 7 14.4783 14.4600 13.857 9 13.390 8 13.405 0 96.031 07 MISCELLANEOUS BUILDINGS is . 60 9 1.024 8 991 5 330 3 22 0 20 5 29 9 3.240 0
8 MAINTENANCE DURING CONSTRUCTIONI Is . . . 77 2 83 A 91 6 97 4 100 9 106 4 113 9 671 0
9. ENGINEERING AND OGM LS. 3.481 6 3.724 5 3.949.9 3.950 I 3.780 0 3.653 2 3.655 6 26. 195 0

Sub~-Total CIVIL WORKS 21. 140 022.661 5 23. 904 2 23. 303 I 21. 953 7 21. 321 8 21.308 5 155.592 6

Total INVESINENI COSIS 21~~~~~~~~~~~~~~~~~~~~~~~ ~~..1400 2.6.. ... 2.90 333I2.5 1281.3085 .. 5.59....
Total INEIETCSS21.f40 022.661 5 23.904 2 23.303 I 21.953 2 21.321 8 21.308 5 155.592 6

November 27. 1989 17.03
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INDIA
PUNJAB IRRl68A101 AND0 DRAINAGE PROJIECT

ItooERiIIATIoi OF CANAl REGUIATION SYSTEM
Deetailed Cost Table

IRS I0001

Quantity Bass Costs

Unit 90191 91/92 92/93 93/94 94/95 95/96 96/97 Total Ulnit Cost 90/91 91/S2 92/93 93/94 94/95 95/96 96/97 Total

I. INVESTHENTI COSTS

A. SURVEY AND INVESIIGATIONI LS - -- .. 325 0 510 1 669 5 652 6 512 0 381 4 213 3 3.284 0
B. CONSTRUCT ION

CROSS REGIILATORS No 7. 4 12 3 168A 15 9 12 4 9 4 5.7 80 927 6.629 511.445 615.601 014.73471It.533 3 8.694 3 5.321 5 74,160 0
HEAD REGULATORS AND ILUlliS NO0 1489 2432 31 5 29 3 23 7 177? 898 150 309 4.560 9 7.470 2 9.736 9 9.067 3 7.331 0 5.471 2 2.712 4 415.350 0
ESCAPES NO 9 1 141 188 1786 14 3 10£8 586 90 233 2.116 2 3,275.5 4.324 0 4.092 1 3.327 6 2.525 5 1.309 1 20.970 0
BIJILDINGS/SIDRES is . .. 131 I 205 8 278 0 263 I 206 7 154 3 83 9 1.325 0
ENGINEERING AND ONl is . . . 1.944 6 3.055 4 4.127 3 3.907 5 3.057 9 2.320.0 1.379 3 19.772 0

Sub-Total CONSTR1JCIION IS. 582 3 25. 452 4 34. 067 3 32. 064 8 25. 456 8 19 "~5 9 10.808 2 18?. 57? 0
C. NACIIINfRY *NO E4Il1PlEN1

1 CONSTRUCTIONl EQUIIPIENII

CO:ICRfTE IIIXIRS NO0 4 I 5 2 7 7 7 9 3 5 0 6 0 I 29 21 45 86 9 III 8 164 7 168 4 76 0 12 2 2 0 622 1 c
PORTABLE PIJPS NO 41i 5 2 7 7 7 9 3 5 060 1 29 16 5 66 9 86 0 126?7 129 6 58 5 93 ' 6 478 5
S11EEPS f001 901.1.RS 90 3 2 4 5 6 2 6 4 3 1 0 5 0 1 24 24 75 79 2 ITT10 1538 158IT9 76 8 124 2 1 594 0
AIR COMPRESSORS No0 0 9 0 7 IS 1 4 0 4 0 1 0 5 330 2820 238 0 410 0 473 6 144 1 208 2 5 1.650 0
VIBRATORS N0 0 72 3 22726 i4 1 50.8 13 14 85 10 9 34 5 35 7 38 5 35 2 221 12 1 193 1
PNEUIIAIIC T0OOLS 90 0 7 2 2 2 5 2 6 I 7 0 3 0 to 21 45 14 8 47 3 52 9 56 8 35 8 6 0 I 0 214 5
PLATE6 CORIPACIORS No0 0 7 2 2 2 5 2 6 1 7 0 3 0 10 49 5 34 2 109 2 12) I 131 0 82 3 13 9 2 3 495 0
MELDING SETS No 0 1 0 7 0 8 0 8 0 5 0 1 0 3 132 7 4 871 a 106 3 ItO 5 70 2 II 9 2 0 398 0
9ISC. NORtSIII2P EQUIIPMENT is a 12 0' it 2 20 8 lB 3 7 3 i I 87 0

SubhTiale CONSIUItICION EQUIPIIINI 590 7 837 8 1. 269 I 1.268I1 597 0 115 9 31 6 4 730 
2 INSIAEEED EQUIPIIENT

AIIO GAIE/tE1VEL RECORDERS 110 4 9 8 6 II I lOS 8 6 6 1 3 2 53 26 4 1Ž88 22509 292 1 278 3 22786 1614 85 1 1.399 2

Sub-totlI INSTALLED EOUIIPUEIOI 128a6 225 9 292 1 278 3 227 6 161 4 85 I 1.399 2
3. CONSTRUICT ION VEHICLES

CAR No 0 1 0 7 09 08a09 0? 0 1 4 165 9 4 11323 144 2 126 1 144 2 1133 9 4 660 0
4 W11EEt1 DRIVE NO I 5 2 9 3 9 4 1 2 1 0 3 0 I Is 148 5 227 9 436 I 585 0 605 9 312 9 SI 3 8 5 2.227 5
1RUICNS No 1 6 2 2 3 1 3 2 1.6 0.3 0 12 330 5282 740 2 1.02327 1.059 1 512 0 830 13 8 3.960 0
AGRIC. TRACTORS NO0 0 7 2 3 2 6 2 5 2 4 1 3 0.1 12 132 9523 301 1 348 1 333 6 316 1 11,63 13 6 I.S84 0

S,b-Iotal CONSIRIICT ION VErICLES 860 8 1.590 6 2. 101 0 2.124 7 1.285 2 .23 6 45 4 8.431 5

Sik-Iotal NACllINERT AND EQUIPMIENT 1.580 2 2.654 2 3.662 ei..Z'I 1 2.109 0 701 I 162 I 14.560 A

101*1 INVESTMENT COSTS 17.487 5 28.616 7 38.419 0 !5,408 5 26G.7d 5 20.227 9 11. 183 7 180.421 8

Total 17.487 528.616 7 38.419 036 408 528.078 520.227 9 11.183 7 180.421 8

Nov'embe 27. 1989 17 04
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P1014*8 IRRIGATION AMD DRAINIAGE PROECC?
FUlURE IR810*? IOU DEVELOPMEC.1 PHOBIAS

Detailed Cost fable
IRS. I 0001

Parameters

Quantity Base Costs Phiy.

Unit 90/91 91/92 92/93 93/94 94195 95196 96/97 lotal Cost 90191 91492 92/93 93/94 94/95 95/95 95/9? Total Rate Exch Rate Account

I. INVESiKEMI COSTS

A. CIVIL "MsS 46, 873. 9 46, 762. 3 47, 244. I 45. 582.9 50. 286 9 39. 908 9 3. 331. I 280.000 0 0 05 0.05 0 02 CURi
S. UACIINCRY AND EQUIPNIENI-1 1,718.5 1I. 690. 6 11:6:1. 0 .1. 395 7 12.574. 2 9.977 2 832 B 70.000 0 0.05 0 1 702 flEo

total INVESINEN? COSTS 58. 592 3 58. 452. 9 59,055 I 55. 978.5 5 2. 871 1 49. 885. 24. 163 S 350.000 0

FOITa 58, 592. 3 58,452.9 59,055 I 55. 928. 5 52, 871 I 49. 888. 2 4,:63 8 350.000 0

Uoatmer 27. 1989 17: 04



PUNJAB6 1681011109 61n9 08AI116A PROJIOC
SURFACE DRAINAGE WORSS

Ostialld Cost Table
(as OOOl

~Wnti ty Bas. Colst

Ur.,t 90/91 91/92 92/93 93/94 94/99 99/96 96/97 loial Unti CoAt "Al9 91/92_ .92/93. .93/94_ 94/9S. .99/96 ~96/97 Total

I.v I8WSNUT COSTS

I. P9IIIIII6ART ~ ~ ~~~~~~~~~R 71 116 I 157.3 148 7 116 9 968 a 47 746 4 26 69 29 999 67 347 19 28

3. 1680 ~~~~~ ~~~~~~~~~ACRE 193 4 309 9 420 2 397 3 311 9 232 6 129 7 1.999 28 9 9.911 0 6,832 711.975 2 11.321 9 8. 88995 6.628 7 3.697 6 56.89? 5

