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Executive Summary 
 
 

As a part of the national water week celebration, Nepal Academy of Science and 
Technology (NAST) organized a seminar on Leaving no one Behindin the NAST 
premises Khumaltar, Lalitpur. The program was scheduled on 25 March 2019 in 
collaboration with WaterAid Nepal, Water Engineering and Training Centre Pvt. Ltd. 
(WETC), Associated Enterprises, Environment Management and Analysis Services Pvt. 
Ltd. (EMAS), Soil Water and Air Testing (SWAT) Laboratories Pvt. Ltd., and CREEW. 
The objective of the program was to discuss on water-related issues and find out 
solutions for the management of the aquatic environment. 
  

The program was inaugurated by watering the flower by the chief guest, Hon. Vice 
Chairman of the National Planning Commission Prof. Dr. Puspa Raj Kandel. Dr. Deepa 
Shree Rawal, Senior Scientific Officer of the academy welcomed participants with 
program highlight. Following welcome address, academician of the NAST, Mr. Dipak 
Gyawali presented a keynote speech on the ‘Cultural theory of social solidarities and 
their technological choices’. Er. Ganesh Shah, former minister for Science, Technology, 
and Environment also shared his view on the accessibility of safe drinking water. Er. 
Shah further highlighted the importance of the program conducted by NAST and urged 
to preserve the nature and natural resources for the future generation. Special guest and 
secretary of Education, Science and Technology Ministry Mr. Krishna Raj B.C. 
addressed the program and emphasized on the utilization of our water resources. Chief 
Guest of the program Hon. Vice Chairman Prof. Dr. Puspa Raj Kadel highlighted the 
research and development of the natural habitats and resources for the future 
generation. From the desk of the chair, Vice-chancellor of the NAST   
Dr. Sunil Babu Shrestha expressed his remark and added the importance of water 
resources and need for their proper management and utilization. At the end of the 
inaugural session, Dr. Bhoj Raj Pant, senior scientific officer of NAST paid vote of 
thanks to all the participants, collaborative organization, and individuals who helped in 
making the seminar successful. 
 

Following the inaugural session, two technical sessions were scheduled. Each session 
was chaired by Dr. Rishi Keshab Bikram Shah and Dr. Laxmi Devkota academician of 
NAST, respectively. In both the technical sessions, intensive discussion and interaction 
were observed. At the end of the program, the conclusion was drawn based on the 
presentation and discussion of the paper. 
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Integrated River System Resource Management Planning: A Stepping 
Stone for Sustainable Conservation of Chure-TaraiMadhesh Landscape 
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Abstract 
 

The fragile Chure hills of Nepal need long term conservation plan. For this, Government of 
Nepal formed President Chure-TaraiMadhesh Conservation Development Board, which has the 
major responsibilities of formulation of necessary plans, policies and law for the conservation of 
the Chure-TaraiMadhesh Landscape. For this, Integrated River System Resource Management 
Plan has been formulated as directed by the Chure-TaraiMadhesh Conservation and 
Development Master Plan, 2017, with the notion of Integrated Natural Resource Management. 
Various components have been included in the river system plans to include all important 
stakeholders for joint venture of conservation of the Chure-TaraiMadhesh Landscape.  
 
Keywords: Chure-TaraiMadhesh Landscape, River systems, Conservation, Management 
 
 
Background 
 

Chure hills are the youngest hills formed by the deposition of the river products around four 
crore years ago that stretches along the Indus river of Pakistan in the West and Bharamaputra of 
India in the East. These hills are also called ‘Siwaliks’. A small portion of this lies in Nepal that 
stretches from Jhapa to Dadeldhura districts. 12.78% of the total land of Nepal is covered by 
Chure (PCTMCDB, 2015). Chure hills touches 37 districts of the country. Adjoined to this 
landscape is Bhawar, also called the recharge zone of the landscape. This is followed by Tarai, 
the lowlands, also called the bread-basket of the country. These terrains are closely linked to 
each other as the physio-geological changes occurring in one area directly affect the other area. 
Especially the changes seen and made in Chure and Bhawar directly affect the lowlands: Tarai-
Madhesh. Thus, it is important to take all these seemingly different landscapes together into 
consideration as a continuum from conservation perspective. 
 
Rationale of Chure-TaraiMadhesh Landscape Conservation 
 
Chure-TaraiMadhesh comprises about 27% land area of Nepal (PCTMCDB, 2015), show in 
figure 1. 60% of the Nepali population resides on this landscape (CBS, 2011).This area is most 
vulnerable to soil erosion and flood due to its fragile geomorphic structure. This landscape 
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consists of 164 river systems out of which 27 emerge from high Himalayas, 76 emerged from 
mid-hills, 48 emerge from Chure hills and 13 emerge from the TaraiMadhesh area (Master plan, 
2017), shown in figure 2. These rivers are the major sources of water for livelihood, which also 
serve for various consumptive and non-consumptive uses such as irrigation, industrial and 
commercial uses. These rivers also provide ecosystem services to the upstream as well as 
downstream residents. These rivers are also the major areas for water-induced disasters occurring 
annually in this region, which claims lives of many each year. This is due to the increased 
pressure on the natural resources in the upstream, such as shifting cultivation, expansion of 
agricultural land even on highly unstable hill slopes, overgrazing of animals, unmanaged 
extraction of riverbed materials and deforestation for timber purposes. Due to these, the threat of 
desertification of the downstream, here TaraiMadhesh is becoming national issue related to this 
continuum. All these problems sum up the need of doing serious conservation works in this area. 
 

 
Figure1. Physiographic map of Chure-TaraiMadhesh Landscape 
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Figure 2. 164 River systems of Chure-TaraiMadhesh Landscape 

 
The formal attempts to conserve Chure landscape by the government was started since the eighth 
five-year plan (1992-1997). The issue of Chure conservation was also emphasized in Agriculture 
Perspective Plan (1995) where the importance of groundwater recharge in the Chure and Bhawar 
zone was emphasized for its effects in the downstream in the TaraiMadhesh area. Although 
many programs were conducted as per these plans, there was seen lack of consolidated and 
focused programs for the conservation of the Chure landscape. Later, the government declared 
the Chure landscape as conservation area and established a high-level government body on 
Ashad 2, 2071 B.S. (16th June, 2014) named ‘President Chure-TaraiMadhesh Conservation 
Development Board’. This board was mandated for preparing necessary policies and strategies 
for conservation and management of Chure landscape, as well as making work plans and 
programs for the same. For this, it started with preparing Master Plan for conservation and 
management of this landscape. A team of national experts were involved in formulating ‘Chure-
TaraiMadhesh Conservation and Management Master Plan’. This master plan was approved by 
the cabinet of ministers of Government of Nepal on Jestha 2, 2074(May 4th, 2017). Since then, 
the board has been doing various programs such as construction of run-off harvesting dams, 
distribution of saplings to the communities, promoting ecotourism and similar other conservation 
works in coordination with line agencies such as forest offices, water-induced disaster 
management offices and Nepal Army. The board has begun implementing activities through 
local levels. This master plan has also mandated to carry out the conservation works through 
preparation of integrated river system resource management plans for including all the associated 
stakeholders under one integrated program.  
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The master plan prepared by Chure board has followed the concept of integrated natural resource 
management. This plan encompasses the definition given of integrated water resource 
management given by Global Water Partnership that focuses on the importance of coordinated 
development of various aspects of natural resources as well as human beings to reach the 
sustainable state of vital ecosystem. As this plan has mandated the conservation program to be 
carried out by formulating detailed river system resource management plans, the conservation 
and management plans have been prepared through field visits and data analysis, and using 
images and GIS tools. 
 
Literature review 
 
Imperial (2005) mentions that as a watershed not only has a natural boundary but it spans over 
different political and ideological boundaries as well, there is need of coordinated planning 
taking into consideration the various dimensions under those boundaries. As watershed 
management is more important for the local community, there is need of direct involvement of 
these communities in the same. Rhoads et al. (1999) has reconfirmed in their paper that 
managing watershed is a coercive process between scientist and non scientists, where the 
scientists and technical experts need to recognize the importance understandings of the social 
communities. Nepal is well renowned all over the world for the conservation done by community 
forest user groups as well as community watershed management. With all these learning’s, this 
integrated river system resource management plans have been formulated with and for the 
community groups to take lead in conservation of their respective river systems. 
 
Integrated River System Resource Management Plan (IRSRMP) 
 
The integrated river system resource management plan is based on the upstream-downstream 
linkage. As the Chure Master Plan has come up with a list of causes that has been causing 
degradation of this landscape, programs more concentrated in the upstream of the river systems 
have been put in this plan. Apart from managing the waterways, integrated natural resource 
management has been adopted in this plan. This includes forest encroachment control, 
preventing open grazing in the forest and riverbank areas, scientific forest management, wetland 
conservation, reviving water bodies and their conservation, sustainable use of riverbed materials, 
management of landslide-susceptible households, treatment of landslide prone areas, 
stabilization of river banks, greenbelt development and tree outside forest development. Most of 
these programs are implemented through local community groups. The already formed and 
active groups will be mobilized for the same. 
 
