IRRIGATION SYSTEM OF PAKISTA
IRRIGATION SYSTEM IN PAKISTAN 
KEY FACTS 
	No. of major Reservoirs:
	3

	No. of Barrages:
	16

	No. of Headworks:
	2

	No. of Inter-link Canals: 
	12

	No. of Canal Systems:
	44

	No. of Watercourses: 
	107,000

	Length of Canals:
	56,073 km

	Length of Watercourses:
	1.6 million km

	Average Canal Water Diversions:
	104.7 MAF

	Groundwater Abstractions:
	41.6 MAF

	No. of Tubewells:
	> 550,000

	Irrigated Area:
	36 million acres

	Average Escapage to the Sea:
	39.4 MAF


THE DEVELOPMENT OF THE IRRGATION SYSTEM
Controlled year round irrigation began in 1859 with the completion of the Upper Bari Doab Canal (UBDC) from Madhopur Headworks (now in India) on Ravi River. Until that time, irrigation was undertaken through a network of inundation canals, which were functional only during periods of high river flow. These provided water for kharif (summer) crops and some soil moisture for rabi (winter) crops. 
The last inundation canals were connected to weir controlled supplies in 1962 with the completion of Guddu Barrage on Indus River. UBDC was followed by Sirhind Canal from Rupar Headworks on Sutlej in 1872 (also in India) and Sidhnai Canal from Sidhnai Barrage on Ravi in 1886. The Lower Chenab from Khanki on Chenab in 1892, and Lower Jhelum from Rasul on Jhelum in 1901 followed suit. Lower and Upper Swat, Kabul River and Paharpur Canals in NWFP were completed between 1885 to 1914. L 
By the turn of the century, it became apparent that the water resources of the individual rivers were not in proportion to the potential irrigable lands. Ravi River, serving a large area of Bari Doab, was deficient in supply while Jhelum had a surplus. An innovative solution was developed in the form of the Triple Canal Project, constructed during 1907 -1915. The project linked the Jhelum, Chenab, and Ravi rivers, allowing a transfer of surplus Jhelum and Chenab water to the Ravi. The Triple Canal Project as a land-mark in integrated interbasin water resources management and also provided the key concept for the resolution of the Indus Waters Dispute between India and Pakistan in 1960.
The Sutlej Valley Project, comprising of 4 barrages and 2 canals, was completed in 1933, resulting in the development of the unregulated flow resources of the Sutlej River and motivated planning for the Bhakra reservoir (now in India). 
During the same period, the Sukkur Barrage and its system of 7 canals serving 2.95 million hectares of land in Lower Indus were completed. Haveli and Rangpur from Trimmu Headworks on Chenab in 1939 and Thal Canal from Kalabagh Headworks on Indus were completed in 1947. This comprised the system inherited by Pakistan at the time of its creation in 1947. 
At independence, the irrigation system, conceived originally as a whole, was divided between India and Pakistan without regard to irrigated boundaries. This resulted in the creation of an international water dispute in 1948, which was finally resolved by the enforcement of Indus Waters Treaty in 1960 under aegis of the World Bank. The treaty assigned the three eastern rivers (Ravi, Beas, Sutlej) to India, with an estimated total mean annual flow of 33 million acre feet (MAF) and the three western rivers (Indus, Jhelum, Chenab) to Pakistan with a transfer of irrigation supplies from the western rivers to areas in Pakistan formerly served by the eastern rivers as well as some development potential to compensate for the perpetual loss of the eastern waters. The Indus Basin Project including Mangla Dam, 5 barrages, 1 syphon and 8 inter-river link canals, was completed during 1960-71, while Tarbela Dam started partial operation in 1975-76.
After partition, Kotri, Taunsa and Guddu Barrages were completed on the Indus River to provide controlled irrigation to areas previously served by inundation canals. Also, three additional inter-river link canals were built prior to the initiation of Indus Basin Project. 
APPRECIATION OF THE INDUS BASIN IRRIGATION SYSTEM
The Indus Basin Irrigation System comprises of three major reservoirs, 16 barrages, 2 head-works, 2 siphons across major rivers, 12 inter river link canals, 44 canal systems (23 in Punjab, 14 in Sindh, 5 in NWFP and 2 in Balochistan) and more than 107,000 water courses. The aggregate length of the canals is about 56,073 Km. In addition, the watercourses, farm channels and field ditches cover another 1.6 million Km. 
Typical watercourse commands range between 200 and 800 acres. The system utilizes over 41.6 MAF of groundwater, pumped through more than 550,000 tube wells, in addition to the canal supplies. Outside the Indus Basin, there are smaller river basins, which drain directly to the sea. One if located is on the he Mekran coast of Balochistan and the other is a closed basin (Kharan). The total amount inflow of both is less than 4 MAF annually. These streams are flashy in nature and do not have a perennial supply. About 25% of their inflow is used for flood irrigation.
Currently the total annual surface water diversions at the canal heads of the Indus Basin irrigation system are about 105 MAF.

IRRIGATION SYSTEM
Irrigated agriculture is the major user of both, surface and groundwater resources of Pakistan. The average annual river diversions for irrigation in the Indus Basin are of the order of 104.7 MAF, to irrigate over 14.6 million hectares. Of this, 67.11 MAF on average are diverted during the kharif period, while 37.63 MAF are diverted during the rabi period. 
During the kharif periods of the last ten years, Punjab used 34.3 MAF annually, while Sindh and Balochistan used 31.4 MAF and NWFP used 2.35 MAF. During the rabi periods of the last ten years, average withdrawals by Punjab, Sindh and Balochistan and NWFP were 19.87 MAF, 16.06 MAF and 1.46 MAF, respectively. A further 41.6 MAF is pumped annually from the groundwater reservoirs, of which more than 90% is used for irrigation. 
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DISTRIBUTION OF AREA AND WATER
During the year 1999-2000, the total irrigated area from all the sources, including private canals, schemes, wells and tubewells and publicly owned infrastructure was of the order of 18.06 million hectares. About 77.4% of the total irrigated area of Pakistan falls in Punjab, 2.8% area falls in NWFP and 19.8% in Sindh/ Balochistan. 
Based on the statistics of the last 10 years, the area irrigated by canals has increased slowly by an aggregate of 6% but its share in irrigated area has remained constant due to the continuous increase in the number of tubewells which now irrigate 20% more area than 10 years ago.
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	Province
	Total
	Govt. Canal
	Canal Tubewells
	Private Canals
	Tubewells
	Canal Wells
	Wells
	Other
	Total