S.S9294 8.879 112.039 I 11.381 4 6.316 3 6.663 4 3.7.7 0 97.IS 19 

St-Total MIOINIIIA8T AND 1A8D
B. COBSIUCTISN

I. CROSS 988118E UMOS

MATER COURSE CROSSING 811 i.974 B 3. 097 B 4. 88 23 3963 6 3. 110 92.319 7 1. 294 2 19.949 I ,9 .8 .3 .0 .9 .9 .7 1 4 

INLETS 80$~~~~~~~~~~~~~o 108a 19 7 209 199 196 it9 96 100 I? 1218 a IB7B 2513 238 4 Is878 1381 668a 1.2m00

INLETS0 COSNS11 62.37416761628I33 90 946 840 44 3.6841 9 .752 47.778 9 7.3604 9.718 9 4.311 9 2.4009 2 7.048 0

DRAINAGE6 CROSSINGS OF0$ 3 1.322 3476 ai629A 1 29 932 075 I42 40 578 923 1349 116 3 11632 12 I 26 1 680 0

S.h-lolal CROSS 06818801 MOSS 9.99939.3163 12.604 I 11.9189 9.3809 70399 7.8693 S60.073916 32.fO4101.16S93605 I035 1.65 360.73 

2. 8816r1S AN0 CISLVIRTS

.......RO ...... G 80 3 0 8 4 11 297 201 327 Ig0 9.958 7 9.087912. 3729 11. 6679 9. 190 4 6. 971 6 3.611 4 S8.860 0

V111AGE ROAD 491tt CROSSING "0s t0o7 17 234 22 3 18 6 II 6 74 109 39 417a8 663 3 9129 8694 646 2 4921 I 89 9 4.751 0

RISIRICIROAOBRI6GE 1106~~~~~NO 29 36 98 93 39 31 19 26 829 2. 0946 3. 1239 4. 7633 4.3968 3.202 9 2.990 0 1. 318 6 21,490 0

R811M8ct81G ROS 09 07 19 14 04 01 0 161 1.380 I 1.i648 2.368 2 2.3178 709 2 1019 17 0 8.079 0

RAIIMAICULVERI NOS 09 08 14 19 14 06a 09 8 3 216.. 2.3 4 2 9 7 42 2.3 26 24.0

sdl-lotlI BRIDGES no0 CR191815 
9.8t3 8 14.04419230.441 I 19.297I1f3.7488 O 1017 9 9.239 4 92.6600

3. E8RTHMMS AICO Fl 389 59 3 79 4 76 6 96 35 6 23 2 369 280 10.887 4 16. 594 622.219 9 21. 460 4 1. 6US 4 9.97 0 9 6.SO01 3 103. 320 0- ~~~222 9 310 6 439 7 463S6 414 3 3059B 227 4 2.404 9

4. MAN81TE88CE WRING8 CONSTRUCT ION /a
S. BUILDINGS

EE HOUSE Nos 01 06 02 01 0 0 0 1 Ig0 9 9 1061 433 14 9 49 I I 0 2 Ig800

Soo MOSES N0S 01 06 02 01 0 0 0 1 140 7 7 829 337 11 6 3$ 0 9 0 1 14C 0

SENIOR qIIRIIqS 60s 0 06 09 03 01 0a 0 2 Is 4 6 977 841 33 2 a1 2 0 0 3 190 0

.3118108915881ER5 ~~~~ ~~~~Nos 0 06 09 03 01 0 0 2 Ts 3 7 499 664 26 2 64 1 6 0 3 19O00

CIASS IV QUARTERS NOS 0 06 19 1I 08 07 01 9 49 7 21 67 99 4 2 9 29

Dl V1S10118 0Ff1CE #OS 0 0 6 0 9 0 3 0 I 0 0 2 24 I 2 146 21 2 a 4 2 0 0 9 0 I 48 0

PURP8OJSR Nos 0 01 04 14 1a 03 01 4 24 0 9 21 8 4 328A 432 28a 13 96 0

INSPEttlI*lMIS 699 06 14 29 I9 03 0 0 7 so 4*9 714 1257 92 8 I73 2 0 0 3 390 0

119806*8 68IL110160$ 110$ 01 07 06 08 09 01 0 3 IGO ... 9.0 1064 1288 1339 891 14 4 2 4 480 0

Is8 S 9123 9613 4114 2044 63 2 7 9 1.8990

Slil-lalal 68I1ING.... ....
29.898 I 40.779 796.29661 53.929 239.433 9 27 493 7 19.841 2 260.317 4

Sth-Ioals CORSIR6CTIO8 .1 .60 0 S6 S1525638232 O33 5

C. AORINISTR8TIIN AND OnGINEERING SUPERVISION /b 6 .1 .6 .0 .9 .6 .8 .8 09 

0MA6CHINERY AN0 E9U1P11081-CONS1RU1CTION8

POC5AI818 29 113 CAP Nos 0 1 a7 08 08 09 0 I 0 3 .87 216A 2 572603 112 8 3. 23612. OS,9~ 348 0 se 0 11 601 0 .d

VERTICAL 1680186 PUNTS 80$ 0a6 06 0a8 09 0 6 0 I 0 4 60 49 0 49 474 54 4 33 3 9 6 0 9 240 0 S 

501156111 81118$ 110$ ~~~~~~~~~~~~0 0 6 0 9 0 3 0 I 0 0 2 so 2 6 36 4 913 21 0 91 I 3 0 2 120 0

COCKIE NIIU ELDSILINOSE 8$ 32 53 74 69 94 39S 03 32 1495 468a 766 107$ too4 786 90 1 4 0 464 0 

C18391111681 1L11IRICPIINPSEIS 80$~NO 34 36 96 97 46 27 02 29 12 093 490 067 689 99S4 32 6 26 3000

G0111R8I108'100 MATS N0$ 0a 0a 08 09 06 01 0 4 .... 4. . 4......10 7 3 2

S~~&-Icptsl RACHINERY "D EQUIPPENT.CONSIRUC11011 35~~219 2.794 93 3401I 3.4969 2.239 2 4392 1660 12.7970

E. NA1HN11618 680 EQUIPMENT-OTHER

.............. 1C1190P1.81 OT 0 01 01 0 0 3.000 2.414 9 334 4 1699 61 3 186 4 6 08a 3.0000

098011111 79 COO 108 118181 l~~ ~~os 0 I 0 4 2 3 1 7 0 4 0 I 0 93 2.900. 16 3 .1.016. I .629.9 4.269 4 1.098 i 271 9 49 3 12.96000

Skb-lolal RACHiMERY "D EQUIPMENT-OTtIER 2 5~~~~~~~3847 139045 79593 4.3308 1.116 7 27695 46 1 19.5000

f VIMICIIS



PUNJAB IRRIGATION AND DRAINAGE PROJECT
SUBSURfACE DRAINAGE HORKS ON 5000 HA

Detatled Cost Table
(RS '0001

Quant tty Base Costs

Unit 90/91 91/92 92/93 93/94 94/95 95/96 96/97 Total Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/97 Total
= ~ ~~~ ~ ~ ~ ~ ~ ~~~ -- -- - --- - - - - - - - --- - --

1. INVESTNENI COSTS

........ . .....A. PRELININARY AND LAND

PREtININARY PER 1000 HR 0 4 0 6 0 8 0 8 0 6 0 5 0 2 4 63 26 1 39 3 52 a SO I 39 4 29 1 15 2 252 0
UAD ACRE 42 9 66 8 90 6 85 7 67 1 50 5 28.4 432 28 5 1.223 8 1.902 5 2.582 4 2.441 4 1.912 8 1.439 7 809 5 12.312 0

St-Total PRELIMINARY AND LAND 1.249 9 1,941 8 2 635.3 2 491. 4 1.952 T 1.468 8 824 7 12.564 0
B CONSTRUCT1ION HORKS

;. EARIHHORNS 100H3 195 5 306 8 414 1 392 308 229 5 128 1 1.974 7 2 1.407 4 2.208.7 2.981.7 2.822 7 2.217 6 1.652 1 922 6 14.212 8
2. DRAINAGE SYSTENS HA 433 8 680 9 920 5 871 1 683.8 510 3 285.5 4.386 12 3 5.3362 8,375 0 11.321 A 10.714 7 8.411 2 6.276 9 3.512 1 53.947 8
3. BUILDINGS

PUIIP OPERATORS HOUSE NO 3.3 5.4 7.6 7 5 7 4 7 2 4 36 44 1446 236 4 332 6 307 9 249 3 207 9 105 4 1.5U4 O
IENPORARY STORES No 0 3 0 5 0 6 0.6 0 5 0.3 0 3 3 250 83 1 119 4 147 7 144.5 :13 4 78.4 635 7SO 0
ELEC POlIER CONNECT NO 3.3 5 4 7 6 7 5 7 4.7 2 4 36 13 - 42 7 69. 98 3 91 0 73 7 61 4 31 I 468 0

