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Water crisis, is perhaps the most pressing problem affecting humanity today. By its very nature water touches 
upon every aspect of human existence: biological, environmental, social, economic, political, and cultural 
amongst others. However, in the complex world such as ours, we are unable to discern the interactions and inter-
dependencies of the living and non-living systems that belong to this planet, and thus have fallen prey to 
compartmentalized and skewed thinking leading us to exploitation of natural resources like water 
indiscriminately. 

stIn the 21  century, the sheer gravity of the problem, manifested in the form of natural and manmade disasters, has 
begun to force us to think differently. The movement for holistic approach in the form 'Sustainable Development 
Discourse' has already begun. Holistic approach to development, 'integrated approach to management of 
natural resources' such as water and 'interdisciplinary research' are being recognized as the need of the hour.

The South Asian Water Studies (SAWAS) journal is our contribution to this “Movement” in the water sector.  
SAWAS was conceived in 2008 as an interdisciplinary journal with an aim to provide space for alternative and 
critical thinking on water, fostering debate, eliciting innovative approaches, promoting original analyses and 
critiques. The journal is being revived to accommodate the emerging themes and current issues in the sector.

Today, we are happy to bring out the first volume of this journal in its revived form with a resolve to strengthen the 
focus on the emerging theme of climate-water nexus, water-food-energy nexus, and water-health nexus. With a 
Pan-South Asia focus and outreach, it will attempt to provide a scientific platform for sharing knowledge and 
information on water related problems and solutions from across the subcontinent reaching out to all the 
stakeholders within the region and beyond. This, we hope, will also give enable enhanced understanding of the 
concerns and the problems of the countries sharing borders, in the case of international water disputes. It is 
envisioned that such an attempt will help promote regional cooperation in the long run.

In addition, in its revived form, the SAWAS Journal would like to reiterate its commitment to encouraging 
contributions from young water professionals that work on water related issues in South Asia. It is in this spirit, 
that this issue contains contribution from younger students and professionals. It is hoped that this will set a 
precedent and encourage other young students and water professionals to submit their research to SAWAS.

We would like to acknowledge the contributions of the editorial board, the reviewers and the SaciWATERs team in 
bringing out this issue, without whom, this issue would not be possible. We would also like to thank International 
Development Research Centre (IDRC)- Canada , for their support of SAWAS, through the IDRC-SAWA Fellowships 
programme.

          

 Neena Rao

(Managing Editor)
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publication of this journal.
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Abstract

Participatory approaches involving the end-users/ beneficiaries can play an important role in operating and 
maintaining the irrigation system particularly at tertiary level. These can be very helpful in generating 
sustainable funds through cost recovery. In the recent past, through an active collaboration between the 
Punjab Irrigation Department (PID) / Punjab Irrigation and Drainage Authority (PIDA) and the International 
Water Management Institute (IWMI), and active participation of the end-users of the Hakra 4-R 
Distributary, a successful demonstration has been made in the Southern Punjab, Pakistan. Based on the 
initial field data collection and analysis (by International Water Management Institute – IWMI), a number of 
management interventions were introduced through active collaboration and participation of the multi-
stakeholders in the Hakra 4-R Distributary. These interventions led to significant improvements and were 
giving promising results. This paper presents a summary of these participatory interventions, experiences 
gained, lessons learnt and identifies the potential opportunities of operating and maintaining the irrigation 
system particularly at tertiary level with the active participation of the end-users / beneficiaries. Also, 
highlighted in the paper are the significant gains registered in generating sustainable funds through 
efficient and timely cost recovery.

Key Words : Irrigation Sector, Institutional Reforms, End-Users Participation, Management, Pakistan

Introduction

Irrigation water is recognized as the single most critical resource for Pakistan's agriculture based 
economy .The efficient management of this resource plays an important role in the country's overall 
development and poverty alleviation among the rural masses. As in other areas of the world, population 
growth, economic development, rapid urbanization, and industrialization are putting significant 
pressures on the water resources of Pakistan , leading to it becoming a country with water scarcity 
issues.  However, during monsoon periods, due to climatic change impacting on temperatures and 
rainfall, there are floods damaging infrastructure and draining a lot of water to the sea. The growing 
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imbalance between water supply and demand has already led to shortages, competition, rising 
pollution and other environmental pressures. This imbalance is a key obstacle to continued economic 
development. Thus, there is an urgent need to respond to these pressures. To address this water 
scarcity issue, an effective balance is required to be achieved between developing new resources and 
managing the available ones. Participatory approaches involving the end-users / beneficiaries can play 
an important role in operating and maintaining the irrigation system particularly at tertiary level. Also, 
this can be very helpful in generating sustainable funds through cost recovery.

Performance of Irrigation Sector

The performance of the irrigation sector has been unsatisfactory mainly due to inadequacies in 
Operation and Maintenance (O&M) of the key infrastructure, which is considered largely to be the result 
of lack of funding, and the deteriorating performance of water related institutions. Funds allocated for 
O&M are generally insufficient and maintenance of drains is given the lowest priority. Because of the 
increasing share of staff and overhead costs in the overall O&M budgets, lesser funds are becoming 
available for actual maintenance and repair works. The funding shortfall stems from the fact that 
Irrigation Service Fee (ISF) are insufficient to meet O&M costs, requiring subsidies out of scarce 
provincial revenues. As the collected ISF flows into the general revenue and O&M subsidy is not linked to 
system performance, PIDs have no incentive to improve the collection of fees and the systems' 
operation. Beneficiaries are generally reluctant to involve themselves in the O&M facilities or pay for 
their O&M, as they perceive these facilities as public property. In addition, waterlogging and salinity are 
affecting about one-third of over 16 million hectares (ha) of irrigated lands that supply more than 90 
percent of Pakistan's total agriculture produce. Also, with the introduction of intensive agriculture, the 
irrigation sector could not keep pace with the demand of water due to massive increase in population 
and pressure on land could not cater for the additional needs of food and fiber. The quality of surface 
water and groundwater resources is deteriorating because of agriculture intensification, urbanization, 
and industrialization (Badruddin, 1993; Bandaragodha, 1997; Cheema, Mirza, Hassan, Bandaragodha, 
1997; Haq, 2002; Latif and Pomee, 2003; Qureshi and Haq, 2007) .

Need For Irrigation Management

The need for improving the irrigation management has been figuring high in the agenda of most national 
and international agencies in the recent past. This was triggered by the declining irrigation performance 
despite sizeable investments in the rehabilitation of irrigation infrastructure. The international 
agencies, therefore, changed their strategy by arguing that institutional issues constrain the over-all 
irrigation management in Pakistan (Akhtar, 2002). Initiated by a World Bank proposal in 1993 to privatize 
and commercialize the water services, the reform agenda has been the topic of an open, comprehensive 
and discrete public discussion. After extensive and thorough debate on the pattern, extent and 
feasibility of the Institutional Reforms in the irrigation sector, the following set of changes was agreed 
upon in the highest-level meeting.

Institutional Reforms in Irrigation

The Government of Pakistan, with the active involvement of key international development finance 
institutions, adopted a new initiative (Institutional Reforms under National Drainage Program) in 1997 
for addressing the challenges faced by the irrigation sector and improving the performance of related 
institutions involving beneficiaries / end-users / farmers employing participatory approaches (Bhatti 
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2002). The initiative aims to establish a more service oriented and accountable institutional 
arrangement with the ultimate goals of achieving more productive use of water and improving drainage 
conditions within a time frame of 10 years. Realizing the need for improvement, Provincial Irrigation and 
Drainage Authorities (PIDAs) Acts were promulgated by the Government in all the Provinces in 1997 to 
introduce institutional reforms for improving the performance of irrigation sector. Under this, the 
Government of each Province replaced the existing administrative set up of PIDs by establishing PIDAs 
and under PIDAs creation of Area Water Boards (AWBs) and Farmers' Organizations (FOs). The 
constitution of these authorities includes a number of farmers' representatives; as well as 
representatives from the Departments of P&D, Finance and Irrigation. The basic idea of re-structuring 
the Irrigation Department into PIDAs is to have farmers to participate and play their role in operation and 
maintenance of irrigation and drainage networks to optimize returns from this scarce input. Necessary 
legislations have been issued in this context in other provinces as well. The representatives nominated 
at watercourse level represent their respective areas on the Farmer Organization (FO) established at 
Distributary or Minor level. The FOs are then represented in AWBs through their nominees (numbers 
fixed for each AWB). Area Water Boards have been proposed to be established at a number of canal 
commands with the representation of farmers at the distributary / minor level. 

The Pilot Project on Participatory Irrigation Management (PIM)

As a follow-up to Institutional Reforms, a pilot FO was formed by the Irrigation Department, Punjab in 
collaboration with International Water Management Institute (IWMI), Lahore in 1995 at 4-R Hakra 
distributary located in Eastern Fordwah Sadiqia Canal System in Southern Punjab. IWMI Pakistan, 
through its pilot action research on water user organizations, facilitated farmers along the Hakra 4-R 
distributary in getting organized for participation in irrigation system management (Zaman, 1998). The 
organizational work was started in late 1995. The organizational work involved creating awareness 
among the general masses, consultations for identifying organizational structures, memberships, 
procedures for selection of leaders etc.  158 farmer volunteers assisted IWMI in this endeavor. At all the 
watercourses, the farmer volunteers arranged selection meetings with the assistance of IWMI 
(Bandaragoda, 1997). Enough opportunity was provided for the negotiation process among the 
farmers. On average, 77% of the water users participated in the selection meetings where their 
watercourse leadership was chosen through consensus and without any political involvement (Cheema, 
1998). In fact, tail-enders were highly interested and participated actively as they were suffering the 
most. The rules and regulations of FAO ensure participation of tail enders and small farmers.

Objectives of the Study

The study was conducted by the principal author as his MS Thesis submitted to Iqra University in 2003. 
The overall objective of the study was to evaluate the impact of Farmers' Organizations on Operation 
and Maintenance of irrigation system at distributary level. The FO established on pilot basis in 4-R Hakra 
located in Eastern Fordwah Sadiqia Canal System in Southern Punjab was evaluated for this purpose. 
The specific objectives of the study using secondary data were to:

· understand the role of farmers in the new decentralized set-up (FO); 
· assess the improvements in Operation and Maintenance (O&M); 
· evaluate the sustainability of the FOs on long-term basis; and 
· study the level of participation of farmers, particularly small farmers, in the process of reforms 
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and the likely impact of reforms on them.  and the likely impact of reforms on them. 

Data Collection

The International Water Management Institute (IWMI) operated in the Hakara 4-R Distributary 
command from 1995 to 2000. IWMI staff published a number of reports that were used for compiling 
secondary data needed to carry out this study.

Data Analysis

The available data were analyzed to:

· Determine the enhanced role of farmers / beneficiaries in O&M at distributary level; 
· Assess the participation of farmers in the FO and related issues including their contribution in the 

new set-up; 
· Evaluate the impact on Operation and Maintenance (O&M) of irrigation system at tertiary level; 

and 
· Effect on revenue assessment and collection (Cost Recovery) 

The key indicators identified for this study were:

· Equity of water distribution in the whole system; 
· Reliability of water delivery; and 
· Cost recovery. 

These indicators were compared using pre and post FO data in an objective way to quantify the 
impact of these reforms in the immediate future as well as over the long-term basis. 

Description of Pilot Distributary Hakra 4-R

The canal system selected for the pilot FO formation, the Fordwah Eastern Sadiqia Canal (FESC), takes -
off from the left bank of Sutluj River at Sulemanki Headworks. The Eastern Sadiqia Canal runs for a 
distance of 74 km and then trifurcates into the Hakra, Malik Branch and Sirajwah canals. The main Hakra 
branch takes off from the Jalwala Head Regulator runs for about 29 km upto the Gulab Ali Head 
Regulator, where three distributaries offtake (1-L, 3-R and 4-R), while the main Hakra Branch continues 
to serve other distributaries in the downstream region. Hakra 4-R covers Tehsil Haroonabad and a minor 
area of Tehsil Bahawalnagar. It is bordered North by the command area of 3-R distributary, on the south 
by land served by the 5-R and 6-R distributaries of Hakra Branch, and on the east by the Main Hakra 
Branch Canal (Cheema, 1997). Overall, the Hakra 4-R distributary system has 123 irrigation outlets, 
serving a total command area of 44,307 acres with a design discharge of 193 cusecs. The Hakra 4-R 
supplies irrigation water to about 40 villages. The total length of the main distributary, with a length of 
about 36 km , has 73 outlets,  and supplies water to about 2,775 shareholders along the main 
distributary. About 16 bridges have been constructed on the main distributary at different places to 
facilitate easy crossings.
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Table 1. Main features of Hakra 4-R Distributary

After Cheema et al., 1997

Size of the Land Holdings

The present size of land holdings in Hakra 4-R command area are given in Table 2.

Table 2. Landholdings at Hakra 4-R Distributary

After Cheema et al., 1997

As in the rest of the country, the land has been divided over generations, resulting in small parcels, which 
does not fulfill a family's food needs. Owing to the small size of land, people have to search for 
alternative sources of income, such as wage work outside the village and in neighboring towns.

Improvement in Water Availability

Irrigation water availability, by design, is less than its demand throughout the irrigated areas of Indus 
Basin except where it is being supplemented by the groundwater. Therefore, most of the farmers are 
concerned and look for ways and means to increase their water availability. Farmers' perceptions of the 
increased water availability under FO's management are presented below in the Table 3. Water 
availability has increased after the establishment of FO as 58% of the farmers reported that water 
availability has increased. However, 61% of the farmers asked in tail area found no effect on water 
availability.

Sr. 

No. 

Channel Length 

(km) 

Cultural Command 

Area (ac) 

Outlets 

(No) 

Shareholders 

(No) 

1 Hakra 4-R (Main 36 27,100 75 2,775 

2 1-RA Labsingh 7 6,100 16 565 

3 
1-R Minor 

Badurwala 
15 10,200 33 1,350 

 TOTAL 58 43,400 124 4,690 

 

Landholdings Size (Acres) Head Middle Tail Overall 

     

Up to 5 64 61 51 56 

5.1 to 12.5 16 21 33 26 

12.6 to 25 9 11 13 12 

25.1 & above 11 7 4 6 

Total 100 100 100 100 
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Table 3. Farmers' perception on increased water availability

Source: IWMI PROJECT DATA, 2003

From the above table it is clear that overall water availability has increased after Irrigation Management 
1Transfer (IMT) . The farmers who reported that there was no improvement in the water availability were 

tail reach farmers and they said that the reason of less water availability at the tail reach was less water 
allocation for the distributary coupled with the fact that some watercourses in the head and middle 
reaches of the distributary were drawing more water as compared to their designed discharge.

Table 4. Reasons of less water availability for tail

Source: IWMI PROJECT DATA, 2003

On an overall basis, 29% farmers reported that reason of receiving less canal water was due to overall less 
water availability in the distributary. While, 14% farmers said that outlets at head and middle reaches of 
the distributary were drawing more water as compared to tail reach outlets. Among this category 
majority of the farmers (22%) were from tail portion. Table 5 presents the overall performance related to 
water availability, reliability and equity. It appears from the table, that a great majority of the farmers 
were happy with FO management as they found clear improvement in the availability, reliability and 
equity of irrigation water.

Table 5. Overall performance assessment by the farmers

Source: IWMI PROJECT DATA, 2003

1A more comprehensive variant of PIM is Irrigation Management Transfer (IMT) defined as full or partial transfer of responsibility and 
authority for the governance, management and financing of irrigation systems from the Government to Water user associations 
(Vermillion 2003)

Description Head (%) Middle (%) Tail (%) Total (%) 

     

Yes 82 51 39 58 

No 18 47 61 42 
 

Reason Head (%) Middle (%) Tail (%) Total (%) 

     
Less water allocation in the distributary 56 26 24 29 

Increased outlet size at head &middle - 7 22 14 

No Response 44 67 54 57 
 

Description Quantity Reliability Equity 

 No % No % No % 

More 27 49 28 51 28 51 

Less 15 27 15 27 14 25 

Same 12 22 11 20 12 22 

No Answer 1 2 1 2 1 2 
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Equity of Water Distribution

Equity certainly does not mean 'equal' water supplies to the shareholders but proportionate and fair 
share of irrigation water to all the stakeholders regardless of their location along the distributary. 

The major issue/challenge faced by the Irrigation Department presently is the prevailing inequity in the 
water distribution particularly between the head and tail farmers. This was also valid for Hakra 4-R 
distributary where influential farmers were getting water in excess of their due share while small 
farmers, especially those at the tail reach were being deprived of their due share. This was mainly due 
to lack of maintenance and non-calibration of outlets. Therefore, the FO undertook the recalibration 
of the outlets according to their designed discharge on priority basis. Also, FO undertook a number of 
activities to improve the physical condition of the distributary through desiltation, strengthening of 
the distributary banks, repair of outlets etc with the technical assistance and financial contribution of 
IWMI. Table 6 presents the respondents' view on FO efforts for the improvements of the physical 
conditions of the distributary to improve equity in water distribution.

Table 6. Physical Improvements for equal water distribution

Source: IWMI PROJECT DATA, 2003

There was a considerable majority of farmers (43%) who reported that FO had done recalibration of 
outlets in order to equally distribute the available canal water. Percentage of such persons who gave 
their opinion about the adjustment of outlets was more on head (43%) and tail (49%) reaches as 
compared to middle (38%) reach.

This shows that there was a need for recalibrating the outlets, however the recalibration is not being 
carried out by the department. Under these circumstances, head and middle farmers benefit and 
farmers at the tail reaches lose their due share of water. Farmers at the tail end wanted FASO to  carry 
out recalibration so that all the share holders get their due share. Under the traditional system, the head 
farmers were  at an advantage and could enlarge the size of their outlets by making illegal payments to 

2
SDO  of the irrigation department.

2Sub-Divisional Officer

Physical improvement 

 
Head (%) Middle (%) Tail (%) Total (%) 

Recalibration of outlets 43 38 49 43 
Strengthening of distributary banks 29 32 18 27 

Proper desiltation 14 10 5 10 

Repair of Nakka (water diversion 
structures) 

14 20 28 20 
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On an overall basis, 27% of respondents reported that distributary banks had been strengthened which 
ultimately would lead towards smooth supply of canal water. With respect to proper desiltation of the 
distributary, again the figures are according to the ground realities because tail portion of the 
distributary was fully lined and there was no problem of desiltation. That is why less percentage of 
farmers reported about desiltation. On the other hand, at the head reach, only14% farmers reported 
proper desiltation. This again is in line with the expectations because at the head reach, desiltation is 
done in order to ensure water availability at tail reach.