	  
	Mha
	    %
	   %
	   %
	       %
	   %
	   %
	    %
	   %

	Punjab 
	13.84
	28.4
	50.5
	…..
	19.1
	0.7
	0.9
	0.4
	100

	Sindh
	2.52
	94.8
	…..
	…..
	5.2
	…..
	…..
	…..
	100

	NWF
	0.89
	43.8
	…..
	41.6
	6.7
	…..
	4.5
	3.4
	100

	Balochistan
	0.81
	49.4
	…..
	11.1
	28.4
	…..
	2.5
	8.6
	100

	National
	18.06
	39.4
	38.7
	2.5
	17
	0.5
	1
	0.9
	100


PROVINCIAL IRRIGATION SETUPS
[image: image2.png]Province-wise Irrigated Area
(19%9-2000)
N Balochistan

S %

P

sindh
14%

Putich
%





Punjab
The public irrigation infrastructure in the Punjab consists of 13 barrages, 2 siphons across major rivers, 12 link canals and 23 major canal systems over an aggregate length of 34,500 km. 
The whole irrigation infrastructure lies within the Indus Basin System. It serves an area of 8.58 million hectares. In addition, there are 135 surface drainage systems including over 670 drains, with an aggregate length of about 6,600 km, which drain an area of about 5.79 million hectares, within the 23 canal commands. 
During the year 1999-2000, the total irrigated area, using all sources available in the Punjab, was of the order of 13.8 million hectares. This included 11 million hectares in the canal commands. The private tubewells and wells irrigated 6.8 million acres during the same period. 

Sindh
Sindh has 14 publicly owned irrigation systems, which receive water from three barrages across the River Indus. These systems, with an aggregate length of 18,000 km of canals, serve an area of about 5.38 million hectares. There are 13 existing surface drainage systems in Sindh, which serve a total area of over 3.5 million hectares and have an aggregate length of about 4,800 km. New drains are also being constructed in the province. 
During the year 1999-2000, the total irrigated area, using all sources in Sindh, was of the order of 3.52 million hectares. This included 2.39 million hectares of irrigated land in the canal commands. The private tubewells and wells irrigated 0.13million hectares during the same period. 

NWFP
NWFP has five publicly owned irrigation systems in the Indus Basin, which serve a total area of 0.34 million hectares. These systems receive water from two headworks across River Swat and Warsak Dam. In addition, there are six other canal systems, which serve a total of 0.13 million hectares of land. 
NWFP has over 200 canals called `civil canals`, which are community or privately owned. These irrigate an aggregate area of 0.83 million hectares. There are four surface drainage systems in NWFP comprising of 456 drains. These serve a total area of 0.37 million hectares. 
During the year 1999-2000, the total irrigated area, using all the sources in NWFP was of the order of 0.89 million hectares. This included 0.39 million hectares of land in the canal commands. Private canals, tubewells and wells irrigated 0.47 million hectares during the same period. 

Balochistan
Balochistan has two canal systems, which receive water from the Indus Basin System through Guddu Barrage and Sukkur Barrage, located in Sindh. These canal systems serve a total area of 0.33 million hectares. One of these, the Pat Feeder Canal System, has been improved recently. In addition, there are 431 independent publicly owned small irrigation schemes, which serve 0.14 million hectares. There are a few privately owned small irrigation schemes too. 
During the year 1999-2000, the total irrigated area, using all the sources in Balochistan, was of the order of 0.81 million hectares. This included 0.4 million hectares in the canal commands. Private tubewells and wells irrigated 0.34 million hectares during the same period. Balochistan also has one large drainage system called the `Hairdin Drainage System`, which drains 0.07 million hectares. 
GROUNDWATER USAGE FOR IRRIGATION
An estimated 41.6 MAF of groundwater is pumped annually in Pakistan. According to a study, more than 90% of the extracted groundwater is used for irrigation purposes. Groundwater reservoirs are recharged from the rivers as well as the seepage losses from the canals, watercourses, farm channels and the fields. 
Most of the ground water abstraction occurs in the Punjab. This was of the order of 34 MAF in the year 1999-2000, followed by Sindh, estimated at 5 MAF, Balochistan at 0.5 MAF and NWFP at 2.1 MAF. 
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In the last 25- 30 years, ground water has become a major supplement to canal supplies, especially in the Upper Indus Plain. In this region, the ground water quality is good. The groundwater resources of Pakistan extend from the Himalayan foothills to the Arabian Sea and are contained in the alluvial deposits of the Indus Plains. 
Large scale tubewell pumpage for irrigation began in the early sixties. The number of private tubewells grew steadily with time. There are presently about 550,000 tubewells in the IBIS and the annual pumpage in all canal command areas has been estimated to be 41.6 MAF.
SALINITY AND WATERLOGGING
Pakistan has an agriculture-based economy, which is mainly dependent on irrigation through canal supplies. Before the introduction of the irrigation system, the water table was sufficiently deep. However, due to a lack of drainage facilities and improper water management, the water table rose, resulting in waterlogging and salinity.
About 25% of the irrigated area of Pakistan is affected by waterlogging and salinity/ sodicity problems. In addition to other measures like the Irrigation System Rehabilitation, Command Water Management and On-Farm Water Management programs taken up by different government departments, WAPDA completed 57 Salinity Control and Reclamation Projects (SCARPs) at a total cost of Rs. 26.48 billion. These cover a gross area of 7.81 million hectares. Projects worth Rs. 26.9 billion are also in progress. Surveys have indicated that waterlogging has reduced from 42% in the 60s to about 25% in 1977-79. Similarly, saline, saline-sodic and sodic soils were reduced from 6, 27 and 11% to 11, 24 and 3% respectively, in the same period of time.
The National Drainage Programme (NDP) was launched in 1998, incurring a cost of US$ 785 million. The programme will continue for 25 years. The major activities envisaged include remodeling/ extension of existing surface and new drains, rehabilitation/ replacement of saline groundwater (SGW) tubewells, installation of pipe drains in new areas, lining of watercourses in SGW areas, construction of interceptor drains, reclamation of waterlogged areas through biological drainage and transfer of fresh groundwater tubewells.
Many measures have also been suggested in the Ninth Five Year Plan to uplift the agro-based economy of the country by maximizing crop production. In addition to this, the Vision 2010 program will have Rs. 584.6 billion for water sector.
IRRIGATION EFFICIENCIES
Pakistan, despite being an agrarian country, has demonstrated extremely low irrigation efficiencies, creating problems related to water conservation and waterlogging and salinity.
The crop yield in Pakistan is on the lower side. The current estimated irrigation efficiency in Pakistan is 35.5%. This means that only 35.5% of the water that reaches the fields is actually used by the crops. Irrigation efficiency is a compound of three efficiencies i.e. canal-head efficiency, watercourse efficiency and farm efficiency.
ESCAPAGE TO THE SEA
On an average, about 39.4 MAF of water flows to the sea annually. Most of this flow occurs during the kharif season when 36.94 MAF or 93.8% goes to the sea. In the rabi season, on average about 2.44 MAF flows into the sea, and most of that is in the first few weeks of the season. For several months in the winter, there is no flow into the sea. 
During the last 25 years, a total flow of 984.75 MAF of river water has flowed into the sea. This is equivalent to more than 9 years of average canal withdrawals during the same period. 
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Canal modernization in the Indus Basin irrigation system 
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Abstract