Stb-Total BUILDINGS 270 5 425 6 578 5 543 4 436 4 347 7 200 0 2.802 0
4 IEMPORARY ROADS NO 3.3 5 4 7 6 7 5 7 4 7 2 4 36 203 667 2 1,090 5 1,534.3 1.420 4 1.150 3 959 1 486 1 7,308 0
5. ADININIS AND ENGINEERING SUPERV. /a - - - - - 319 3 469 0 659.4 710.8 619 2 490 8 389.0 3.65? 5

Sib-Total CONSTRUCTION WORNS 8.000 6 12,568.9 17.075.7 16.212.0 12.d34.b 9.726 6 5.509.8 81.928 1

Total INVESTMENT COSTS 9 250.5 14. 510 7 19 710 9 18 703.4 14.786 7 11 19It 4 6.334.6 94.492 I

lota) 9.250 5 14510ic7 19.710 9 18.703 4 14.786 7 tI. 195 4 6.334 5 94.492 I

. ............ . . .. . ........... ...... .. . . .. . . . - - - -- - .-.--.-..- --.- - --.- .-.-- - -.--.- - --.- 

/a ADNINISTRA71ON AND ENGINEERING SUPERVISION IS 12.51 OF CONSTRUCTION HORNS
- - - . . . . - - - - - - -. . .. . . .. . .. .. . . . . . . . . . . . . . . . . . .. . . . - - -- -- - - - - - -- -- - -- - -- - - - - - --- --- - -- - -- - - - - - - - - - - - - - - - - - -- - - -- - - - - - - -- - - - -- - - - - - - - .. .. .. .
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INDIA
PUNJAB IRRIGATION AND DRAINAGE PROJECT

KANOI CANAL
Detailed Cost lable

IRS. '0001

Quantity Base Costs
----------------------------------------------.. Unit --------------------------------------------- ---------------------

Unit 90/91 91/92 92/93 93/94 94/95 95/96 96/97 Total Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/97 lotal

1. INVESTINENt cosrs

A. PRELIMINARY - - - - - - - 409.2 613.0 526.5 170 5 20 7 23.0 3.2 1.766 2B. LAND - - - - 1 1. 899.3 2.814 0 3.476.5 3.069 0 1. 522 4 145 9 138 9 13.066. 1C. CIVIL tORKS

1. NC ENG. WORK AND LINING - - - - - - - 3,598 8 5.092 9 6.006.6 5.750.9 4,762 8 3.090 1 1.227 8 29.529.92. DIST. ENG. WORKS AND LINING - - - - - - S, 136 5 7,628.8 9.642 7 9.283.3 7,609.7 5.565 7 3.298. 8 48. 165 43. CROSS DRAINAGE - - - - - 13,952.3 22.313.2 31.bt66 1 30,837 2 24.819.5 19.075 8 10.650 5 153.314 84. REGULATORS - - - - - 4g7. 1 602 3 744 0 1,016.3 973 0 476 5 167 6 4.476 9
S. ESCAPES - - - - - 22.2 242.3 658.0 359.4 42 3 118 0 100 9 1,543.1
6. BRID6ES - - - - - 31 0 267.4 1,010.5 1.056.9 744 7 658 3 198 0 3,966.8 17. CHAK OU7LETS - - - - - * 88 7 121 1 130 8 121 9 108 2 79 9 44 8 695 48. WATER COURSES - - - - - 7, 180.8 10. 955.3 14.543.2 14, 059. 5 11.482 8 8, 706. 0 S. 113.0 72.040.69. DRAINAGE PROTECTION - - - - - - 1,279.0 2.108 2 2.101 4 777 1 98 9 104 8 14 3 6,483 8
,0. MISCEILANEOUS - - - - - - 1.385.2 2. 162 6 2,908.2 3,030.9 2.CS4 0 1.948 7 1. 115 6 15, 205 211. NAINTENANCE - - - - - - 248 9 419.8 613 8 654 5 602 5 497 9 3060 3.343 4

Sub-Total CIVIL WORKS 33.420.6 51.914 0 70.025 3 66.94, 9 53.898 4 40.321 7 22.237.3 ;38,765 30. OHER CIVIL WORKS

1. TOOLS ANO PLANtS - - - - * - * - 478. 6 684 8 839.2 873.2 540 6 100 9 145.4 3.662 5
2. BUIltDINGS - - - - - - 280.8 758.8 1, 151.5 519.4 96 3 70 8 9.3 2,886 8
3. ROADS - - - - - - - - 728. 7 1.444. 1 2,449.2 2,331.9 2,036.0 2. 108.0 1.349 3 12.447.24. PtANTAIION - - - 6 0 104 7 150.8 722 2 1,019.4 615.4 580 2 3.198 75. ESTABLISHMENI - - - - - - - 4.277.2 6. 757,5 9,210.8 8.659. 7 6.815 0 5. 186.9 2.794 0 43. 701 1

Sub-Total OIHER CIVIL WORKS 5 771.3 9.749 9 13,801.4 13. 106.3 10. 07 2 8.082 0 4.878.2 65 896 3

Total INVEStIMENI COSTS 41. 500.4 65.090 8 87,829 8 83,293.8 65.948 8 48. 572. 7 27 257 419;493 9

Total 41. 500.4 65. 090.8 87, 829 8 83,293.8 65.948.8 48,572 7 27.257 6 419. 493 9

.. .... ..... ................ ....... ..................... . ....... ......... ................................ ..... ...... ...... .......... ............ ...... ....... . ..... .......... .. .... ... ...... ..... .. ........... ... .....
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INDIA
PUNJAB IRRIGAtION AND DRAINAGE PROJECT

KAtDI tON CANS
Detailed Cost table

IRS 0001

parametrs
..... .. .. ... ... . . . . . .

Quantity Base Costs Phy----- --- ------ -------- ---- -------------- ------ tl't .......... .. .. ...... -_-- ----- ........... ...... ...... Cont For Gross Ia. S waryUnit 90/91 91/92 92/93 93/94 94/95 95/96 96/97 lotal Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/97 total Rate f.ch Rate Account

1. INVtESltEME CnSIS

A. LAND - - 3.936 6 7.6777 9.253 66.153 4 1.699.8 239 1 399 29.000 0 005 0 002 t48. CONS0ttCTION OlioKs

DANSAL DA" 4 831 S 7.579 5 10.2484 9.698 6 1.611 8 5.676 8 3.166 448.813 0 007 005 002 CON0pECN Om t 876 2 1.3747 1. 8587 1 759 0 1.380 5 1.029 5 5743 a.852 8 007 005 002 CONtCHORAL DAN 2.876 B 4.5131 6.1023 5.774 9 4.532 4 3.380 2 1t.8454 29.065 1 008 005 002 COttSALERAN DtAN - - - 1,730 S 2.7148 3.670 73.473 8 2.726.4 2.033 4 1.134t 17.483 6 008 005 002 CONKtIANAONI aim 09 09 0 9 0 9 0 9 0 9 09 6 0 008 005 002 CON4RANU IAIAII DAN - - 09 09 0 9 0 9 0 9 0 9 09 6 0 006 005 002 COlXNIRUAPlR DAN . . . 2.622 5 4.114. I5.562 7 5264 3 4.131 6 3.081 3 1.7187 26.495 1 008 00O 002 CoolNAtOI D3At 0 9 09 0 9 0 9 0 9 0 9 09 6 0 007 005 002 COtXtwautt OK - . 4.447? 6.977 9.433 9 8.927 8 7. 006 9 5.225 7 2.915 0 44.934 0 008 0OS 002 CONxSISNAN DAN 3,351 2 5.2584 7. 109 8 7285 5.280 7 3.937 8 2.196 733.863 0 007 005 002 COCXISOOCK DAtt 0 9 09 0 9 0 9 0 9 0 9 09 6 0 007 005 002 C041ttRIPtlR DAN - - 2,473 6 3.881 2 5.247 2 4.965 8 3.897 7 2.906 5 16709 24.993 0 007 OOS 02 COtiARNItlLA DAN - 1365 9 2. 142.8 2.8973 2. 741 9 2. 152 0 t. 604.9 895 2 13.800 0 007 005 002 COIII
... . . .... .... ....... .. . - - -- -- - -- -- - --- -- - -- ----.

Stb-Total CONSIRIJCIION MORKS 24.S79 3 38.559 I 52. 134 3 49. 337 9 38.723 3 28.879 6 i6. 11 0 248.323 6C FEASIBILIlY STUDIES LS - - 005 005 0 02 PREL.... ... .. . .. . . .. .

