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Abstract:

 United Nations Sustainable Development Goal 6 targets access to water and sanitation for all people in the next 15 years. However, for developing countries such as Nepal, it is more challenging to achieve this goal given its poor infrastructure and high population growth. To assess the water crisis in the most developed and populated area of Nepal, the Kathmandu Valley, we estimated available water resources and domestic water demand in the valley. We estimated a supply deficit of 102 million liters per day (MLD) in 2016, after completion of the first phase of the Melamchi Water Supply Project (MWSP). If the MWSP is completed within the specified timeframe, and sufficient treatment and distribution infrastructure is developed, then there would be no water deficit by 2023–2025. This indicates that the MWSP will make a significant contribution to the valley’s water security. However, emphasis must be given to utilizing all of the water available from the MWSP by developing sufficient water treatment and distribution infrastructure. Alternate mitigation options, such as planning land use for potential recharge, introducing micro- to macro-level rainwater harvesting structures, conjunctive use of surface and groundwater resources, and water demand-side management, would also be helpful.
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1. Introduction


United Nations Sustainable Development Goals (SDGs) [1], which aim to end poverty, protect the planet, and ensure prosperity for all, are scheduled to be achieved over the next 15 years. Of the 17 SDGs, Goal 6 aims to ensure access to water and sanitation for all people. Presently, approximately 663 million people in the world are without access to improved drinking water sources and about 1.8 billion are using drinking water that is fecally contaminated [1]. SDG 6 targets universal and equitable access to safe and affordable drinking water and adequate sanitation facilities for all people by 2030. It will be more challenging to achieve these targets in resource-poor developing countries. Nepal, a developing country in South Asia, had a total population of about 26.49 million in 2011, which was expected to reach 28.47 million by 2016 [2]. According to a report by the Department of Water Supply and Sewerage, Nepal’s water supply coverage was 83.59%, and the sanitation coverage 70.28%, in 2014 [3]. To achieve SDG 6, Nepal should invest more in water supply and sewage system infrastructure; when doing so, it needs to consider the increasing population and lifestyle changes, as well as the available water resources.



The Kathmandu Valley (Figure 1) is the most urbanized and populated area of Nepal; it has three districts, Kathmandu, Lalitpur, and Bhaktapur, and is developing in an unplanned manner without proper land use planning. The valley is characterized by acute water shortage and degraded water quality due to rapid increases in the population and the degree of urbanization. The deteriorating water quality has a subsequent impact on public health. Kathmandu Upatyaka Khanepani Limited (KUKL) is responsible for the operation and management of the water supply and wastewater services in the valley. The government of Nepal’s capital investment and asset management program of 2010 aims to provide 135 liters per capita per day (lpcd) of domestic water to the residents of the valley by 2025 [4]. Rapid and largely unplanned urban and population growth, a lack of sustainable water sources, dramatic land use changes, socioeconomic transformation, and a poor management system have resulted in low availability of potable water in the valley. According to a report by the Asian Development Bank [4], inadequate access to water has led to increased disease incidence, health risks and associated economic burdens, which disproportionately impact the poor and vulnerable population of the valley. Also, seasonal variability in the availability and cost of pure water, and inter-sectoral water conflicts, threaten water security in the valley.


Figure 1. Location of the Kathmandu Valley. Five metropolitan areas are shown with hatches.
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These water security problems have motivated efficient and cost-effective water management strategies, through the accurate estimation of domestic water demand and available fresh water resources, as well as priority-setting, to cope with these problems. Water demand varies with the socioeconomic status of households, the setting (rural or urban), and existing infrastructure, etc., but in most cases, relevant data is not available to local administrative divisions in developing countries (including wards and villages in the Kathmandu Valley). In this context, we investigated the available water resources and domestic water demand in the Kathmandu Valley in a preliminary analysis. We present concise insights into the current and future status of domestic water demand in the valley, and the effect of the Melamchi Water Supply Project (MWSP) on the existing supply deficit, thereby highlighting the seriousness of the valley’s water crisis. Potential methods to mitigate the water crisis in the immediate future are also discussed.