Reduction in Water Theft / Stealing

Irrigation water stealing / theft is a chronic problem and is root cause of many problems associated with 
conflicts and inefficient water utilization at the tertiary level. FO was able to institutionalize a number of 
measures that could lead to reduction in water stealing / theft substantially. Table 7 gives details of 
those measures.

Table 7. Measures taken by FO to control water theft

Source: IWMI PROJECT DATA, 2003

There were 34% farmers who reported that water theft had almost been controlled. At the middle reach 
of the distributary, the percentage of farmers (42%) who felt that water theft decreased, was more 
when compared to head (27%) and tail reaches (23%) of the distributary. Most of the farmers at tail were 
of the opinion that either water theft increased (18%) or was same (27%). According to them there was no 
significant change in the extent of water theft. Only the form of water theft changed. Earlier water theft 
was carried out openly but now water theft is being carried out surreptitiously. Only 10% farmers 
reported that water theft increased but the percentage of those farmers who reported that water theft 
decreased after IMT was 31%. Again there was lower percentage of such farmers at tail reach of the 
distributary. Table 8 presents details of farmers' perceptions on the reduction of theft cases.

Table 8. Cases of water Theft

Source: IWMI PROJECT DATA, 2003

From the above table it is clear that majority of the farmers were of the view that just on the 
request/warning by FO, farmers stopped their act of stealing canal water. At all the reaches of the 
distributary, almost the same percentage of the farmers was of this view. The FO had to take steps 

Measures taken Head Middle Tail Total 

Warning by FO 46 49 50 48 

Filed FIR against guilty 20 26 14 20 

Fine by FO 26 5 7 14 
 

Cases of water theft Head (%) Middle (%) Tail (%) Total (%) 

Increased 7 4 18 10 

Decreased 27 42 23 31 

Almost controlled 44 29 30 34 

Same 11 9 27 16 

Do not know 11 16 2 10 
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against some influential farmers in the context of water theft.

Table 9. Incidence of irrigation offences since FO establishment

Source: IWMI PROJECT DATA, 2003

Improvement in Reliability of Water Supply

Reliability of irrigation deliveries is defined as the timely availability of irrigation water in its due amount. 
Reliability is an important objective for the proper and smooth functioning of any irrigation water 
distribution network. A well managed system provides deliveries reliably, not only at the head but also 
all along the entire length of the irrigation network greatly benefit the farming community. Sixty 
percent of the farmers reported that after Irrigation Management Transfer (IMT) there was no 
improvement in the reliability of water availability. 

Table 10. Perception of farmers on reliability of water

Source: IWMI PROJECT DATA, 2003

As we move from head towards tail reach of the distributary, dissatisfaction regarding the reliability of 
water availability increases. The reason they quoted was the deliberate action of the PID department to 
create dissatisfaction among the farmers about the new system of distributary management. Farmers 
also had complained that there were frequent canal closures after IMT.

However, when they were asked about the distribution of water among them they told that now there 
was no inequality among them regarding the water distribution. The reasons may be that most of the 
warabandi cases had been settled and FO, which had made water distribution more or less equal among 
farmers, had also calibrated most of the outlets. As two or three villages of tail reach had boycotted the 
FO, so figures regarding their dissatisfaction about due share of canal water is high at tail as compared to 
head and middle reaches of the distributary. Overall, 63% farmers reported that they were receiving their 
due share of water, though not reliably and 37% farmers said that they were not receiving their due share 
of water.

Description Outlet Tempering Illegal Pipes 

Placement of 

Obstacles 

 No % No % No % 
More 18 33 7 13 8 15 

Less 23 42 35 64 33 60 

Same 12 22 10 18 10 18 

No Answer 2 3 3 5 4 7 
 

Description Head Middle Tail Total 

Yes 47 38 27 37 

No 51 60 71 60 
Do not know 2 2 2 3 
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Table 11. Satisfaction regarding getting their due share of water

Source: IWMI PROJECT DATA, 2003

3Warabundi  (Water turns) Improvements 

The FO was able to provide farmers with solutions of their problems at their doorstep. So a number of 
cases were filed in the FO office. According to the secondary data collected from FO office, out of the 
total 415 cases, which were reported to FO for decision after IMT, 340 cases were related to warabandi. 
Out of those 340 cases of warabandi, decisions had been made on 90 cases and only there were four 
cases, which were again filed for reconsideration. This high figure of warabandi cases indicates that 
there was unequal distribution of water at field level before IMT. So settlement of 90 warabandi cases 
was a giant leap towards equal water distribution  The detail of the cases is given in the Table 12. Only at .
tail reach 3% farmers reported that their watercourse warabandi was wrong.

Table 12. Cases registered with FO 4-R Hakra Division, Haroonabad

Source: IWMI PROJECT DATA, 2003

Table 13. Satisfaction of farmers regarding their watercourse Warabandi

Source: IWMI PROJECT DATA, 2003

Moreover, most of the farmers were satisfied with their watercourse warabandi. It is seen from the 

Description Head Middle Tail Total 

Yes 67 64 59 63 

No 33 36 41 37 
 

S. No 

 
 

Name of cases Section 
Total 
cases 

Entered 
in office 

Decisions 
on cases 

Under 

considera
tion 

Status 

1 Warabandi case 68 340 130 90 120      - 

2 Command case 20 38     - 21 17      - 

3 Water Theft/ Fine 
case 

31,32 37     - 2 35      - 

4 Appeal case 68 4     -      - 4      - 

Total      - 419 130 113 176      - 
 

3 Warabandi  is a system of traditional irrigation water rights, where water supply is determined by rotation and an individual's water 
allocation is measured by the time of water intake proportional to the size of farmland irrigated  (a time-equitable system).
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Table 13 that about 96% farmers were now satisfied with the watercourse warabandi. The main reason of 
their satisfaction was that FO had taken actions on members' filed cases, settled a number of cases and 
the rest of the cases were under process.

However, there were some cases at middle and tail reach of the distributary regarding warabandi 
problem. This shows that there was almost equal distribution of water among the farmers after IMT. As 
at the start of working of FO there was an increasing trend of farmers bringing their cases to FO for 
decisions.

Cropped Area

Although there was frequent canal closures because of which the water turns of some farmers could 
not get water during their allocated turn, but taking into consideration the water availability after 
IMT, 6% farmers reported that their cropped area increased while 90% reported no increase in their 
cropped area. On an average, there was an increase of 2.2 acres in the cropped area after IMT, more at 
head reach of the distributary. Most of the increase in cropped area was due to increased water 
quantity. The Table 14 shows the detail of the above explanation.

Table 14. Cropped area

Source: IWMI PROJECT DATA, 2003

The Table 15 shows that among the reasons of increase in cropped area increase in water quantity due 
to equal water distribution was the most solid one. On the other hand, decrease in water logging and 
laser land leveling also had a considerable contribution. Moreover, most of the increase in the area 
was at head and tail reaches of the distributary.

Table 15. Reasons of increase in the cropped area

Source: IWMI PROJECT DATA, 2003

4 
Increase in Abiana (Water Tax / Fees)

Description Head (%) Middle (%)  Tail (%) Total (%) 

Increase in cropped area 9 2 7 6 

No increase in cropped 
area 89 93 89 90 

No response 2 5 4 4 
 

Reason Head (%) Middle (%) Tail (%) Total (%) 

Increase in water quantity 50 - 67 39 

Control over water theft - 100 33 45 

Decrease in water logging 
condition 25 - - 8 

Laser land leveling 25 - - 8 
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rates were being charged from farmers before IMT. Everywhere, more or less double of the actual 
abiana charges was being charged from farmers. No detail of the rates, cultivated area and other 

5
relevant information was provided to the farmers. Not just the farmers, even the Numberdar  of the 

6village, who was closely related to the Patwari , did not know the actual abiana rates. On the other hand, 
the scenario was totally opposite to this in the command area of Hakra 4-R distributary. Majority of the 
farmers were aware of the abiana rates. They presented abiana receipts to the enumerators on being 
asked questions about abiana of different crops. There were no chances of corruption of Patwaries 
because all the necessary information was provided in the abiana receipts. It was revealed during the 
interview with the FO executives that Rs. 3/acre was being charged from farmers in addition to abiana, in 
the context of operation and maintenance cost.

Table16.  Comparison of Abiana collection by FO and ID in Rabi 2000-01

Source: IWMI PROJECT DATA, 2003

Moreover abiana collection performance of FO was also good. For the first year after IMT, FO collected 
about 15% more abiana than the Government revenue department. Farmers were also given ten days 
for the correction of their abiana charges if there was any mistake in the calculation procedure. 
Moreover, the abiana collection receipt through which FO was collecting abiana from farmers can be 
viewed. Abiana collection through FOs, control over corruption of Patwaries has become possible. 
Farmers' response on assessment and collection of abiana by FO is presented in Table 17.

Table 17. Assessment and collection of Abiana by FO

Source: IWMI PROJECT DATA, 2003

It is obvious from the table above that a vast majority of farmers favor assessment and collection of 
abiana by the FO.

Reduction in Corruption

Farmers were particularly asked questions about the corruption of Patwaries and also the PID and FO, 

Collectionby FO Rs. Collection by Irrigation Difference Percentage 

 Department Rs. Rs. Increase (%) 

5,245,216 4,545,416 699,800 15 
 

Answer No. of Farmers Percent (%) 

Yes 37 67 

No 16 29 

Don’t know 0 0 

No Answer 2 4 
 

4Abiana is the local terminology for Irrigation Service Fees
5Numberdar is a designation given by the government to an influential landlord / village chief to collect water taxes for the government 
and help police control crime
6Patwari is a land record officer at sub-division or Tehsil level. As the lowest state functionary in the Revenue Collection system, his job 
encompasses visiting agricultural lands and maintaining record of ownership and tilling.
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during Participatory Rural Appraisal. Farmers told that Patwari was a good man and did his work 
honestly and never demand gifts and other in kind obligations. One of the farmers in the tail reach of the 
distributary said that now corruption of the PID and Patwari had totally finished. He also admitted that 
they used to widen their outlets by making informal payments to SDO of the irrigation department.

Impact on Distributary Maintenance

According to IWMI's survey team the Hakra 4-R distributary was in better physical condition when 
compared to other distributaries in the study area. The good physical condition of the distributary was a 
reflection of efficient management. Up to July 2002, the expenditure incurred on total maintenance of 
the distributary was Rs. 347070, which shows that the maintenance of the distributary was cost 
effective. On the other hand, if one takes a critical view of the distributary, the distributary breached or 
was cut nine times during the period of two years. It was seen that breaching did not occur during heavy 
rainfall or hailstorms but occured when there were no such weather events. This shows that some of 
the share holders were taking water by making breaches. This needs to be controlled by the FO by 
increasing surveillance. On average, the physical condition of the distributary was better as compared 
to other distributaries in the Punjab province. There was a clear difference between the management 
of the irrigation department and Farmer's Organization. Farmers were willing to contribute to the 
maintenance activities as shown in Tables 18, 19 and 20.

Table 18. Willingness to contribute to maintenance in the future

Source: IWMI PROJECT DATA, 2003

Table 19. Participation in the maintenance of distributary

Source: IWMI PROJECT DATA, 2003

Table 20. Participation in maintenance of watercourses

Source: IWMI PROJECT DATA, 2003

Answer No. of Farmers Percent (%) 

Yes 47 86 

No 6 10 

Don’t know 0 0 

No Answer 2 4 
 

Answer Before FO After FO 

 No % No % 

Yes 14 25 37 67 

No 41 74.55 18 33 

No Answer 0 0 0 0 
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 No % No % 

Yes 53 96 54 98 

No 1 2 0 0 

No Answer 1 2 1 2 
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Sense of Responsibility and Sustainability

When farmers were asked about who should be responsible for the management of the distributary, 
majority of the farmers (60%) replied that FO should manage the distributary and there were only 6% 
farmers who gave their opinion that both FO and Government should manage the distributary in 
collaboration with each other.

Table 21. Farmers' Opinion on Management Responsibility

Source: IWMI PROJECT DATA, 2003

At the tail reach of the distributary, 55% farmers supported management FO but 32% farmers opposed 
the management by FO, they preferred  Government management. Again there is dissatisfaction about 
the performance of FO among the tail reach farmers. So there is special need to consider the problems 
of the tail reach farmers. There is need to listen the stance of all the sections of farmers and solve their 
problems with mutual interaction.

From the above results one thing is clear that farmers were happy with the new system of irrigation 
management because they were receiving their due share of water and solutions to their problems were 
being provided to them at minimal cost. But on the other hand, they were somewhat careful and wanted 
some involvement of the Government. Most of the farmers (46%) during personal interviews told the 
survey team that FO's functioning was good and 11% farmers gave their opinion in favor of very good 
performance of FO as compared to that of irrigation department. 

Table 22. Opinion of the farmers regarding performance of FO

Source: IWMI PROJECT DATA, 2003

Again the tail reach farmers strongly criticized the functioning of the FO. A majority of the farmers on the 
tail reaches were of the view that FO functioning was very poor but there were also some farmers (43%) 
who supported the FO. Those who supported the FO were those farmers who were fed up with the 
irrigation department. So, they considered the management of the distributary by FO a good step 
towards improvement of the system.

This proves that PIM through social mobilization created an opportunity for farmers to participate, 
operate and manage the distributary. Field observations supported the above statement. In May 2002, 

Description Head (%) Middle (%) Tail (%) Total (%) 

FO 62 64 55 60 

Government 31 24 32 29 

Government and FO 4 4 9 6 

Do not know 3 8 4 5 
 

Description Head (%) Middle (%) Tail (%) Total (%) 

Very good 18 11 5 11 

Good 44 51 43 46 

Poor 29 22 48 33 

No response 9 16 4 10 
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there was a hailstorm at night, which uprooted a number of trees. Most of the distributaries breached 
due to obstructions created in the flow of canal water. But Hakra 4-R distributary did not breach. The 
next day when, the survey team approached the farmers, they explained that they remained busy the 
last night while removing the obstructions. Even farmers used their own tractors in order to remove 
heavy tress from the distributary. Now farmers consider the operation and maintenance of the 
distributary as their own responsibility.

Table 23. Usefulness of FO for farmers

Source: IWMI PROJECT DATA, 2003

Table 24. Sustainability of FO activities

Source: IWMI PROJECT DATA, 2003

Resource Mobilization

Farmers were ready at any time to meet emergency conditions regarding the distributary. Whenever 
there was breach/cut at the distributary, farmers willingly participated in repairs. The survey team 

th
members observed this, when distributary breached on 6  of June 2002. Farmers themselves along 
with their tractors participated in the breach filling operation of the distributary. Members of the 
executive body were also present at the spot.

Conflict Management

FO at 4-R adopted the traditional Punchayat system for conflict management. The traditional Punchayat 
system is well respected as it has a long history. The FO does not create any system but rather used the 
existing one being practiced in the area to resolve water related conflicts and disputes.

As has already been explained ,up till the time of survey conducted in May 2002, a total of 415 cases had 
been reported to FO for decisions in the categories of Warabandi, Command case and Tawan (ransom) 
cases. Out of those 415 cases, 113 had been settled through the above-mentioned Punchayat system. FO 
executives, during their interviews, explained that most of the cases were settled in the presence of 
Punchayat after visiting the site and looking at ground realities.

Answer No. of Farmers Percent (%) 

Yes 39 71 

No 13 24 

Don’t Know 3 5 

No Answer 0 0 
 

Answer No. of Farmers Percent (%) 

Yes 32 58 

No 16 29 

Don’t know 6 11 

No Answer 1 2 
 

Muhammad Junaid Usman Akhtar and Denita Cepiku

www.sawasjournal.org
volume 3, issue 2, 2013



Table 25. Level of conflict since FO establishment

Source: IWMI PROJECT DATA, 2003

Conclusions

Based on the results and discussions presented above, following conclusions were reached.

Ÿ The pilot FO in Hakra 4-R has been successfully formed and made functional. This is the first ever 
Irrigation Management Transfer (IMT) in Pakistan. This is a very interesting and encouraging 
experience that opened an altogether a new dimension in irrigated agriculture in Pakistan. 
However, this experience also revealed certain challenges in the social mobilization process and FO 
functioning. 

Ÿ The pilot FO demonstrated ability to manage water distribution equitably at the secondary level 
while improving water availability, reliability and equity over a short span of time and showed that 
participatory irrigation management (PIM) can improve the performance of the irrigated 
agriculture in the long run. 

Ÿ The pilot FO also increased the cost recovery i.e. assessment and collection of the Abiana (Water 
Tax) that is essential for the efficient and sustainable operation and maintenance of the centuries 
old irrigation system in long-term. 

Ÿ The pilot FO provided an opportunity to tap this tremendous resource available in the form of 
millions of farmers who can play a crucial role in managing the irrigation system while releasing 
considerable economic pressure on the public exchequer under the prevailing economic 
conditions. 

Ÿ In addition to many positive results, there are also some deficiencies that were highlighted and 
needs to be looked into seriously to improve further the positive outcome of this pilot experience. 
These were mainly on how to educate framers to become more responsible  in their use of water 
resources as well as to cooperate towards using the precious irrigation water more equitably and 
productively,

Recommendations

The following recommendations are made on the basis of conclusions reached.

Ÿ The FO formation process needs to be further strengthened so that the process ensures equal 
chances of participation of all the segments of the society (farmers) especially the role of small and 
tail end farmers that need to be enhanced substantially; 

Ÿ Baseline surveys are needed to be conducted by independent specialized agencies that are involved 

Answer No. of Farmers Percent (%) 

Increased 4 7 

Decreased 17 32 

Same 4 7 

No Conflict 26 47 

Don’t Know 4 7 

No Answer 0 0 
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Ÿin periodic monitoring and evaluation at the various levels / steps during the process of formation and 
operating FOs; 
Ÿ Physical measurements are required for the variables that are quantitative at key points of the 

system and wherever possible so that pertinent data are available to support the improvements 
observed; 

Ÿ Farmers perceptions are used in the indicators / variables that are mostly qualitative;  Thus , this pilot 
experience needs to be further verified in situations though scientific observations on the basis of 
pre and post formation and pair comparisons so that the differences can be shown distinctly; 

Ÿ The Pilot experience needs to be multiplied on a large scale to further test its validity.  It would be 
useful to have PIM covering one canal command so that its impact can really be seen and compared 
with the traditionally operated and maintained irrigation system by the public agencies; and 

Ÿ This experience needs to be publicly debated and advertised widely so that awareness can be 
spread to the general public on the positive aspects and potential benefits of PIM. 
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Abstract

Intensive vegetable farming is becoming popular in central highlands of Sri Lanka where most of the 
nation's rivers originate. Many studies have revealed that stream water quality is affected by various 
anthropogenic factors including intensive farming. This study presents the impact of intensive farming on 
stream water pollution in Krundu Oya catchment, a sub watershed of Upper Mahaweli Catchment Area of 
Sri Lanka. 