Total INVtSINLNI CoStS 28.515 9 46. 236 8 61. 37 9 55. 491 3 40.423 1 29 118 7 16.149 9277.323 6

total 28.515 9 46.236 8 61.387 9 55.491 3 40 423 1 29. 118 7 16. 149 S 277.323 6
.~~~~~~~~~~~~~~ . . . . . . . . . . . . . . . . . . : .. . . .. . . . . . . . . .. ... .. .. ... . . . . . .. . .. . . . . .. . . . . .. . .. . .. . . . .. . .. . .
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IttDIA
PUNlJA IRRIGAIION MND DRAINAGE PROJECT

IUBEttELIS
Detailed Cosl lable

IRS '000)

O.uantity Base Costs

Unit 90/91 91/92 92/93 93/94 94/9S 95/96 96/97 Total Unit Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/97 Total

1. I'4VESIENt COSTS
. .. ..........

A. PRELIMINARY

MEttES NOS 42 8 43 42 t 45 4 35 2 12 9 8 5 230 4 171 3 172 2 168 3 It8 7 141 0 SI 7 33 8 920 0

Stu-lotsl PRELtiilNARY 171 3 172 2 168 3 181 7 141 0 SI 7 33 8 920 3
B. CONSIRUCTION MORKS

I WORKS ltOS 33 8 40 2 41 4 41 7 36 8 23 I 13 1 230 341 11.521 8 13,703 2 14.119 4 14.2097 12.542 2 7.880 44,453 3 78.430 0
2 PUtMP HOUSE NDS 20 2 36 40 37 6 40 36 20 2 230 17 6 355 8 6335 703 5 662 4 7035 633 5 355 8 4.048 0
3 EtEV IANKtS/PIPE DISIRIS SYS NDS 20 2 36 40 37 6 40 36 20 2 230 236 4 4, 779 0 8. 509 0 9.449 1 8897 7 9.449 1 8 5090 4 779 0 54.372 0 g
4 PUMP UNITS COMPLtEI N05 20 2 36 40 37 6 40 36 20 2 230 69 3 1.401 0 2,494 4 2.770 0 2.608 3 2.770 0 2.494 4 1.401 0 15.939 0 t2
5 INStALLAtION NOS 20 2 36 40 37 6 40 36 20 2 230 2 40 4 72 0 79 9 75 3 79 9 72 0 40 4 4600 0t
6 tRANSMISSION AND IRANSFORMAtIO9I NoDS 20 2 36 40 37 6 40 36 20 2 230 985 1.991 3 3.545 4 3.937 1 3.707 4 3.93' 1 3.545 *1.991 3 22.6550 
7 AOEINISIRAIION AND ENGINEERING SUPERVISION /a NOS 2.089 8 2.932 7 3.340 4 3.267 7 3.2466 3.0524 2.431 3 20.360 4
8 BUIlDINGS iS - 20 1 2 8 1 4 0 5 0 2 0 0 0 0 25 0

Sib-lotal CONSIRUCTION MORES 22. 199 2 31,892 b 34. 400 8 33. 429 1 32. 728 6 26. 187 2 15. 452 0 196. 289 4
C VtHICtES

HEAVY OUIY IRIJCK OS 3 2 0 4 0 2 0 1 0 0 0 4 300 966 0 1337 66 2 24 5 7 4 1 8 0 3 1.200 0

Sub-lotal VEHICtES 966 0 133.7 66 2 24 5 7 4 1 8 0 3 1.200 0
D MACHINERY AND EQUIPtENI

PERCIJSSION RIG NOS 3 2 0.4 0 2 0 1 0 0 0 4 4.000 12.879 3 1.783 2 882 5 327 2 99 1 24 5 4 1 16.000 0
COttPRESSOR NOS I 6 0 2 0 1 0 0 0 0 2 . 550 885 122.6 60 7 22 5 6 8 1 7 0 3 1. 100 0
NISCEtAtAEOUIS OFFICE AND FIEkD EQIJIPHENI tS - - - - 17 0 18 1 11 3 7 6 B 9 8 5 8 6 80 0

Sui-lotal MtACHINERV AND EQUIPNENt t3. 781 8 1.924 0 954 5 357 3 1148 34 7 13 0 17.180 0

totl IttVESlttE'41 COSIS ,37.;tt8 2 34.;t22 4 35.589 8 33.992 6 J2,99t 8 26.27S S t.S499 1 215.589 4

Total 37. 118 2 34. 122 4 35.589 8 33.992 6 32.991 8 26.275 5 15.499 1 215.589 4

/a ADMINISIRAtION AND ENGINEERING SUPERVISION IS 12 51 Of CIVIL MORES

..... .... . . . . . . . .. ......... . . . ...... . .. . .. ...... .. ..... ... .. ... .... ... .... ...
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INDIA
PUNJA8B IRRIGATION A41D DR81ANAG i'ROtFCT

labI. IS IRAINING
Detailed Cost lable

IRS '0001

O.jant Ity Base Costs
.. , ...... ... Unit - . .' .

Unit 90/91 91/97 92/93 93/94 94/95 95/96 96/97 Total Cost 90/91 91/92 92/93 93/94 94/95 95/96 96/97 totat

I IttWsNal COSts

A. 8t11l0IGS

1iRI681189 AttiNlSIRAIlON BUttIttDG 3.959 2 6.211 t 8.398 0 7.947 5 6.237 5 4.651 9 2.594 8 40.000 0
IRAI11*G ItSIIUTIE 1. 600S 2.351 4 2.594 S 2.229 7 1.030 2 7 27 6 10.000 0
ESIDENII8L MOUSING 687 8 781 2 224 9 76 3 23 1 . 10 1.800 0

HOSlft ACCOtIOWtIOa 865 4 983 I 283 0 96 0 29 t 7 2 12 2.265 0

Si Tolal BUIIDIlGS 7. 112 9 10.326 8 1. I OO7 10.349 5 7.319 9 4.830 6 2.624 5 54.065 0
S. FRalIiG ARROA - 334 6 334 0 337 5 325 6 359 3 285 1 23 8 2.000 0
C. IURttIIURt ItttO EQtUIPltNItEt - 76 4 86 8 2S.0 8 5 2 6 0 6 01 2000
O STAFF AND OMlIR RiCURRIWI COSiS- 734 9 733 2 740 7 714 7 788 6 625 7 5272 4.390 0

lotat IttIrSt8FFI CRJSIS 8.259 0 11.4808 12.603 9 11.398 3 8.470 3 5.742 0 2. 700 7 60.655 0

total . 259 0 i1.406 8 12. 603 9 11.398 3 8.470 3 5.742 0 2.700 7 60. 6550

... .. ..... ..... .... .... ..... . . . . ...... .... ..... .. . . ... .. ... ....... ..... ........ 
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INDIA
PUNJAB IRRIGATION AND6 R41fIM DdIEdt

SUOIUES/PIltI/ OEtDONtSIRAIICONS/MTOuIu/APUttIES 0O1UOTER IECHINLOGT
Detailed Cost table

IRS '000I

Ouantsly ease costs
..... .... ..... .. .. -- - -- - .. ....... ........ " I.. .. .. . Btt . ..----------.....-----.-..-.-.-......-------. .. -- -- -- -- - -- - - - -- - - - -

Unit 90/91 91/92 92/93 93/94 94/9S 95/96 96/97 lotal Cost 90l1 91/92 92/93 93/94 94/95 95/96 96/97 lotal

1. INEST1NEhT COSTS

A. CUTIUIIIN STUDIES IRA1 PtKN1* IRRIGATION I

C CIUCJIVE USE OF SAiINE IFA - bs. I 85 7 8s a 8.4 86.5 84 2 74. 7 88.0
SYIMING FfRESH GCRUttOTER 4t04 2 66 1 6lt 2 8072 6184 3 560 1 387 8 4.367 0
Gf_UNANAIEA QUAk.lT DISTRIBUIIA 983.8 9 931. 7 1.259 7 1. 192. 1 s3s .6 6S7.8 39.2 6.0000 
NIP I[ IGAIION 123.95 19 4 254.7 239 1 204.2 148 4 30.6 1.196 0
IRRIGAICON OPERAIOtNAI STUDIES So. - - s2 69 7 99 3 93. 3 69.6 ss 4 34 9 472 0

Sib-total CDHlltUIAG SlUDIES FRAD PUN.JAB IRRIGATION I .*83.S 1.948 6 2.990 7 2.417 2 1.980 2 19545 9 916 8 12.623 0
B. ItEt RESEACH AND NNITNRING STUDIES

* IMPROVED OPERAIIOMAI EfTICIENCt Of ABl 4. lAs 2 4. 175.2 4.218.2 4.069 9 4.490 S 3.s63.3 297 4 2s.000 0
2. AIIIFICIAt G JID IER RECHARGE SIUDY

. ...... ....... ..... ... .. .. .. ......... ...... 