An overview is given of modernization activities in the operation and design of the Indus Basin irrigation system canals, in which the International Water Management Institute (IWMI) has been involved. Hydrodynamic simulations are used to check the design and plan the operation of the Chasma right bank canal, which is under construction. The Pehur high-level canal will be the first irrigation system in Pakistan with automatic gates; the consultant's design was checked using unsteady flow hydrodynamic simulations. A modern telecommunication system is being installed in the Nara canal command area, and decision support systems are being developed for the Eastern Sadiqia and Jamrao canals. Provincial programmes on selected canal commands are underway with an area water board for the canal command and a farmers' organization for each secondary canal, with the Provincial Irrigation & Drainage Authority providing services. Thus, there is considerable change underway on canal operations in Pakistan. Water measurement and communication facilities are basic requirements for modernization. Recent research on the much-used downstream gauge ratings for canal discharge regulating structures shows that many of them require adjusted discharge ratings every few months. Thus, standard operating procedures also need to be improved in a modernization programme. The most important ingredient in modernization is organized farmers. Significantly greater benefits will accrue from a modernization programme that successfully employs a combination of institutional and technical measures.

Introduction
For the past seven years, the Pakistan National Programme of IWMI has been conducting research on canal operations. In 1993, a collaborative research programme with Cemagref was initiated having a major component on decision support systems for improved canal operations. Two of the highly important tools provided by Cemagref are an unsteady flow hydrodynamic model called `simulation of irrigation canals' and an irrigation management information system which can be used by an irrigation manager to account for water distribution in the system.

The locations of the canal command areas under investigation are shown in Figure 1. The general characteristics of these canal command areas are listed in Table 1. The Pehur High-Level and the Chasma Right Bank canals are under construction. The Eastern Sadiqia canal and the Jamrao canal represent average cultivable command areas in the Indus Basin irrigation system, which covers a total of 16 million ha divided among 43 canal commands. The Lower Swat canal has the highest water duty (1.02 l/s/ha), and the Jamrao canal has the lowest, but this will increase to 0.4 l/s/ha, or slightly more, after completion of the Nara canal remodelling now underway.
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Figure 1. Location of canal command areas in Pakistan undergoing modernization
Canal design
The Chasma Right Bank canal
The first experience in using the simulation irrigation system was over Stage 1 of the Chasma Right Bank canal, where it was disclosed that some portions of the canal lining needed to be raised another 75 cm in order to have sufficient freeboard. An important output of the study was the identification of operational constraints at low flow, such as a drastic drop in velocity, 

which should be avoided to ensure appropriate distribution of both water and incoming sediment along the canal. At present, Stage III is under construction for a designed discharge of 138 cubic meters per second (cumecs). The complete design for the canal is now on simulation, mostly to study various operating scenarios, but also to provide the consultants with feedback regarding any required design modifications.

Table 1: General characteristics of canal command areas in Pakistan 
undergoing modernization

	Name of canal command
	Province
	Cultivable command area, ha
	Discharge
capacity,
cumecs
	Water
Duty,
l/s/ha

	Upper Swat and
Pehur High-Level
	NWFP*
	131 700
	51

28
	0.60

	Lower Swat 
	NWFP
	53 800
	55
	1.02

	Chasma Right Bank
	NWFP & Punjab
	228 000
	138
	0.61

	Fordwah 
	Punjab
	172 000
	96
	0.56

	Eastern Sadiqia 
	Punjab
	389 000
	139
	0.36

	Nara Main
	Sindh
	881 000
	380
	0.43

	Jamrao
	Sindh
	355 000
	96**
	0.27


* North West Frontier Province
** This discharge rate will increase by 50 percent or more after completion of the Nara canal remodelling
Automation of the Pehur High-Level canal
The existing Upper Swat canal was designed in 1915 to divert 51 cumecs from the Swat river. Currently, the Pehur High-Level canal is under construction to convey 28 cumecs from the Tarbela reservoir on the Indus river to the tail of the Machai branch of the Upper Swat canal. The canal network of Pehur High-Level, tail of Machai Branch and the downstream Maira Branch canal has been designed using automatic downstream water level control gates. This is the first case in Pakistan of employing automatic gates in a canal.

IWMI has a contract with the Irrigation Department of the North West Frontier Province (NWFP) to provide operational support upon the commissioning of the Pehur High-Level canal. The first assignment was to use unsteady flow models to check the consultant's design (Habib, Pongput and Skogerboe, 1996). Simulation was used to check the remodelling of the Machai Branch. Another unsteady flow model, Canalman, developed at Utah State University, was used for the Pehur High-Level, tail of Machai Branch and Maira Branch canal network because this software package contains an algorithm for automatic gates. The design was subjected to a series of severe operating conditions, which showed that, in general, the system could be expected to perform well. However, IWMI also identified some of the operational complications involved in managing a combined system of upstream and downstream control, as well as the increased likelihood of sediment deposition in the Maira Branch canal. Besides the hydraulic stability provided by the automatic gates, an important feature in the consultant's design is an escape structure with a designed discharge of 29 cumecs which is located at the confluence of the Pehur High-Level canal and its Machai and Maira branches; this confluence reach acts as a regulating reservoir with an overflow escape structure. This combination of automatic downstream water level control gates and confluence reach provides excellent hydraulic stability under extreme operating conditions. 

Canal operations
Discharge variability
The greatest problem faced by farmers is when there is no water during their warabandi (water turn). This is followed by the high degree of discharge variability in the canal network. Commonly, there is a daily discharge fluctuation of 20-30 percent, which on some days reaches 50 percent or more. For example, if a farmer receives only half of the normal discharge rate, then probably one-third, or less, as many bunded fields can be irrigated. Farmers are more cognizant of this problem than canal operators and irrigation managers.