At first, a guideline was prepared to prepare the integrated river system resource management 
plan as directed by the Chure-TaraiMadhesh Conservation and Development Master Plan. After 
this, baseline data of the river systems as delineated by the Chure Master Plan are collected, such 
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as physiographic details, geological details, population, river system, which are presented to the 
local stakeholders for collecting more information from the them about the river system. A team 
of experts from various disciplines gather various data from field visits as well as use GIS tools, 
which is used in the plan formulation. This draft plan is again presented in the respective local 
level(s) for finalization. 
 
Components of IRSRMP 
 
The aforementioned issues of this landscape are needed to be addressed properly in integrated as 
well as sustainable ways. The following are the focus areas where immediate actions are needed 
to be taken along the landscape. 
 
Forest encroachment control 
 
Forest encroachment is a long-standing problem not just in this landscape but in the whole 
country. Almost 87,201 ha of forest encroachment have been found in the Chure-Tarai landscape 
(Master plan, 2017). There is need of restoration of the encroached forests to restore the 
environmental services being provided previously. For this, IRSRMP has described series of 
activities such as reclamation of forest land, plantation on the same and necessary follow-up for 
conservation and preservation of the newly developed forests. There is need of strong 
coordination among the local levels and respective forest offices for implementing these 
activities. 
 
Management of open grazing in forests and riverbanks 
 
Open grazing is massively practiced in the Chure hills of Nepal. Especially grazing by goat and 
sheep are problematic, as they feed on the buds and tender plants, which are mainly browsers 
(Hostetetal, 2010). As the open grazing causes more damage on slope lands, this program has 
focused on households who have livestock and those live on slope lands. For this, community 
groups are organized consisting of around 25 households. Then business plan focusing on twin 
objectives, i.e. enhancing livestock productive and preventing open grazing is made for each 
group. The business plan is expected to incorporate where appropriate livestock breed 
improvement, livestock health service, livestock feed management and so on. Provision has also 
been made for technical services and performance monitoring of these groups by concerned 
technician of the concerned line agencies and local levels. 
 
Perennial cropping in sloping agriculture land: As per the land capability report published by 
Survey department, agricultural land of slope more than 30 degrees is not suitable for annual 
cropping. So cropping system on these areas need to be changed to perennial cropping. For this, 
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a series of programs are included in the plan for supporting the community groups to shift the 
agriculture from annual to perennial cropping with necessary follow-up programs. 
 
Scientific Forest management: The concept of scientific forest management is based on 
appropriate silviculture system for continuous supply of forest products including goods and 
services. Specific plans are to be made for enhancing quality and productivity of the dominant 
species without compromising the existence of species of biodiversity significance in both 
community as well as government managed forests. The plan also has to take into account 
enhancing quality and productivity of important NTPFs (Non-timber forest products) and control 
of alien invasive species. The objective of management of forest located in slopes less than 19 
degrees shall be enhancing productivities and beyond this slopes mainly for ecosystem 
conservation.  
 
Wetland conservation/development 
 
Wetlands are the buffer zones of nature, which can absorb extra heat as well as capable of 
dissipating necessary energy to the nature when needed. The already existing wetlands and 
possible areas of wetland formation are identified from Remote Sensing by field verifications.  
6. Rainwater and subsurface water harvesting and uses: Rainwater and subsurface water 
harvesting locations have been identified and included in the plan. These water bodies are 
important for flood control and groundwater recharge purposes. 
 
Usage of riverbed materials 
 
Riverbed materials are a good source of revenue for the local government as they are used as raw 
materials for construction of physical infrastructures. But in the case of rivers of Nepal, the 
riverbed materials are excavated recklessly without proper management. For this, the plan 
emphasizes on suitable extraction and uses. It has identified depositional segments of rivers and 
tentative quantifications. Provision has been made to prepare extraction plan, going through IEE 
or EIA process, establishing control points and effective monitoring of extracted sites. 
 
Management of susceptible settlements located in landslide-prone area 
 
The susceptible houses/sheds located in the landslide-prone areas are identified using GIS maps 
and field verifications wherever possible. The IRSRMP mentions the need of relocating these 
houses/sheds to safer places, for which step-by-step programs have been described. The 
relocation of such houses/shed is needed for two reasons: one being the house/shed on danger of 
landslide, the other being the aggravation of the land by tillage agriculture on such slope area.  
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Stabilizing unstable slopes in upper catchment 
 
The upstream areas of the river system prone to landslide and gullies have been identified and 
their treatments are prescribed. Provision has been made for reassessment of landslides and 
gullies at time of intervention as they keep changing their features rapidly. The plan emphasizes 
on combination of vegetative and civil structures and follow up for a few years. 
 
River bank stabilization 
 
The critical river bank requiring immediate attention have been identified and incorporated in the 
plan.  Most sites requiring attentions are located in Bhavar and TaraiMadhesh regions Similar to 
earlier section, provision for re-assessment at the time of implementation has been made as river 
keeps changing its courses every year. Use of bio-engineering structures and follow up activities 
are planned for assurance of effectiveness. 
 
Greenbelt 
 
Greenbelt development concept is for the conservation of river banks. This greenbelt 
development is done in the Bhawar and Tarai region of the landscape. The greenbelt is 
developed within 30 meters on both sides of the river bank planting grass, bamboo and suitable 
species of trees proportionately. 
 
Tree outside forests 
 
The concept of tree outside forest has come from giving access to the forest resources to the 
people who reside away from the reach of national forest, especially living in the TaraiMadhesh. 
This is done by distributing suitable saplings to the interested households. Trees outside forests 
are developed within 500 hectares from the river bank.  
 
Monitoring plan of the programs 
 
Monitoring of the programs are the responsibilities of a number of line agencies such as District 
forest office, local bodies, agriculture office, livestock office, in the province level and local 
levels, soil conservation offices, Chief district offices, water-induced disaster management 
office, and related private sectors. Monitoring is done by identifying the five-year targets in each 
of the aforementioned components. Monitoring works need to be carried out in the third 
trimester of the third year of the initiation of the programs as well as in the second trimester of 
the fifth year of program implementation. This monitoring and evaluation work is to be done by 
third party for unbiased evaluation.  
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Expected outcomes 
 
The expected outcomes of this plan will be continuous supply of the ecosystem services from the 
resources: the river, the forest and the land. This also include less disasters such as soil erosion, 
landslide, and flood, less deforestation, decreased forest encroachment, more forest reclamation, 
water bodies managed in proper ways to continuously cater the need of the ecosystem as well as 
fulfil human needs, as well as better livelihood conditions of the communities directly dependent 
on such natural resources.  
 
Conclusion/Recommendations 
 
The integrated natural resource management conducted by President Chure-TaraiMadhesh 
Conservation Development Board has envisioned sustainable resource management of the 
related river system. This river system management plan is holistic enough to include the major 
stakeholder as well as not to miss out the seemingly smaller stakeholders. As the success of plan 
is heavily dependent on the budget allocation and the readiness of the implementing agencies, it 
is desirable for the stakeholders to own the plan and take necessary and sufficient steps for 
proper implementation. 
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Abstract 
 

Springs are the lifeline of millions of people in the hills and mountains of the Himalayan region. 
Though the Himalayas are the source of numerous perennial rivers, communities in this region 
largely depend on springs to meet their drinking, domestic and agricultural water needs, and to 
sustain the base flow of the rivers. Drying of springs is an emerging issue in the region as a result 
of which communities are facing unprecedented water stress. Drying up of spring sources has 
adversely affected rural water security. Despite the high dependency on springs, there is lack of 
scientific knowledge on springs in the Himalayan region and the exact extent of this problem is 
not well known. Some of the natural and anthropogenic causes include climate change, land use 
change, deforestation in the upper catchments, and infrastructure development such as road 
construction, tunnelling etc. The spring system is a function of the hydrogeology and 
precipitation in an area. The issue of drying springs was successfully addressed applying the 
science of hydrogeology in the states of Sikkim and Uttarakhand. A hydro-geological study was 
necessary to demarcate the recharge zones of springs and to implement interventions in the 
recharge zones. The International Centre for Integrated Mountain Development (ICIMOD), 
along with the Advanced Centre for Water Resource Development and Management 
(ACWADAM), has developed a protocol for reviving drying springs that has been implemented 
in Dailekh, Nepal together with Helvetas Swiss Intercooperation. The initiative successfully 
applied hydro-geological, social and governance aspects to understand the spring system and 
improve lean season flow of springs in Dailekh. This paper discusses the springshed 
management approach of ICIMOD and its partners for reviving drying springs with initial results 
from Dailekh, Nepal. 
 
Keywords: Groundwater recharge, Hydrogeology, Reviving springs, Springshed management 
 

Introduction 
 

Groundwater in the hills and mountains is manifested in the form of springs, which are a vital 
source of water for communities in these areas. Springs are naturally occurring discharge 
features of groundwater systems. They form a very reliable and sustainable source of freshwater 
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in the Himalayan region. These are valuable resources that play an important role in meeting 
human requirements, improving livelihood and maintaining a balance in the ecosystem. Springs 
also have a huge cultural significance and contribute a large share of base flow to rivers (Scott et 
al., 2019). 
 