P81*1t El AI RAO * - -- 148 232 9 314.9 298.0 23:.9 174 4 97.3 I. Soo. t
.87811ti DElV IU AD R - IS 3 210.0 198 7 Iss 9 116 3 64 9 1.000l O

Sti-Total ARTIFICIAI GROUHONATER RECHAtRE STUDY 247.4 388.2 524.9 49s 7 389.8 290 7 162 2 2. so 0
3. "TM0 GEOLOGCICL STUD? OF EXISIING WIAERLjOGGI DEPRESSIONS 9334 334 0 337 s 325 6 399 3 2895 1 23 8 2.000 0
4. ttODERIZATION OF HAIER RESOURCES LABDRATORY - - - 33.9 621.3 839.0 797.9 S61.6 433.2 222.9 3.925 0
s. AU NIEA1AIIU OF CLINATALOGICAL NEIlOtR - - 3-.8 74 9 149 0 130.6 38 3 s 9 0.9 439 0
6. STATE GAOuNNAIAER HOtNIORING NLIElt4D . - - - l. Irt 1.169 8 1.181 t 1.139 6 1.257 4 997 7 83.3 7.0000 
7. MAItIRlING OF SEEPXCE LOSSES FROM CANALS AND tATIERCOAURSES - - - - - t II4 167. 0 tu8.? 162. 8 7TS. 6 142.5 1 1.9 1.000. 0

Sse-Total REW RESEARCH AND M1 IODAIG STUDIES 6142.4 6.929.7 7 418.4 7. 22 7 7.330.9 S.718. I 801.9 41.864.0
C. AP1LIED CONPUTER TECHDOtOGY

1. HADA"RE

PCS MND ACCESSORIES Is - - 45.2 729 8 9t6. 8 933.8 732.9 546 6 304.9 4.00. 0

SijjTotal H RE . 45.2 729.8 986.8 933 8 329 546 6 304.9 4.700.0
2. SOIFIWARE

SOFTNANE LOCAL 1s - - - -.1.0 310.6 419.9 397.4 311 9 232. 6 129.7 2.000 0
SOfTeMA FOREIGN is - * 7 2 124. 2 168.0 19 90 124.8 93.0 1. 9 00.0

Sti-Total SOFTWARE 27t.1 434.8 587 9 556.3 436.6 32.6 181. 6 2.800.0

S.6-Iotal APPtlIED COMPUTER TECIWOLDGT 142.3 I. 164.S 6 .974. 6 1. 490. 2 169 s 872.2 4866, 7. .O 0
0. TECUICAL ASSISTANCE AND IRXINItlG

CUSULTAUCT SERVICES Is M t.S 0 3104 420.3 396.0 315.7 m.e0 74.7 1.940.0
LOCALt IRAIIIG LS t - - 4S.S 77 6 l09.0 e 9. 3 78.0 8. 1 32 4 1o. 0

S,&-total IECHtNICAI ASSISIANCE AND IRAINING 247 s 368 1 525 3 495 3 393 6 283.1 107t 2.440 o ft
Total IAWFSIHLNI COStS 4.111 10.430 9 12.069 0 11.525 4 10.874 3 8,419 3 2.312.3 64.427.0 

. .. .. . . ... .. .. .... ..... .. ... .. .. ..... .. .... ... .. .. ... . . . . .... .....................................

Xbla 8.13.8 10.4309 12.0820 11,9294 10.874.38.4193 2312.3W2 14270
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EOUiPENT. VEHILES AND OODS POOJREMENfr

SwVaTO U006eUATOU MMt0 V6LWPi1t OiNAOR uosrimur. DILOPIT K TOTAL -

Ooecription tOt tUnit ROD Tot t tl *AM nUt A&R TdOt COOt nut Untt Rd. Told CoO Omit Uth Rate O an th-t Rat. T_a CAN
usM USsoo. usa Ms urns Us$=o us$ us$ usOm oUsm

NSTRUCTICP tEG,1T
Itanag Trencher t 600,000 6o0 I * o0.000 60o 0
Concret, M ,rs 29 * 1.300 30 2 * *.300 3 31 9 1.300 40 40
PonwW PuwWs 29 3 1,000 20 17 6 1.000 57 ai * 1.000 as as
Shrps Foet Row 24 * I.m00 36 24 0 1.600 36 3i
hr comprewssos 5 20,000 too 2 F 20.000 40 7 * 20.000 140 140
vibralors 13 u I00 t2 13 * t0o 12 to
PFe.anaac toait tO * 1.300 13 tO * 1,300 13 13
Pbbls eCnpdo$ 10 . 3,000 30 tO 0 3.000 30 30
we" Sets 3 9 *,000 24 3 * 0.000 24 24
Be.clhO.gimen, 125 m3 3 a 236.000 709 3 a 236.000 709 709
(ki3g Rg.. Pa.causo 4 6 250.000 1,000 4 0 250,00 .000 1.000
twl op nsc I t O 10,000 10 I Is 10.000 tO 2 Is to,o" to 20
13.9m. 0 75 m3 S a 150.000 750 S a taO.000 710 760
Gemrwal. 1500 W 4 * 1.200 5 * *.200 7 7

2.660

hh5TAL±EOEOAPIMENT
DOep_ w cN$19 and sasww 230 * 6.630 1,502 230 * 6.530 O.D02 1502
O.p watl puinpsaulmolors/aatdigoea 230 0 6.300 1,219 230 * 6.300 1.216 1.21t
Altomalic gdaitsv 63 * 1.600 133 t3 * 1.600 133 133
D(aelg punps fot piodt u4malm 32 * 2.000 04 32 * 2.000 54 64
hdiarge m et.s lor watb 25 5 1,700 43 25 0 t,700 43 43

Vertical Tuaei pun" 4 * 3.600 14 6 6 3,600 22 St
1.603

VHF cnmmuncntao I Is 5,300 I Is 5.300.000 S.304 5.300

PLANhNUEOuWUENrT
Computs and software t 430,000 430 I Is 430.000 430 430
M,sc Sur*vsmWtdfsdatiling I 1 12.000 12 1 Is ti.000 Igo 2 Is 0

VEtaCLES
Cars 4 * 10.000 40 t 6 10.000 10 5 * 10.000 50 so
J"ps iS a 9.000 136 20 * 0.000 &0 35 0 *,000 315 316
Tfuct s 12 . 20.000 240 4 F 20.000 50 IS 6 20.000 320 320
TOactors (wheal d) 12 a S.000 eS It * *.000 06 of

701

PVC homag. pp prtarlst I Is 2,000 000 2,000 t Is 2.000.000 2.000 2,000
PVC ODnvary pa. Iaty gsagp I la 2.00.000 2.500 1 Is 2.600,000 2.600 2,600

to S
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IND IA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Estimated Schedule of Disbursements

Bank/IDA fiscal year Disbursements
and Semester Bi-Annual Cumulative %

----- (US$ M)…

1990

Second ±2 12 7

1991

First 3 15 9
Second 4 19 12

1992

First 8 27 16
Second 10 37 22

1993
First 10 47 28
Second 11 58 35

1 994

First 12 70 42
Second 13 83 50

1995

First 11 94 57
Second 12 106 64

1996

First 11 117 71
Second 12 129 78

1997

First 16 145 88
Second 15 160 97

1998

First 3 163 99
Second 2 165 100
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INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Economic Analysis

1. The irrigationi system in Punjab is complex and highly developed. Farms
receive water from rainfall, canals, and from groundwater, the last of these
being the product of infiltration from rainfall, canal seepage, and through
the irrigated fields.

2. The water resource is almost fully exploited, and continued irrigation
development depends upon:

a) reduction in losses to unproductive evapotranspiration;

b) reduction in losses to saline aquifers which cannot be recovered
for re-use by pumping;

c) improved operation of the system to maximise the value
of available supplies;

d) protection of the existing land resources against damage due to
temporary flooding and long-term waterlogging; and

e) development of remaining surface and groundwater reserves.

3. Project investments would contribute to each of these objectives.
Lir.ing of watercourses would reduce unproductive evapotranspiration and local
waterlogging in areas where the groundwater is reusable. In areas where the
groundwater is saline, lining of watercourses and canals would prevent the
unrecoverable loss of seepage water, and slow the development of waterlogging.
Investments in improved communications and improved canal regulation
structures would allow more efficient system operation, reducing losses and
increasing the productivity of existing resources and facilities. The surface
drainage investments would reduce damage to standing crops due to flooding,
while the subsurface pilot program would reclaim some abandoned land, and
protect large areas of land in NW India from waterlogging. Derelopments in
the Kandi area would exploit groundwater resources in that area, and develop
surface irrigation using supplies allocated in the State's overall water
allocation plan. Construction of independent small storage schemes would have
irrigation benefits as well as major flood protection benefits for the areas
downstream. Additional non-agricultural benefits would be derived through the
exploitation of power generation sites during the course of canal
modernization works.