Five sampling points were established along a tributary of Kurundu Oya catchment to measure nutrient and 
sediment discharge. A pre-tested questionnaire was administered to gather information on socio- 
economic aspects of stream water pollution. 

Suspended sediments, NO -N, and PO -P in stream water showed a significant relationship with different 3 4

land uses. The forest land use exhibited the lowest threat to stream water quality while contribution of 
intensive vegetable farming was the highest. The NO -N content in vegetable farming location of the stream 3

exceeded the WHO standard of 10mg/l while indicating possible health risks as people use this water for 
domestic purposes. The results of the household survey showed that majority of farmers have certain 
knowledge on water pollution but the awareness on nutrient pollution is highly limited. 

Key words: Mahaweli Catchment, sediment discharge, nitrate pollution, intensive farming, suspended and 
dissolved concentrations

1.Introduction

Agriculture is one of the leading sources contributing to water pollution Andreoli, 1993: Convey and (
Pretty, 1988). Agricultural fields contribute a considerable proportion of Nitrogen(N) to streams and 
other water bodies in major agricultural areas. Therefore, increasing nitrogen inputs in agriculture have 
caused great concern for the health of riverine ecosystems (Pimentel, 1993; Hill 1996 and Zhao et al., 
2009). In general, one third of the nitrogenous fertilizers incorporated to farm lands are exported to 
surface waters (Howarth et al., 2002). Nitrogen export is generally greater in rivers which drain 
intensively cultivated catchments (Jordan and Weller, 1996). Nitrate pollution continues to be a 
continental problem causing deterioration both fresh and marine waters.

Phosphate P (PO -P) is another pollutant, which causes water quality deterioration in numerous ways. 4

An excess of phosphate entering the waterways can induce the process of eutrophication. Non-point 
sources like farmlands are responsible to a great extent in loading phosphate in water bodies. Usually 
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phosphate is tightly adsorbed to the soil particles hence leaching is not very significant (Dayawansa, 
2002). However, P is more likely adsorbed to finer particles which are more vulnerable to detachment 
and transportation with surface runoff. Hence, soil bound PO -P heavily contributes to surface water 4

pollution when soil erosion occurs (Hill, 1981). 

In the above context, the objective of this study was to assess the sediment and nutrient discharge with 
stream water in relation to intensive farming and to evaluate the socio-economic aspects associated 
with water pollution.

2. Methodology

2.1 The Study Area

This study was conducted in Kurundu Oya sub 
catchment of the Upper Mahaweli Catchment Area 
(UMCA) of Sri Lanka. UMCA is the headwater catchment 
of Mahaweli river and consists of four major reservoirs 
constructed under Mahaweli Development Programme. 
The characteristic nature of the UMCA is that it consists 
of steep slopes vulnerable to soil erosion and landslides; 
receives intensive rainfall and heavily exploited for 
plantation and commercial agriculture (vegetables).  
Hence, the land use of UMCA consists of natural and 
plantation forests, tea plantations and vegetable 
farming systems.  Kurundu Oya is one of the main 
tributaries of river Mahaweli draining into Randenigala 
reservoir; the largest of the four Mahaweli reservoirs 
located within UMCA. Kurundu Oya catchment consists 
of all the farming systems and other land uses that exist 
in the UMCA.   The location of the catchment is 
presented in Figure 1.  

Water  sampling and analysis for nutrient discharge 

Water samples were collected for 12 months in two-
week intervals commencing from January 2009 from the 
selected sampling points of the stream. Five sampling 
points were established in 100 meter intervals along a tributary of   Kurundu Oya stream where forest, 
tea and intensive vegetable farming are dominant. Two sampling points at the forest served as the non-
contaminated control. Because of field limitations, only one sampling point was established in the tea 
growing area and the two other sample points were located in areas where intensive farming is carried 
out. Water quality parameters were measured in two weeks interval. Three water samples were 
collected from each sampling point and mean values were plotted against sampling period.   
Subsequently, flow rate of each sampling point was measured using a float and bucket and stopwatch 
methods.  Nutrient and sediment loads were calculated by multiplying flow with concentrations.

Electrical conductivity, TDS and pH of water samples were measured using digital conductivity meter 

Figure 1: Location of the study area
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(Thermo Orion model 145) and pH meter (Ionalyzer model 407A) respectively. Nitrate nitrogen and PO -4

P contents were determined colorimetrically using indophenol blue, sodium salicitate (Verdouw et al., 
1977) and the ammonium molybdate/ ascorbic acid (Murphy and Riley, 1958) methods respectively. 
The spatial variation of water quality parameters with respect to land use was compared using General 
Linear Models (GLM) procedure. The same procedure was administered to study temporal variation of 
water quality parameters as well. Mean comparisons of significant variables were carried out by Least 
Significant Difference method (LSD). All statistical analyses were performed using Statistical Analysis 
System (SAS Institute Inc, 2001), establishing 0.05 as the critical significance level. 

Household survey

A questionnaire based household survey was conducted to collect information on common agronomic 
practices. There were 78 families occupy in the sub catchment where the study was conducted. The 
questionnaire survey involved 42 households randomly selected from the residing community. 
Information related to land ownership, awareness on soil conservation, fertilizer application, and 
willingness to invest on soil testing were collected.  

Relative Fertilizer Use (RFU) was the indicator used to explain the status of chemical fertilizer 
application by farmers. Kendaragama (2006) used this formula to describe fertilizer management 
efficiency of up country vegetable farming in Sri Lanka. The RFU is defined by the following formula.
            
                         Amount of chemical fertilizer applied to the crop 
RFU =    ---------------------------------------------------------------------------------------------------      x 100
                  Amount of chemical fertilizer recommended for the crop

The RFU become zero, when crops are grown without adding fertilizers. When farmers apply the correct 
dosage of fertilizer to the crop the RFU is equal to 100. A RUF value above 100 indicates over application 
of fertilizer, while a value below 100 indicates less than recommended application of fertilizers.   

Ten farmers from each farming systems (i.e. Lowland paddy, paddy- vegetable, intensive vegetable 
farming, tea, rain fed farming) were selected randomly and the amount of fertilizer added to different 
crops was recorded during two consecutive growing seasons. The amount of fertilizer recommended 
for the crop was also determined through reviewing fertilizer recommendations formulated by the 
Department of Agriculture of Sri Lanka and other relevant institutions. 

Results and discussion

Rainfall and stream flow variation 

Mean monthly rainfall pattern of the sampling location indicated bi-modal variation with two peaks in 
April and November. The lowest monthly rainfall was recorded in June while the highest was recorded in 
November (Figure 2). Stream flow rate of the sampling points have fluctuated according to rainfall 

thvariation. The lowest flow rate of all three locations was observed in 24  week (June) and the highest 
flow rates were reported in last three months of the year. The fluctuation of stream flow in forested 
segment is not that prominent when compared to other two locations (Figure 2). However, land slope 
and land extent of all three land uses was not much varied. Therefore, flow variation could be due to 
different levels of vegetative cover and infiltration rates of land uses, and soil conservation measures 
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adopted in agricultural lands. Rainfall interception by dense canopy cover and high infiltration due to 
thick litter in forest reduces surface runoff and peak rate indicating least fluctuation of stream flow. 
Impact of overhead canopy on surface runoff has been studied by Mathur and Sajwan (1978) and 
emphasized that dense canopy and undergrowth in small watersheds contribute to reduce the total 
runoff by 28% and peak rate by 73%.  In contrast, a strong fluctuation of stream flow in vegetable growing 
area was observed as a result of excess overland flow due to exposure of soil to rainfall. Stream flow rate 
when passing through tea plantation exhibits moderate fluctuation possibly due to controlled overland 
flow by soil and moisture conservation structures constructed in tea estates (Nayakakorale, 1998). 

Figure 2: Mean weekly rainfall and stream flow variation in different segments of the stream

Electrical conductivity and total dissolved solids

Electrical conductivity (EC) indicates the concentration of soluble salts in the stream water. Significantly 
higher (P = 0 .001) EC values were recorded in stream water when it passes through the vegetable – 
farming system.  The water sampled from the stream at the natural forest showed the lowest EC and it 
has remained relatively unchanged over sampling period. However, an increase in EC is seen, as the 
stream passes through tea and vegetable-farming systems (Figure 3). The fluctuation of EC values of tea 
and vegetable growing locations showed similar trend. But remarkably high EC values were reported in 
vegetable section throughout the sampling period compared to tea growing location. The most likely 
explanation for elevated EC values reported in stream water at agriculture land uses was high salt 
content due to fertilizer contamination. Gunawardane et al (1988) and Wijewardane (2011) also 
highlighted detrimental impact of over fertilization on surface and ground water quality in Sri Lanka.
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Figure 3: Electrical Conductivity fluctuations at sampling locations

The elevated EC values are positively related to the dissolved solid fraction of the stream water. The 
temporal and spatial variation of the Total Dissolved Solids (TDS) in the stream water is shown in     
Figure 4. Similar to EC, significantly higher TDS (P =0 .001) was recorded in vegetable farming section. 
This indicates that the daily discharge of TDS has increased along the stream from the upper forest 
sections to the lower vegetable-growing sections. However, TDS values were very low in the stream 
water of the forest section and it has increased remarkably when the stream reaches the vegetable-
growing area. Similar results were recorded in downstream water in Uma Oya catchment (Adjoining 
catchment of Kurundu Oya) where vegetable farming is prominent (Dayawansa, 2002).  

Figure 4: TDS time series at sample sites 

The EC and TDS of stream water are mainly determined by the chemical composition and the 
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concentration of ionic species dissolved in the water. The export of ionic species is higher in agricultural 
land uses compared to forest due to addition of fertilizers (Kothyari et al., 2004). Therefore, EC and TDS 
values of stream water in the forest area were consistent throughout the year while these parameters in 
other two sections have recorded some fluctuations. The peak of EC and TDS of stream water in both 

nd th
agricultural land uses was observed in the driest period of the year (ie. from 22  to 34  weeks) in which 
the lowest stream flow rate was reported. Then the possible reason for elevated EC and TDS could be 
high concentration of ionic species due to low flow rate.

However, the fluctuation of EC and TDS of stream water in tea and vegetable land uses did not show 
similar patterns during the sampling period. The possible reason could be the different chemical 
compounds exported from two different land uses, additionally, concentrations could also be different. 
Most intensive land use system discharge more chemical compounds and thus, have a bigger impact on 
stream water quality (Kato et al., 2009). Although a theoretical relationship exists between TDS and EC, 
it may vary due to electrical of the dissolved ionic species. When a smaller ion and a charge and the size 
larger ion have the same electrical charge, the smaller ion moves comparatively easily in the solution and 
conducts that charge faster compared to larger ion. Then it gives a higher EC for the same concentration 
(TDS) in the solution. Similarly, if two ions have the same size, but one has a higher charge than the other, 
it too will show a higher EC (Walton, 1989).

Variation of nutrient and sediment discharge 

NO -N 3

The effect of land use change on stream nitrate dynamic is poorly understood despite in growing 
concerns on riverine ecosystem health. Though it is clear that land use affects the magnitude of nitrate, 
it is not clear how it affects nitrate dynamic during storm events (Howarth et al., 2002; Poor and 
McDonnell, 2007). This study also showed a significant spatial variation (p = 0.001) of NO -N in three 3

sampled locations (Figure 5).  When compare the average NO -N of stream water in three land uses, the 3

lowest load of 22.9 g/day was reported in forest stream probably due to lack of artificial inputs. Sylvia et 
al. (1998) reported that inputs of nitrate in the forest catchment include only atmospheric deposition 
and nitrogen fixation and both of these inputs are relatively low. A study conducted in upper Han River 
basin in China has reported a negative correlation of NO -N with vegetated coverage perhaps by the low 3

export rate of nitrate (Li et al., 2008). It has also reported that NO -N concentration of streams draining 3

from forest catchment is very much lower compared to the agricultural land uses in the middle hills of 
the Himalayas, Nepal (Collins and Jenkins, 1996).

 The location 2 dominated by tea plantation showed NO -N load of 93.4 g/day which is higher than forest 3

stream but significantly lower than NO -N content of stream water at vegetable cultivated section. 3

Previously conducted soil analysis indicated that NO -N levels of tea growing soils were comparatively 3

low because of low fertilizer application due to high input cost. Generally, fertilizer application for tea is 
done by annual basis and amount of application is most probably less than the recommended dosage. 
Location 3 with vegetable farming reported very high NO -N load of 5968 g/day (i.e. average 19 mg/l) 3

which exceeds even WHO permissible level of 10 mg/l of NO -N for drinking water. Sampling locations 3

were only about 100 m apart from each other and hence, natural factors related to water quality were 
not very different. Therefore, this land use specific NO -N transport observed in the same stream was 3

possibly due to effect of external characteristics such as high fertilizer inputs and mixing of other 
nitrogen sources. 
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Figure 5: Spatial variation of weekly NO - N loads at three sampling locations3

Many studies conducted around the world conclude that agricultural land use strongly influence stream 
water nitrogen (Ahearn et al., 2005; Arheimer and Liden, 2000; Johnson et al., 1997). Ahearn et al (2005) 
reported a positive correlation between agricultural land extent and NO -N loading in Cosumnes River 3

Watershed in California. They further pointed out that precipitation is the main factor which contributes 
to flush nitrate from agricultural lands. The intensification of European agriculture during last 50 years 
has induced nitrate export to water bodies. Temporal trends in nitrate concentrations in Mediterranean 
rivers and their relationships with land use change have often been reported. Nitrate concentration has 
increased by 46% in stream waters in Ebro River Basin, Spain during a 25 year period from 1981  
(Lassaletta et al., 2009).  

PO -P   4

According to the statistical analysis spatial variation of PO -P content in stream water is significant (P = 4

0.001). Since PO -P was not detected in forest stream, only two locations were included for statistical 4

analysis. Mean load of transported PO -P (both dissolved + particulate) reported in location 2 (tea) and 4

location 3 (vegetable) was 28.4 and 107.3 g/day respectively (Figure 6). No dissolved fraction of PO -P 4

was detected in stream water when it passes through tea cultivated section but very low amount was 
reported in vegetable farming area. The dominant fraction was particulate P throughout the sampling 
period. In general, exotic vegetables are high P demanding and farmers tend to apply total requirement 
of the P at the beginning of the crop. Triple Super Phosphate (TSP) is the major P source in intensive 
vegetable farming. Therefore, high P fixation occurs in the vegetable soil because of high solubility of 
TSP. The adsorbed P in the soil then is transported towards streams with eroded soil and contributes to 
increased PO -P content in stream water (Heathwaite and Dils, 2000). This process is not that prominent 4

in tea plantations where less soluble rock phosphate is generally applied as P source. The influence of 
agricultural land uses on stream water PO -P is well documented (Ahearn et al., 2005; Arheimer and 4

Liden, 2000). Hill (1981) reported that concentration of stream P had a significant positive correlation 
with crop area and a strong negative association with forest and abandoned farm lands in the Duffin 
Creek drainage basin near Toronto, Ontario. Similarly, an increase in PO -P concentration has been 4

reported in first and second order tributaries in several mountainous watersheds of the Himalayas, in 
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Nepal due to agricultural activities (Jenkins et al., 1995). They further reported that other than input 
fertilizers, higher weathering rate of agricultural lands due to farm activities also contributes to increase 
PO -P content of stream waters. 4

Figure 6: Spatial variation of weekly loads of PO -P at three sampling locations4

However, Dayawansa (2002) reported that no significant difference was observed in PO -P 4

concentration of stream water which passes through forest, tea and vegetable land uses in Uma Oya 
catchment, Sri Lanka. The possible reasons could be dilution effect and export of sediment attached 
PO - P from agricultural land uses compared to soluble fraction.4

Suspended sediments

Statistical analysis indicated that spatial variation of suspended sediment load in three sampling 
locations is significant at 0.001 probability level. The influence of predominant land use on sediment 
yield was clear because highest sediment load was reported in vegetable growing section compared to 
other two locations (Figure 7). The Forest location showed significantly low mean sediment yield of 0.5 
kg/day. Location 2 with tea plantation reported mean sediment yield of 19.9 kg/day in the stream water 
which is significantly higher than that of forest stream but very much lower when compared to the 
sediment load (i.e. 290.8 kg/day) of location 3 with vegetables. Forest catchment had very good ground 
cover and minimally disturbed soil which have resulted in minimum sediment content in the stream flow. 
This area mainly consists of native forest species with different canopy heights. Quinn and Stroud (2002) 
reported that streams draining native forest had lower sediment load and higher water clarity, than 
those draining pine forest and pasture. The tea growing area also has fairly good ground cover and 
different soil conservation structures such as terraces, stone bunds and lock and spills are established 
and maintained properly. Main and lateral drainage canals are stone paved and canal banks are 
protected by vetivar grasses.  The very high sediment content reported in vegetable farming section is 
attributed to intensive land preparations in agricultural lands. Many studies have revealed that 
agriculturally dominated areas produce elevated load of sediments in streams and rivers (Allan et al., 
1997; Johnson et al., 1997).  The riparian zone of the stream has been cleared and used for intensive 
vegetable cultivation without adopting proper soil conservation measures. The riparian zone is a type of 
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wetland found in the interface between aquatic and terrestrial ecosystems.  Riparian zones act as 
natural filters or buffers between agricultural fields and waterways, reducing the movement of 
agricultural inputs into waters (Christopher and Jeffrey, 1997; Zhao et al., 2009). Many studies have 
reported significant decline in nitrate concentration along shallow groundwater flow paths beneath 
riparian zones (Hill, 1996; Zhao et al., 2009). 

Figure 7: Suspended sediment load in sampled land uses

Socio- economic aspects and water pollution

In general, average land holding in the study area is about 0.5 ha and 42% of the total allotments have 
been granted through government permits. The percentage of the encroached lands was 
approximately 22%.  Nearly 60% of the lands were cultivated by permit holders or sole owners and the 
rest of the lands were rented out for outside growers. Carrot, leeks, cabbage and capsicum were widely 
grown vegetables and potato was also cultivated in some extent but not very common due to high input 
costs. Livestock management was not popular among the Sinhala community but several farmers from 
the estate Tamil community were rearing cattle and were using cow-dung as manure in vegetables. 