The Himalayan region is blessed with a large number of springs but unfortunately, these vital 
resources are under stress due to climate variability, seismic activity and changing land-use 
practices (deforestation, urbanization, etc.). Increasing need for water for the growing 
population, modern industrial practices and intense agricultural activities have increased the 
demand for groundwater resources. This has had an impact on groundwater resources and spring 
flows, leading to a decline in spring discharge or even drying up of springs, affecting the lives of 
millions of people dependent on them.  
 
Reduction of spring discharge is experienced as a common phenomenon across the Himalayan 
region, with evidences of springs drying up completely (Negi & Joshi, 2002; Tambe et al., 2012; 
Valdiya & Bartarya, 1989). Despite the key role of springs in water security, sustainable 
development of these resources is not given due importance in the Himalayan region. There is a 
dearth of scientific knowledge on Himalayan springs despite the high dependency of people on 
these resources and their increasing sensitivity to various factors (NITI Aayog, 2018). There is a 
need for a scientific approach to address the issue of spring water depletion, along with efforts to 
protect springs to help ensure water security, biodiversity and ecosystem sustainability. 
 
During the monsoon season, there is abundant water for the communities in the Himalayan 
region. However, during the dry period, water scarcity is a common problem, exacerbated by 
changing precipitation patterns attributed to climate change (Gentle & Maraseni, 2012; Malla, 
2008; Merz et al., 2003; Tiwari & Joshi, 2015). In the Himalayas, groundwater is mostly 
replenished by precipitation, although in some locations snow and glacier melt waters are also 
important (Andermann et al., 2012; Mukherjee et al., 2015). The idea of constructing ponds in 
the upstream to increase spring discharge or rejuvenate the springs below has gained currency in 
recent times (Sharma et al., 2016). In order to enhance spring discharge, it is necessary to 
improve the efficiency of the replenishment process (Bouwer, 2002). At the level of the 
individual spring, this can be achieved if the area where precipitation directly recharges the 
spring’s groundwater aquifer can be identified (Tambe et al., 2012). Once the recharge area is 
identified, various vegetative and structural measures can be applied to improve the infiltration 
of precipitation in this zone. 
 
In response to the deterioration of springs, the International Centre for Integrated Mountain 
Development (ICIMOD) and its partners have developed and implemented a new approach for 
managing and reviving drying springs. This approach, which is based on the science of 
hydrogeology, improves the efficiency of the replenishment process. The springshed approach 
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follows a valley-to-valley approach and uses hydrogeology to identify, protect and augment 
groundwater recharge. This approach is more advanced than the conventional watershed 
approach and its results demonstrate a significant increase in discharge and also water quality. 
This simple approach of using geology to demarcate the spring’s recharge area and then carrying 
out interventions has been successful in India and Nepal, particularly in the states of Sikkim and 
Uttarakhand. This paper discusses the six-step protocol for reviving springs and highlights 
ICIMOD’s efforts in springshed management in Dailekh, a district in mid-western Nepal.  
 
Location of the study area 
 
The study area lies in Padukastan Village Development Committee (VDC) (currently Dullu 
Municipality) of Dailekh district, which is a part of Bheri zone in mid-western Nepal (Figure 
1).The study area, which covers 22.1 km2, extends from 28.8493ºN to 28.9058ºN latitude and 
81.5356ºE to 81.6296ºE longitude, and elevation ranges from 680 m to 1598 m. 
 

 
Figure 1. Map of Nepal showing the study area 

 
Materials and Methods 
 
The spring shed management approach uses hydrogeology to map springsheds. The areas are 
then targeted for protection and augmentation of recharge. The springshed of a particular spring 
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Results 
 
A step-wise methodology of spring revival protocol was followed to develop a conceptual model 
for each of the selected springs in 2015. The methodology included hydro-geological mapping 
and identification of recharge areas for nine springs of Padukasthan VDC in Dailekh. Recharge 
interventions were also made in three selected springs in 2016. Spring discharge and rainfall is 
being regularly monitored to analyse the impact of recharge intervention.  
 
Step 1: Comprehensive mapping of springs and springsheds 
 
A detailed field survey was conducted in Padukastan VDC using a transect walk. The survey 
covered the entire area where springs and other water sources were mapped using the Global 
Positioning System (GPS). A total of 106 springs were mapped in the study area. A map was 
then prepared on Google Earth showing the springs of the area (Figure 3). Geologically, rock 
types are low-grade green, grey phyllites and schists with lenses of gritty phyllite and quartz 
veins, generally following a north-dipping pattern. The rocks are highly weathered and various 
fracture sets were observed. One set of fractures has a roughly NS trend and controls the course 
of some streams that flow along the slopes. Depression and fracture springs are prevalent in the 
area. After a comprehensive mapping of springs, 21 springs were selected for long-term 
monitoring. 
 

 
Figure 3.  Distribution of springs in the Baleswar area, Padukasthan VDC, Dailekh, Nepal 

 

Step 2: Setting up a data monitoring system 
 

After a comprehensive mapping of springs and selecting the springs for long-term monitoring, 
the next step was to set up a data monitoring system. Springs were selected for continuous 
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monitoring and discharge was recorded on a bi-monthly basis. For rainfall data, a rain gauge was 
installed in the area near Dullu and a local technician daily recorded the data. This helps in 
understanding the spring behaviour and aquifer characteristics. Comparison of data collected 
before and after the implementation of revival measures is important to understand the impact of 
recharge intervention. A map showing the location of monitored springs is provided in Figure 4. 
 

 
Figure 4. Map showing monitored and unmonitored springs in the study area 

 
Step 3: Understanding social and governance systems related to springs 
 
The third step involved gaining a comprehensive understanding of current water use patterns and 
their socioeconomic implications. Also, available information on institutions and governance 
systems for managing springs was acquired. A questionnaire survey was conducted with users of 
21 selected springs. Respondents included a total of 251 people who came to fetch water from 
the 21 springs between 6 am and 6 pm every day. Among them 75% were female respondents. 
The survey collected data on the demographic profiles of the respondents, water access, 
collection, use as well as perceptions of water quantity and reliability. This helped enhance the 
understanding of current use, the distribution system and perceptions of water scarcity.   
The survey showed the following key results: 
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1. About 59% of users were from the Dalit caste, 28% from Chettri caste, 6% from Brahmin 
caste and 7% from other castes. 

2. About 92% of the respondents claimed that the collected water is used for drinking. 
3. Eight out of 10 people who fetch water from springs are women.  
4. A maximum of 70 households depend on a spring. 
5. Fifty percent of households reported depending on two or more springs to meet their water 

needs. 
6. An average family of five members collects 100–170 litres of water each day depending on 

the season.  
7. Seventy eight percent of the households collect less than 40 lpcdof water for drinking and 

household purposes during the dry season. Out of the remaining 22%, 17% collect in the 
range of 40–100 lpcd with only 5% collecting more than 100 lpcd. Women have to walk for 
up to 60 minutes or more (one way) on uneven terrain to collect water. 

8. Forty nine percent of the respondents replied that there has been no change in the volume of 
water in the past 10 years. However, about 34% of the respondents claimed that the volume 
of water in the springs has actually decreased. 

9. Respondents from marginalized communities (like Dalits) often complain that they have to 
set aside their vessels when upper caste members come to fetch water due to issues of “purity 
and pollution”. 

 
Step 4: Hydrogeological mapping, development of conceptual layout and identification of 
recharge area 
 
Hydro-geological investigations in Dailekh involved detailed geological studies of nine springs. 
A conceptual layout for each spring was developed based on hydro-geological mapping. The 
typology of the spring was identified; the recharge zone for each of the springsheds was 
identified; and a set of measures within the recharge area were suggested. The findings of the 
hydro-geological survey of the spring called Maikarol are presented in this paper as an example 
and its conceptual layout is shown in Figure 5 and 6. 
 
Maikarol spring is situated on a south-facing ridge slope (Figure 5). It is a communal spring used 
by 60 households. The lithology surrounding the spring is phylliticschist, dipping to the 
northwest with dip angles ranging from 20º–23º. From field observation, the spring’s emergence 
is clearly controlled by two vertical fracture sets, one striking east-west and the other striking 
ENE-WSW. The spring is classified as a fracture spring. Movement and accumulation of 
groundwater occurs through the jointed network present in the schist and thus jointed schist 
forms the aquifer feeding the spring. Based on these observations, it was determined that the 
recharge zone was situated upslope and to the east of the spring’s location (Figure 6). 
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Figure 5. Google Earth image showing recharge area demarcation for Maikarol spring 
 
 

Figure 6. Hydrogeological conceptual layout with recharge area demarcation for Maikarol spring 
 
Step 5: Developing springshed management and governance protocols 
 
Based on the detailed hydro-geological investigation of nine springs in Dailekh, a conceptual 
layout of each springshed was prepared and recharge zones were demarcated. Three among the 
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nine springs were selected for recharge interventions where different biological and physical 
measures were implemented. 
 