Monitoring of canal discharges in Pakistan by IWMI staff, and others, has disclosed that highly significant discharge fluctuations occur, even on a daily basis. An example is shown in Figure 2 for the Fordwah branch canal at the head of the Chishtian subdivision, along with the Fordwah and Azim distributaries located at the tail of the Fordwah branch canal. The ordinate scale is the coefficient of variation, C, which is the standard deviation of a data set divided by the mean of the data set. A perfect value of C is zero. In this case, C represents the data scatter for the delivery performance ratio, which is the ratio of the actual discharge divided by the scheduled indent in order to evaluate the variability in delivering the target canal water supply. Values of C below 0.2 are considered as satisfactory, which does not occur very often in Figure 2.

One reason for such large discharge fluctuations is the lack of communication between gate operators. Each operator responds independently to changing water levels at his cross-regulator. Generally, the gate operations result in attenuated discharge fluctuations downstream. However, there are significant differences in gate operators, with some making less dramatic gate changes than others.
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Figure 2: Reliability of water supplies at the head of the Chishtian subdivision (Fordwah branch) and two secondary canals - kharif 1994
The Chasma Right Bank canal
The main reason for placing the design of the Chasma Right Bank canal on simulation is to reach an agreement on how the canal will be operated when construction is completed. Stages I and II are operational, but the longest segment, Stage III, is still under construction. The main canal and the distributary head regulators will be operated by the federal Water & Power Development Authority. Two provinces are being served, NWFP and Punjab, so two provincial irrigation departments are involved. There is considerable debate, particularly among the provinces, about the day-to-day operation of that canal.

While its design is being placed on simulation, various operating scenarios are being designed. Once the design has been checked using the simulation programme in order to establish whether any modifications are required, then each of the operating scenarios will be tested and the results documented. These results will be presented to decision-makers for their consideration. It is hoped that an agreement can be reached on the most appropriate operating procedures for the Chasma Right Bank canal. There is some likelihood that the canal will later be computer-operated; the required communication facilities (radios and walky-talkies) are already in place.

Rating flow control structures
Structure calibrations
IWMI has been collaborating with the irrigation departments in Punjab and Sindh on developing a decision support system for the Fordwah and Eastern Sadiqia canals in south-eastern Punjab and the Jamrao canal in Sindh province. A basic requirement is to develop discharge ratings for all of the essential flow control structures, including headworks, cross-regulators, head regulators and outlets. Training courses have been conducted on developing discharge ratings for these structures.

During the process of calibrating so many structures, it was discovered that quite frequently the discharge ratings being used by provincial irrigation department staff resulted in discharge rates greater than those actually measured using a current meter. In fact, the discrepancy was often of 15-25 percent, sometimes more. The irrigation department ratings are based on a gauge located in the canal downstream of a flow control structure. This is helpful for the gate operator who knows what the water level on the downstream gauge should be in order to provide the appropriate discharge rate as specified by the irrigation managers. This situation led to an investigation of downstream gauge ratings.

Downstream gauge ratings
In order to investigate downstream gauge ratings, data collected by IWMI field staff was used from the Eastern Sadiqia canal in Punjab and the Jamrao canal in Sindh. In addition, data was used from the Lower Swat canal in NWFP that had been reported by the International Sedimentation Research Institute, Pakistan, which is a research unit of the federal Water & Power Development Authority.

Downstream gauge ratings are usually developed using the KD formula - Q =KD n - in which Q is the discharge rate, D a flow depth, K a coefficient, and n an exponent. The exponent n will be 5/3, as in the Manning-Strickler formula, when there is both uniform flow and the flow depth, D, represents the hydraulic radius, R. This hydraulic radius, R, is the cross-sectional flow area, A, divided by the wetted perimeter of the cross-section, P. In practice, the flow depth, D, is obtained by reading the gauge, G, but applying a gauge correction, ?G, so that :

D = G - ?G

and

Q = K (G - ?G) n
A unique approach was developed (Vehmeyer et al, 1998) for testing when the downstream gauge rating needs to be adjusted. Using the Manning-Strickler formula to derive the KD formula provided the example case listed in Table 2. Note that the value of the coefficient K is nearly the same for 21 and 22 October 1996, whereas the discharge measurement two months later on 29 December showed a 20 percent decrease in the coefficient K. This clearly indicates that the downstream gauge rating has changed significantly between 22 October and 29 December 1996. There were other similar examples.

Table 2. Discharge measurements at the head of the Hakra Branch canal branching off the tail of the Eastern Sadiqia canal

	Date
	  
	21/10/96
	22/10/96
	29/12/96

	Q
	Cusecs
	2296
	1957
	1065

	A
	feet2
	950.5
	849.5
	658.0

	P
	Feet
	151.2
	149.2
	145.0

	R = A/P
	Feet
	6.29
	5.69
	4.54

	K
	feet (4/3)/s
	107.3
	107.8
	85.6


Another important finding is that the variables ?G and n are linearly related, with n decreasing as ?G increases, but this is a unique relationship for each channel. After much investigation regarding the gauge correction, ?G, a procedure was derived for calculating ?G that is physically meaningful. For each current meter measurement, the gauge correction, ?G, should be obtained by subtracting the mean hydraulic depth, Dhy, from the gauge reading, G; then, average the values of ?G. The mean hydraulic depth, Dhy, is the cross-sectional flow area, A, obtained during the current meter measurement divided by the top water surface width, WT, obtained from the current meter tape measurements. Both the exponent, n, and the coefficient, K, should be considered as variables that can be derived graphically from a logarithmic plot, or by regression. 

A major conclusion of this investigation (Vehmeyer et al, 1998) is that the KD formula is an appropriate technology for developing downstream gauge ratings. The discrepancies between actual discharge measurements and the downstream gauge ratings arise from the inappropriate use of this technology. There is an absolute necessity to periodically adjust the downstream gauge rating, every few months or longer, depending on changes in the channel geometry due to scouring, vegetative or aquatic growth, sediment deposition or sediment removal.

The recommended procedure is to calibrate both the flow control structure and the downstream gauge at the same time. The same current meter measurements can be used for both discharge ratings. The only additional field work is measuring water levels and gate openings at the flow control structure during each current meter measurement. The structure calibration can be expected to remain valid for a number of years. Thus, instead of periodically making a current meter measurement to adjust the downstream gauge rating, the structure calibration can be used to provide the necessary discharge rate. When the sum of the downstream gauge adjustments exceeds the original rating by about 30 percent, a new downstream gauge rating should be developed, where the structure calibration can be used to provide the discharge measurements.