4. The nature of the State's irrigation system is such that irrigation
water can be allocated selectively among existing irrigated commands, and/or
to new areas. Decisions reflect government policies as well as physical
feasibility. The policy of GOP has been to allocate water equitably among all
potential users. This provides limited supplies, which due to good management
are also very reliable. Farmers have thus been encouraged to maximise the
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return to water-the scarce resource-rather thah land, which would have
happened if more water had been allocated to a few favored farmers, while
others received no irrigation.

5. This policy has been successful: Punjabi yields are amongst the
highest in India, as are farm incomes in irrigated areas. Farmers have been
encouraged to supplement scarce canal supplies through private investments in
groundwater development. While improvements in farm productivity may be
possible through fine-tuning allocations among commands, the transparent
fairness of the existing system contributes greatly to the faraers willingness
to accept their allocations and hence to the stability of the entire water
management system. Thus the fundamental policy decisions on which water
allocation are based have been accepte.i in analyzing the project investments,
and possibilities of substantial reallocations among commands have not been
considered. Under the project, however, studies will be initiated to assess
the potential for rescheduling of rotations during the course of the
irrigation season to exploit local variations in the pattern of demand and
hence the marginal productivity of water.

6. In all cases, the quantification of benefits is based on curent
performance in irrigated areas of the state. The prices used in the economic
analysis (Appendix 1) are based on projected international prices for all
traded inputs and outputs, adjusted for transport, processing and quality
differentials. Investment costs have been adjusted uniformly by a standard
conversion factor of 0.8. A recent Bank report1 provides detailed analytical
background for defining international prices for the most important crops
(wheat, rice, cotton) which together account for more than 80% of the value of
production. For the analysis of lining, which effectively results in an
increased water supply and/or savings in power required to pump groundwater,
economic evaluation is based on the value of water, which has been derived
from an analysis of the value of production in the plains areas (Appendix 2),
which includes the cost of pumping based on recent assessments of the marginal
value of power.

7. Watercourse Lining Measured results comparing lined watercourses with
unlined watercourses indicate water savings of 20%. of the water "lost",
about one third is consumed in non-benef4.cial evapotranspiration (weed growth
on canal banks, wetting/drying of the canal banks, surface evaporation from
local waterlogging), while the remaining two thirds reaches the water .
Where the groundwater is sweet, this seepage can be recovered through pumping.
Where the groundwater is saline, recovery is physically possible, but the
water may not be fit for reuse. The economic impact of watercourse lining
therefore falls between two extremes-where recoverable seepage losses are
fresh, the benefit of lining is limited to reduced pumping costs, plus
"saving" that proportion of the loss which goes to non-beneficial
evapotranspiration. Where the groundwater is strongly saline, none of the
seepage is recoverable and tne impact of lining is to substantially increase
(by some 20%) the water available to the plant.

1 India: Effective Incentives in Agriculture: Cotton, Groundnuts, Wheat and Rice, Resident Mission
in India, April 1989
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8. Punjab's surface irrigation supply is the equivalent of 500mm per annum
over the total command, which is equivalent to 5,000m3/ha. The net economic
value of production per hectare in the plains areas is Rs 10,450/yr (Table 1).
Without irrigation, most of the plains areas would support only erratic kharif
cropping (the land was essentially barren prior to the introduction of
irrigation), which would at most amount to 10% of irrigated production values.
Thus a first approximation of the value of irrigation water is Rs 1.8/m3 1.

9. However, about half the cropping in Punjab is supported by tubewells
(which are in fact recycling infiltration from irrigation and rainfall) but
are adding substantially to the water available at the field. It is estimated
on the bas's of irrigation statistics that the water supply from wells is
equal in volum.s to the water supplied directly from surface irrigation. Thus
the total supply is 10,000m3/ha, indicating a value of water of Rs 0.9/M3.
The cost of pumping the water from wells, based ozi an economic cost of power
of Rs 1.5/kwh, is Rs 0.24/m3, including depreciation (. equipment. The total
cost of pumping (5,000m3/ha*Rs 0.24/m3 = Rs 1200) must oe deducted from the
value of production per hectare. Thus the value of incremental surface
supplies is estimated as: (average net economic value of production per
hectare - cost of groundwater pumping) / (total supply), or 10,400*90%-
1200/10,000 = Rs 0.8/m3.

10. The analysis indicates economic rates of return ranging from 20% in
fresh groundwater areas to 42% in saline areas, confirming GOP's policy of
giving priority to lining in saline groundwater areas.

11. These figures exclude additional productive benefits due to elimination
of crop damage from local waterlogging, increased equity of distribution, and
higher field irrigation efficiencies in tail-end areas. As indicated in Annex
2, the majority (about two thirds) of watercourse lining, in accordance with
GOP's priorities, would be in areas of saline groundwater or sandy areas where
losses are particularly severe.

12. Canal Liniygr. All canal lining would be in saline groundwater areas
(Annex 3), and losses would generally not be recoverable for productive
irrigation, ultimately requiring further investments to offset the drainage
hazard. Immediate productive benefit would be derived from seepage savings.
Based on experience under the previous project, losses would be reduced from
2.4-3 m3/s/m2/Mm2 to 0.2-0.5 m3/s/m2/Mm2 of lining (Annex 2, para 21). Based
on 280 days per year of operations, this provides minimum annual water savings
per square meter of lining of 45 m3, compared to a current cost of lining of
Rs 120/m2. Based on the value of water analysis described above, the cost of
canal lining in the selected areas of saline groundwater and high water table
where lining is to be implemented would be have an ERR of 33%.

Development in the Kandi Zone

13. Piblit tilbewell development in the Kandi area would be provide limited
irrigation to relatively large numbers of farmers, leading to relatively low
rates of return. Cropping patterns assumed for the analysis are conservative:
it is likely that high value fruits and vegetables will quickly become

l(Rs 10,400/ha - 10%) divided by 5,000m3/ha
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significant. The cost of power has been assumed at Rs 1.5/kwh (consistent
with the analysis above of watercourse lining). Agricultural benefits have
been assumed to reach full development over a period of five years, at which
time productivity would be about 80% of that achieved in the plains.
Agricultural conditions are less well suited to basic field crops in the Kandi
area, although .;hese are likely to predominate in the early years of
development. In later years, the prospects for developing horticultural crops
are excellent, jihich significantly increase the economic value of agricultural
production. Based on these projections, the economic rate of return to
tubewell development is 15%, including the full cost of electrification.

14. Delooment of Low Dams Direct benefits from the construction of these
dams would result from irrigation. Substantial indirect benefits result from
the control of annual floods in the areas onto which the hill torrents
^zurrently flow. Last year's floods (the worst on record) caused enormous
damage to crops and infrastructure was enormous, except in those areas below
existing low dams in the Kandi area.

15. Agricultural projections indicate that the economic value of production
per hectare would increase from Rs 2,450 to Rs 8,200 (Table 1) due to project
investments. The typical cost per hectare of these schemes is Rs 43,000, and
implementation takes 3-4 years. Based on experience with existing projects,
where full realization of benefits has taken 4-5 years, the ERR of low dam
projects is 12% based on incremental agricultural production, and 15% if
estimated savings in flood damage are included. As in the case of the
tubewell development, there is excellent scope in the longer term for
developing high value horticultural crops (which is already beginning in some
of the well established commands). Thus while the initial returns to these
investments are acceptable, but relatively unattractive in relation to other
project components, the longer term prospects for soundly based economic
development in this most backward area of the state are good.

16. The Kandi Canal Productivity in the command of the Kandi Canal would be
similar to the areas to be developed under tubewells. However, the economic
return to the canal (including sunk costs for partially completed components)
is considerably higher, at 20%, due to the impact of pumping costs on the
tubewell investments.

17. Drainaeg The ERR for the drainage investments has not been computed.
Surface drainage works are essentially small incremental investments to a very
substantial existing system, and as such would have unrealistically high
returns. The subsurface works, based on pilot experiments, are expected to be
attractive investments, but the longer term studies included under the
project, together with the evaluation of the options for ultimate disposal of
the saline effluent, will determine the economic viability of the program.