In Maikarol springshed, within the recharge zone, about 350 different plants were planted over 
an area of 278 square metres, along with the construction of 12 staggered contour trenches, 45 
staggered eyebrow pits and gully plugging with 2 dry stone check dams and 6 live check dams 
(also called palisades). One shallow pond with about 10 cubic metre water storage capacity was 
constructed. Sloping agricultural land was converted into level terraces over a 20 square metre 
area. An approximately 300-metre hedgerow of Napier and broom grass was established. Open 
grazing was restricted in the recharge zone. 
 
Step 6: Measuring the impact of spring revival activities 
 
Measuring the impact of spring revival activities is the final step in the six-step methodology that 
is being continued in Dailekh. Three years spring discharge and rainfall data obtained through a 
monitoring setup is analysed to assess the impacts of intervention activities in the recharge area. 
Hydrographs are plotted using the spring discharge and rainfall data and pre-implementation and 
post-implementation discharge is compared for treated springs. The data collected is shown in 
Table 1 and the hydrograph for Maikarol spring is shown in Figure 7. 
 
Table 1. Comparison of mean lean season (March–May) discharge and monsoon precipitation in 
different years 
 

Season Mean lean season discharge (lpm) Monsoon precipitation (mm)

2015 NA  1465.1 

2016 6.7 1136.2 

2017 12.4 1939.4 

2018 11.7 1506.4 

2016-2017 % CHANGE 46.4 41.4 

2017-2018 % CHANGE -6.4 -28.7 
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Figure 7. Graph showing the discharge, rainfall and the intervention period of Maikarol spring 
 
Table 1 and the graph above show that before the intervention in 2016, monsoon precipitation 
was 1465.1 mm in 2015 and lean season discharge was 6.7 lpm in the following year. After the 
intervention, when monsoon precipitation was 1136.2 mm, lean season discharge increased to 
12.4 lpm in 2017. 
 
The graph shows the increment in lean season discharge from 6.6 lpm to 12.4 lpm after the 
intervention in 2016, i.e., during the dry season of the year 2017. Lean season discharge is 11.7 
lpm in 2018, the second year after the intervention, which is also higher than the pre-intervention 
discharge.  
 
Discussion 
 
Water crises, especially during the dry season, have caused a lot of hardship for communities in 
the Himalayan region. The springshed management approach aims to improve the discharge of 
springs in the lean season. Infiltration enhancement measures seek to encourage precipitation 
falling in the recharge zone to percolate to the aquifer. This is achieved by reducing the loss 
through runoff, applying different structural, vegetative, agronomic, management or combined 
measures. 
 
One way to measure the success of the intervention is to compare lean season discharge before 
and after the intervention. Monsoon precipitation should also be taken into account as major 
input to the aquifer is rainfall during that period. The results show that even though there was a 
decrease in monsoon precipitation in 2016, lean season discharge increased in 2017 after the 
intervention. A comparison of monsoon precipitation and lean season discharge in 2016-2017 
(Table 1) shows increment of lean season discharge by 46.4% whereas monsoon precipitation 
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increased by 41.4%. This might lead to the conclusion that spring discharge might have 
increased due to the increment in monsoonal precipitation rather than recharge interventions. 
Further, analysing the change in 2017-2018, when monsoon precipitation decreased by 28.7%, 
lean season discharge decreased by only 6.4%. This indicates that recharge interventions have 
led to an increase in lean season discharge and also sustained spring flow. In order to see the 
results or measure the impacts, springs have to be continuously monitored. Thus, monitoring 
activities, particularly collection of spring discharge and rainfall data, are being continued to 
derive knowledge of the impacts of revival activities.   
 
Conclusions 
 
Springs are a part of groundwater system. Underlying geology governs the groundwater system 
and its accumulation and movement. Springs are also part of complex socio-technical and 
informal governance systems with pronounced gender and equity dimensions. These vital 
resources are under threat due to environmental degradation, increasing water demand and 
climate change. The step-wise methodology adopted in this research for springshed management 
incorporates hydrogeology as well as socioeconomic and governance issues to build a 
comprehensive understanding of springs and springsheds combining two aspects of research: 
knowledge generation (Step 1–4) and implementation (Step 5–6). This methodology is also 
innovative because it can be adopted by a diverse range of stakeholders, including local 
communities, researchers and government organizations. 
 
Recognizing the effectiveness of the springshed approach, the NitiAayog of India has formed a 
springshed Management Working Group of which ICIMOD is a member. The group 
recommended launching a national programme on the regeneration of springs in the Himalayan 
states of India with short, medium and long-term actions. The springshed management 
programme has also been scaled up in Bhutan, where ICIMOD, along with its partner Advanced 
Center for Water Resources Development and Management (ACWADAM), has been providing 
technical support to the Watershed Management Division of the Government of Bhutan. Water 
source protection and management including a spring revival programme has been integrated in 
the 12th Five-Year Plan of Bhutan. 
 
Springshed management is an appropriate approach for spring revival. It involves management 
of the recharge area of a spring, down to the area of discharge. Applying the science of 
hydrogeology helps in designing a more promising spring revival plan that considers aquifers 
that feed into springs. 
 
Acknowledgements 
 
We extend our sincere thanks to the community of Padukasthan for providing information during 
the survey. 



-21- 
 

 
We express our gratitude to the staff of Helvetas Swiss Intercooperation for coordinating and 
implementing project activities, particularly Mohan Bhatta, and the staff of Social Service Centre 
(SoSEC), a local partner NGO based in Dailekh. We are very grateful to Nabina Lamichhane, 
Sushma Acharya of ICIMOD for facilitating the social survey and Aditi Mukherji of ICIMOD 
for overall guidance and supervision. Our sincere thanks to Sanjeev Bhuchar for providing 
valuable inputs that helped us significantly refine the paper.  
 
This study was undertaken as part of the CGIAR Research Programme on Water, Land, and 
Ecosystems (WLE). This study was partially supported by the core funds of ICIMOD 
contributed by the governments of Afghanistan, Australia, Austria, Bangladesh, Bhutan, China, 
India, Myanmar, Nepal, Norway, Pakistan, Switzerland, and the United Kingdom. 
 
Disclaimer 
 
The views and interpretations in this publication are those of the authors. They are not 
necessarily attributable to their organizations. 
 
References 
 
Andermann, C., Longuevergne, L., Bonnet, S., Crave, A., Davy, P., & Gloaguen, R. (2012). 

Impact of transient groundwater storage on the discharge of Himalayan rivers. Nature 
Geoscience, 5(2), 127–132. https://doi.org/10.1038/ngeo1356 

Bouwer, H. (2002). Artificial recharge of groundwater: hydrogeology and engineering. 
Hydrogeology Journal, 10, 121–142. Retrieved from 
https://naldc.nal.usda.gov/download/54874/PDF 

Gentle, P., & Maraseni, T. N. (2012). Climate change, poverty and livelihoods: Adaptation 
practices by rural mountain communities in Nepal. Environmental Science and Policy, 
21(August), 24–34. https://doi.org/10.1016/j.envsci.2012.03.007 

Malla, G. (2008). Climate Change and Its Impact on Nepalese Agriculture. Journal of 
Agriculture and Environment, 9, 62–71. https://doi.org/10.3126/aej.v9i0.2119 

Merz, J., Nakarmi, G., Shrestha, S. K., Dahal, B. M., Dangol, P. M., Dhakal, M. P.,  
Weingartner, R. (2003). Water: A scarce resource in rural watersheds of Nepal’s Middle 
Mountains. Mountain Research and Development, 23(1), 41–49. 
https://doi.org/10.1659/0276-4741(2003)023[0041:wasrir]2.0.co;2 

Mukherjee, A., Saha, D., Harvey, C. F., Taylor, R. G., Ahmed, K. M., & Bhanja, S. N. (2015). 
Groundwater systems of the Indian Sub-Continent. Journal of Hydrology: Regional Studies, 
4, 1–14. https://doi.org/10.1016/j.ejrh.2015.03.005 

Negi, G. C. S., & Joshi, V. (2002). Drinking Water Issues and Development of Spring 
Sanctuaries in a Mountain Watershed in the Indian Himalaya. Mountain Research and 



-22- 
 

Development, 22(1), 29–31. https://doi.org/10.1659/0276-
4741(2002)022[0029:dwiado]2.0.co;2 

NITI Aayog. (2018). Report of Working Group I Inventory and Revival of Springs in the 
Himalayas for Water Security. NITI Aayog. 