Soil conservation measures

Vegetable farming is carried out in an intensive manner in the study area with three to four crops per 
year. The A horizon of the soil in most of the lands was washed off and the B horizon was exposed. There 
were few lands where decomposing parent material was exposed due to severe soil erosion and 
continuous mixing of soil in land preparation. About 78% of the farmers have some idea of soil erosion 
problems. None of them has received advice to prevent soil erosion from relevant organizations. 
Vegetables are mainly grown in forward sloping terraces. It accounts for 54% of the surveyed sample. 
Thirty two percent of the farmers use level terraces and the rest cultivate on reversed slope terraces.  
Forward slope terracing is not a very suitable option due to heavy rainfall and the susceptibility of soil to 
erosion.  However, farmers' intention of the terracing is not the soil conservation but for the 
convenience of farm operations. Therefore, most of the terraces are not maintained properly. Soil 
conservation in tea growing lands (tea estates) in the micro-catchment is satisfactory and level terraces 
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protected by stone walls are the common method. Well constructed drainage canal system remove 
excess water from terraces causing minimum damage to the soil. 

Fertilizer inputs

Chemical fertilizers are highly available in the area and are sold by private dealers in retail outlets. At 
present, fertilizer is the most expensive input in vegetable farming. However, farmers can avail loans for 
fertilizers and other agro-chemicals. These loans are paid back with interest after selling their produce. 
Generally, farmers do not follow the fertilizer recommendations set by the Department of Agriculture. 
They tend to apply large quantities which are higher than the recommended dosage for a particular 
crop. Wijewardane (2011) reported that farmers use high rate of fertilizers to obtain reasonable crop 
yield especially in intensive vegetable farming.  Since straight fertilizers are not available in the market, 
fertilizer mixtures formulated by different companies are applied for vegetables. The fertilizer mixtures 
blended for potato and rice are commonly used for other vegetables as well (Wijewardane and Yapa 
1999). However, urea is the only straight fertilizer available in the market and hence it has been widely 
used as the N source. Liquid fertilizer mixtures have also been sprayed for leafy vegetables as a 
supplementary nutrient source. Land preparation is started with the onset of rains and basal fertilizer 
application is done at the crop establishment. Generally, the total amount of P and K are applied at the 
basal dressing and N dosage is split into several applications. According to crop calendar, land 
preparation and basal fertilizer application is generally practiced in April to May and September to 
October (Table 1). 

Duration Agronomic practices 

February - 
March 

Harvesting 

 April - May Land preparation, basal fertilizer 
application, crop establishment 

May - 
August 

Crop in the field, Weeding  and 
fertilizer input 

August - 
September 

Harvesting 

September 
- October 

Land preparation, basal fertilizer 
application, crop establishment 

October - 
December 

Crop in the field 

Weeding, fertilizer and 
agrochemical input 

 

Table 2: The RFU for crops grown in different 
farming systems Table 1: Crop calendar 

Farming 

system 

Major 

crops 

RFU 

(N+P+K) 

Lowland 

paddy 

Rice 110 

Paddy –  

vegetable 

Rice 

Bean 

Tomato 

70 

130 

170 
Intensive 

vegetable 

Potato 

Cabbage 

Carrot 

220 

165 

180 
Rainfed 

farming 

Tomato 

Maize 

Finger 
millet 

50 

40 

25 

Tea Tea 60 
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The highest RFU was observed in intensive vegetable farming systems. The RFU in potato, carrot and 
cabbage was 220, 180 and 165 respectively. In this system potato has the highest RFU. However, all the 
crops showed very high RFU indicating excessive use of chemical fertilizers. This intensive farming is 
year round, where there is an average of  3 crops a year for  vegetables. As a result, the fallow period is 
very short and soil disturbances due to land preparation are tremendously high (Nayakakorale, 1998). 
Therefore, this is the most vulnerable land use in terms of soil erosion and nutrient export. Rainfed 
farming systems have low RUF values indicating under use of fertilizers mainly due to low returns. 
Kendaragama (2006) argued that farmers tend to apply low amount of nutrient in rainfed farming due 
to uncertainty of having economically viable yields.  

Awareness on water pollution 

Nearly 70% of the farmers have some kind of knowledge about water pollution. However, the awareness 
on nutrient pollution was highly limited. They believe that agrochemical is the only source of water 
pollution in the area. Only 18% of the farmers in the surveyed sample showed satisfactory awareness on 
nutrient pollution. None of them were aware of water pollution by organic manure such as poultry and 
other animal waste. However, Tasuka et al, (2009) pointed out that, livestock waste contribute greatly 
on nutrient concentration in drainage water.  The farmers have not been educated with reference to 
pollution control by any organization. 

Sixty four percent of the farmers use stream water for drinking, bathing and washing. Another 28% use a 
separate pipe line to get water from collected tanks constructed near springs for drinking. The rest 
obtain water from shallow wells for domestic purposes. Since many of these springs do not contain 
water during the dry period, people have to depend only on stream water for this period of time. Since 
these streams are subjected to agricultural pollution, There is a a significant health risk in consuming this 
water in a long run.  

Soil test based fertilizer recommendations

Extremely high soil nutrient levels were observed in different farming systems. This is possibly due to 
improper fertilizer management without considering existing soil nutrient levels (Amarasekara, 2012).  
Therefore, site specific fertilizer recommendations can be more effective to reduce over application of 
nutrients. It basically optimizes fertilizer use in order to fill the deficit between the nutrient needs of a 
high-yielding crop and the nutrient supply from naturally-occurring indigenous sources such as soil and 
organic amendments (Portch and Hunter, 
1999). This may have a great influence on less 
accumulation of plant nutrients in the soil 
which is highly vulnerable to remove with 
surface runoff and get into the water ways. 

A Questionnaire based survey revealed the 
preference of the sample population for the 
investment on soil test-based fertilizer 
recommendation (Figure 8). It exhibits that 
nearly 50% of the surveyed community was 
willing to invest more than Rs.1000 for soil 
testing per annum. The outcome of the 
survey also indicated that almost all the 

Figure 8: Farmers' willingness to invest on soil testing 
per annum 
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surveyed population had a certain extent of concern to invest on soil test-based fertilizer 
recommendations. 

However, a major constraint is that this link with soil test-based fertilizer recommendation is  carried out 
by government research institutes, whose capacity to undertake this kind of work is not adequate to 
cater to the whole farming community. At this juncture, private sector involvement is vital especially for 
providing infrastructure facilities

3. Conclusions

Influence of land use on stream water quality in the catchment was clearly evident. A temporal variation 
of EC, TDS, Suspended Sediments, NO -N and PO -P of stream water was observed especially in 3 4

agricultural land uses. NO -N, PO -P and suspended sediment in stream water showed significant 3 4

relationships with different land uses. Forest land use reported the lowest threat to stream water 
quality while contribution of intensive vegetable farming was the highest. The NO -N content in 3

vegetable farming location of the stream exceeded the WHO standard of 10 mg/l while indicating a 
serious health risk as people use this water for domestic purposes. The problem might be severe 
because nearly 64% of farming community uses stream water for drinking and other purposes. Even 
though, the majority of farmers have certain knowledge on general water pollution issues, the 
awareness on nutrient pollution is highly limited. They were not advised by any government and private 
organization and are thus easily misguided by fertilizer and agro-chemical distributing agents. 
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Abstract

It is perceived in Nepal that the provisions in the existing Gandak Treaty, signed between Nepal and India on 
4 December, 1959, are neither reasonable nor implemented as per the treaty, thereby resulting in 
continuous problems of inundation, flooding and erosion which had led to a rise in a local movement in the 
Project area.

The study tries to look into the Local Movement in the Project area and the demands of the local people. 
Besides pointing out the main issues for the emergence of the local movement such as water logging and 
inundation, unequal Treaty and its implementation and so on, the paper also portrays the major actors 
involved and the process of mobilization of the people in the movement. It also attempts to highlight the 
outcomes of the movement and concludes that though the movement was able in signing the 21 Points 
Demand Agreement, however, it was not able to bring any changes in the Gandak Treaty. 

Keywords: Trans-boundary issues, Gandak, Nepal, India, Local movement

1. Background

Nepal is a landlocked country surrounded on the south, east and west by India and on the north by Tibet 
2(a region of China), and comprising an area of 147,181 km . There are about 6000 rivers and rivulets in 

Nepal. Most of the rivers originate from the Himalayan range within Nepal, while some originate from 
the Tibetan Plateau; all these rivers drain southwards to the Ganges in Northern India and ultimately into 
the Bay of Bengal (Upreti, 2006).

Nepal's water resource development dates back to the Exchange of letters of 1920 with the then British 
Government in India regarding the construction and operation of Sarada Barrage Project. Another 
water resource project involving Indo-Nepal co-operation was the Koshi Project Agreement in 1954. The 
Gandak Project Agreement (1959) is the third agreement between Nepal and India with respect to water 
resources development. 

The Gandaki River, also called the Narayani in Nepal and Gandak in India, originates in the Himalayas near 
the Nepal-Tibet border and drains the central mountains of Nepal. After crossing the Nepalese border 
near Tribeni Bazar, it enters India, where after running a course of about 250 km; it joins the Ganges River 
near Patna, in the State of Bihar (Salman and Uprety, 2002). The Gandak Treaty was signed between 

 
Government of Nepal (GON) and Government of India (GOI) on 4December, 1959 with the purpose of 
using the waters of Gandak River and its tributaries, primarily for irrigation and also hydropower for 
India and Nepal. As per the treaty, Gandak barrage was constructed on the border at Bhaiselotan to 
regulate the flow of water for irrigation. 
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The Gandak Project consists of construction of a barrage, canal head regulators and other appurtenant 
works about 1,000 feet below the existing Tribeni canal head regulator. The Project also involves the 
construction of canal systems for the purposes of irrigation and development of power for India and 
Nepal (Salman and Uprety, 2002). A total of three canals on either side of the barrage viz Main Eastern 
Canal (MEC), Main Western Canal (MWC) to serve India and Nepal Western Canal (NWC) to serve in 
Nepal only were constructed. The Treaty also specified that the Project was being built by and at the cost 
of the GOI. The treaty allowed India to purchase and occupy land in Nepalese territory for the purpose of 
investigation, construction and maintenance of the Project. 
 
Under the aegis of the project, irrigation and drainage networks were developed to provide irrigation 
facilities to India and Nepal. With the development of these irrigation infrastructures problems related 
to inundation and land erosion have been encountered in the project area of Nawalparasi district in 
Nepal (Mishra and Mishra, 2008). Local people from the Gandak region in the Terai of southern Nepal 
and members of the Gandak Nadee Niyantran Sangharsa Samiti (Gandak River Control Struggle 
Committee), Nawalparasi had held a strike between 24 May and 26 June, 2008. The activists proposed 21 
Points of demands that they wish the respective Governments of Nepal and India to consider (Siwakoti, 
2009). The demands were regarding various problems concerning inundation, drainage, soil erosion, 
maintenance of structures and compensation. 

2. The Gandak Treaty

 The Gandak Treaty was signed between the GON and the GOI on 4December, 1959 with the purpose of 
using the waters of Gandak River and its tributaries, primarily for irrigation and power. As per the Treaty, 
a barrage was built at the Gandak River near Bhaisalotan to regulate the flow of water mainly for 
irrigation purpose. Two canals take off from either side of the barrage. The MWC passes through 19 km in 
Nepal before entering the Indian Territory. Another canal referred to as the NWC takes off from the 
western side of the barrage. Similarly, the MEC lies in Indian Territory but one of its branches called Don 
Branch Canal reaches the Indo-Nepal border. The Don Canal's sub-branch in Nepal, with the 850 cusecs 
canal capacity, has a length of 78 km passing through the districts of Parsa, Bara and Rautahat called as 
the Nepal Eastern Canal (NEC). The Project further involves construction of a power house in Nepalese 
territory by utilizing the head drop in the MWC to generate 15 MW of power. Unlike the other water 
treaties between GON and GOI, the tenure of the Gandak Treaty has not been specified in the 
Agreement. 

The Agreement consists of 13 Clauses and 26 Sub-clauses which focus on different provisions such as 
land acquisition and compensation, ownership and maintenance, communication, irrigation, 
sovereignty and jurisdiction, arbitration and so on (The Gandak Treaty, 1959). 

3. Local Movement in Gandak Project (May, 2008)

The siphons constructed under the Gandak project to transfer water from the rivers across the MWC 
started to wreak havoc due to the lack of maintenance and timely cleaning of these siphons by the Water 
Resource Department, State Government of Bihar. Every year the local people in the project area suffer 
with the problem of inundation and water logging. The grievances of the local people were not 
addressed by the concerned authorities despite repeated lodging of complaints. Thereafter in 2006, the 
local populace adversely affected by the Gandak project formed Gandak Nadee Niyantran Sangharsa 
Samiti (GNNSS), a struggle committee that gave them a platform and as a vehicle through which, their 
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problems could be resolved.

People of the Gandak region in the Terai of Southern Nepal and members of the GNNSS – Nawalparasi 
held a 34 days long strike from 24 May 2008 to 26 June 2008. The activists proposed 21 Points of demand 
regarding the Gandak project that they wish for the GON and GOI to consider. The venue of the strike 
was located in the MWC. As the strike started when the MWC was closed for annual maintenance no 
water was released into the main canal.

Box 1: Demands of Gandak Nadee Niyantran Sangharsh Samittee, Nawalparasi

1. The silt ejector located between Gandak Barrage and Raninagar causes loss of agricultural land due to 
bank cutting. Therefore a channel should be constructed from the above mentioned silt ejector tail to 'A 
gap' tail.

2. A long and concrete embankment should be constructed on the river side of 'A gap' dam's tail.

3. "B gap" dam of Gandak Barrage should be made more than 2 meter higher and 4 meter wide.

4. Second new and concrete embankment should be made from "A gap" dam till "B gap" dam's river 
coast.

5. One bridge with siphon should be constructed on the Dhobaha stream of Guthi-Prasauni Village 
Development Committee (VDC).

6. 44 cusec water for Piparpati-Prasauni branch should be given without any debate and obstruction.

7. Cemented soling of the damaged inner embankment of the main Western Indian Canal should be done 
considering the accident in near future.

8. The width of the Raninagar Bridge and of 32 R.D's Belatari Bridge in the Indian main Western Canal 
should be made double in size.

9. Bridges must be constructed on the following places in the Indian main western canal.

a) Kudia VDC, ward-6 of Gudaria. (no. of bridge 1)
b) Suryapura, ward-9 of Tangikat. (no. of bridge 1)
c) Guthi Suryapura, ward-5. (no. of bridge 1; one kilometer below the powerhouse)

10. The embankment of central dam of Gandak barrage Trivenidham, which was heavily damaged by the 
6, 29,050 cusecs of water on 23rd July 2002 should be made stronger and concrete.

11. Third new embankment should be constructed alongside the river on the historical Gajendra 
mokshadham (situated above the holy Trivenidham) till Trivenidham.

12. Considering the land erosion caused by the river, another fourth embankment should be constructed 
keeping the tail of "B gap" dam on the river side of the Paklihawa VDC till the Indian border.
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13. Compensation must be provided for the land erosion caused by the Gandak River in Kudiya, Triveni 
Susta, Narsahi and Paklihawa VDCs.

14. After the construction of the MWC (according to the treaty) direct release of the water from the river 
of Singhha and Raipura has diverted which resulted in the storage of water in Paklihawa, Narsahi, 
Rupaliya, Pratappur, Somani, Khertawa, Guthi Suryapura, Bedauli and Bhujhawa VDCs and transformed 
all above villages into semi flooded land. So, we demand the permanent management for the release of 
water from the river and demand the proper compensation of the flooded region from the time of 
construction of Gandak barrage till date.

15. Pitched road alongside the canal, the MWC and the bridge over it should be immediately repaired 
within a reasonable time period. Slope alongside the road on the bridge must be made much longer 
considering the accidents happened in the past.

16. Due to the collection of water after the construction of Gandak barrage in the region, it has started to 
contaminate the drinking water and became a prennial breeding place for the mosquitoes. So, we 
demand the facility of proper drinking water all over the project area and also the permanent center for 
the control of malarial fever. 

17. After the construction of the Gandak project, the ecosystem has been impacted. Contaminated 
water of the land has affected the health of people, children and women. Therefore one "Gandak 
hospital" must be constructed in the central region of Kudia VDC ward no. 4.

18. Usually, Gandak project region is prone to flood and has affected the economic condition of the 
farmer due to which they are not able to provide higher education to their children. So, scholarship must 
be provided to 10 students for master degree and 5 scholarships for the medical and engineering 
students.

19. Two lane pitch road should be constructed from Gandak barrage to Triveni Gajendra moksha dham.

20. The work related with providing irrigation to Nepalese land must be done according to the Treaty 
done earlier.

21. All the work done inside the Nepalese territory of the Indian Gandak Canal should be done by the 
Nepalese license holder contractor. 
            (Source: Indreni Forum for Social Development Brochure)

3.1 Emergence of Local Movement in Gandak Project

The Gandak Treaty stated that India would construct barrages, irrigation canals and head regulators for 
the common benefits of the both countries. Instead of the promised common benefits of increased 
irrigation and power to both the countries, the canals have rained tragedy upon the locals of the project 
area as many a failed dam story can attest (WAFED, 2008). A number of issues and problems were 
identified that had led to emergence of the movement. They are categorized as:
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3.1.1 Water Logging and Inundation

A number of drainage siphons at different chainage such as 6,16,24, and 43 RD (Reduced Distance) were 
constructed in the MWC (within Nepalese territory) to pass the local rivers. Out of these four siphons, 
only three are in operation as siphon at chainage 43 was completely damaged. But these siphons get 
choked during monsoon in absence of clear waterway downstream. The choking of the siphons occurs 
through debris and silting of the canal upstream and downstream of the siphon with every incident of 
flooding. The downstream drain siltation, coupled with untimely desiltation results in acute water 
logging problems in the area. Due to which, every year many VDCs as Jamuniya, Paklihawa, Kudia, 
Bhujahawa, Thulo Khairatawa, Guthi Suryapura, Bedauli, Guthi Parsauni, Narsahi, Tribeni Susta, 
Rupauliya, Pratappur and Somani are inundated and transformed into semi flooded land causing 
massive loss of crops, land and other properties. In this regard, the Ministry of Irrigation, GON 
conducted a survey of the affected villages and had reported that 13 VDCs have suffered the losses to the 
extent damage of crops worth Nepali Rupees 2,646,086,692.26, damage to land worth Rs. 
189,445,935.00 and damage to property worth Rs. 109,560,456.00 totaling to Nepali Rs. 
2,936,093,083.26 (Mishra, 2010).