18. Summary of Proiect Impact The project will result in incremental
irrigated area in the plains of some 75,000 ha, plus a further 10,000 ha under
public tubewells, 7,000 ha under low dams, and 20,000 ha under the first phase
of the Kancii Canal. These investments will generate the following benefits:
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Area Econ Val Cotton Rice Wheat Man Days

(000 ha) Rs M (000 Ton)---- 000/mo

Present
Plains

Low Dams 7 21 4 29

Tubewells 10 25 7 46

K Canal 20 25 7 46

Full Development

Plains 75 788 5 133 210 735

Low Dams 7 58 3 12 84

Tubewells 10 82 24 134

K Canal 20 164 48 268

Increment

Plains 788 5 133 210 735

Low Dams 37 3 8 55

Tubewells 57 17 88

K Canal 139 41 222

Total 1,021 5 136 276 1,100
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Table 1

Summary Agricultural Data

per Hectare
Present rutur-

Net Economic Net Economic

Cropping Yield Value Cropping Yield Value

(%) T/ha Rs (%) T/ha Rs
Low Dams

Maize 20 1.2 193 50 2.5 1,191

Sesamum 10 0.5 352

Groundnut 5 0.6 19 10 1.5 415

Arhar 5 0.5 40

Fodder 10 15.0 177 10 30.0 417

Wheat 40 1.5 1,696 -60 3.0 4,494

Gram 15 0.6 59

Mustard 10 0.6 234 20 1.0 821

Paddy 10 3.5 803

Mung 10 0.8 179

Value of Production per ha 2,771 8,319

Wells, Kandi Canal

Rape Seed 5 0.5 90 10 1.0 403

Maize 45 1.0 309 60 2.5 1,371

Sesamum 5 0.4 133

Arhar 8 0.5 71

Fodder 8 12.0 93 5 22.0 116

Wheat 55 1.2 1,736 80 3.0 5,804

Gram 2 0.8 23

Groundnut 10 1.5 407

Berseem 5 30.0 121

Value of Production per ha 2,454 8,222

Plains (Persent and future same)

Cotton 10 0.6 1,304

Paddy 55 4.8 2,148

Sugarcane 5 55.0 341

Mung 5 1.0 113

Guar 10 25.0 466

Wheat 70 4.0 5,170

Gram 3 0.6 20

Barley 3 2.3 108

Mustard 12 1.0 438

Berseem 3 30.0 341

Value of Production per ha 10,449
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Table 2

3ha Farm PARK BUDGET--Plains

IIncomel Crop | Farm Cash Hired Not Family
per ha Area Income Inputs Labor lIncome Labor
--Rs-- ha --Rs-- ---------- Rs/ha------ (days)

Cotton 4289 1.7 7148 1717 855 4440 26
Paddy 5920 0.3 1973 660 231 1035 12
Sugarcane 15000 0.3 4000 854 784 2362 28
Mung 4349 0.2 725 77 130 499 4
Guar 6250 0.5 3125 314 311 2462 7
Wheat 6850 1.3 9132 2199 1030 5790 17
Gram 1952 0.5 976 474 290 181 8
Barley 3880 0.3 1293 314 192 759 3
Rape/Mustar 7030 0.3 2343 211 152 1963 7
Berseem 7500 0.3 2500 236 118 2120 9

Totals 5.8 33213 7056 4094 21610 120

Table 3

2ha Farm FARM BUDGET--Xandl Canal and Wells (pro development)

Income Crop Farm Cash Hired I Net Family

per ha Area Income Inputs| Labor lIncome Labor
--Rs-- ha --Rs-- ---------- Rs/ha------ (days)

Rape Seed 3515 0.1 352 24 2 326 4
Maize 2593 0.9 2334 321 144 1869 40
Sesamum 4450 0.1 445 16 12 417 3
Arhar 3043 0.2 487 80 36 371 7
Fodder 3000 0.2 480 67 43 370 4
Wheat 2348 1.1 2583 412 94 2077 41
Gram 3009 0.0 120 22 1 97 1

Totals 2.6 6801 942 331 5528 100
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Table 4

2ha Farm TARN BUDGZT--Xandi Canal and Wells (full development)

Income Crop Farm| Cash Hired I Not |Family|
per ha Area Income Inputs| Labor IlncoUS Labor

--Rs-- ha --Rs-- ---------- Rs/ha------ (days)

Rape Seed 7030 0.2 1406 107 61 1239 9

Maize 6333 1.2 7599 1089 1173 5337 66

Fodder 5500 0.1 550 65 75 410 3

Wheat 5871 1.6 9394 2639 2079 4676 82

Groundnut 9525 0.2 1905 405 87 1413 16

Berseem 7500 0.1 750 73 90 586 14

Totals 3.4 21604 4377 3565 13662 190

Table 5

2ha Farm FPAJR BUDGET--Low Dams (pre development)

|Income Crop Farm Cash Hired I Net Family|

per ha Area Income Inputs| Labor llncome Labor

-- Rs--I ha --Rs-- ---------- Rs/ha------- (days)

Maize 3052 0.4 1221 194 1026 20

Sesamum 5540 0.2 1108 32 1076 7

Groundnut 3810 0.1 381 165 216 7

Arhar 3091 0.1 309 62 247 5

Fodder 3750 0.2 750 84 666 7

Wheat 2936 0.8 2348 300 2048 32

Gram 2270 0.3 681 188 493 11

Totals 2.3 7642 1073 6569 97

Table 6

2ha Farm FARM BUDGET--Low Dams (full development)

Income Crop Farm Cash Hired Net Family

per ha Area Income Inputs Labor llncom4 Labor

--Rs-- ha --Rs-- ---------- Rs/ha------ (days)

Maize 6333 1.0 6333 757 455 5120 75

Groundnut 9525 0.2 1905 381 11 1513 20

Fodder 7500 0.2 1500 118 91 1292 8

Wheat 5871 1.2 7045 1679 495 4871 103

Mustard 7030 0.4 2812 173 32 2606 21

Paddy 5905 0.2 1181 241 940 13

Mung 4349 0.2 870 85 66 719 10
Totals 3.4 21645 3433 1lSl 17061 249



- 140 - Annex 17
Appendix
Page 1

Agricultural Prices for Economic Analysis

1. Prices used in the economic analysis for agricultural production and
inputs are based, as far as possible, on projected world commodity prices for
the year 2000, converted to 1990 dollars. The analysis is based (for the
major crops) on a recent paper produced by the Bank's New Delhi Office (para
6, above), but using the latest bank projections for future prices. Together,
rice, wheat and cotton account for about 90% of the value of production in
Punjab. Prices for other crops are based on market prices, adjusted by the
Standard Conversion Factor (SCF) of 0.8.

2. Since 1980, Indian cotton exports have averaged 100,000 tons per year.
However, the vast majority of production (95%) is consumed domestically,
though indirect export of cotton as cloth and as garments is significant.

3. The international value of Indian cotton depends on variety. The cotton
produced in Punjab, which is short and medium staple, is among the lower
qualities, though yields in Punjab are hi4h by Indian standards. However,
demand for these qualities has generally grown faster than supply over recent
years, and for these varieties, India is effectively an importer.

4. The projected price of cotton lint (year 2000 price, in 1990 dollars) is
US$1,658/ton. After adjusting for processing and transportation costs
(evaluated using the SCF), and adding the value of cottonseed, this is
equivalent to Rs 9,800/ton of seed cotton.

Wheat

5. India's average production of wheat since 1980 is about 43.0 million
tons per year mainly for domestic consumption. Its average exports since 1980
(including wheat products) was about 124,000 tons, about 0.3% of average
production. During this period, domestic stocks were also accumulated,
although these were largely utilized during the drought of 1988. Thus India
has, during the 1980's, been essentially self-sufficient in wheat, and it is a
matter of judgement as to whether wheat should be treated as an import or an
export in deriving the appropriate price. On balance, the rapid growth of
irrigation facilities and spread of HYVs (on which self-sufficiency is based)
looks unlikely to continue at current rates, and wheat would appear more
likely to be an import. Indeed, continued pursuit of more profitable crops in
the Punjab itself could be a major cause of imports, since the state
contributes 60% of surplus production at present.

6. Based on projected world prices, and after adjustment for international
transport costs, and deduction of internal transport (Punjab itself is a
surplus state), the estimated value of wheat is estimated to be Rs3411/ton.
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Rice

7. During the 80s, India's annual rice production averaged about 57 million
tons, primarily for the domestic market. Imports and exports of rice during
the 80s were negligible. During the 80s, domestic price for rice was
consistently below comparable world price adjusted for trade and transport
margins.

8. Based on project world prices and after adjustment for international
transport cost and deduction of internal transport cost (Punjab is a surplus
state), the estimated value of wheat is assumed to be Rs. 2986/ton.

9. The prices of other crops (which comprise a small proportion of total
production in value terms) are based on current market prices adjusted by the
SCF. All prices are summarized below.