Scott, C. A., Zhang, F., Mukherji, A., Immerzeel, W., Mustafa, D., & Bharati, L. (2019). Water 
in the Hindu Kush Himalaya. In The Hindu Kush Himalaya Assessment (pp. 257–299). 
Springer International Publishing. https://doi.org/10.1007/978-3-319-92288-1 

Sharma, B., Nepal, S., Gyawali, D., Pokharel, G. S., Wahid, S., Mukherji, A., … Shrestha, A. B. 
(2016). Springs, Storage Towers, and Water Conservation in the Midhills of Nepal, (July), 
1–44. https://doi.org/10.13140/RG.2.1.4142.4886 

Shrestha, R. B., Desai, J., Mukherji, A., Dhakal, M., Kulkarni, H., Mahamuni, K., … 
Bajracharya, S. (2018). Protocol for Reviving Springs in the Hindu Kush Himalayas: A 
Practitioner’s Manual, 98. https://doi.org/978 92 9115 606 1 (printed) 978 92 9115 607 8 
(electronic 

Tambe, S., Kharel, G., Arrawatia, M. L., Kulkarni, H., Mahamuni, K., & Ganeriwala, A. K. 
(2012). Reviving Dying Springs: Climate Change Adaptation Experiments From the Sikkim 
Himalaya. Mountain Research and Development, 32(1), 62–72. 
https://doi.org/10.1659/mrd-journal-d-11-00079.1 

Tiwari, P. C., & Joshi, B. (2015). Climate Change and Rural Out-migration in Himalaya. Change 
and Adaptation in Socio-Ecological Systems, 2(1), 8–25. https://doi.org/10.1515/cass-2015-
0002 

Udmale, P., Ishidaira, H., Thapa, B. R., & Shakya, N. M. (2016). The Status of Domestic Water 
Demand: Supply, (Figure 1), 1–9. https://doi.org/10.3390/w8050196 

Valdiya, K. S., & Bartarya, S. (1989). Diminishing discharges of mountain springs in a part of 
Kumaun Himalaya, 58(August). 

 
 

 
***** 

  



-23- 
 

Environmental Policies in Nepal in case with the Bagmati River 
 

Nirmal Chaudhary 
Department of Environment, Ministry of Forest and Environment, Babarmahal, Kathmandu 

E-mail: messagenc@gmail.com 
 

 
 

Abstract 
 

In this study, the environmental policies and policy instruments of Nepal has been assessed in 
reference to the Bagmati River status at present. The study has looked for the gap among the 
existing policies and instruments and has also assessed the policy making process in Nepal. The 
study has found several loopholes and weaknesses that could be associated to the present status 
of Bagmati River. Low priority given to the sanitation and sewer systems, weaker and haphazard 
environmental standards, institutional unreadiness regarding management of wastes and 
wastewaters has been found in the relevant policies and policy instruments. The study also looks 
upon the policy formulation process and has found the policy making in Nepal are driven by 
international agreement and requirements. The evaluations of policies are also driven by 
international requirements. Since Bagmati River problem is not among international agendas 
directly, the trend of policy formulation in Nepal misses it. The conclusion and recommendation 
part focuses on policy and institutional improvements. 
 
Keywords: Bagmati River, Pollution, Stone Spouts, Water Supply 
 
 

Introduction 
 
Kathmandu is the national capital where the central government (now state government) is 
located. Obviously capitals are facilitated with the highest level of infrastructures, human 
resources, political and intuitional capacities. The highest level of decisions is made in 
Kathmandu, all the policies and plans are discussed, developed here and also implementation 
starts from Kathmandu. Kathmandu holds the highest population among cities in Nepal with 
highest density. The population also has highest income in comparison to other urban areas. It is 
also considered as a highly developed city. 
 
The Kathmandu valley has Bagmati River that flows across the centre of the valley city. Bagmati 
and its tributaries have long-served the population in the valley and is one of the holy river in 
Nepal. Life rituals of people are directly related with Bagmati River. Since few decades the 
Bagmati River has been overly polluted. The main reason being population and urbanization, 
both associated with Nepalese human. 
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Figure1.Bagmati River network within Kathmandu valley 

 
Bagmati River is also the highly invested river in Nepal for environmental upgradation. Yet the 
environmental status improvement until today is nowhere. The cost of cleaning Bagmati today 
can be associated with the existing polices and policy instruments, which are the state’s written 
commitments, of which the result being the status of Bagmati River today. 
 
Policies and Plans are essential basis upon which organization or state seeks attainments of 
desired outcomes and is implemented as a procedure. Where policies are the intents of the policy 
makers or decision makers, rules and laws or any other guidelines are policy instruments. 
Policies related to Bagmati River can be associated with the several sectors, as the present status 
of Bagmati is product of many factors ranging from population, sanitation, wastewater, 
urbanization and even socio-economy and culture. In Nepal the relevant policies regarding the 
Bagmati River exists with sector of Environment, Water, Sanitation and Urbanization. 
 



-25- 
 

Bagmati River Environment 
 
The Bagmati River drains the Kathmandu valley together with its 6 tributaries namely 
Bishnumati, Dhobikhola (Rudramati), Manahara, Nakkhu, Balkhu and Tukucha (Icchumati). The 
river has existed since the Himalaya formed that brought about the Asian monsoon in the region. 
The then Proto-Bagmati River also has caused damming at the southern end of the valley with 
debris deposits associated with the uplift of the Mahabharat range (lesser Himalaya in the south) 
at about 1 Million Years ago (Ma) to form the Paleo Kathmandu Lake (Sakai and Sakai et al, 
2006). Shrinking of the lake during the period of Last Ice Age (30,000 years ago) left behind the 
present Bagmati River along with its tributaries. The rivers later incised the soft lacustrine 
deposits separating the flats such as the present airport and the Patan. In the Kathmandu valley, 
the Bagmati River channel spans about 25 km from its origin at Bagdhwar, north of valley to the 
Chobhar in the south. The drainage area within the valley represents 15% of the Bagmati 
watershed (3700 km2 in Nepal). 
 
Kathmandu valley being situated at 1300 msl has average summer temperature between 270C to 
190C and winter between 210C and below 00 C. Based on 105 years of data, Kripalani et al. 
(1996) report the mean annual rainfall of the valley is being 140.4 cm, cantered during the 
monsoon season with mean fall of 111.5 cm (80% of the annual rainfall).The Bagmati River 
along with the monsoon is the main water resource for the valley population. The annual water 
yield of Bagmati River is between 400 to 500 million m3 (Sharma and Bremer, 2009). They also 
report the discharge of the river is maximum (45m3/s) during July to September and minimum 
(1.73m3/s) during February to April. The mean annual discharge at Chobhar is 15.5 m3/s which is 
what is left, after the extractions that occurs upstream of Chobhar. 
 
Indeed the Bagmati River has shaped the landscape and its riverine ecosystem in the valley. 
After the latest glaciations period (some 30000 years ago) that initiated the shrinking of the lake 
and subsequent draining, the Bagmati River has nurtured every dweller who resided since before 
the Vedic time. Many civilizations (Kingships) have evolved in the historyalong the Bagmati 
River such as mentioned by Regmi (1960) the Kiranti (Limbu) in 7th century BC, Rajputs in 3rd 
century AD, Licchavis until 12th century AD, Mallas in 13th century AD until 1768 AD. The last 
rulers were Hindus (Rana and Shah). Even today, all the religious rituals of the valley dwellers is 
centered along the shrines and stupaswhich exists till today along the bank of the Bagmati River 
notably the Gokarneshwor, Guhyeshwori, Pashupatinath, Koteshwor, Shankhamool, Kalmochan, 
Tripureshwor, Pachalibhairav, TekuDobhan, Sundarighat and Jalbinayak starting at the northern 
bound to the southern bound of the valley. 
 

The river has been mentioned in Tripitaka -a Buddhist scripture as well. During the Nepal 
Mandala (until 15th century), Bhaktapur was the capital in the valley and later other 2 capitals- 
Kathmandu and Lalitpur were established. At present, the valley with an area of 570 km2 
consists of 3 districts- Kathmandu, Lalitpur and Bhaktapur. The population density of the valley 
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In the same period the Department of Environment/Government of Nepal has also measured 
Total Chromium at different locations (n=10) starting from Sundarijal beneath the dam up to 
Sainbu downstream of Chobhar along the Bagmati River. It has detected Total Chromium at all 
the locations which it reports as value ‘<0.5’ mg/l.  In the figure above, the yearly average 
turbidity is found at Thapathali point and lowest at Sundarijal along the river. Sundarijal has the 
lowest pollution level as evidenced with other parameters. The highest monthly average of 
coliform and BOD is found to be highest at Bagmati-Bishnumati confluence point in comparison 
to the other sampled locations.  
 
Chowdhury et al. (2014) have found that their 21% of the sampled population have taken bath in 
Bagmati River and 15% due to religious beliefs. Among the population who bathed, 43% re-
bathed with clean water immediately, meaning despite being aware of the Bagmati water 
pollution level, the religious and other needs (domestic water scarcity) has led the population to 
use the polluted water in the Bagmati River. They also found that education among the sampled 
population didn’t deter them from using the Bagmati River water.  
 
The present problem of Bagmati River and its tributaries is not only the water pollution and not 
only at present, but has been since past few decades. There are number of other human and 
institutional pressures or lack of effective and positive pressures such as Environmental policies 
that is a priori, associated with the present status of the Bagmati River and its users in the valley. 
 