3.1.2 Unequal Treaty 

The people of the affected region perceive 
that they have been cheated in the sharing 
of waters and are deprived of the benefits 
that they actually should have received. The 
Treaty has mentioned the description of 
irrigation facilities to be provided to Nepal 
from the Project, but the Treaty says nothing 
about irrigation benefits to India from the 
project. According to Poudel (2002), the 
Gandak project irrigates a total of 1,850,320 
ha in India (Western UP canal: 930,000; 
Tirhut Canal: 680,000; Tribeni Canal: 
165,000; Ghoda Sahan Branch Canal: 52,000 
and the Don Canal in India: 23,520), in 
contrast, only 46,900 ha of Nepalese land 
received the Gandak waters (12,500 ha in 
Nawalparasi; 34,400 in Parsa, Bara and 
Rautahat). 

Nepal is able to irrigate very small area with 
the water from the Gandak Project 
compared to India despite the fact that it 
occupies a huge portion of the whole basin. 
While the Gandak Water irrigates a huge 
land mass (1,850,520 ha) in Uttar Pradesh 
and Bihar, Nepal could irrigate only 46,900 
ha of her land, which is a humble 2.5% of 
what India irrigates (Pun, 2007). India clearly 

Shristi Sharma

Figure 1: Gandak River Basin coverage in Nepal, 
India and China

www.sawasjournal.org
volume 3, issue 2, 2013



needed irrigation water. Nepal had neither the capital nor the skill to take an active role in harnessing the 
river. So, India, in the Indian view, did the sensible and honorable thing in agreeing to take full 
responsibility and give Nepal both water and power at no cost. No consideration appears to have been 
given to the fact that India was taking from a sovereign state the water on which its future depended 
(Mihaly, 1965).

Clause 9 of the Treaty (1959) set out a schedule for the release of the water from the barrage on both 
eastern and western canals for India. In the critical dry months (February, March and April), India 
appropriated through the schedule almost all of the available Gandak waters. In fact, during the lean 
month of March, while the schedule stipulates 273 cumecs, the Gandak water available at Narayanghat 
in Nepal is only 264 cumecs (Pun, 2007). This schedule, therefore, secured almost the entire flow of the 
river during dry periods for the project. This clause was however amended in 1964. With this 
Amendment of the Treaty, Nepal was able in deleting the schedule of the supply of water in canals, but at 
the same time Nepal also failed in preventing India from inserting another detrimental Clause of Trans-
valley Water Use (Pun, 2007). The amended version of the Treaty of 1964 does not allow Nepal to 
transfer the water from the Gandak Basin to another basin during lean season. This has also been a 
reason for the emergence of the movement.

3.1.3 Lack of implementation of the Treaty

During the implementation of the project, matters relating to benefits have not been delivered as 
outlined in the Treaty. This has also been an issue for the emergence of the movement. The locals 
complain that water is not available for irrigation as agreed in the Treaty to Nepal.

Irrigation

Nepal is still not receiving the amount of water for irrigation as was stipulated in the Treaty. In the NWC, 
Nepal does not get the promised 300 cusecs of Gandak waters due to non-maintenance of design pond 
level at the head regulator (Pun, 2007). In case of Don Branch Canal (Pradhan, 2009), the Indian side 
(State Government of Bihar) never placed the 850 cusecs of water as per the agreement into the 
Nepalese canal system with the bulk use of water already in their system. The actual average supply has 
been only 56%. Even 30 years later in 2006, India and Nepal have been perennially discussing over 
whether Nepal gets the agreed 850 cusecs or not in Don Branch Canal (Pun, 2007). The latest Joint-
record by the two sides shows that so far, the maximum delivery has been only 633 cusecs in Don Branch 
Canal (Upadhyay, 2012). 

This issue has been raised in several meetings of Joint Committee on Koshi and Gandak Projects (JCKGP) 
and Nepal-India Joint Committee on Water Resources (JCWR). Even in the recent meeting of JCKGP held 
on 17-18 February 2011, the issue regarding the maintenance of designed pond level, maintenance of full 
supply level of the MWC and water supplied to NEC were discussed. Despite such discussions in many 
meetings, Nepal is still not getting the stipulated quantity of water in the canals.

Navigation

As per the treaty, a navigation lock was constructed in the Gandak Barrage for facilitating river traffic 
across the barrage. Despite the availability of the infrastructure and possibilities for navigation, it was 
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never practiced. There are some problems in the design and location of the navigation lock itself. The 
study observed that the width of the lock and the curve of the by-pass canal between the upstream and 
downstream locks would pose some problems (IIDS, 1994). The study further illustrates that the 
location of sediment exclusion structure right along the bank- a short distance from the downstream 
lock has caused sediment to be deposited in front of the lock entrance. Therefore, it can be said that the 
provision in the Agreement on navigation has been simply decorative.

3.1.4 Lack of Maintenance of the Structures

According to the Gandak Treaty (Clause 2 and 6), GOI is responsible for the maintenance, cleaning and 
siphoning of the barrage. However, it was reported from the key informant interview that in the last 20 
years GOI had not performed this duty seriously and sincerely. The embankment between the barrage 
and Trivenidham (upstream of barrage) breached by 6,29,050 cusecs (though designed for 8 lakh 

 
cusecs) of water on 23July 2002 due to the lack of proper maintenance. The breaching of this right bank 
flooded the nearby VDCs causing heavy loss of properties. Nepalese people have been victimized by this 
severe negligence which in result triggered the movement 

Downstream of the Barrage , A-gap, B-gap, Link bund and Nepal bund (embankments) were 
constructed to guide the flow and protect the village along the right bank of the river. But these bunds 
have not been properly maintained. As a result the land submergence and erosion is severe along these 
bunds covering Tribeni Susta, Kudiya, Narsahi, Guthi Prasauni, Suryapura and Paklihawa VDCs. This 
situation could result in the loss of lives and properties in the event of the bunds being washed out. 

3.1.5 Compensation

After the construction of the MWC (according to the treaty) direct release of the water from the river 
has been diverted which resulted in the collection of water in Paklihawa, Narsahi, Rupaliya, Pratappur, 
Somani, Khertawa, Guthi Suryapura, Bedauli and Bhujhawa VDCs and transformed all the above villages 
into semi flooded land thus damaging cultivable land. The affected people have not received any 
compensation for the loss they have suffered. Similarly, embankment between the barrage and 
Trivenidham (upstream of barrage), which was heavily damaged on 23 July 2002 resulted in massive loss 
of land and properties in different VDCs (mainly Tribeni Susta, Rupauliya, Pratappur and Kudiya), but 
here too the victims have not been compensated. 

3.1.6 Risk of Breaching of MWC Banks

The service road and lining of the MWC in the Nepalese territory are completely damaged in most of the 
reaches. In addition, the outer slopes of the canal banks are eroded thus increasing the possibility of 
breaching. This issue was also raised in previous meetings of JCKGP, where the representatives from 
India (Engineer-in-Chief, Water Resource Department, Government of Bihar and team) had committed 
to carry out these repairs as and when required, however no action has been observed in this regard 
(Mishra and Mishra, 2008).

3.1.7 Health Problems

Due to high seepage through the banks of the MWC and inadequate water way for local drains, water 
logging is common in the area. According to focus group discussion, due to the storage of water after 
the construction of Gandak barrage in the region, it has started to contaminate the drinking water and 
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also became a perennial breeding place for mosquitoes leading to incidence of malarial fever among the 
dwellers. This issue was also raised in the 21 point demands of the movement.

3.2 Key Actors Involved in the Movement

Figure 2: Diagrammatic representation of the key actors involved in the movement

Gandak Nadee Niyantran Sangharsa Samiti (GNNSS) established in 2006 and Indreni Forum for Social 
Development (IFSD) established in 1986, were among the two most important actors in the movement. 
GNNSS consists of the members who are affected by the Gandak project, and is involved in mobilizing 
people towards their water rights. The IFSD empowers and supports the Struggle Committee for the 
mobilization of people and resources. Besides these two organizations, Water & Energy Users' 
Federation-Nepal (WAFED), Himalayan & Peninsular Hydro-Ecological Network (HYPHEN), Campaign 
Service Center Nawalparasi, Ramgram Dalit Utthan Samaj, National Land Rights Concern Group 
(NLRCG) and various other organizations had also expressed their solidarity for the movement. Funds to 
support the movement were collected through the different organization that supported the 
movement as well as from the locals. 

3.3 Mobilization of People and Resources in the Movement

Though the people were aware of the problems of inundation and water logging since the inception of 
the MWC, lack of a proper platform hindered them from raising their voice. In this regard, GNNSS formed 
provided a podium for the affected people. This organization is supported and mobilized by IFSD, an 
organization built for the empowerment of the people in Nawalparasi district. Through the help of these 
organizations the people and resources were mobilized for the movement in following ways:

• Water & Energy Users' 
Federation Nepal

• Himalayan & Peninsular Hydro-
Ecological Network,

• Campaign Service Center 
Nawalparasi,

• Ramgram Dalit Utthan Samaj
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3.3.1 Alliance Building

An alliance was built for the campaign by coordinating with other concerned group (Koshi, Mahakali, 
Khundalotan, Mahalisagar, Lakshmanpur and other related groups). Several workshops were 
conducted with the participation of many stakeholders. Some of the programs include: The program on 
“the Gandak Treaty; Mahalisagar and Rasiwal Khundalotan Embankment” held in Butwal (2004), 
Program on “Mitigation of the Impacts caused by Barrages and Embankments” held in Bhairahawa 
(2005) and others. Similarly, coordination and interaction programs with the stakeholders were also 
carried out. 

3.3.2 Conducting Trainings and Rallies

IFSD organized different trainings for the members of GNNSS as well as the group facilitators of the 
reflect center regarding the water rights and the Gandak Treaty. The leaders of the GNNSS along with 
the support of IFSD conducted local rallies in the affected VDCs bringing all the affected people together 
to demand their rights. Many locals joined the rallies and the main slogan of the rally was to fulfill their 21 
points demand. Furthermore, leaflets, brochures and printed informative materials related to Gandak 
were distributed among the locals and concerned people.

3.4 Outcomes of the Movement

The 34 days long strike in the Gandak Barrage was successful in signing the 21 Points Demand Agreement 
between the local government bodies of Nepal and India. On 16 June, 2008 GON sent an official letter to 
Indian Embassy to address the problems caused by the Gandak project. This helped initiate a dialogue 
between the stake holders. Following up, a talk was organized on 22 June 2008 between delegates from 
UP Irrigation Department and the members of GNNSS which helped pave paths for the signing of the 21 
Points Demand Agreement on 26 June 2008 in Balmikinagar, India. The Liaison Officer, Division Chief and 
Senior Divisional Engineer of the Nawalparasi Irrigation Division and the member of the GNNSS were the 
signatories from Nepal. Similarly, from India, the Chief of Water Resource Department (in Balmikinagar 
Bihar, India) and his team of four members were the signatories. However, there were no officials from 
the Central Government Level as a signatory to the Agreement. 

In the Agreement, the demands of the locals were considered and the Indian representatives agreed to 
conduct the necessary actions. The demands include: initiating immediate measures to control the flow 
of the river, building dams at different places to tame the overflow and compensating the local people 
who have been suffering from continuous flooding. In this regard, the outcomes of the Movement can 
be broadly classified under following categories:                            

3.4.1 Issues and Demands of the Locals Discussed at the National Level Meetings

After the local movement, the issues and demands raised by the locals were discussed in the Joint 
Committee on Koshi and Gandak Projects (JCKGP) and Nepal-India Joint Committee on Water 
Resources (JCWR) meetings. From Indian side the JCKGP meeting is leaded by the Engineer-in –Chief, 
Water Resource Department, Government of Bihar and JCWR meeting is leaded by the Secretary, 
Ministry of Water Resources, GOI. In the third JCWR Meeting held in September 2008 in Kathmandu, just 
after the Local Movement, it was decided to enhance the efficacy of the institutional mechanism by 
empowering the JCKGP to deal effectively with the problems associated with the Gandak Project and 
undertake necessary works for maintenance of MWC, flood control structures and solution of drainage 
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problems. Though the Meeting directly did not mention about the 21 Points Demands of the locals, it 
however highlighted the major issues related to Gandak Project including maintenance of canal system, 
inundation and flood embankments.

Similarly, in the JCKGP meeting held in Patna on 23 May, 2009, the demand of the GNNSS were 
discussed. Indian representatives stated that the technical issues have been taken up and are being 
implemented. Similarly, in fourth JCWR meeting held in March 2009 in Delhi, the issue related to the 
demands of the local people for maintenance and rehabilitation of MWC and flood control structures 
were discussed. The Indian side stated that short term measures had already been implemented. The 
Detailed Project Report (DPR) for special repair works on Gandak MWC was prepared and the 
implementation of the works would commence soon. This was further discussed in the fifth meeting of 
JCWR held on 20 November 2009 in Pokhara (Nepal), where Indian representatives stated that the draft 
DPR prepared by Bihar Government for rehabilitation works of Gandak barrage and canal system was 
under examination. Additionally, the issue of compensation was also raised in the meeting where it was 
stated that the details of the compensation of the land and crop of the affected people had been sent to 
the Indian side through diplomatic channels. Thus, the movement was successful in bringing the issue at 
national level between two governments.

Moreover, the Nepal Benefit Scheme (NBS) was prepared as a result of the local movement in Gandak 
Project. The GOI had prepared the NBS in 2009 under which various works related to the maintenance 
and rehabilitation of MWC and flood control structures was proposed. The works under this scheme was 
scheduled to be completed by 2012. In the sixth meeting of JCKGP held on February 2011 in Rajgir (India), 
the Indian side (Engineer-in–Chief, Water Resource Department, Government of Bihar and team) 
conveyed that the relevant demands made by GNNSS have been addressed under the Nepal Benefit 
Scheme. The NBS was also discussed in the Sixth Meeting of JCWR held on 24 November 2011 in New 
Delhi (India). In the Meeting, it was mentioned that the work under NBS may be delayed by few months 
but major works related to flood control have been completed. In the latest meeting of JCWR held on 24 
January 2013 in Kathmandu (Nepal), the progress made on the NBS was discussed and the Indian side 
(Secretary, Ministry of Water Resources, GOI and team) reported that the works under the NBS would 
be completed by June 2013.

3.4.2 Implementation of the 21 Points Demand Agreement

Some works have been completed and some have been initiated by the Water Resource Department, 
Government of Bihar as per the agreed 21 demands of the local people. Amongst the 21 Points Demand, 9 
Points have been executed till date (October, 2012). As per the Demand Point 1, to reduce the velocity of 
the River flow porcupine technology (prismatic type permeable structure, comprises of six beams made 
of RCC, which are joined with the help of iron nuts and bolts) has been adopted. Similarly, the tail of the 
A-gap has been extended additionally by 50 m as demanded in Point 2. For Demand Point 3, an 
understanding has been reached to develop channels in necessary locations and to blacktop the 
embankment to ease transportation. Also, the portion over B-gap, Link bund and Nepal bund has been 
blacktopped. In regard to Point 4, porcupine has been placed in different places and a 2.4 km long new 
embankment between A-gap and B-gap has been constructed. However, additional spurs are yet to be 
developed in this embankment. To fulfill the demand regarding Point 6, a new canal of 60 cusecs 
capacity has been constructed in Kudiya VDC. As per the Demand Point 15, the damaged bridges in MWC  
have been repaired and work concerning black topping of 19.05 km road is in its last phase of 
completion. Similarly, 2.5 km of road from Tribeni to Mokshya Dham and 500 m of road in Tribeni bazar 
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have been black topped as demanded in Point 19. Eventually, for Demand Point 21, both the sides have 
agreed to include Nepalese Contractors according to Indian regulations in all works done inside 
Nepalese territory regarding Gandak Project. 

Similarly, out of the 21 Points Demand, 5 Points are in the process of execution till date (October, 2012). 
Eventually, there are 5 Points yet to be executed among the 21 Points of demand. In regard to the 
compensation for the damage of land and crops demanded under Point 13 and 14, Ministry of Foreign 
Affairs (Nepal) had officially dispatched letter to Indian Embassy on 23 August 2012 mentioning the 
detailed assessment of the compensation for the damage. The issue about the compensation was 
discussed frequently in JCKGP and JCWR meetings. Even in the first meeting of JMCWR held on 15 
February 2012 in New Delhi (India), a directive to look into the matter of compensation for land and 
damage of crops was provided. But it is not encouraging to mention that the GOI has now dropped this 
issue. As recorded in the recent meeting of JCWR held on 24-25 January 2013 in Kathmandu (Nepal), the 
Indian side (Engineer-in –Chief, Water Resource Department, Government of Bihar and team)  stated  
that the issue was dropped in the third meeting of JCKGP, and hence this matter regarding the 
compensation for crop damage should be treated as closed. However, no reason has been given and 
GON is silent on why it was dropped.

The GNNSS and IFSD were continuously involved in the Gandak issues even after the strike was over. The 
locals in collaboration with GNNSS held a rally to the District Administration Office of Nawalparasi on 22 
September, 2009 for implementing the agreed 21 Points Demands. In addition to it, the GNNSS also 
conducted a press meeting on March 13, 2010 to pressurize GOI for implementing the agreement. 
Similarly, a Water talk was also organized on 20 April, 2010 in Kathmandu between the stakeholders of 
Koshi, Gandaki and Mahakali region where the IFSD showed its active participation. Besides, they are 
still organizing various awareness programs on water rights in the Gandak area. 

4. Conclusion

The treaty has many provisions which not only deprives Nepal from having mutual benefits through the 
Project but also limits the country from using its own resource. Moreover, there is the lack of proper 
implementation of the treaty due to which Nepal is deprived of even the little benefits that it should 
actually be gaining as per the Treaty. 