Irrigation system communications
Telecommunication network for the Nara canal
A modern telecommunication system is being established for the total Nara canal command area, including the Jamrao canal command area. Besides the usual telecommunications, there will be telemetered data transmission. Some of this system is already installed, and the rest will be added in a few years. Most important, irrigation managers throughout this large canal command will have access to real-time data regarding the flow at the heads of the Nara and Jamrao canals, along with other important discharge regulating structures.

Improved communications for the Eastern Sadiqia canal
Under a four-year project scheduled to begin in 1999 with funding from the Royal Netherlands Embassy, IWMI will be working with the Punjab Irrigation Department in establishing a decision support system for the Eastern Sadiqia canal, with particular emphasis on the Hakra Branch canal that branches off its tail. About half of the subdivisions already have a base radio station, so the others will receive similar equipment. In addition, a radio communication station will be located at each cross-regulator. Many of the flow control structures in two subdivisions have already been calibrated. The unsteady flow simulation model is used to calibrate the branch canal and distributaries in the Malik subdivision and the results are placed in the IMIS programme which is being produced for use by the irrigation managers. Then, this will be done for the Haroonabad subdivision at the head of the Hakra Branch canal.

Institutional reforms
The Provincial Irrigation and Drainage Authority Act
Each of the four provincial assemblies passed a Provincial Irrigation and Drainage Authority Act in mid-1997, which converts the provincial irrigation departments into PIDAs. The act is implemented under the National Drainage Programme, whereby each province is to select one canal command for initial implementation. Besides PIDA, the act calls for the establishment of a farmer organization for each distributary (secondary canal) served by the selected canal, along with an area water board for the selected canal command, to be composed of government and farmer representatives. A study has been completed by Euroconsult for implementing the act in the Nara canal command area, which includes the Jamrao canal. Each province is completing the formulation of rules and regulations to implement this legislation.

Farmer organizations
There are very few farmer organizations at the secondary canal level in Pakistan. The On-Farm Water Management Directorate of the Punjab Agriculture Department has organized one small and one large distributaries (18 000 ha) within the Eastern Sadiqia canal command area. IWMI has organized three distributaries (6 000 ha each) in Sindh and one large distributary (18 000 ha) under the Hakra Branch of the Eastern Sadiqia canal.

When this work began in 1994-95, there were no secondary canals in Pakistan where farmers had been organized. Thus, there was no place where the farmers to be organized could be taken to gain practical insights. In fact, the vast majority of professionals associated with irrigated agriculture were highly sceptical about their ability to organize farmers. But an important lesson that has been learned is that farmers do want to be organized. In order to achieve equitable water distribution, 132 farmer leaders have been taught how to measure water, much to their own amazement. This has created much transparency. The objective is to achieve equitable water distribution to each tertiary channel served by the secondary canal.

Organizing farmers on a secondary canal is not sufficient. Farmers should be organized on every secondary canal in the canal command area. Under the proposed Dutch funding, due to begin in 1999, the On-Farm Water Management Directorate will organize the remaining distributaries under the Hakra Branch canal. The farmers under each distributary would be organized into a Water User Federation. Each federation would enter into a joint management agreement with the local PIDA. IWMI will provide support to the On-Farm Water Management Directorate in this endeavour.

The Eastern Sadiqia Canal Water Board
Under the proposed Dutch funding, the water user federations under the Hakra Branch canal would be federated into an informal organization that would function like a water board. The details for the functioning of this federation of federations would be formulated during the course of the project by the Punjab Irrigation and Drainage Authority with assistance from the On-Farm Water Management Directorate and IWMI. The intent is to learn from this model so that the lessons learned are useful for the selected canal command in each province for implementing the PIDA Act.

Conclusions
Water measurement is a basic requirement for improving the operation of any irrigation system. In fact, developing and updating the discharge rating for each essential flow control structure in a system should be standard operating procedure.

Proper communication facilities are one of the more cost-effective measures for improving the performance of an irrigation system. As a system becomes modernized, the transmission of real-time data becomes more important.

Water measurement and communication facilities are basic ingredients required for any irrigation system modernization programme. Modernization is undertaken to enhance service to the beneficiaries and increase the sustainability of agricultural productivity. The most effective manner for achieving these objectives is for irrigation agencies to provide technical assistance as a service to farmer organizations. The technical feasibility of physical or operational interventions to improve the system must be analysed before their implementation, and proper consideration given to the system constraints. Identifying appropriate ways of operating the system is necessary for a reliable and equitable distribution of water in the existing, as well as the planned, irrigation systems. This becomes even more important in modern complex irrigation systems like the Chasma Righ Bank and Pehur High-Level canals. For these kinds of systems, operating scenarios must be carefully established. 

The most important component, however, is organized farmers. Once organized in an effective manner, farmers will demand equitable water distribution. In fact, the organization cannot be sustained unless this objective is achieved. Also, they will have a keen interest in reducing discharge variability. The main disadvantage of organized farmers is that they will no longer pay irrigation field staff and officials for illegally receiving water. The main advantage is that significant increases in agricultural productivity can be expected. 

A technical approach to modernization will likely be cost-effective, but significantly greater benefits will accrue from successfully employing a combination of institutional and technical measures.

                .2 Water Resources and Watersheds
The major problems affecting the sustainability of water and land resources in Pakistan are:

· The water supply is near its limit for exploitation;

· Sedimentation of reservoirs and the reduction in storage capacities;

· Current inability to arrive at a consensus on additional storage;

· Disposal of saline effluents: the salt balance of the soils, with nearly 25 million tons being retained in the soils every year;
· Disposal of untreated municipal and industrial effluents into natural water bodies.

· Poor enforcement of quality standards 

Sediments
It is estimated that the Indus and its tributaries bring about 0.35 MAF (0.435 BCM) of sediment into the system annually. Of this nearly 60% remains in the system where it deposits in the reservoirs, canals, and irrigation fields. Even under natural conditions, because of the geology of the upper catchments of the Indus and other rivers in Pakistan, there will be significant amounts of sediment. However, there can be some alleviation of the sediment problem through watershed management.

Annual silt clearance is done in the canal systems to remove the deposited silt.

A large part of the watershed of the Indus River and its tributaries (except that of the Kabul river, which lies in Afghanistan) lies in India where Pakistan has no authority for water management. In Pakistan the forest cover is only about 4.8% of the land area and that is being continually reduced by timber exploitation. The rate of forest removal is of the order of 17,000 to 22,000 acres (7,000 to 9,000 ha) annually. The Ten Year Perspective Plan envisages increasing the forest cover to 5.7% of the total land area by the year 2011 through reforestation of marginal and degraded lands and encouraging agro-forestry and social forestry.