Bagmati efforts  
 
The water system during the Kiranti (200-800 BC) as the first dwellers probably did not have 
water resource scarcity and water pollution problems then (GWP/JVS, 2018). GWP/JVS (2018) 
further reports that Stone Spouts were started during the Licchavi period (300-800AD). Stone 
Spouts construction also continued during the Malla period. The Shah and Rana period extended 
the water use even for generation of power such as Pharphing and Sundarijal hydro in the first 
half of 1900s.  The first piped drinking water supplies were made by Bir Shamsher which was 
resourced from the Bishnumati River in the late 1800s AD. But the supply was limited to the 
autocratic members. The first water supply scheme for public was developed by some expatriates 
during 1950s for Kathmandu and Pokhara. The Indian Cooperative Mission assisted the needed 
technical workouts for the Department of Irrigation and Water Supply of then His Majesty 
Government of Nepal. By this time, water pollution particularly water borne and fecal borne 
diseases such as Cholera, hookworm drew attention for control along with sewer management in 
the valley. 
 
During the 1970sbased on a study done by an international organization financed by government 
of Nepal, UNDP and WHO, the World Bank financed the project in which drinking water 
supply, sewerage management and institutionalization of water service was programmed for the 
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Kathmandu and Pokhara. Regarding the Bagmati River water pollution, the project has 
constructed the needed collection and pumping structures with 2 stabilization lagoons for 
Kathmandu (at Dhobighat) and Lalitpur (in Kodku). At present both are not working. Within its 
Institutionalization of water services, formation of a management board and metered water 
service with monetary charges was also envisaged. But the project was disputed for the 
availability of drinking water (Dixit and Gywali, 2012). The Pokhryal Commission formed in 
1986 recommended decentralization and formation of municipalities, restructuring water board 
and water charges which the government did not implemented according to Dixit and Gyawali 
(2012).  
 
The Asian Development Bank hopped in with Kathmandu Urban Development project in 1993. 
The project was centered around Bishnumati corridor, a 5 years project that sought Kathmandu’s 
core urban core, storm drains and environmental improvements of Bishnumati River corridor, 
land pooling in Nayabazar, and planning, implementation and monitoring supports for the 
Kathmandu Metropolitan City (KMC) and Department of Urban Development and Building 
Construction (DUDBC). The project has been rated partially successful by its Audit report. 
Implementation delays, underestimation, changing leadership at implementing agencies, use of 
storm drainage for sewage disposal, inadequate technical capacity in implementation has been 
the cause for partial success of the project (ADB, 2003). 
 
In 1995 Pashupati Area Environment Improvement Committee was formed to improve the 
environmental setting of Pashupati area that occupies both the bank of Bagmati River. The 
committee was formed due to the public concern and pressure regarding the degradation and 
pollution of Bagmati River section in the area. In 1997, 50journalist elites signed a statement that 
their body remains will not to be offered into Bagmati. This effort was to look for alternative that 
challenges the current religious tradition. Any new follower to such statement is unknown. 
The Kathmandu valley has 5 municipal wastewater treatment plants located at Guheshwori 
(Activated Sludge), Kodku (non-aerated lagoon), Dhobighat (non-aerated lagoon), Sallaghari 
(Aerated lagoon) and Hanumanghat (Aerated lagoon). Among all, only the Guheshari 
wastewater treatment plant is effectively operational. Lack of effective performance (Kodku), 
exceeded sewage flow than the design capacity and broken pumping system (Dhobighat), 
removed and sold aeration system (Sallaghari and Hanumanghat) are the cause for their status of 
virtually non-operational (Green et al. 2003). 
 
Subsequently ADB has financed several projects for Kathmandu that is related with 
improvement of Bagmati River health such as Kathmandu Valley Water Services Sector 
Development Program (2004), Kathmandu Valley Water Supply Improvement Project (2012), 
and Kathmandu Valley Waste Water Management Project (2013). Additionally ADB has 
invested into number of urban areas regarding water supply, sanitation and sewerage system. 
Regarding the Bagmati River it has invested in the Bagmati River Basin Improvement project 
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(BRBIP) since 2013. The BRBIP seeks increased water security for people dependent on 
Bagmati River and improved river health and flood management based on the 2009 Bagmati 
Action Plan of Government of Nepal. 
 
So far the project had recognized that the control of Bagmati water pollution is associated with 
the human pressure particularly the disposal of direct sewerage and solid wastes into the rivers. 
Thus all the projects have worked integrating the drinking water supply, sanitation, sewerage 
disposal and even the town development and planning. At present the project associated directly 
with the Bagmati River is the BRBIP. However Mishra et al. 2017 has used Water Evaluation 
and Planning (WEAP) model to find out that Bagmati River within the Kathmandu valley will 
not significantly improve as result of the planned wastewater treatment facilities hence requires 
additional counter measures. 
 
The missing links of environmental policies and Bagmati River 
 
The National Development Plans since the beginning have looked upon the national water issues 
in regard of drinking, irrigation and agricultural use, hydropower, Industries, navigation and 
recreational use in decreasing prioritization in national development. Water is universal solvent 
due to which human have used it as natural cleaning media. It is obvious that wastewater 
generates due to its use, but the state has always given least priority for used water reflected by 
relevant policies. The water plan (2002-2007) has not set any target for sanitation level which is 
related with wastewater and health, unlike for drinking water and other coverage. 
 
The first sanitation policy- Nepal National Sanitation Policy and Guideline for Planning and 
Implementation of Sanitation Program was made in 1994. But this policy document had lower 
priority to the sanitation in comparison to the drinking water. Not this, but almost all the policies 
made related with drinking water had sanitation covered, but with lowest priority. The 
Kathmandu Valley Water Supply and Sanitation Sector Policy and its strategy were made 
exclusively for facilitating Melamchi Water Supply Project under Asian Development Bank 
(ADB) funding. The Water Supply and Sanitation Policy 2016 replaced earlier tow policies- 
Rural Water Supply and Sanitation National Policy (2004) and Urban Water Supply and 
Sanitation Policy (2009).  Still the policy 2016 is unclear regarding the sanitation strategies set. It 
has also strategy of abiding the environmental legislation regarding its activities and services 
where the relevant environmental legislation itself is insufficient. The Nepal Water Supply, 
Sanitation and Hygiene (WASH) Sector Development Plan (2016-2030) are more aligned to the 
Sustainable Development Goals (SDGs) with phased 5 years interventions. Have not the SDGs 
being in place, the plan could not have set any targets. The 1st stage contains universal access to 
basic WASH services. The 2nd stage consists of improved service level (medium to high) 
functionality and sustainability improvement. The 3rd phase includes same as 2nd phase in 
addition with impact assessment. Here the service level indicates more to the up-gradation of 
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staffs and institutional capacity which is not related with the environmental cleanliness in 
anyway. It considers Decentralized Wastewater Treatment but gives no hardware based 
activities. Most of sanitation programs re awareness and behaviour change oriented. Evenly the 
Nepal Water Supply Corporation Act (1989) considers only sewer line networking and not 
wastewater treatment under its service provision. 
 
The target set by water and sanitation policy (2016) formulates adequate coverage such as 
sanitation for 100% population in long term (by 2027) but as per its theme and theme area, which 
misses out the sewer and wastewater treatment, the target set is too ambitious. Not only this 
policy but almost all the other earlier policies had lower consideration and least priority for 
sanitation though they entitle their policy jointly as ‘Drinking Water Supply and Sanitation’.  
Regarding protection of surface water and groundwater, the policy documents have stated 
wastewater will not be allowed to be disposed into river unless treated, not considering the reuse 
potential of treated water for other appropriate use.  It is clear that sewerage system and 
wastewater treatment do not come under agencies related with drinking water supply policy’s 
scope. The National Urban Development Strategy (2017) which is based upon the Urban Policy 
(2007) sets wastewater treatment for urban areas all of which are based pre-existing conditions. 
For instance the Sanitary landfill sites is to be provisioned only if local bodies possess 
appropriate landfill sites and solid wastes are managed based on 3R (Reduce, Reuse and 
Recycle) principles. Similar is for wastewater treatment facility. 
 
Not only the policy documents but the water divide exists among the government’s institutional 
arrangement that is conflicting in itself. Earlier the sanitation related with water/water body and 
pollution were under jurisdiction of Local bodies under Local Self Governance Act (1999), Solid 
Waste Management and Resource Mobilization Centre under Solid Waste Management Act 
(2011), Nepal Water Supply and Corporation under Nepal Water Supply Corporation Act (1989) 
and ministries related with Water Resource, Water Supply, Watershed, Physical planning, Urban 
and Environment and Commission. This divide probably has not allowed a single agency to 
undertake a comprehensive approach towards maintaining water body’s ecological integrity 
evidenced by the present status of Bagmati River. Similar divide exits in the newer structure of 
the federation. 
 
The constitution 2015 has already set clean and healthy environment and safe drinking water and 
sanitation as fundamental right for each citizen. It seems this fundamental right is beyond and 
until the national capacity builds up. The constitution also provisions polluters pay principle, 
where individuals suffering from water, faecal borne diseases can be compensated from such 
agencies, but this is far from realization if relied on the Water and sanitation policies. 
 