Crops-Rs/T Byprod-Rs/T Seeds-Rs/kB

Fin Econ Fin Econ Fin Econ

BARLEY 1600 1280 100 80 3.5 2.8

COTTON 8178 9800 100 80 7.3 5.8

FODDER (BERSEEM) 250 200 4.0 3.2

FODDER (GUAR) 250 200 4.0 3.2

GRAM 3724 2979 60 48 12.4 9.9

GROUNDNUT 6250 5000 100 80 11.0 8.8

MAIZE 2293 1834 150 120 6.6 5.3

MUNG 5336 4269 100 80 12.9 10.3

PADDY 1657 2986 30 24 4.2 3.4

PULSES(ARHAR) 5845 4676 60 48 12.0 9.6

RAPESEED/MUSTARD 7000 5600 30 24 14.6 11.7

SESAMUM 11000 8800 50 40 8.0 6.4

SUGAR CANE 300 240 100 80 0.3 0.2

WHEAT 1657 3411 300 240 4.0 3.2 l
N 4700 4700 Labor-Rs/day Draft-Rs/day

P 8300 8300 min 18 14 min 10 8

K 1700 1700 max 30 24 max 30 24



- 142 - Annox IA
Page 1

INDIA

PUNJAB IRRIGATION AND DRAINAGE PROJECT

Organization of Irrigation Wing, IPD

1. Successful development and exploitation of irrigation resources is the
result of several distinct phases:

a) Investigations and data collection
(collection of basic information on hydrology, soils, topography,
water table depth and quality, monitoring and evaluation of system
performance)

b) E1annin=
(overall resource assessment, analysis of alternative development
options,integration of potential projects into coordinated
development plan)

c) fl.aGn
(preparation and costing of facilities designs at reconnaissance,
feasibility and detailed design stages, analysis of alternatives,
specification of standards)

d) Construction
(planning and managing physical project implementation, primary
quality control)

e) Operation and Maintenance
(operation of facilities in accordance with state rules and
procedures to provide agreed service to farmers, maintenance of
facilities so as to ensure continued system performance)

f) Regulat4nr.
(monitoring and enforcement of state/national rules in relation to
water quality, dam safety, inspection of works in progress and
investigation of reports of deviations from rules)

l

2. These six stages cannot be precisely demarcated, and there will often be
a degree of overlap and accommodation to meet particular circumstances.
Furthermore, even a straightforward project may involve several "cycles" of
investigation, planning, and design before a final project definition emerges
for implementation.

3. Organizationally, the inputs required at each stage can be provided in
one of two ways: either the Irrigation Department is organized
geographically, with regional offices staffed to provide necessary specialist
advice, or the Department is organized functionally, with specialist
Directorates or sub-departments working only in one phase of irrigation
development.
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4. While water and land resources were relatively plentiful,
straightforward engineering works were adequate tv produce acceptable
benefits. Rapid project development was the appropriate strategy and the
regional organizational structure was adequate to meet this objective. Today,
particularly in a state such as Punjab, with only limited remaining resources,
options are more limited. Deriving maximum benefit from all possible sources
as efficiently as possible is now the priority, and this requires
specialization and coordination.

5. To achieve this end, a functionally based organization has several
advantages. First, it encourages professional irrigation engineers to develop
areas of expertise, for example in planning, or design, or hydrology. This is
increasingly necessary as technology grows ever more complex, and demanding.
By creating functional groups, each engineer is exposed to colleagues working
in the same field, encouraging exchanges of ideas and experience, and allowing
opportunities to arrange efficient training programs. Regional organization,
on the other hand, will often result either in a single officer trying to
resolve all emerging problems in a particular field, with only limited scope
to share his experiences and problems, or to a succession of "part-time
specialists" each of whom has neither the opportunity nor the motivation to
acquire specialist skills.

6. Second, a functionally based organization promotes the rap4d diffusion
of innovation. If one office is responsible for all designs, then a new, more
economical lining procedure or culvert design will immediately have its impact
in all new construction drawings.

7. Thirdly, while engineers will -.rmally wish to develop their skills
during their careers in several types of assignment, functional departments
offer the prospect of advancement in a specialist area for those who so
choose, rather than the need to keep moving to ensure career development.
Furthermore, the impact of personnel changes-and the dependence on individual
officers-is minimized, because the general continuity of the department will
ensure that lessons and experiences are not lost when one individual moves on.

8. In the planning area, functional specialization offers obvious benefits
to ensuring that investment programs are well coordinated. The primary task
of an Irrigation (or Water Resources) Planning Department are assessment of
the overall water balance of the state, reflecting current and future needs
for agriculture, industrial, and domestic users. Within this framework,
investment proposals are evaluated in relation to alternative means of
achieving specific objectives (for example, irrigation through wells, or
irrigation through surface supplies) and the impact of one investment on other
users (for example the impact of lining on groundwater and drainage
requirements).

Present Situation

9. The present set up in Punjab is a mixture of the two approaches
described above. Data Collection and Investigations seem to be done in part
by the project and construction circles, and in part by specialists - for
example, the Water Resources Directorate, and the Planning and Design Studies
Directorate for the Kandi Area.
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10. In the area of Planning, while there is a designated project
coordination officer, under the MD, PSTW, and the CE Lining also is described
as CE Planning, there is no central group or department where the investment
options are assessed in their entirety, nor where the State's overall surface
and groundwater resource position is analyzed from the irrigation, municipal,
industrial and power perspectives. While the project coordination activity
(consisting basically of monitoring implementation performance of project
components, and assembling and processing reports and documentation required
by the Bank) has worked effectively in the previous project, and in the
formulation of the present project, the objective to date has been narrowly
focussed on the reporting requirements of the Bank rather than the planning
needs of the state.

11. GOP intends to establish a Central Design Office where all specialists
in this area would be based. For a state which already has such a unified
irrigation system, this will be very beneficial. Limited design facilities
will still be required at the construction circle level, for minor on-site
modifications to CDO drawings, and design of simple standard structures, but
all substantive design work would be centralized.

12. As regards construction, separate Chief Engineers are in place for canal
lining, Kandi Canal, tubewells, watercourse lining, low dams, and drainage.
For each of these officers, the primary task is management of resources for
construction, and hence the primary interest is securing an adequate share of
available resources (manpower, funds, cement, steel, etc).

13. In OEM, the highly integrated irrigation system in the State, and the
clear and uniform rules and procedures, have already resulted in a
functionally specialized department under the Chief Engineer Canals.

14. Regulatory functions are not clearly defined, although the generally
good quality of construction and well organized system operation indicate that
enforcement of standards is generally satisfactory

Proposals for Reorganization of the Irrigation Wing

15. Institutional changes are complex and should be approached with care.
Many factors beyond basic technical considerations have shaped the current
structure of the Irrigation Department, and these must be considered before

A reforms are considered. Furthermore, the pace of change must be such as to
allow continued functioning of the Department and adjustment of staff to new
responsibilities. The three priority areas where scope for change is apparent
are described below.

16. First, GOP is already proposing to establish a functionally organized
Design section, under a Chief Engineer. The basis for this organization would
be an existing group of specialists, formed to produce the designs for the
Sutlej-Yamuna Link canal which are now virtually complete.

17. Secondly, as regards Planning, there is a clea.f need to bring together
the various resource analysis activities, and create a review function for
investment proposals. There is no reason to inhibit good ideas from
developing in the field, but it is necessary to ensure that a central review



- 145 - Annex IA
Page 4

ensures feasibility and consistency of proposals. The State's water resources
are close to full development, and all potential future sources (canal seepage
savings, diversion from surplus to deficit areas, groundwater development) and
uses (human, animal, and industrial demands) must be accounted for in planning
the future development of the sector. This change required the establishment
of a Chief Engineer (Water Resource Planning), plus the regrouping of existing
units. This action was taken in September, 1989.

18. With this framework in place, subsidiary questions related to the
organization of construction could also be addressed. For example,
construction is currently organized by sub-project (Kandi Canal, Kandi Low
Dams, etc). At a certain level, such division of responsibility is
appropriate, but it may be more efficient at the Chief Engineer (Construction)
level to have a primarily geographical allocation of responsibility, so the
construction of various related facilities (canals, tubewells, drains) is
efficiently coordinated.
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PUNJAB IRRIGATION AND D2.AINAGE PROJECT

Documents Available in thg Proiedt File

1. Punjab Irrigation Project Phase II
Identification Report (Volumes 1-IV) October, 1987

2. Punjab Irrigation Project Phase II
Identification Report (Amended) June,1989

3. Action Plan for Improvement of Bhakra Beas
Systems Operation January, 1988

4. Punjab Public Works Department Specifications 1963

5. Punjab State Tubewell Corporation
Design Manual June, 1980

6. Study of Flood Flows on the Ghaggar River
Central Water Commission January, 1989

7. Draft Terms of Reference for
Dam Safety Review Panels

8. The Rising Water Table and Development
of Water Logging in Northwestern India July, 1985

9. Proposed Syllabus for Punjab Irrigation
Management Institute June, 1989
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