The 34 days strike in the Gandak Barrage was successful in forcing the local government bodies of Nepal 
and India to sign the 21 Points Demand. The Movement was able to draw the attention of both the 
governments towards the issues in Gandak area. After the movement, the issues and demands raised by 
the locals were discussed in many JCKGP and JCWR meetings. The Nepal Benefit Scheme was prepared 
as a result of the local movement under which various works related to the maintenance and 
rehabilitation of MWC and flood control structures were proposed. Some works have been initiated 
from Indian side as per the agreed 21 Points Demand of the local people. The movement was thus able to 
pressurize GOI to perform their duty regarding the project maintenance and flood control. To conclude, 
though the movement was successful in signing the 21 Points Demand Agreement, it was however not 
able to bring any changes in the Gandak Treaty.
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Abstract

Urban water need in Kathmandu continues to escalate as the city grows in population density, expands over 
rural periphery and continues to emerge as the economic centre and the urban hub of Nepal. The water 
supply by utility is only partly able to meet the water demand in terms of quality and quantity, hence, 
allowing the market based solutions to evolve and provide water services. The most dominant form of such 
solutions is private water tanker operation. This paper analyses the state and performance of private 
tanker water operation in Kathmandu and their role in meeting urban water demand. This paper portraits 
dynamic characteristics of private tanker water operation in terms of water supply and financial aspects. 
The paper also scrutinizes water services provided by private tanker operators to different groups of 
consumers from their perspective. This study was undertaken in Kathmandu. The methodological tools 
employed in the study included observation of water tanker operations from different locations, semi-
structured interviews with the tanker entrepreneurs and the consumers served by them.

From the study, the trend of growth in supply of water by private tankers and their consumers was 
observed in Kathmandu Valley, thus representing a. increase in groundwater extraction; b. volume of water 
transaction and associated monetary transaction; c. increasing role of tanker supplies in meeting water 
demand (6.13 percent of annual water demand); and d. increasing acceptability of tanker water supplies by 
consumers. Therefore, this study shows necessity to recognise the role of private water supplies by the 
authority and develop necessary policy and regulatory mechanisms; through which their effectiveness 
towards delivering water services to residents of Kathmandu valley can be improved.

Keywords: Kathmandu, Private water tankers, Water supply, Consumers’ perspective, Financial analysis

1. Introduction

Kathmandu valley is enriched with traditional community based water systems developed that have 
evolved throughout different historical periods (UN-HABITAT, 2008). The earliest water conduits were 
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known to be constructed in 550 AD in Kathmandu (Pradhan, 2003). These traditional systems consisted 
of interconnected network of water conduits, small water reservoirs, stone spouts, dug-wells and 
ponds, that still are functioning and providing drinking water. 

Modern piped water supply system in the valley was started after the construction of the first piped 
water system, Bir Dhara in 1891. However, it was only in late 1980s, that the foundation of modern 
municipal water system was laid, with the formation of Nepal Water Supply Corporation (NWSC). The 
NWSC was entrusted with the responsibility of organizing, maintaining and managing water services in 
the valley. In 2006, this responsibility was handed over to three different organisations after the 
enactment of Kathmandu Valley Water Supply Management Board Act (2006) (KVWSMB Act 2006) and 
Water Supply Tariff Fixation Commission Act (2006) (WSTFC Act 2006). These three organisations are: 
Kathmandu Valley Water Supply Management Board (KVWSMB) as asset owner, policy maker and chief 
regulatory of water supply and sewerage services; Water Supply Tariff Fixation Commission (WSTFC) as 
tariff regulator for water supply and sewerage services; and Kathmandu Upatyaka Khanepani Limited 
(KUKL), established in February 2008, as a service operator with the sole authority to provide water and 
sewerage services to the people of the valley. In 2010 the water utility under KUKL has 1,009 
government connections, 171,499 private connections and 1,196 public stand posts (KUKL, 2010) serving 
about 78 percent of the valley population (ADB, 2010a).

At present urban water supply management is a challenge in Kathmandu. This is due to ever growing 
water demand resulting from swift growth in population (annual growth rate of 5.22 percent in 2001 
(CBS,2003)), high population density (1830 persons per square km in 2001 (ICIMOD,2007)), significant 
transformation of agricultural and open land into built-up area  (from 3 percent (2,010 ha) in 1967 to 14 
percent (9,717 ha) in 2000 (Thapa and Murayama, 2009)), and increasing economic activities. 
Urbanisation which is characterised by extension of the municipal boundaries, high rural-urban 
migration and the addition of new urban areas (ADB, 2010b) has created immense pressure in water 
resources and drinking water supply system in Kathmandu (ICIMOD, 2007). It  has led to an escalation in 
water demand (from 160 MLD in 1999 to 320 MLD in 2010 (KUKL,2010)) and the degradation of 
traditional water supply systems (UN-HABITAT, 2008) thus creating pressure on the municipal water 
supply system (by KUKL) and increased dependence of people on groundwater and private water 
service providers (water market mechanisms) to meet their water requirements.

Evolution of water market mechanism in Kathmandu: A spectrum of market solutions to water scarcity 
have emerged in Kathmandu. According to Moench and Janakarajan (2006), they have emerged due to 
result of the demand for convenient water supply, created by the gap left by combined services of 
traditional sources and piped water supply system. Such market mechanism, in Kathmandu, range from 
local level water vendors to tanker water supplies and bottled water manufactured by water bottling 
industries. These market solutions differ in terms of volume of water handled, size of business and 
complexity of technology and kinds of consumers served. Modes of water services can be broadly 
divided into four group: a. Customers collecting Water Directly from the Source and Vantage Point 
(kiosk), b. Transporting Water to Customers' Location, c. Piped Water Supply to Customers' Home, and 
d. Water Bottling Industries. These aspects are described in detail in Bajimaya (2012). 

Among these mechanisms, the most dominant mode of transportation of water from source to 
consumers is through private tankers. Tanker water supplies have been the oldest form of market 
mechanism, serving the water needs of the residents of Kathmandu for more than two decades. Though 
water tanker operations were started by serving small number of high end consumers, the volume of 
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water transaction by the tanker operators started escalating rapidly after 2000 (Field Survey, 2010). 
Considering their increasing roles in meeting water needs, it was found important to look into the mode 
of operation and tanker business, water and monetary transactions associated with the tanker water 
supplies and the perspectives of the consumers served by the tanker operators.

2. Methodology

This study was conducted between August 2009 to July 2011 at different phases. Both the quantitative 
and qualitative methods were used for the study. They are described in detail in this section.

2.1 Identification of the water extraction locations/sources 

The primary information based on literature review served as entry point to explore the water 
extraction locations by the water tanker operators. With sequence of informal interviews with water 
extractors in Chobar (near Taudaha), the locations of water extraction sources in Kathmandu were 
identified. Gradually, field visits to different locations and interviews with tanker operators and water 
extractors in those locations further enriched the information. Additionally, formal talks with the 
functionaries of the tankers' association, in different periods of time, provided with more information. 
This was clearly a snowball method of obtaining the information. The process of enriching the 
information continued throughout the study.

2.2 Collection of information on the state of water extraction and water tanker operation
Information on the state of water extraction and water tanker operation was collected using the 
following methods.

a. Detail field survey and observation
Field survey and observation focused on obtaining information on water extraction locations, nature of 
sources, the processes and methods of water extraction and treatment, investment made on such 
installations as well as the type of entrepreneurs and their role. Field observation was conducted in 
every possible area of water extraction locations at different phases of the study based on information 
given by the water extractors and tanker operators at the field. 

b. Interviews with the water extractors and water tanker operators
Formal and informal talks/interviews with 18 water extractors (who also operated tankers) were 
conducted to further clarify and explain the processes of water extraction and treatment observed. 
Besides, the semi-structured interviews conducted with extractors as wells as tanker operators were 
focused on the history of water extraction at the locations, the establishment of water extractors and 
tanker operators and their growth in the area, the cost of water extraction to extractors and water 
charge to the tanker operators, the amount of water transfer in terms of the number of trips made by 
the water tanker trucks and its variability with season of Kathmandu, areas of water distribution and the 
operating environment in the extraction area and Kathmandu. In addition, the primary information on 
the consumers were also obtained. 

c. Key informants' interview
A detailed insight into the state of water tanker operation in the valley was obtained through the formal 
and informal interviews in different phases of the study with the functionaries of the tankers' 
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association. These were also focused on the tankers' association and its role in managing and controlling 
water tanker operation in Kathmandu. Interview with the president of tankers' association also included 
discussions on the financial structure of the water tanker operation as well as water tanker supplies in 
the valley. Besides, perspectives on challenges and opportunities of private water tanker operation 
were also obtained from the interview with the executive director of the KVWSMB. 

2.3 Estimation of the total water supply by private water tankers and water extraction at different 
water extraction locations

The information on the water extraction for the water tanker operation at different locations was 
obtained from extractors and tanker operators. Records on number of trips in different time of the year 
made by tanker operators and number of tankers with their capacity in water extraction points served 
this purpose. However, this method was challenged in the most cases in the field by the fact that most of 
the interviewees were reluctant to share the information. In such cases, they were allowed to explain 
the average number of trips made by the water tankers in different time of the year along with the 
number of the tankers with their capacities. 

2.4 Calculation of the incentive structure to the private water tanker operators
Financial analysis of the water tanker operation was carried out to explore the incentive that the private 
water tanker operator receives. The primary data for the financial analysis was collected from the 
discussions with the president of the tankers' association through the separate verification from the 
two individual operators. Besides, field inspection was carried out to study the market value of the 
capital and operating structures, for instance the cost of building and fitting the cylindrical body onto 
the vehicle.

2.5 Documenting the consumers' profile dependent on the private tanker based water supplies and 
the consumers' survey 

i. Selection of Study Area and Study subjects/ respondents
To study the consumers of water from tankers, the area within and periphery of the Ring Road inside the 
Kathmandu Valley was selected for the study. Further, the study area was divided into 16 zones. These 
zones were classified on the basis of the 'service area' of the water extraction locations as per 
information on water delivery locations and accessibility provided by the water tanker suppliers 
operating within the location. The consumers selected could be any categories of the society, i.e. they 
could be households, educational institutions, health institutions, hotels/ restaurants, financial 
institutions or any suitable one that consumes water supplied from the private water tankers (-Figure 
5.1).

ii. Sampling
Purposive sampling based on quota was carried out with an aim to reflect population in terms of 
different categories and location. Purposive sampling was preferred to probability sampling because, at 
first, the sampling frame was not comprehensive (or not defined). Possibility of listing out the 
consumers was impracticable as there is no account of this. In other words, the portion of population of 
the valley buying the water from tankers is unknown. Secondly, another possibility of preparing the 
profile of the regular consumers of tanker water supplies was denied by the fact that the suppliers were 
reluctant to share the information; only few did. This was not sufficient. 
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iii. Structured interview

Structured interview was used as a methodological tool to conduct survey of consumers. 70 consumers 
from sixteen different zones were interviewed. 

2.6 Data Analysis

Data obtained from the consumers' survey was analysed with the statistical tools such as frequency, 
means, range, standard deviation, correlation, tables, diagrams and charts. 

3. Brief history of private water tanker operation in Kathmandu

Tanker based water supply was already in existence as early as 1987-88 with about 20 to 30 private water 
tankers operating in Kathmandu. They were owned by hotels, industries and commercial organizations 
fulfilling their own water demand, and occasionally supplying water to the residential households 
whose demand were not being met by city water utilities. The major source of water for private tankers 
was a spring within the Nagarjung hills, local rivers, spring sources at Godavari and Ichangu Narayan, 
groundwater extraction points at Mahankal Chaur and Sundarighat. They supplied approximately 0.38 

3MLD of water  to consumers at the cost of NRs. 68.75 per m  (Gyawali, 1988).

In 2000-2002 there were more than 80 tanker companies estimated to be in operation with an average 
of two tankers owned by each company (Moench, 2001). Water supplied by tankers essentially involved 
rural-urban water transfer. Private tanker operators started tapping the water sources from such 
distant locations as Chobar, Godavari alongside of the locations that they had been tapping water 
beginning 1988, and transported the water to the more urbanized locations in the valley where the 
services of water utilities were deficient. 

Moench (2001) estimated 6 MLD of water supply by the tanker operators in the dry season. The official 
dry season supply of NWSC was 80 MLD during this period. However, owing to 60% water conveyance 
and distribution losses,the actual supply was 32 MLD. The comparison of tanker water supply with 
actual supply volume reveals that private tankers were supplying almost 19 percent of the daily water 
supply of NWSC. In 2000-2002, they served industries (33 percent), residences (24 percent), mineral 
water plants (13 percent), hotels/restaurants (11 percent), hospitals and schools (10 percent), and offices 
(9 percent) (Conan, 2004). The annual financial transaction involved in the tanker operation during this 
period is estimate to be over US $1 million at 
about 10 percent profit (Conan, 2004). A group 
of water tanker operators formed a tanker 
entrepreneurs' association in 2000. 

4. Private water tanker operation in 
Kathmandu

4.1 Supply chain of private water tanker 
operation

The supply chain of tanker operation, from the 

Table 4-1: Supply Chain of Water Tanker Operation

1 Surface water / Ground water à Water 

extractors àPrivate Water Tanker 
Operators à Consumers 

2 Surface water / Ground water à Water 
extractors à Private Water Tanker 

Operators à Water vendors/ resellers / 
Packaged Drinking Water (Intermediaries) 
à Consumers 
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points of water extraction to the points of delivery to different categories of consumers, involves 
different actors at different stages (Table 4.1). These actors have different roles and different levels of 
stakes and incentives in the tanker water business. The water source owner either make an investment 
by themselves for extraction of water or lease out the source for extraction by others by charging a fixed 
sum of money. Major investments are in developing wells and water filtration and treatment systems. 
They may or may not own the water source. Water tanker operators are water transporters. They 
procure water from water extractors and deliver it to the consumers on demand. 

Consumers of the water supplies are private residents though large volumes of the water supplies also 
go towards catering to the needs of hotels, restaurants, schools, pharmaceutical industries, beverage 
industries and in construction works. Hotels and restaurants are known to be the largest consumers of 
tanker water supplies. Further, the consumers may be served directly by the tanker operators or by the 
intermediaries who receive water in bulk from the tanker operators and do the vending in small 
quantities to the consumers. These intermediaries operate in the form of small scale water providers in 
the supply chain of the tanker water supplies. 

4.2 Location of Water Sources and Water Extraction Points 

Tanker water supplies in Kathmandu valley involve transfer of surface/spring water or groundwater 
from majority of locations located in the rural areas in the periphery of urban core and few locations 
within the city core. The prominent locations of tanker water supplies (-Figure 4.1) are Chobar (nearby 
old cement factory and Taudaha), Matatirtha VDC, Jorpati VDC (Narayantar) and Balaju (nearby Ganga 
Cinema Hall). Other locations of water extraction are Manamaiju VDC, Swayambhu, Sitapaila, Thulo 
Bharyang, Sano Bharyang Gongabu Buspark, Kapan (nearby Vhisnumati River), Thali in Mulpani VDC, 
Gothatar, Thaiba, Taukhel and Godavari areas. Water tanker operators transfer water from these areas 
to more urbanised and urbanising areas of Kathmandu and Lalitpur districts. In Bhaktapur, tanker 
operators are known to be extracting water from Jhaukhel VDC to supply water to different parts of 
Bhaktapur.

Figure 4.1 Locations of Water Extraction by Tanker Operators in Kathmandu (Source: Field Study, 2009-
2011)
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Figure 4.2: Water extraction and treatment mechanism for water tanker operation at different 
locations

Figure  4.2 Water extraction and treatment mechanism for water tanker operation at different locations 
  

a. Water extraction, storage and treatment 
mechanism from local stream in Chobar 
(near Taudaha) 

b. Water extraction, storage and treatment 
mechanism from shallow wells in Jorpati - 
Narayantar VDC (Depth = 18 to 100 ft) 

 
 

c. Water extraction, storage and treatment 
mechanism in Balaju and Gongabu Buspark 
Area (Depth = 100 to 120 m)  

Similar mechanism in Chobar- near cement 
factory (Depth = 85m) and Thaiba 

d. Water extraction, storage and treatment 
mechanism in Swayambhu and 
SanoBharyang Area (Depth > 200 m) 

 

 

e. Water extraction, storage and treatment 

mechanism in Manamaiju VDC (Depth = 60 to 
150 ft) 

f. Water extraction from dug wells in 

Matatirtha VDC (Depth = 20 to 40 ft) 
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4.3 Nature of water source and water extraction mechanisms

Source of water extraction by the water tanker operators are surface water and groundwater. All the 
sources except at Chobar (Taudaha) and Godavari are groundwater (-Figure 4.1). The arrangements for 
water extraction at each location differ depending upon the nature of the source, its ownership, and the 
needs of technology and infrastructure investments in obtaining water. 

In case of surface water sources that often include local natural streams, water is tapped by building 
temporary stone intakes and is conveyed to the storage units through pipes like in Chobar (Taudaha). At 
Chobar (Taudaha), a stone intake has been created across the local stream diverting water to a 
treatment plant via pipes (-Figure 4.2 a). Water is then aerated in small aeration tanks and pumped to a 
cylindrical filter. Thereafter, water is conveyed to a settling cum treatment tank with capacity of about 
150,000 litres. Alum is used for coagulation and bleaching powder is added occasionally to chlorinate the 
water. Whereas in Godavari, excess water from the Godavari Kunda (religious pond) is collected in small 
artificial pond which is then directly loaded into water tankers.

In case of groundwater, water is pumped from shallow or deep aquifers. Generally extraction from 
shallow aquifer is from dug-wells or using shallow tube well installations. Deep boring installations are 
used for extraction from deep aquifers. Simple water treatment methods as aeration, and filtration 
through sand and carbon filters are carried out at most locations except where water is directly loaded 
from the dug-wells or local spring sources, with occasional chlorination process. -Figure 4.2 (b - f) shows 
mechanisms of groundwater extraction for water tanker operation at different locations.

4.4 Sizes of Water Tankers

Private water tankers operating in Kathmandu can be categorized into two basic sizes: a. small tankers 
with volumetric capacity of 5,000, 6,000 and 7,000 litres; and b. large tankers with capacity of 10,000 
and 12,000 litres. The number of large tankers is less than that of small tankers. Tankers of different sizes 
are in operation to meet the differential water needs of different groups of consumers. The cost for a 
tanker load of water is determined by the size of the tanker and the haulage distance from the source to 
the location of the consumers. The cost of water to tanker operators at sources ranges from NRs. 100 to 
200 per trip for small tankers and NRs. 150 to 400 per trip for large tankers (UD$ 1 = NRs 75 used in the 
study).