The first mentioning of water conservation was in the 5th plan (1975-1980) where Ministry of 
Forest was looked for conservation of soil and water resources. The plan also pointed need for 
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Drinking Water and Sewerage Master Plan. The 6th Plan (1980-1985) laid clearly program for 
Bagmati watershed Management and Preservation that was focused on soil erosion control, 
landslide and flood management. It also envisaged formation Water and Power commission and 
sewer system where water availability was adequate. The 7th Plan (1985-1990) clearly has 
realized that 50% of the diseases in the population being waterborne and that poor drainage and 
sewerage has polluted water. The plan also made policy that industrial effluent to be treated 
before disposal to surface water. The 7th Plan (1981-90) celebrated the 1980s decade as 
‘Drinking water and sanitation decade’ and targeted ‘health for all by 2000’. It has also 
envisaged extension of sewerage system in arm with increasing urbanization with every 
household connected to sewer system and with wider environmental education. Since then 
almost all the plans have adequately considered the sewerage, wastewater, water pollution 
control needs, even though the Bagmati River water has remained highly polluted. A reason 
could be policies could not consider the other end of sewer lines, i.e. wastewater treatment. 
Another reason could be the policy or the plans and the populations in the valley were never 
related who ultimately are the drivers for the Bagmati Water status. 
 
The policies related with the Environment are newer in Nepal and almost all of them have been 
made in influence from international movement.  When the world woke up regarding 
Environmental awareness in 1960s with the Silent Spring written by Rachel Carson, National 
Environment Policy Act made by  USA  and Limits to Growth published by The Club of Rome 
in 1970, the concern in Nepal was accessibility of drinking water, waterborne diseases and 
sanitation. The Water supply and sanitation project of World Bank for Kathmandu and Pokhara 
in 1970s was the first comprehensive wastewater management effort that was associated with the 
Bagmati River.  
 
Nepal has been more influenced by conservation of nature, wildlife and habitats. The National 
Conservation Strategy (1988) is focused on conservation of natural resources. No policy dealt 
with pollution control till the 8th National Plan (1992-1997) first time envisaged the sustainability 
in economic development without depleting or degrading bio-physical resources. At the same 
time the World gave the Sustainable Development concept with Agenda 21, which urged the 
world to initiate plans and programs inline. The 8th Plan also laid program for environmental 
awareness, composting of garbage and filths, subsidy for latrines and construction of sewers. It 
also included policy to consider environment for designing and implementing proposals, 
developing indicators for pollution, initiating environmental education and formulation of high 
level Environment Council. The main outputs of the Environment Protection Council formed in 
1992 were the formation of Ministry of Environment and Nepal Environmental Policy and 
Action Plan (NEPAP).  Some features of the NEPAP are; 
 
• Pollutions standard formulations to be based on prior studies and also as per relevance from 

neighbouring countries 
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• Incorporation of Preventive and mitigation measure for development plans 
• Water resource conservation through better agriculture practices and control of deforestation 
• Watershed level actions such as allocating key watersheds as protected 
• Sanitation looked upon by connection of households to sewer 
• Encourage industries to be located away from settlements 
• Environmental action plan for Kathmandu valley 
• Shifting of government agencies for deconcentration to other areas 
 
The existing majority of environmental standards have been directly adopted from other 
countries without prior country specific significance studies. Thus the national standards are in 
fact unreasonable unless those are tailored for the country. Regarding protection of water 
resources, the watershed level intervention as guided by the NEPAP has unable to penetrate the 
Kathmandu valley as the environmental problem in the valley are sewer, solid wastes, sanitation 
etc which do not belong to any watershed problems. Bagmati River water problems in the valley 
are not deforestation, soil erosion or landslides either. Indeed Kathmandu valley is within 
Bagmati watershed, the present institution related with watershed is not capacitated to carry out 
this level of venture.  
 
NEPAP have envisaged formulation Environment Action Plan especially for the valley. Till date 
the government of Nepal has formulated only the Air Pollution Action Plan for the valley which 
is still to be endorsed. Further the document misses the action for water pollution problem under 
its Urban Environmental action plan. Among the actions for Kathmandu valley, the NEPAP 
suggests deconcentration of government agencies by shifting away from the valley.  The 
Department of Information Technology (IT) Park (IT Research and Development Centre) and 
Department of Environment (DoEnv) were located in Kavrepalanchowk when they were 
established, but DoEnv shortly was relocated within Kathmandu valley and the park remains 
poorly functional. No other agencies have shown interest in shifting itself away from Kathmandu 
valley so far.  
 
The National Environment Impact Guideline (1993) allows any project proposal to be 
implemented anywhere at any intensity provided the proposal is endorsed with required 
Environment Assessment (EA). The EA is either Initial Environment Examination (IEE) or 
Environment Impact Assessment (EIA). The endorsement is authorized to the concerned agency 
of the proposal in case of IEE and Ministry related to Environment in case of proposal with EIA. 
Monitoring of such proposal after their endorsement is also preserved with concerned agency but 
Environmental Audit is to be done by the ministry related to the Environment.  
 
The Environment Protection Act (1997) and its regulation (1997) are the only legislation to 
control pollution. However it is more oriented upon human behaviour. The definition of 
‘Pollution’ refers to activities (of human) and prevention of pollution calls for not to pollute up to 
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the level of ‘significant adverse impact’.  It has been better if ‘Pollution’ has been regarded in 
relation to some condition of air, water or soil or other states. Further ‘significance’ and 
‘adverse’ words make ‘pollution’ relative depending upon human perception. If not perceptive, 
the condition might be regarded unpolluted even though for others it might be polluted. And 
even if someone is found to be Polluter, the penalty is up to a sum of NRs. 50,000 only, which 
the polluter can easily pay, whereas the impact caused by the pollution might be far above the 
current monetary value. Similar case is with the development proposals. If any 
development/project proposal requiring EA as per the law operates without the assessment or not 
as per the endorsed proposal after the assessment, the penalty is up to a sum of NRs. 100000 
only.  
 
Most of the national standards related with water were made in early of 2000 decade. All the 
generic standards are for the disposal into surface water which indeed promotes disposal into 
surface water disregarding the ecological uniqueness of surface water. Not all the surface waters 
are with same environmental conditions. Ecology of rivers in Hill or mountains is different than 
ecology of rivers in Terai plain. Release of effluents into groundwater via soak pit where most of 
the industry do is missing. Some industries which release wastewater such as crushers (by 
washing gravels and sands) and sand washer plants do not have industrial specific standards like 
other industries. The legislation also lacks promotion and provision of reusing the treated 
wastewater. 
 
The Environment Protection Act (1996) authorizes solely the Environment Inspector to inspect 
and examine such proposals. Though the EPA (1996) provisioned Environment Inspector when 
it was formulated, the first intake of Environment Inspector by the government was done in 2014 
after Supreme Court order in case related with Godavari Marble Industry pollution and pressure 
from some Environmental activists. The recruitment of Environment Inspectors was very 
delayed by the state and the prior environmental impact occurred has not been accounted. Partly 
the present Bagmati River status is an evidence of such institutional ignorance. While the 
National EIA guideline preserves monitoring of such proposals within the concerned agencies, 
their unreadiness to allocate Environment Inspector position within their institutions is hindering 
the environment safeguarding efforts of the state. 
 
Tracing the policy cycle with Bagmati River 
 
Tracing the policy formulation in Nepal, in recent decades is found that the policies in Nepal are 
based largely on the international agreement or as per requirements of donors or bankers. For 
instance to finance the Melamchi Water Supply project, Kathmandu Valley Water Supply and 
Sanitation Sector Policy and the Kathmandu Valley Water Supply and Sanitation Sector 
Strategies were approved by the Government in BS 2057 (AD 2000) to facilitate implementation 
of Melamchi Water Supply Project under ADB assistance (MoUD/GoN, 2016). Majority of the 
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policy formulation in Nepal thus lacks the national and Nepalese requirements. Few other policy 
making examples are listed below. 
 
• The Earth Summit (1992) produced several adoptions namely, the Sustainable Development, 

Agenda 21, Framework of Convention on Climate Change, Convention on Biological 
Diversity, that did influenced the national policies and planning of Nepal. Many policy level 
documents were prepared in order to meet pre-requisite of attending the next international 
sittings. 

• The Sustainable Development Goals (SDGs) were formulated with 17 goals that include 
clean water and sanitation and life below water by the UN General Assembly in 2015. The 
Nepal Water Supply, Sanitation and Hygiene (WASH) Sector Development Plan (2016-
2030) are more aligned to the Sustainable Development Goals (SDGs). 

• The millennium Development Goals (MDGs) were set with 8 goals by UN millennium 
conference in 2000. The Nepal government targeted to achieve universal coverage of 
improved water supply and sanitation in its 13th Plan (2013/14-2015/16) in line with the 
MDG. Since Nepal lagged behind, the target has again set in related WASH policy of 2016 
for the year 2027. 