An extensive watershed management programme has been undertaken in the catchments of Mangla and Tarbela Dams to reduce the silt deposition in the reservoirs. 

The programme has been quite effective in reducing the silt flow into the reservoirs. However, it is estimated that the live capacity of the three reservoirs has already reduced to 12.8 MAF (15.8 BCM) in 2000 from the original 15.7 MAF (19.4 BCM). The live capacity will reduce to 11.7 MAF (14.4 BCM) in next ten years even with this ambitious programme. The reduced live capacity of the reservoirs will reduce the water availability for irrigation and hydropower generation, especially during the low flow period of Rabi and early Kharif.

Disposal of Saline Drainage Effluents
The disposal of saline drainage effluent from various projects has been a significant problem for many years. The Indus River and its tributaries are the only natural drainage outlet to the sea. They are also the major source of irrigation water supply, so the potential to use the rivers as saline drains is limited.

The Left Bank Outfall Drain (LBOD) takes the drainage water from the areas on the left bank of the Indus River in Sindh. Construction of the Right Bank Outfall Drain (RBOD) is being undertaken under the Vision 2025 Programme to dispose the drainage water from the area on the right bank of Indus river in Sindh to the sea.

Economical disposal arrangements for saline effluent to sea are possible if the drainage system is designed and regulated in the same way as the canal system. The Drainage Sector Environmental Assessment Study (DSEA) estimated the ultimate drainage requirements of saline effluent at 10.91 MAF (13.5 BCM); 2.95 MAF (3.63 BCM) from Punjab and 7.96 MAF (9.82 BCM) from Sindh and Balochistan. The requirements of drainage in Sindh are high due to the large volume of saline groundwater and the relatively high water allowances for some of the crops, notably rice. The drainage requirements may be reduced by rationalizing the water allowance and reducing seepage from the irrigation canals and water courses in saline areas.

The recently started pre-feasibility study for the National Surface Drainage System (NSDS) and the Study for Disposal of Drainage Effluent from Balochistan, under the NDP, examine the possibility of disposal of the saline effluent and help to evolve a consensus on the evacuation of drainage effluent to the sea. The Project feasibility will be undertaken only after a consensus is evolved. If there is no consensus on taking the saline drainage effluent to the sea then the options for disposal of saline drainage effluent from Punjab, NWFP and Balochistan will be limited to keeping the salts within the Basin, which is not sustainable in the long run. The available options will include:

a) Re-cycling: The saline drainage effluent in the system may be recycled by disposal in nearby canal or river keeping mixed water quality within permissible limits for re-use downstream.
b) Disposal in evaporation ponds: Saline water may be stored in evaporation ponds so that in summer water can evaporate leaving salts behind. The ponds may have adverse environmental effects on adjoining areas.

The drainage effluent from NWFP will either have to be recycled or disposed of into the rivers. Within the Punjab, above Panjnad, salt disposal will mostly be to aquifer storage, with the exception of SGW schemes such as SCARP VI and Fordwah Sadiqia Drainage Project, which pass into evaporation ponds. Saline effluent disposal from Balochistan from the Hairdin Surface Drainage Scheme may continue to pass effluent either directly, or via an evaporation pond into the Kirthar Canal. If future drainage discharges increase in volume and/or salinity, disposal in this way may become untenable - it already has some negative impacts in relation to canal water and may have environmental impact on the Hairdin freshwater lake.

The only truly sustainable means of disposing of saline drainage water is to channel it to the sea. There are several options for doing so, but it will require national leadership to evolve a consensus between the provinces.

Disposal of Municipal and Industrial Effluents
Less than 1% of the waste water generated by the municipal systems is treated before returning to the rivers, which has resulted in deterioration of water quality to the extent that most rivers are now badly polluted. This water is used for rural water supply from the irrigation canals in the areas of saline groundwater, increasing the risk of water borne diseases in those areas. Increased water demands will exacerbate this situation unless a well-planned wastewater treatment programme accompanies improving water supplies.

Some cities have installed piped sewerage systems and wastewater treatment plants but infrastructure is in poor condition and most of the treatment plants are not operational. As with the deteriorating condition of many of the urban water supply systems, the main problem is one of money and the inability to collect adequate funds from the users. 

For industrial wastewater, there is legislation which regulates effluent disposal but enforcement remains a problem resulting in effectively no regulation. 

Little attention has been given to this problem to date. However, the Ten Year Perspective Plan envisages construction of sewage treatment plants at Karachi, Lahore, Faisalabad, Hyderabad and Peshawar as well as improvement of three sewage treatment plants and construction of a fourth treatment plant at Islamabad. For this purpose an allocation of Rs 9.5 billion has been made. Construction of these plants will improve the river water quality in most polluted sections of the rivers. In addition the Urban Wastewater Masterplan (2003-2023) also envisages improving wastewater treatment. However, funding of the capital investment plus ensuring financial sustainability for the future operation and maintenance of these systems will remain a problem without significant commitment. 

Environment and Water Quality
While there is general agreement that the quality of water in rivers is poor and deteriorating, there is only a limited amount of information to support this. Water quality monitoring is carried out regularly at only a few locations and there is no real water quality monitoring network or information system.

There are no Water Quality Standards for surface or groundwater in Pakistan. Drinking water quality standards follow WHO standards and FAO standards are referenced for irrigation water. Whether these are appropriate for Pakistan remains to be determined. 

There is a dire need for the development of Sectoral NEQS, which should provide allowable pollution limits for major industrial sectors i.e. textile, pulp & paper, sugar, fertilizer, cement and chemicals. The implementation of the general NEQS is practically impossible as some of the standards in some industrial sectors are very stringent while those are very lax in other sectors. The Federal EPA has been considering suggestions regarding sectoral pollution limits but development and enactment of such standards is still awaited.

The Ten Year Perspective Plan has made a provision of Rs. 13.7 billion over the ten years period for environmental improvement programmes. In addition, some water sector projects are specifically designed and implemented to mitigate environmental hazards such as water logging and salinity. Emphasis on water supply and sanitation and housing and population welfare projects will contribute to environmental improvement.

6.3 Uses of Water
Water Availability
The average annual inflow of the Western Rivers during post Tarbela period (1975- 2001) at the rim stations (Indus at Kalabagh, Jhelum at Mangla and Chenab at Marala) is 143.18 MAF (176.63 BCM). 82% of the total inflow is in the Kharif season (April - September) and 18% of the total- flows during the Rabi season (October – March).