4.5 Seasonal Variation in Tanker Water Supplies

Water tanker operation in Kathmandu valley has seasonality in the business following strong negative 
correlation with the pattern of rainfall and waterproduction/distribution capacity of the utility KUKL 
(-Figure 4.3).Water production and hence water distribution capacity of the water utility decreases due 
to low rainfall in period from February through June (until onset of South Asian monsoon) creating a 
niche for water tanker operaters to increase their water transaction. Therefore, these five months with 
high amount of water transaction in the business are considered as the peak season of water tanker 
operation, and the remaining months of the year are taken as the off-peak season.
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Figure 4.3: Relationship between average monthly rainfall in Kathmandu, average water production 
by KUKL and total of average number of trips per day made by private water tankers over different 

periods of a year 

Source: a. Rainfall data obtained from Department of Hydrology and Meteorology b. Average daily water production 
by KUKL in 2009/10 (KUKL, 2010); c. Number of trips per day made from selected five water extraction points from 
four different locations in 2010 (Field survey, 2010))(Note: This doesn't give the holistic amount of total trips made per 
day in the Kathmandu Valley; this is presented to indicate the seasonality in tanker water supplies: however, 
constraint is that data are available only for February till July

4.6  Water Production for Tanker Supplies at Different Locations in Kathmandu 

As explained in section 4.2, the water tankers operating in Kathmandu are obtaining their supplies from 
a number of locations. In order to assess the water production at different locations known for water 
extraction by the tanker operators, the water extractors at these locations were surveyed to obtain 
information on number of trips made by the water tanker operators from these locations in the peak and 
off peak seasons. Besides, actual data on number of trips made by tanker trucks were also obtained 
from extractors from Matatirtha VDC and Jorpati to estimate the water extraction amount. Amount of 
water extracted at major eight locations is shown in -Table 4.2.

Water extraction from eight locations listed in -Table 4.2 is about 12.38 MLD in the peak season and 6.33 
MLD in the off-peak season. The only surface water source at Chobar (near Taudaha) contributes only 
about 0.93 MLD in dry season. Groundwater sources account for more than 90 percent of water 
extraction made for tanker operation.
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Table 4-2: Volume of water extraction for tanker operation at different locations

In Peak Season (February - June) 

 
Location 

No of 

extraction 
points 

Average 
trip per 
day per 

extraction 
point 

% 
ST 

% 
LT 

Average 

size 
(litres) 

Water 
extraction 
(MLD) per 

extraction 
point 

Total 
Water 

extraction 
(MLD) 

1 
Jorpati/ 
Manamaiju 10 58.6 66 34 8040 0.47 4.71 

2 

Chobar (Near 
Taudaha)-

Chanlakhel 3 38 64 36 8160 0.31 0.93 

  

Chobar (Near 

Old Cement 
Factory) 1 65 60 40 8400 0.55 0.55 

3 Matatirtha VDC 12 18.1 85 15 6900 0.12 1.50 

4 

Balaju (Near 

Ganga Hall) 2 62 75 25 7500 0.47 0.93 

5 

Manamaiju 

VDC* 4 52 100 0 6000 0.31 1.25 

6 

Thulo 

Bharyang/ 
Swayambhu/ 
Sitapaila Area* 4 12 100 0 6000 0.07 0.29 

7 
GongabuBuspa
rk* 1 71 100 0 6000 0.43 0.43 

8 Gothatar 3 60 x x 10000 0.60 1.80 

  
Total 
  40         

  
  12.38 

In Off-peak Season (July - January) 

 

Location 

No of 
extraction 
points 

Average 
trip per 

day per 
extraction 
point 

% 
ST 

% 
LT 

Average 
size 
(litres) 

Water 
extraction 

(MLD) per 
extraction 
point 

Total 

Water 
extraction 
(MLD) 

1 
Jorpati/ 
Manamaiju 10 34.34 55 45 8700 0.3 3 

2 

Chobar (Near 

Taudaha)-
Chanlakhel 3 26 63 37 8220 0.21 0.63 

  

Chobar (Near 
Old Cement 
Factory) 1 32.5 50 50 9000 0.29 0.29 

3 Matatirtha VDC 12 9.6 82 18 7080 0.07 0.82 
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4.7 Volume of Water Supplies by Tanker Operators

Volume of water transactions from tanker supplies were estimated for the peak and the off-peak 
seasons. The variables assessed were: a. number of the tankers operating in Kathmandu valley b. 
average carrying capacity of the tankers, and c. number of trips made by tankers per day in the peak and 
off-peak seasons.

Valley Drinking Water Tanker Entrepreneurs' Association (VDWTEA) estimated approximately 700 to 
800 water tankers operating in the dry season of 2010. In the absence of any other reliable record, the 
estimate made by VDWTEA was considered good. And the mid-value, i.e. 750 number of tankers is taken 
for the computation.

During the  peak season, it was observed that the contribution of the small tankers (6000 litres) and 
large tankers (12,000 litres) to the total number of trips made is approximately 63 percent and 37 
percent respectively, that resulted in 8,220 litres as average carrying capacity of tanker. Likewise, the 
number of trips made by a tanker in the peak season was observed to be 4.15 trips per day. In the off-
peak season, it was observed that the contribution of the small tankers and large tankers to the total 
number of trips made is approximately 56.5 percent and 43.5 percent respectively that resulted in 8,610 
litres as average carrying capacity of a tanker . Similarly, the number of trips made by a tanker in off-peak 
season was observed to be 2.38 trips per day. Therefore, the estimated volume of daily water 
transaction by the tanker operators in Kathmandu valley in the peak and off-peak seasons is calculated  
in -Table 4.3.

Table 4.3 Estimation of the Amount of Water Supply by the Private Water Tankers in Kathmandu Valley

Source: Field Survey, 2010. (Note: Calculations for seasonal and annual water supply are based on 30 days x 12 months format for 
simplicity) 

The assessment stated in -Table 4.3 led to estimating the daily water supplies by the water tankers to be 
25.58 MLD in peak season and 15.36 MLD in off-peak season. These amounts are higher than estimated 
volume of water extraction in different locations in -Table 4.3(12.38 MLD in peak season and 6.33 MLD in 
off-peak season). This is due to the fact that there are many other water extraction locations inside the 
valley other than those listed in-Table 4.3; and also that only portion of private water tankers operate 

Variables Units Peak season  Off-peak 

season  
Number of the tankers operating in 

the valley 

Number 750 750 

Average carrying capacity of the 
tanker truck 

Litres/ tanker 8220 8610 

Number of trips per tanker per day Per tanker per day 4.15 2.38 

Estimated amount of daily water 
supply 

Million litres per 
day (MLD) 

25.58 15.36 

Estimated seasonal water supply Million cubic 
metres (Mm3) 

3.837 3.226 

Estimated annual water supply Mm3 7.063 
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from the listed water tanker locations. 

The average daily production of water by KUKL's water supply system as in 2010 was 94 MLD in the dry 
season and 131.42 MLD in wet season (KUKL, 2010). If 38 percent conveyance and distribution losses is 
accounted, then the actual water supply by the utility comes out be 58.28 MLD in dry season and 81.48 

3
MLD in wet season that totals to 25.853 Mm  annually, which is 3.66 times higher than water supply by 
private tanker operators. The comparison of the estimated tanker water supplies with KUKL's daily 
water supply revealed that the former was as high as 44 percent  and 18.9 percent of the KUKL's water 
supplies in peak season  and off-peak season respectively (Table 4.4). Likewise, in terms of volume of 
water supplied annually, the tanker supplies  was as high as 27.32 percent than that of KUKL's water 
supplies. The contribution of tanker water supplies was estimated to catering to 8 percent of the daily 
water demand in Kathmandu valley in peak season and 4.8 percent in off-peak season of 2010. Parallelly, 
daily water supply by KUKL met  18.2 percent  and 25.5 percent of daily water demand in Kathmandu 
Valley in peak season and off-peak season respectively. This comparison reveals that tanker based 
supplies have significant contribution in the meeting the demand of water in Kathmandu valley, 
especially in the dry (peak) season when supply of water utility declines and tanker operators increase.

Table 4-4: Growth in the Volume of Water Transaction and the Share of Water Demand Catered by 
Tanker Water Supplies in Kathmandu 

Source: a) Moench , 2001 b)NWSC, 2004 c) KUKL, 2010 d) estimated value from KUKL, 2010
(Note: Calculations for annual water supply and demand are based on 30 days x 12 months format for simplicity)

Pattern of Growth in Water Transaction 

Year 

Estimated Volume of 

Tanker Water Supplies  Water Demand 

Percentage of Water 
demand Catered by 

Water Tankers 

2000/01(peak 
season) 6

a
 MLD 177

b
 MLD 3.4 

2010 (peak 
season)  25.58 MLD 320c  MLD 8.0 

2010 (off 
peak season) 15.36 MLD 320 MLD 4.8 

2010 (Annual) 

7.063 Mm3 (average 
daily supply = 19.62 

MLD) 

115.2 Mm3 (daily 
demand = 320 

MLD) 

 

6.13 
Comparison of Tanker Water Supplies with formal water utility (KUKL) 

Year 

Estimated Volume of 

Tanker Water Supplies  

Volume of Supply 

of Water Utility 

Tanker Water Supplies 
as % of KUKL’s Supply 

(%) 

2000/01 
(peak 
season) 6a 32a 18.75 

2010 (peak 
season) 25.58 MLD 58.28d MLD 44 

2010 (off 
peak season) 15.36 MLD 81.48d MLD 18.9 

2010 (Annual) 

7.063 Mm3 (average 
daily supply = 19.62 

MLD) 

25.853 Mm3 
(average daily 

supply = 71.8 MLD) 27.32 
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4.8 Locations of Water Supplies by Tanker Operators

The locations of water supplies by the water operators are generally concentrated in the more 
urbanized areas within the Ring Road but there are also newly developed settlements, institutions and 
commercial establishments outside the ring road. Among the locations, which face serious water 
shortages during the dry season and depend largely on tanker supplies in the dry season, are: Sundhara, 
Baghbazar, Newroad, Kalimati, Kuleshwor, Bafal, Teku, Nardevi, Tamshipakha, Chhetrapati, Nayabazar, 
Sanepa, core areas of Lalitpur, Dhobighat, Baneshwor, Koteshwor, Airport area and Thamel. These 
places are in the core of the city with large population concentration. With the expansion of urban areas 
outside the Ring Road and increase in the population concentration, the tanker supplies have also 
expanded to such locations as Chabahil, Boudha, Pashupati area, Kalanki, Nakhipot, Kapan, Balkhu, 
Naikap, Balaju, Tinkune and Gongbu Bus Park. 

Figure 4.4: Locations of Water Supplies by Water Tanker Operators in Kathmandu

4.9 Financial analysis of water tanker operation

The financial analysis for water tanker operation for tanker size of 6000/7000 litres was carried out for 
two time slices (Table 4.5): a. the first time slice involved the payment of instalments by the tanker 
operators towards the loan advanced to them towards capital investment by the financial institutions 
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and b. the second time slice was the period upon completion of the outstanding debt. Besides, it was 
broken into three components: total revenue; the capital costs and the operating costs. The data 
required for the analysis (Aspects in Table 4.5) was obtained from survey data from water extractors and 
water tanker operators, consumers, and functionaries of tankers' association. 

The financial analysis presented in Table 4.5 revealed that the rate of return on the investment in the 
tanker business during the periods of outstanding loan on the capital investment is 2.38 percent. This 
increases to 36.34 percent after the payment of the outstanding loan. It was also observed that the 
water tanker operation has a payback period of 7.6 years (Table 4.6). Major weight (36 percent) of this 
operating cost is carried out by fuel for transportation which is even greater than the cost of water (22 
percent). In addition 78 percent of the operating cost comes from transportation sector.

In this analysis the cost of annual repair and maintenance was considered constant throughout the 
useful life of the tanker however this would increase with time. The actual number of trips made by a 
tanker would be much higher than the value used, especially in the peak period of operation with more 
return made on the investment. In the analysis the price of the tanker load of water used was the 
average price paid by the consumers. The water price of the tanker is normally expected to increase in 
the peak season that would increase the net return of the tanker operators. 

Table 4.5: Financial Analysis of Private Water Tanker of 6000/7000 litres capacity

 
  

a. Net Return during periods of 
Outstanding Loan on Capital Investment 

b. Net Return after 

completion of 
Outstanding Loan on 
Capital Investment 

Re
mar
k   Aspects Unit NRs. Rate 

Multiplying 
factor  

Annual 
Amount 

Rate 
(NRs.) 

Multip
lying 
factor  

Amou
nt 

A Revenue                 

1 Selling Price per tanker    1300     1300     a 

 
2 

Total number of trips in a year made 
by a tanker     1122.3     1122.3    b 

  Total revenue (X)    1300 1122.3 1458990.00 1300 1122.3 
14589
90.00   

B Costs                  

1 Capital Costs                 

a Truck Chassis (Tata and equivalent)   1500000   1500000.00 

15000

00   

15000

00.00 
c 

b 

Tank and Body Building, Generator, 

pump and pipes   200000   200000.00 

20000

0   

20000

0.00 
 

  Total       1700000.00     

17000

00.00   
2 Operating Cost                 

a 
Driver salary + Helper Salary (NRs 
(4550 + 4000) per month) 

per 

mont
h 8550 12 102600.00 8550 12 

10260
0.00  

b 
Driver allowance  + Helper 
allowance (NRs (90 + 25) per trip) 

per 
trip 115 1122.3 129064.5 115 1122.3 

12906
4.5  

c Fuel (Diesel)  
 Per 
trip 326.25 1122.3 366150.38 326.25 1122.3 

36615
0.38 d 

d Repair and Maintenance 
per 
year 125000 1 125000.00 

12500
0 1 

12500
0.00 e 
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Note: All the costs and revenue are in NRs.   Rates as in September 2010. US$ 1 = NRs 75 used in the 
study.
Remarks: (a) This value was obtained from the consumer survey (b) Refer 4.7. Number of trips in a year 
by a tanker = Average trips per day in peak season (4.15) x Duration in days of peak season from February 
to June (150) +  Average trips per day in off-peak season (2.38) x Duration in days of off peak season from 
July to January (210) (c) Average market value (d) Fuel consumption per trip = Fuel amount per trip (5 
litres) x cost of fuel per litre (NRs 65.25) (e) Lubricants, Tire Replacement, Pump Operation etc. (f) 
Charges on taxes based on field survey, Taxes: a. Tax for vehicle) (NRs 13000 per year) b. Certificate of 
pollution checking (NRs 1035 per 6 months) c. Route permit issued by Department of Transportation 
Management (NRs 1875 per 4 months) d. Vehicle registration and renewal certificate (NRs 1000 per 
year) e. Registration fee to Tankers' Association (NRs 875 per month) f. Tax to VDC or User's committee 
(NRs 1250 per month)

(g). Calculation of the monthly installment (15% interest rate on the capital cost for 5 years) (Aspect C 
in -Table 4.5)

4.10 Volume of Financial Transactions on Tanker Business 

The estimated volume of water transaction through tanker operation in Kathmandu as of 2010 is 25.58 
MLD in the peak season and 15.36 MLD in off-peak season (Table 4.3). If this volume is converted in 
monetary terms this translates to total annual financial transaction of NRs. 1221.21 million (Table 4.7). 
This volume of business associated to tanker operations is exclusive of the transactions that are 
involved in the procurement and installation of physical plants for water extraction and the capital 
investments towards procurement of tankers and its operation and maintenance.

The total annual expenditure of KUKL towards maintenance and management of water systems and 
pool of human resources involved in the operation and management of the system for the fiscal year 

th2064/65 (as of 15  July 2008) was NRs. 225,964,157.54 (KUKL, 2009). On comparison of the total annual 
expenditure of KUKL towards water services in Kathmandu valley with the annual financial transactions 
of tanker operation, this reveals that financial transaction associated with tanker water business is at 
least 5.4 times larger than the annual expenses of KUKL. This analysis leads to some interesting 
observations relating to tanker water business: i) that this comparatively large volume of annual 
financial transaction would continue to increase with the increasing reliance of the residents of 

Installment Life (years) 5 

Down payment percent charged by the financial 

institute (%) on the capital costs (Aspect B- 1 (a) 
and (b)) 

30 

Down payment (NRs) 510,000 

Remaining amount for the installment (NRs) 1190000.00 

Interest Rate (%) 15 
Future Value (FV) 2393515.05 

Correspodning Annuity Factor (1/ FVIFA) 0.148315552 

Corresponding Annuity (NRs per annum) 354995.51 

Monthly Installement (NRs) 29583 
 

Dibesh Shrestha,  Ashutosh Shukla and Surya Nath Upadhyay

www.sawasjournal.org
volume 3, issue 2, 2013



business is at least 5.4 times larger than the annual expenditure of KUKL in the water services in 
Kathmandu valley despite the fact the volume of water transaction by the tanker operators is 3.6 lower 
than the annual supplies of KUKL, iii) rates paid by the consumers on the tanker water supplies is much 
larger than those paid for water services of KUKL.

Table  4.7: Calculation of Cost of Water Supply by the Private Water Tankers

N Capital 
invest

ment 
(Down 

payme
nt) 

Capital 
in vest

ment 
(Loan) 

Ann ual 
Revenue 

Operating 
Cost 

An nual 
payment 

(interest 
an d 

capital) 

Depreci
ation 

Profit PVIF  PV(for 
capital 

rec overy
)(used 

on 
profit) 

C umulati
ve value 

o f PV of 
profit 

Payb ack 
perio d on 

capital 
in stallmen

t) 

0 

-
5100

00 

1190

000                   

1     
145899

0.00 

-

101696
9.88 

-

35499
5.51 

-

53125
.00 

33899
.62 

0.86
957 

29477
.93 

29477
.93   

2     
145899

0.00 

-
101696

9.88 

-
35499

5.51 

-
53125

.00 
33899

.62 
0.75
614 

25632
.98 

55110.
91   

3     

145899

0.00 

-
101696

9.88 

-
35499

5.51 

-
53125

.00 

33899

.62 

0.65

752 

22289

.55 

77400

.46   

4     
145899

0.00 

-
101696

9.88 

-
35499

5.51 

-
53125

.00 
33899

.62 
0.571

75 
19382.