2. How Large is the Domestic Water Demand?


The population of the Kathmandu Valley grew from 1.59 million in 2001 to 2.42 million in 2011 [5,6]; it is expected to reach 3.08 million in 2016. When we assume a uniform demand of 135 lpcd, then the total demand in the valley becomes 415.5 million liters per day (MLD), which is expected to increase to 540.3 MLD by 2021 (Table 1). Using the Bureau of Indian Standards (BIS) guidelines [7], water demand in the valley is estimated to be 366 MLD in 2016 (present) and is expected to reach about 482 MLD by 2021 (over the entire valley area, i.e., including all KUKL service areas) (See Supplementary Materials). Table 1 gives the population and corresponding estimated water demand in the valley for the period 2001–2021. These figures do not include 20% leakage (physical losses) through distribution networks [8]. Figure 2 shows Village Development Committee (VDC) and municipality-wide demand in the valley using BIS guidelines. Presently (2016), Kathmandu Metropolitan City, Lalitpur Sub-metropolitan City, and the Madhyapur Thimi, Bhaktapur, and Kirtipur Municipalities have the highest water demand due to their highly dense populations and various lifestyle changes (such as the adoption of full flushing toilet facilities connected to the public sewage system, etc.). Table 2 gives the KUKL service area estimated water demand using BIS guidelines.


Figure 2. Village Development Committee (VDC)/municipality domestic water demand using Bureau of Indian Standards (BIS) guidelines. Kathmandu Metropolitan City, Lalitpur Sub-metropolitan City, and the Madhyapur Thimi, Bhaktapur, and Kirtipur Municipalities have the highest water demand due to their highly dense populations.
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Table 1. Estimated water demand in the Kathmandu Valley. The BIS guidelines are based on water use that varies by setting (rural or urban), water supply and sanitation coverage (instead of assuming constant water demand). Water demand over the KUKL service area is expected to rise to 482 MLD by 2021.



	
Year

	
2001

	
2006

	
2011

	
2016

	
2021






	
Kathmandu Valley population (in millions)

	
1.59

	
1.95

	
2.42

	
3.08

	
4.00




	
Water demand in the valley (MLD) *

	
Assuming 135 lpcd

	
214.6

	
262.8

	
327.1

	
415.5

	
540.3




	
Using BIS guidelines

	
183.9

	
224.9

	
282.5

	
366.0

	
481.5








* MLD, million liters per day; lpcd, liters per capita per day; BIS, Bureau of Indian Standards. Note: Projected population in 2016 and 2021. Leakages during water distribution are not considered within the calculations.








Table 2. Kathmandu Upatyaka Khanepani (KUKL) Service Area estimated water demand using BIS guidelines.



	
KUKL Service Area

	
Supply Capacity 2013 in MLD *

	
Domestic Water Demand in MLD




	
2001

	
2006

	
2011

	
2016

	
2021






	
1. Baneshowr

	
1.2

	
29.6

	
35.7

	
43.0

	
51.8

	
62.4




	
2. Bhaktapur

	
4.6

	
11.3

	
12.1

	
13.1

	
15.0

	
16.4




	
3. Chhetrapati

	
0.5

	
13.3

	
16.0

	
19.3

	
23.2

	
28.0




	
4. Kamaladi

	
0.0

	
4.0

	
4.8

	
5.8

	
6.9

	
8.3




	
5. Kirtipur

	
3.9

	
6.7

	
8.2

	
10.1

	
12.5

	
19.6




	
6. Lalitpur

	
23.7

	
27.5

	
32.4

	
40.1

	
49.7

	
63.2




	
7. Madhyapur Thimi

	
13.6

	
5.5

	
7.3

	
9.6

	
16.3

	
21.5




	
8. Mahakankalchour

	
55.5

	
28.9

	
37.8

	
50.8

	
69.5

	
99.9




	
9. Maharajgunj

	
44.5

	
23.6

	
30.8

	
42.1

	
58.4

	
82.5




	
10. Tripureshowr

	
3.9

	
18.5

	
22.4

	
27.2

	
34.4

	
43.5




	
KUKL SA only

	
151.2

	
168.7

	
207.5

	
261.0

	
337.8

	
445.3




	
Valley (including KUKL SA)

	
–

	
183.9

	
224.9

	
282.5

	
366.0

	
481.5








*MLD, million liters per day; SA, service area. *Note: From 2017, an additional supply of 170 MLD from MWSP should be considered; however, this would be affected the by the present capacity of the water treatment plant (85 MLD),and is therefore not included in above estimations.