The three eastern rivers, Ravi, Sutlej and Beas, have been allocated to India for its exclusive use, but unutilised flows enter Pakistan. Over the last eleven years the inflows have averaged 8.40 MAF (10.37 BCM), with 6.85 MAF (8.45 BCM) in Kharif and 1.56 MAF (1.92 BCM) in Rabi.

Allowing for the reduction in the contribution from the eastern rivers and the allowable uses by India on the western rivers the total long term surface water availability in the Indus Basin is effectively equal to the inflow of the western rivers i.e. 143.18 MAF(176.63 BCM).

Irrigation
Irrigated agriculture is the major user of both the surface and groundwater resources of Pakistan. The average annual river diversions for irrigation in the Indus Basin are of the order of 103.84 MAF (128.10 BCM) for irrigating over 36 million acres (14.6 million hectares). Out of this 66.83 MAF (82.44 BCM) on average are diverted during the Kharif period, while 37.01 MAF (45.66 BCM) are diverted during the Rabi period.

During the Kharif seasons of the last ten years Punjab used 34.3 MAF (42.3 BCM) annually on average, while Sindh & Balochistan used 31.4 MAF (38.7 BCM) and NWFP used 2.35 MAF (2.9 BCM). During the Rabi periods of the same ten year period, average withdrawals by Punjab, Sindh & Balochistan and NWFP were 19.87 MAF (24.5 BCM), 16.06 MAF (19.8 BCM) and 1.46MAF (1.8 BCM) respectively.

A further 41.6 MAF (51.3 BCM) is pumped annually (more than 90% for irrigation use) from the groundwater reservoirs, which are recharged from the rivers plus the seepage losses from the canals, watercourses, farm channels and the fields.

The recent drought has caused an 18% reduction in irrigation supplies in 2000-2001. As a result there was a negative growth of 2.5% in agriculture as compared to a growth of 6.1% in 1999-2000. This has impacted on the growth rate of GDP, which was only 2.6% in 2000-2001. The drought has continued in 2001-2002 resulting in extensive water shortages in the Rabi which are likely to continue into early Kharif. Agriculture may experience a negative growth this year also. The Ten Year Perspective Plan envisages a growth rate of 6.3% for the GDP and 4.2% for agriculture in 2010 -11. In order to achieve these targets and economic goals availability of water for irrigation is critical.

It is interesting to note that there have been yield increases in some crops, notably wheat, over the last two growing seasons despite, or in fact, because of the drought. The increases are in the areas of Punjab and Sindh which are normally waterlogged and have saline groundwater problems. The increases are attributed to a reduction in water logging due to lower levels of water use as canal diversions have decreased. It remains to be seen whether the lesson here will be taken on board once the drought ends and water allocations are back to normal.

With the continuing increase in population the need for food grains, and with it the water requirement for irrigated agriculture, are increasing. For meeting the economic goals related to agriculture, the Ten Year Perspective Plan envisages augmentation of irrigation supplies by 12 MAF (14.8 BCM) in the next 10 years. Half of this gain is to be achieved through new storage, delay action dams and construction or remodelling of canals. The remaining half is proposed to be obtained through water conservation measures and better management practices.

Based on the assessments made for the current Study (see Section 4.2.1), the irrigation requirements from surface water for meeting the food needs of the country, after accounting for the contribution from groundwater, are estimated at 135.74 MAF (167.35 BCM) by 2011 and 134.07 MAF (165.28 BCM) by 2025. However, it is not possible to meet all future agricultural requirements with the existing water resources alone, even with the development of additional storage. Much of the future requirements will have to be met through increased crop yields, increased water use efficiency, use of saline water for agriculture and recycling of effluents etc.

Domestic and Industrial Water
The present water use for municipal and industrial supplies in the urban sector is of the order of 4.3 MAF (5.3 BCM). Most urban water is supplied from groundwater except for the cities of Karachi and Hyderabad and part of the supply to Islamabad. The increased population will exert additional pressure on the already strained water supply and sanitation facilities. The demand for municipal and industrial supplies in urban areas is expected to increase to about 7.1 MAF (8.7 BCM) by 2011 and to 12.1 MAF (14.9 BCM) by 2025.

The present domestic water use in rural areas is estimated at 0.8 MAF (1.0 BCM). Most rural water is supplied from groundwater except in saline groundwater areas where irrigation canals are the main source of domestic water. The demand for drinking water in rural areas required to be met from the existing resources is expected to increase to over 1.86 MAF (2.3 BCM) by 2011 and to 3.2 MAF (4 BCM) by 2025.

The total water requirement for non-irrigation use is estimated at 8.96 MAF (11.0 BCM) in 2011 and 15.3 MAF (18.9 BCM) in 2025. Irrigation water use will face increased competition from the municipal and industrial water supply sector.

Additional Surface Water Availability
On average, 38.01 MAF (46.89 BCM) flows to the sea annually, of which 35.61 MAF (43.93 BCM) or 93.7% flows during Kharif. For several months in the winter there is no flow to the sea. As is the case with the water availability there is significant variation in annual flows into sea. The outflow to the sea will reduce when the full allocations under the Water Accord are diverted and India utilizes the remaining flows of the eastern rivers that are generated in India.

Over the last 26 years a total flow of 988.24 MAF (1,219.1 BCM) has flowed into the sea. This is equivalent to more than nine years of average canal withdrawals during the same period. Part of this water can be effectively utilised for supplementing the irrigation water, hydropower generation and meeting the agreed environmental needs through storage in multipurpose storage reservoirs which could carry water over the winter season to ensure a good start to the Kharif cropping season. 

The extent of surplus flows available for use through development of additional storage is still undefined due to the lack of consensus on the environmental water requirements downstream of Kotri (flows to the sea). No future development of additional water resources on the Indus is possible without the establishment of, and agreement on, the water requirements below Kotri.