22 
96782

.67   

5     
145899

0.00 

-
101696

9.88 

-
35499

5.51 

-
53125

.00 
33899

.62 
0.49

718 
16854

.10 
11363
6.78   

6     
145899

0.00 

-

101696
9.88   

-

53125
.00 

3888
95.13 

0.43
233 

16813
0.09 

28176
6.87   

7     
145899

0.00 

-
101696

9.88   

-
53125

.00 
3888
95.13 

0.37
594 

14620
0.08 

42796
6.95 

N=7.6 
years 

8     

145899

0.00 

-
101696

9.88   

-
53125

.00 

3888

95.13 

0.32

690 

127130

.50 

55509

7.46   
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5 Consumers' Perspectives on the Tanker Water Supplies

5.1 Consumers Selected for the Study and their Location

Different groups of consumers served by the water tankers were identified from total of 16 different 
clusters in Kathmandu in order to gain insight into their perspectives on the tanker water supplies. 
These clusters were identified based on major locations of tanker water supplies described in Section 
4.8 . These clusters and the number of consumers selected are illustrated in -Figure 5.1.

Figure 5.1: Selected Clusters to Obtain Consumers' Perspectives on Water Tanker Operation

(Note: The first digit of number inside the designated zone indicates the cluster number and the second 
digit represents number of consumers selected in each cluster) 

The consumers selected in each cluster belonged to different groups. Total of 70 consumers were 
purposively selected for this study.  These included residential households (14 nos), hotels/restaurants 
(17 nos), health institutions (15 nos), financial institutions (4 nos), educational institutions (6 nos), water 
vendors (4 nos), business complexes (6 nos) and other small offices (4 nos). The selection of the clusters 
and consumers served within each cluster were as stated earlier in this section. 
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5.2 Water Sources Used by the Consumers

The consumers belonging to different groups from the selected clusters were found using water from 
different sources along with tanker water supplies in different volumes to meet their water needs. For 
all the consumers, water sources other than the KUKL's supply were supplemental sources, 
supplementing the deficiencies in the water available from city's water supply system run by KUKL. Of 
the 70 consumers included in the study, majority (42 out of 70) were found dependent on KUKL's supply 
followed by, private groundwater extraction from dug wells and tube wells (32 out of 70), water jars of 
20 litres capacity (45 out of 70) and water bottles of 1 litre capacity for drinking (21 out of 70), 
respectively. Only small numbers of users were found using other water sources, such as, rainwater, 
ponds and traditional water sources. None of the consumers used public wells or water sources from 
neighbours. 

The dependence of the consumers on water sources other than KUKL's piped water supply has been 
increasing steadily in Kathmandu. This is evident from the multiple sources of water used by the 
consumers in the study area. Increasing dependence on alternative water sources has been uniform 
across different kinds of consumers. Among the alternative water sources, dependence on the tanker 
water supplies and bottled water had been large. 

5.3 Growth of Consumers on Tanker Water Supplies 

-Figure 5.2 shows accelerated increase in the number of consumers dependent on tanker water supplies 
over past 15 years. While only 2.9 percent of 70 consumers were depending on tanker supplies 15 years 
ago, 78.6 percent of the consumers had started buying water from private water tankers with past ten 
years. This pattern indicates rapid increase in the number of consumers dependent on the tanker water 
supplies within past ten years. 

Figure  5.2: Pattern of Growth in the Consumers Buying Tanker Water

5.4 Reasons for Consumers' Dependence on Tanker Water Supplies 

The consumers in different clusters indicated different reasons for their dependence on tanker water 
suppliers. Major reasons identified by them were: i. Other water source(s) are not available, ii. 
Inadequate water from other sources, iii. Quality of water from other sources not good, iv. Good quality 
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of tanker water supplies, v. Easy and reliable water services of tanker operators, and vi. Water business 
(buying water by the intermediaries running water vending business from the tanker suppliers). 

The consumers studied were also asked to prioritize the reasons that they identified for increasing 
dependence on the tanker water supplies and their responses are presented in Figure 5.3. 44 out of 65 
responding consumers states that unreliable water from other sources to be the main reason for them 
to rely on the tanker water supplies and thus gave it the first priority. Similarly, 15 consumers gave first 
priority to unavailability of other water sources to be the most important reason. Only 3 respondents 
gave first priority to 'not good quality of water available from other sources' to be reason for accessing 
tanker water supply. Though the consumers had also identified reliable and easy water services of the 
tanker operators among the reasons for accessing tanker water supplies, none of the consumers ranked 
this reason high on priority. 

Figure 5.3: Reasons by Priority for Reliance on Tanker Water Supplies by the Consumers 

5.5 Usage of Tanker Water Supplies

The groups of consumers studied were found using tanker water for various purposes. These uses 
included domestic uses such as bathing, washing, cleaning; drinking/cooking, uses in sanitary works in 
commercial establishments; uses in the construction of buildings and sale of water by the water 
vendors. Most consumers were found using tanker supplies in domestic uses other than 
drinking/cooking, such as in bathing, washing and cleaning, followed by the uses in gardening and 
drinking/cooking in the households. Only small number of consumers (mostly health and educational 
institutions) were found using water in medical labs, laundries, science labs, washing heavy vehicles, and 
utensils.  

5.6 Price for Tanker Supply Paid by the Consumers 

Price paid by the consumers for small tankers, i.e. 5000 to 9000 litres, varied from NRs. 900 to NRs. 1800, 
with mean values of NRs. 1254. Likewise, for the tankers of 6000 and 7000 litres capacity, the mean price 

3was NRs. 1300 (NRs. 203 per m ) and the median value of NRs. 1300. Similarly, for large tankers of 12,000 
litres capacity, the price ranged from NRs. 1300 to NRs. 2500, with the mean value of NRs. 1811 (NRs. 151 

3per m ) and median value NRs. 1800. The correlation coefficient between the price paid by the 
consumers and the water tanker size was found to be 0.652 and can be represented by the equation, P= 

2712.2 + 0.088 x S (R  = 0.425, p= 0.000<0.05), where S represents the size of water tanker in litres. It was 
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also observed that the unit price of water decreases with the increase in the size of the tanker.

The price for tanker water was compared with the tariff rates paid by the consumers for piped water 
supply managed by KUKL. In case of the metered pipe connection of ½ inch size, for the minimum 

3
consumption amount of 10,000 litres (10 m ) the water tariff paid is NRs. 55 and for incremental 1000 
litres the incremental tariff is NRs 17.50. This charge of water is subsidised rate. For metered connection 
with larger pipe size, additional tariff of NRs. 39 for each 1000 litres is levied on the consumers (KUKL, 
2010). Considering only the additional non-subsidised charge of NRs. 39 for each 1000 litres, the price of 

3water paid by the consumers for the piped water supply is NRs. 39 per m . When this rate was compared 
3 3

with the price paid by the consumers for tanker water supply (NRs. 151 per m  and NRs. 203 per m ), the 
price for the tanker water came out to be approximately 4 to 5 times higher than the price for piped 
water. However, when the price paid by the consumers for tanker water services run by water utility 

3(NRs 190 to 222 per m ) was compared with the price paid by them for private tanker supplies (NRs 159 to 
3

230 per m ), both the prices were comparable. 

It was observed that the unit price of the water increases in water supply chain towards the consumers' 
end. At the source, water extractors extract water only at the cost of obtaining it. Water extractors then 

3
sell water to water tanker operators at NRs. 33 per m  (NRs. 200 for 6000 litres of water and NRs. 400 for 
12000 litres of water). Water tanker operators sell water either to intermediaries or final consumers. 
When consumers buy water from water tankers, then the unit price of water they pay is from NRs. 151 

3 3per m  to NRs. 203 per m . When the consumers buy water from the intermediaries, they pay NRs. 400 
3

per m  (for 20 litres of water from water vendors (retailers)-refilled with water from tanker supplies at 
3vending location), NRs 2500 per m  (for 20 litres water jars - packaged drinking water jar) and NRs. 20000 

3
per m  (for 1 litre packaged drinking water bottle). Therefore, it is observed that final consumers pay very 
high price for water or in other words the unit price of water in case of independent private water supply 
is very high in compare to the piped-water supply by the utility.

5.7 Consumers' Perspectives on Tanker Water Quality: Physical Appearance, Odour and  Taste

The perspectives of the consumers on the tanker water quality were judged based on the physical 
appearance, odour and taste of water supplied by private tanker operators. 

Physical Appearance: The measures of visual appearance of water that were used in the assessment 
were-   clean, turbid, ok, sometimes turbid and 'don't know'. Most consumers (80 percent) perceived 
that the water supplied by the tanker operators was clean while 15.7 percent of the consumers 
perceived the tanker water quality to be either turbid or sometimes turbid. When the consumers were 
asked to indicate their satisfaction with the physical appearance of tanker water supply, only 2 percent 
of the consumers indicated that they were not satisfied by the physical appearance of water delivered to 
them, 34 percent of the consumers indicated that they were satisfied and 60 percent of the consumers 
indicated moderate level of satisfaction.

Odour: Consumers' perception of the odour of tanker water supplied to them were assessed for three 
levels of perceived odour: a. No odour b. Odour of soil/ iron or other minerals and c. foul odour. Out of 70 
consumers, 58.6 percent of consumers perceived the water as free of odour while 25.7 percent 
experienced the odour of soil/iron or inorganic minerals. Only 1.4 percent of the consumers perceived of 
foul odour in the tanker water delivered to them. Regarding the satisfaction to odour, 20 consumers 
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were satisfied by the absence of odour, 29 commented as 'passable', 7 consumers stated their 
dissatisfaction because of presence of odour in the tanker water supplied to them and remaining were 
non-responsive.

Taste: Consumers' perception of the taste of the tanker water was assessed considering their 
satisfaction with the taste as- satisfied, moderately satisfied and not satisfied. As many as 20 percent of 
consumers indicated that they were satisfied with the taste of the water while half of the consumers 
indicated only moderate level of satisfaction with the taste and 7 percent of the consumers indicated 
that they were not satisfied with the taste.  Nearly 23 percent consumers were non-responsive on taste 
of tanker water. 

5.8 Water Treatment at Point of Use and Perceived Health Consequences of Tanker Water Supplies 

Safe drinking water is essential for healthy living; therefore people follow different practices of water 
treatment at the point of use. In this context, the practices of the consumers as to whether or not they 
treat the tanker water delivered to them before consumption was recorded -Figure 5.4. Majority (38 out 
of 70) consumers were found practicing water treatment of some kind in treating tanker load of water 
delivered to them before any use. However, 32 out of the 70 consumers were found using untreated 
tanker water.

Figure 5.4: Categorisation of Consumers by the Practice of Treatment of Tanker Water

Of the 30 out of the 38 consumers, who indicated of the practice water treatment, were those using 
tanker water in drinking and cooking. Majority of consumers, who did not practice any treatment on 
tanker water delivered to them, were those using tanker water in cleaning, bathing, washing, 
gardening, selling, sanitation, i.e. uses other than drinking and cooking.

Table 5-1: Categorisation of Consumers by the Practice of Treatment of Tanker Water and water use

Water use 

Number of consumers 

    
who practice 

water treatment  

who don't practice 

water treatment  Total  

Drinking/ cooking 30 12 42 

Other than drinking / cooking* 8 20 28 

Total 38 32 70 
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The consumers who were observed treating the tanker water delivered to them were found to be 
practicing water treatment methods of boiling of water, use of chemical disinfectants (like water guard, 
bleaching powder), UV treatment (using Euroguard and similar devices), reserve osmosis, use of water 
filters of different kinds and aeration for treatment of water purchased by them. The numbers of 
consumers using those processes are shown in -Figure 5.5. Use of water filters were common methods 
(17 out of 38) followed by UV treatment (by Euroguard) (15 out of 38), use of chemical disinfectants (8 
out of 38) and then boiling (7 out of 38). Least common were osmosis and aeration processes.

Figure 5.5: Water treatment methods and number of consumers using those methods

Further, in attempt to assessing possible health consequences, the consumers were asked to indicate 
their opinion as to whether or not the consumers had noted significant health consequences/ailments in 
the past resulting from consumption or use of tanker water. Of 70 consumers included in the survey, 66 
of them expressed that they have had no significant health consequences resulting from the use of 
tanker water. However, only 2 consumers opined that they have had health consequences. There could 
be two possible reasons that explain lower incidences of health consequences resulting from tanker 
water use in the study area- firstly that majority of the consumers treat water before consumption and 
that those consumers who do not treat the tanker water essentially use it in the uses other than drinking 
and cooking. 

6 Regulation of private water tanker operation 

In context of Kathmandu, water markets including those by private water tankers are largely 
fragmented and essentially unregulated (Moench and Janakarajan, 2006; Conan, 2004; Moench , 2001; 
Gyawali, 1988). The Government has not formally recognized the role of the private water service 
providers in the urban water supply system. However, the number of people served by these water 
services and the volume of water transaction has been continually increasing in the valley. As of the 
study period, there are no legal and institutional mechanisms specific or explicit to the regulation of such 
operation. However, there are different existing acts, regulations, and policies that have some 
relevance to regulation of such activities. 

The provisions of KVWSMB Act 2006 and Kathmandu Valley Water Supply Management Board Act 
Regulation 2007 entrusted the KVWSMB the responsibility of regulating water service providers within 
Kathmandu Valley. However these provisions have been silent with regards to the volume of business 
that such activities are allowed to undertake and quality of the water services to be ensured by them. 
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Also, Local Self-governance Act 1999 established the Village Development Committees as the authority 
to function as custodian of natural resources and thus regulate such activities at local level. An excellent 
example can be observed in Matatirtha VDC, where there has been agreement among water 
entrepreneurs, VDC officials and local people about operation of water tankers and volume of water 

th
extracted by them. As per this agreement, which is enforced from 16  July, 2009, no one is allowed to 
use sources for commercial purposes without the permission of the VDC, and it prohibits the water 
extraction through deep boring. Matatirtha VDC also levies tax on water tanker operation on a monthly 
basis.

Water price is also important aspect of water supply and it must be justifiable in terms of social equity. 
Based on WSTFC Act 2006, WSTFC is responsible for fixing  water tariff for the utility. The water pricing 
by private water supply sectors can be brought under the purview of the commission. Besides, the 
Department of Food Technology and Quality Control (DFTQC) is responsible for controlling the quality 
of water and other packaged beverages however tanker water supply is yet not come under the purview 
of DFTQC with quality control responsibility.

Though there exists no formal regulation, water tanker entrepreneurs has established a self-regulating 
mechanism. They constituted an organising body, tankers' association- VDWTEA, in 2000 in order to 
form a collective action institution of the tanker operators that could promote 
collaboration/cooperation among the entrepreneurs; and also to develop collective voice in securing 
and protecting the business and the investment and promote healthy business environment. As of May 
2011, as many as 216 water tanker entrepreneurs, who are operating 370 tanker trucks of different sizes, 
had obtained membership in the association. The association works for the protection of interest of the 
water tanker entrepreneurs. The association has also been instrumental in regulating the water tanker 
operation in the valley, especially in rationalizing the price of tanker water supplied to the consumers. 
Also, the association has distributed green sticker to the tankers and directives to water source owners 
and the sub-committees of the association to allow only those tankers to extract water from the source 
that have obtained stickers. 

7 Summary

Water tankers in Kathmandu operates in supply chains that include from the water source owners and 
water extractors operating at the level of water source to water tanker operators and small scale 
intermediary water vendors who deliver water in smaller quantities based on the needs of the 
consumers. Majority of water extractors had been using dug-wells, shallow and deep boring 
installations, depth ranging from 6m to more than 200m, to extract groundwater with simple water 
treatment plant or without any treatment. 

There were estimated 700-800 numbers of tanker trucks in different sizes operating in Kathmandu 
valley transporting water from different locations to consumers. The tanker water operation was found 
to be seasonally skewed, that is the tanker water transaction was found to reach to the peak for five 
months from February to June.  The volume of water transaction by the tanker operators was estimated 
to be 25.58 MLD in peak (dry) season and 15.36 MLD in off-peak season, together accounting to 7.063 

3Mm  of water annually. Of this water supply by tankers, more than 90 percent was estimated to be 
extracted from groundwater resources. The trend of growth in the water tanker supplies in Kathmandu 
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leads to three important observations: i) that the volume of water transaction by the water tanker 
operators has been steadily increasing in Kathmandu, ii) that the contributions of tanker water supplies 
in meeting the total water demand in Kathmandu has increased ( catering to annual water demand of 

3 3 3 3 6.13 percent (7.063 Mm  out of 115.2 Mm ) as against 22.44 percent (25.853 Mm  out of 115.2 Mm by the 
formal water utility of KUKL); and iii) the volume of tanker water supply has increased significantly over 
time in comparison to the supplies of the formal water utility of KUKL.

The comparison of this price paid by consumers for tanker water supply with the water tariff paid by the 
consumers for the piped water supply managed by KUKL, the water supply utility, revealed that tanker 
water price was 4 to 5 times higher than the piped water supply for the same volume. Besides, the 
financial analysis of water tanker operations for the tanker size of 6000/7000 litres revealed that the 
rate of return on the capital investment is 36.3 percent if the all the investment is made by the 
entrepreneur without outstanding loan. Transportation sector constitutes major portion of the 
operating cost in compare cost of water. In addition, when the annual volume of water transaction by 
the water tankers was expressed in monetary terms, this came out to be NRs. 1221.21 million, which on 
comparison with the annual expenditure of KUKL, was revealed to be at least 5.4 times larger than that 
of KUKL. 

Increasing acceptability of tanker water was noted among the consumers who depend on the tanker 
water supplies for their daily water needs. The consumers served by the water tanker operators, in 
general, expressed satisfaction with the water services, in terms of quality and reliability provided by the 
tanker operators.  This response of consumers is due essentially to tanker water supply relieving them 
from the stresses that they otherwise face due to shortage of water. 

The fact that residents of Kathmandu are paying higher cost for tanker water supply signifies that they 
shall be ready to pay higher tariff for KUKL's water supply provided the reliable water services by KUKL. 
The role water tanker operation and other forms of private water service providers are expected to 
grow in foreseeable future, with much pronounced groundwater extraction. As such, it would be in the 
interest of the government and the water service regulating body, KVWSMB, to recognize its role in 
water services in Kathmandu and therefore make necessary policy and regulatory mechanisms for 
private water providers. The gist of such policy and regulatory mechanisms would be regulation of 
water sources and extraction of groundwater, regulation of water price, quality assurance and 
regulation of operation of private water service providers. Focusing on these aspects, the effectiveness 
of water tanker operation in supplying water services would be enhanced; rather than putting 
restriction on the volume of water extracted by the tanker operators or by increasing the tax or other 
forms of indirect costs. Thus, analysing the state of water tanker operation and its role in water supply 
system of Kathmandu, it is therefore concluded that there is an urgent need of its regulation and 
management so that it will not only help organise water tanker operation but also help the people to 
meet their water demand more effectively.
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