3. What is the Present Status of Water Supply?


KUKL is an authorized agency supplying potable water to the Kathmandu Valley; it taps water in mountainous (conservation) zones of the valley, from 22 surface water sources, producing about 65.3 MLD and 131 MLD during the dry and wet seasons, respectively [8]. The available surface water from these conservation zones is estimated to be about 133.88 MLD and 199.79 MLD during the dry and wet seasons, respectively [9]. The KUKL is currently harnessing about 49% and 66% of the available surface water from mountains during the dry and wet seasons, respectively. This shows that there is scope to harness additional surface water for potable purposes in the valley. According to a previous study by Thapa et al. [9], the estimated groundwater potential in the valley is about 1116 billion liters; however, its use is limited by quality concerns.



The KUKL is responsible for supplying water to its 10 service areas (Figure 1). The maximum domestic water supply capacity of KUKL service areas was reported to be 151.19 MLD in 2013. However, the actual water supplies during the wet and dry seasons are 115 and 69 MLD, respectively. The total water demand in service areas is estimated to be (by considering 135 lpcd) approximately 361.6 MLD in 2016, with a supply deficit of 210 MLD. The present deficit is currently met through private groundwater pumping, traditional water spouts, wells, supplies from private vendors (through surface, spring, and groundwater), and bottled water industries. This causes over-exploitation of groundwater storage, resulting in drawdown of the groundwater level and drying of wells. The water demand estimated by using BIS guidelines (338 MLD for 2016) gives a supply deficit of about 187 MLD in KUKL service areas (Figure 3). The supply deficit in KUKL service areas in 2021 is estimated to be 322 MLD and 294 MLD, by KUKL and BIS guidelines, respectively, against the present maximum supply capacity of 151.19 MLD and without considering the impact of leakages and the MWSP.


Figure 3. KUKL service area maximum water supply capacity for 2013 and estimated demand deficit. From 2017, an additional supply of 170 MLD from MWSP should be considered; however, this would be affected the by the present capacity of the water treatment plant (85 MLD).
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4. Are Surface and Groundwater Resources in the Valley Drinkable?


To cope with insufficient surface water resources in the Kathmandu Valley, and to reduce the supply-demand deficit, the use of shallow (small diameter tube wells at the household level and public stone spouts) and deep groundwater resources (by private water vendors, hotels, and industries) is increasing. Nearly half of the valley’s total water supply during the wet season, and 60%–70% during the dry season, comes from groundwater sources supplied by KUKL [10]. Recently, KUKL started to drill 40 deep tube wells to supply 40 MLD of water [11]. However, the suitability of groundwater, for drinking purposes, in the area is questionable. The extensive use of groundwater (beyond the rate of recharge), coupled with inadequate management of solid waste and wastewater from urban centers, has increased the vulnerability of the groundwater system to resource depletion, quality degradation, and land subsidence [12,13].



High levels of arsenic, ammonia, and iron in the deep groundwater, and nitrates and E. coli in shallow groundwater, exceeding World Health Organization (WHO) guidelines, have been reported in the Kathmandu Valley [14,15,16,17]. A study by Sakamoto et al. [18] showed that almost all water from the rivers and shallow wells in the core valley was not suitable for drinking because of the presence of E. coli, and only 29% of the deep tube wells had drinkable water [18]. Similar types of studies have identified surface and groundwater contamination (biological and chemical contamination) in the valley, such as those of Jha et al. [19], Dongal et al. [20], Kannel et al. [21], Chapagain and Kazama [15], and Shrestha et al. [22], etc. This poses a limitation on the valley’s drinking water resources-in the absence of proper treatment for biological or chemical contamination-in terms of coping with the present water crisis. Shrestha et al. [22] suggested reducing groundwater pollution by improving the sewer line infrastructure and septic tanks through long-term planning. However, treatment of groundwater at the household level, including disinfection, filtration, and boiling before consumption (particularly during the wet season), is recommended to deal with microbial contamination. For the treatment of physicochemical contamination, the simple-in-operation, low cost, and energy efficient ammonia and nitrate removal system developed by Khanitchaidecha et al. [17] could be used at the household or community scale. For iron removal, aeration, sedimentation and filtration before denitrification could be applied, as suggested by Khanitchaidecha et al. [23].