As discussed in Section 4.4.3, for meeting the requirements of 2025, the Water Sector Strategy should consider all possible measures for augmentation of supplies and improved productivity of different crops. The options for augmentation of supplies for irrigation as well as other uses may include:

· Additional Storage

· Water Conservation in all sub-sectors, with emphasis on irrigation
· Increase in efficiency of water use in the agricultural sector through: 

- Improved water management
- Greater linkage between irrigation and agriculture at policy, strategy and management levels
- Crop substitution
- Introduction of appropriate irrigation technologies
- Use of saline water for agriculture
- Rain water harvesting

· Treatment of municipal and industrial effluent Recycling of effluents after treatmentDesalination of brackish and seawater 

RIVER RAVI 
KEY FACTS 
	Length of River Ravi in Pakistan: 
	422 miles

	Important Engineering Structures on the River: 
	Balloki and Sidhnai headworks

	Catchment Area:
	15,741 miles2

	Annual Average Flow:
	1.47 MAF (0.93 kharif and 0.54 rabi)

	 

[image: image6.png]



"Indus"


RIVER FLOW PATTERN
The Ravi is the smallest of the five main eastern tributaries of the Indus. It rises in the basin of Bangahal and drains the southern slopes of the Dhanladhar. The basin of Bangahal is sixty miles in circumference and located at an elevation of about 5,000 feet above sea level. Below Bangahal, the Ravi flows through the valley of Chamba in a northwesterly direction parallel to the Dhanladhar range. The river leaves the Himalayas at Baseeli in India. 

In the mountainous area, the Ravi flows at 130 miles with a total drop of 15,000 feet at about 115 ft per mile. Its average slope is 45 feet per mile.

The Ravi enters Pathankot at Chaundh and forms a boundary between India and the State of Jammu and Kashmir for 23 miles. After passing through Gurdaspur District, it enters Shakargarh Tehsil of Sialkot in Pakistan. Just after entering Shakargarh, the Ujh River, which is 39 miles downstream of Madhopur, joins it. 

Basantar, another nullah, flows into the Ravi a little above Jassar bridge while the Bein falls in the Ravi downstream of Jassar bridge, about 59 miles from Madhopur. 

IMPORTANT TRIBUTARIES AND THEIR CATCHMENT AREAS
	Tributary
	Catchment Area Miles2
	Discharge (cusecs)
	Length Miles

	Ujh
	675
	249,000
	80

	Bein
	346
	128,000
	48

	Basantar Nullah
	224
	83,000
	45

	Degh Nullah
	456
	100,000
	160

	Hudiara Nullah
	583
	10,000
	62


STRUCTURES ON RIVER RAVI
There are not any major structures on the Ravi in Pakistan, as it is an eastern river whose water rights lie with India. 

	Structures on River Ravi

	Pakistan
	  

	Balloki Headworks and Balloki–Suleimanki (BS) Link
	BS Link emanates from Ravi at Balloki Headworks with a design discharge of 524 m3/s and is divided on the way into BS-I for 453 m3/s and BS-II for 184 m3/s. The lower Depalpur Canal takes off from BS-I for a design discharge of 113 m3/s after which BS-I, parallel to BS-II, outfalls in the Sutlej river above Sulaimanki.

	Sidhnai-Mailsi (SM) Link
	Passes through Mailsi Siphon downstream of Islam Headworks

	  
	  

	India
	  

	Thein Dam
	Built to harness the water of Ravi

	  
	  


AVERAGE FLOWS IN RAVI
The Indus River System Authority compiles the river flow data. The annual average flows are calculated by averaging the daily flows. The kharif data represents the April 01 - September 30 period and the rabi data is based on flows between October 01 - March 31 of the following year.

The data collected for the River Ravi at Balloki for the 40 years before Indus Water Treaty i.e. 1922-61, ten years after the treaty i.e. 1985-95 and recent year completed i.e. 2001-02 depicting drought conditions is as follows:

	Average Annual Flow (1922-61) MAF
	Average Annual Flow (1985-95) MAF
	Average Annual Flow (2001-02) MAF

	7
	5.0
	1.47


WATER QUALITY IN RAVI
Pollution in the River Ravi is the highest compared to all the rivers in Pakistan. Most wastewater discharges in the river reach between Lahore and Balloki, a length of 62 km. The river presently receives 47% of the total municipal and industrial pollution load discharged into all the rivers of Pakistan. 

	According to a study, the wastewater of Lahore is discharged in to the Ravi at 11 m3/sec whereas the dry flow of the river is 11.3 m3/sec. The untreated wastewater gets a dilution ratio of 1:1. 


The BOD in the river, after receiving Lahore municipal discharges, is estimated to be 77 mg/l on the basis of its mean annual flow. Between Lahore and Balloki, the river is completely devoid of DO under low flow conditions and simply acts as a sullage drain. At Balloki, the river water quality improves through augmentation of flow from the Qadirabad Ballokii Link canal. Here the BOD values are low (2.3 - 3.9 mg/l), DO ranges from 6.2 to 8.2 mg/l, TDS are between 98 and 225 mg/l and sodium absorption ratio (SAR) varies from 0.1 to 0.55. At this point, the river water meets the quality requirements for irrigation water. The high levels of faecal coliforms are, however, of concern for other water uses. Data collected for the last 20 years under the GEMS water quality project indicates a decreasing trend in DO level and an increasing trend in BOD and TDS levels observed in the river water.

The Hudiara drain is also a major source of pollution for Ravi. It enters Pakistan loaded with pollution from India, is diluted with agriculture runoff and mixed with some industrial pollutants in Pakistan. The drain carries mainly industrial and agricultural waste from both India and Pakistan. The average values recorded at the time Hudiara enters Pakistan and at the confluence of Hudiara with Ravi are shown in the table. It is seen that the main pollutants, BOD and COD, are diluted in Pakistan. It may also be mentioned that the average effluent flow in Hudiara is much higher from India and hence the total quantity of pollution in Hudiara drain from India is much more compared to that from Pakistan. 

	POLLUTANTS ENTERING HUDIARA FROM INDIA

	DO
	Discharge
	pH
	BOD5
	COD
	TDS
	TSS
	Settleable solids

	mg/l
	 Cusec
	  
	mg/l
	mg/l
	mg/l
	mg/l
	mg/l

	0.55
	187.7
	7.94
	113
	276.4
	695.2
	348
	4.25

	POLLUTANTS ENTERING RAVI FROM HUDIARA DRAIN

	DO
	Discharge
	pH
	BOD5
	COD
	TDS
	TSS
	Settleable solids

	mg/l
	 Cusec
	  
	mg/l
	mg/l
	mg/l
	mg/l
	mg/l

	0.51
	180.3
	7.88
	104.10
	255.7
	859.3
	220
	2.01



The Chamera project in India has been built on the River Ravi in District Chamba. It was conceived in 1980 and has an installed capacity of 540 MW. The Chamera Stage II Project has three units of 100 MW each. Another scheme in the Chamba district called the Suil-Baira Scheme has an installed capacity is 201 MW and the combined flow of the streams for this project will be utilized at 'Puniari'.
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