5. What Will be the Role of the MWSP on Supply Deficit?


The MWSP is a key initiative of the government of Nepal to supply clean water to the region’s 2.5 million people. The first phase (2016–2017) of the project aims to transfer 170 MLD of fresh water from the adjoining Melamchi River (inter-basin transfer) to Kathmandu Valley. The second phase (2016–2023) focuses on source augmentation by transferring 340 MLD from the Yangri and Larke rivers (each with 170 MLD) [4,24]. According to KUKL, the first phase of MWSP will be completed by May 2017 (personal communication; it was originally expected that it would be completed by mid-April 2016, but was delayed) [25], when it will start pumping 170 MLD of water from the Melamchi River in Sindhupalchok to the valley. However, the Sundarijal water treatment plant, which is under construction and is scheduled to be completed by 2016, has a processing capacity of only 85 MLD, making it impossible to distribute the total 170 MLD of water delivered after Phase One of the MWSP. The remaining excess water (85 MLD) will be released into the Bagmati River until there is a further increase in the treatment and distribution capacity [26]. If we consider the water availability from the MWSP to be 85 MLD, then the total supply capacity will be about 236 MLD in 2016, against the KUKL service area’s water demand of 338 MLD. This will result in a deficit of 102 MLD for 2016. The government of Nepal has proposed an additional loan from the Asian Development Bank (ADB) to expand the Sundarijal water treatment plant from 85 MLD to 170 MLD (by 2020), to fully utilize the expected supply delivered by the first phase of the MWSP [4]. If we assume that the full operational capacity of Phase One of the MWSP will be used successfully until 2021, then the remaining supply deficit in service areas will be 124 MLD (Figure 3). This highlights that the valley will be dragged inevitably into another era of chronic water shortages until 2021.



In addition to the existing supply capacity of 151 MLD, completion of Phase Two of the MWSP will provide about 510 MLD of additional water by 2023. However, its use will depend on the storage and treatment capacities of the valley’s water and sanitation infrastructure. If all the water from the MWSP is treated, then it will be sufficient to meet the projected domestic water demand in the Kathmandu Valley (which is approximately 445 MLD for 2021). This will reduce exploitation of groundwater in the valley and highlights the need for planning additional water treatment infrastructure. However, unpredictable factors, such as earthquakes, fuel shortages, and inefficient management competency of contractors, could affect the completion of the project within the specified period, which could in turn lead to exacerbation of the present water crisis in the near future.




6. How Have Earthquakes Affected the Existing Water Supply?


A catastrophic earthquake of magnitude 7.6, on 25 April 2015 (and 300 aftershocks greater than magnitude 4.0 until 7 June 2015) took the lives of about 8790 people, as well as causing 22,330 injuries. Approximately eight million people (almost one-third of Nepal’s population) have been impacted [27]. The earthquake damage was widespread, covering the entire development infrastructure including water supply pipes, wells and taps (with breaking of underground water supply pipes leading to more pressure on the groundwater). The earthquake caused damage and losses to the water and sanitation sector that were reported to cost NPR 11,379 million (the equivalent of US $106 million). A recent study by Thapa et al. [9] reported that the valley’s water supply infrastructure suffered a reduction in the capacity of water distribution pipe networks of 28%, 30% and 18% in the Lalitpur, Kathmandu, and Bhaktapur districts, respectively. An approximate 40% reduction of supplied water by KUKL was also reported, affecting 0.15 and 0.24 million people during the dry and wet seasons, respectively. Repair of those damaged distribution networks may take longer than 1.5 years to complete (personal communication with KUKL, 7 December 2015). Sewerage systems and septic tanks may have also been broken and dislodged by earthquakes, causing leakages that would pollute groundwater. The earthquake has also delayed the construction of the MWSP, which was expected to complete its first phase in April 2016, and has since been postponed to May 2017.




7. Discussion and Concluding Remarks


The increase in population is in turn expected to increase pressure on the existing water supply infrastructure of the Kathmandu Valley. The present supply deficit (102 MLD) is expected to increase to 124 MLD after completion of the first phase of the MWSP, assuming KUKL’s full supply capacity is realized in 2020–2021. The valley’s water crisis should be solved by successful completion of the MWSP (in ideal conditions), with the KUKL’s total supply capacity reaching 510 MLD.



The present water crisis will be further exacerbated if the MSWP goals are not achieved in the specified time (i.e., by 2023). Water shortages and poor water quality in the Kathmandu Valley may lead to serious health, environmental and socioeconomic consequences. The time and distance to fetch water will cause extra pressure on women’s household activities, and may also result in water-related societal conflicts. Poor households are expected to suffer water shortages, resulting in a reduction in water consumption, which subsequently will cause health and sanitation issues. After completion of the MWSP (both phases), about four million people in the valley will have access to sufficient water; however, drinking water quality will remain a challenge. Therefore, this study recommends immediate planning for additional water treatment infrastructure to utilize the water from the MWSP fully by 2023–2025. We conclude that the effect of MWSP on the valley’s water supply will be positive in the short term, i.e., by 2023–2025. However, extreme climate change events such as droughts and unforeseen catastrophes such as earthquakes could affect the supply from the MWSP. This could threaten SDG 6, which targets 95% of the population of Kathmandu Valley having a piped water supply, 99% having a basic water supply, and 90% having access to safe drinking water by 2030 [28].



A study by Shrestha [29] suggested alternative options to minimize the demand-supply deficit of the valley-and decrease the stress on groundwater resources-such as the development of urban centers outside the valley, optimum planning of land use for potential recharge, introduction of micro- to macro-level rainwater harvesting structures, and water demand management. The water from the mountainous region, which is also of sufficient quality for drinking purposes, can be harvested with community-based water resources management and used in conjunction with surface and groundwater in the valley. Strategies to save and reuse water, and avoid wastage, should be implemented at the household level.



In addition to water scarcity, the surface and groundwater of the core valley was found to be unsuitable for drinking purposes. Therefore, to use water from the valley (either surface or groundwater) or the MWSP, there is an immediate need for additional water treatment infrastructure. The Sundarijal water treatment plant is expected to utilize water from the first phase of the MWSP by 2020 (170 MLD). However, treatment of the remaining 340 MLD of water is a challenge due to the limited capacity of existing water treatment plants. Additional water treatment capacity needs to be developed by 2023–2025 to treat this remaining 340 MLD of MSWP water. The construction of such infrastructure will require long-term planning and is hugely expensive.



If it is assumed that, under ideal conditions, all the water from the MWSP (510 MLD) is treated and distributed for drinking and other household purposes, then the operation and maintenance of treatment plants will be very expensive, and the risk of water contamination through distribution networks would also be high. Therefore, there is a need to develop small-scale, energy-saving, and highly efficient water treatment systems suited to local conditions. One possible solution could be the development of community- or household-level small water treatment facilities, where people treat water for drinking purposes only and not for other household uses such as bathing, flushing, washing clothes and utensils, and gardening, etc. The present Science and Technology Research Partnership for Sustainable Development (SATREPS) project in Nepal [30] aims to develop water security index maps and an appropriate, locally fitted, compact and decentralized (LCD) water treatment system for groundwater and surface water in the Kathmandu Valley, which is expected to generate practical solutions to deal with water scarcity and quality issues in the valley.




8. Limitations


This study used water supply and sanitation statistics for 2011 as constants to estimate water demand according to BIS guidelines. These data may change depending on VDC/municipality-level data availability, or based on the results of a government master plan to obtain 100% water supply and sanitation coverage by 2017. Furthermore, we did not consider the water supply to areas other than those serviced by the KUKL or the floating (migrant) population in the valley.
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