• Vehicular emission standard has been adopted completely that of Euro III as India too had 
this. India has upgraded to Euro IV (Bharat stage IV) but Nepal has not. 

• Emission standards in Nepal are similar to the Indian standard. The General/Generic Effluent 
standard, industrial effluent standards, Stack emission all are adopted from Indian standards 
but Nepalese standards are more liberal and do not incorporate all the parameters. For 
instance the effluent pH ranges from 6 to 9 for Surface finishing industries in India, Nepal 
has pH 5.5-9. Difference of 0.5 in the lower range is way more acidic. The standard  

• For crusher industry the Indian standard 600 µg/m3 at 3 to 10 m from any processing unit, the 
Nepalese standard is with same value of particles but at 10 to 40 m away from screening unit 
only. Such haphazard policy instruments in Nepal likely has been influenced externally 
during formulation as no any Nepalese standard set so far has been justified with scientific 
basis. 

 
Thus the policy making in Nepal can be pictured as in given figure. The first stage consists of 
existance of international agrements such as convention of  
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Figure 3. Implicit policy cycle of Nepal 
 
provisions of grant or loan. The related policy docment is developed and legitimated if required. 
Upon the acceptance of the policy document by the international organization, the policy is 
implemented within te country. The implementation success is evaluated such as evaluation of 
meeting MDGs or SDGs targets as required by the international community. The policy then is 
either maintained or succeceded with newer policy or remains inactive. Cleanliness of Nepalese 
rivers are not within international agendas unlike climate change, biodiversity, pollutions with 
global impacts. Implicitly, for Nepal its Dead start and Dead end for policies. 
 
Conclusions and recommendation 
 
The better scenario of Bagmati River consists of its fulfilment of its ecological integrity aided by 
stronger and robust policies and policy instruments. Environmental conditions of earth system 
and entities such Bagmati River depends upon different sectoral policies guided by the long-term 
national development targets. The present efforts for Bagmati River improvement has emerged 
due to the lower priority given in policies regarding sanitation, solid waste wastewater treatment 
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since the beginning. The ongoing cost for improvement suggests that environmental problem 
situation needs to get worse before it becomes better, unfortunately. 
 
Policies in Nepal need to be made with local, regional and national agendas. Though there are 
possibilities of several influences during policy formulation and implementations this way too, 
the policy cycle should be linear with stages in series to serve public demands, political 
manifestos, and intentions of policy maker himself. Any policy starts with Agenda setting by the 
policy makers based on public problems or demands and end with maintenance, succession or 
termination of the policy itself. A better scenario for the sake of Bagmati River water consists of 
following situations. 
 
Political 
 
• Politicians are the ultimate actor and drivers of change. Good governance in bureaucracy and 

within public institutions depends upon democratic and good governance traditions within 
the political system and parties. Lack of political vision often is overcome by charismatic 
leadership, symbolic assurances for betterment, rhetoric speeches, and under-represented 
visions and even with political manifestos that includes already defined public policies.  

• The country does not have population or migration policy. Any cities can or settlements can 
be overpopulated with migration such as Kathmandu. This over-flow out runs the city’s 
carrying capacity resulting in environmental degradation that degrades the human capital 
back. Thus migration policy needs to be in place. 

• The water divide as per provisioned in the constitution is conflicting. Authority on water 
resource has been preserved among all the tiers of government. There is need of establishing 
a reasonable system with defined roles, responsibilities and share based on nature and 
economic needs among the governments.  

• There are not clear role regarding the environmental governance among the state and 
province and local bodies. Environmental issues are spatial in nature thus the location where 
the issue emerges has solutions within the locality. The central government also needs to 
decentralize these authorities to the spatial regions. The decision making process for 
Environmental Impact Assessment (EIA) can be delegated to the provinces as the project 
would be sited within a province as the province will be more proximate to environmental 
consequences. 

 
Policy level 
 
• Sewers are the main cause of river pollution. Sewers are often kept under sanitation program 

that ends merely with good habits for latrines. Sanitation is looked together with drinking 
water supply. Most of the related policies though include the term sanitation, give least 
priority in comparison to drinking water. A separate policy with institution needs to be 
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established regarding the sewer system and wastewater treatment in every local body or 
regionally within provinces. 

• The effectiveness of the policy instruments needs to be scientifically studied and upgraded as 
per the need. Any further or newer policy instruments should be based on scientific ground 
and not by direct adoption. 

 
Institutional 
 
• Environmental Science is cross-cutting discipline. The subject itself builds upon other 

mutually exclusive fields. Virtually all the decision making processes if based on the 
environmental setting of the country, will always be sustainable be it the economy, 
agriculture and forestry, population and health, water resources etc.  

• A single nuclear power plant can adequately and in surplus generate and provide electricity 
for Nepal. To safeguard the remaining rivers, number of hydropower projects needs to be 
replaced with a single nuclear power plant. 

• The Nepal Environmental Policy and Action Plan (1993) have recommended shifting of 
government agencies away from Kathmandu in order to deconcentrate population and 
environmental problems. In the federal context, delegating the authority of many state 
procedures to the provinces and local bodies can work in same way. 

• Every province needs to assess its present environmental status comprehensively. The output 
should guide the environmental and development planning for the local bodies and the 
province itself. 

• Inspection, examination or monitoring of environment and its components needs to be 
independent and robust. This will avoid institutional biasness. 
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Abstract 
 

Water borne illness is still one of the major cause of deaths around the world. Thus, achieving 
the SDG-6 seems very challenging specially for developing countries. Hence, necessary steps 
must be taken by the government, practitioners and policy makers to select appropriate low-cost 
water disinfection technology. The discovery of chlorination technology revolutionised the water 
treatment sector as it is very economical and effective.The technology however may have some 
drawbacks or side effects to human health, which left several questions unanswered. Thus, 
encouraging several researches on these effects. Researchers found that chlorine when reacts 
with organic and inorganic substances found in untreated waterare the causes of these effects. 
Thus, to make public health safe, it is always best to maintain the dose of chlorine recommended 
by the WHO. This paper is trying to inform the effectiveness of chlorination technique and ist 
public health impact based on the available literature. 
 
Keywords: Chlorination, Dose,Low-cost technology, Public health effect 
 
Introduction 
 
Drinking contaminated water is not recommended as it consists of various types of pathogens 
and chemicals which are harmful to human health. Drinking water sources are either surface 
water or underground water. Both of these sources have high risk of contamination with micro- 
organisms and toxic chemicals. Presence of pathogens in water, causing water born diseases are 
bacteria, viruses, algae, and fungi, those are responsible for diseases like diarrhea, dysentery, 
cholera, typhoid etc. During 19th century, while primitive water treatment technologies were 
absolute, thousands of people lost their lives, mainly due to cholera and typhoid fever. In New 
Jersey, United States, thousands of people annually died due to diarrhea, dysentery, typhoid 
fever and cholera before 1908.The introduction of chlorination technique in the US during 1908 
saved thousands of people, and reduced significantly the number of people suffering from water 
borne diseases (American Chemical Society, 2018). The effectiveness of chlorination thus leads 
to the adaptation of the technology, so as to even being used in the water supply system in 1914 
(American Chemical Society, 2018). The technology not only revolutionized the process of 
treating water to be safe for drinking but also invited numerous researchers and professionals to 
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further refine its very aspects. Furthermore, researchers also came up with various alternatives to 
chlorination namely ozonation, UV treatment, reverse osmosis, boiling, etc. Though, various 
forms of technologies are in practice today, people still drink unsafe water, and thus are the 
victims of water borne diseases. 2.1 billion People have lack of safe drinking water at their 
home, which means that 3 in 10 people in the world are drinking unsafe water and thus, causing 
death of 361000 children every year under 5 years of age due to diarrhea (WHO, 2017) and 
majority of them are from developing countries. In Nepal, about 3500 children die each year due 
to unsafe water, (Aryal K.K. et.al, 2012) whereas another report informed that 40 children die 
daily of water borne diseases in Nepal (UNICEF, 2005). Therefore, water borne diseases 
associated with unsafe water and sanitation is the leading cause of death in developing countries 
particularly among children (WHO, 2009). This alarming situation of human loss suggests that 
though there are plenty of alternatives for water treatment technologies, people still are short of 
its reach. Especially, in developing countries like Nepal, it is desirable that the technology be 
easy to operate, economically feasible, and acceptable among the people. Out of all the 
technologies, like UV treatment or ozonation, chlorination is both economical and easy to use 
which leads it’s nearly universal adoption using either solely or in combination of other 
technologies for pipeline supplies as well as point of use at household level (World Chlorine 
Council, 2008). 
 
Safe water is human right. The poor quality of drinking water is directly related with both 
physical and mental health of children. A country requires for its people to be healthy and thus is 
essential for its development. Therefore, the UN, which developed 17-Sustainable Development 
Goals (SDGs), has clearly mentioned on its Goal 6, about access of safe drinking water and 
sanitation to all. The UN - Umbrella countries including Nepal has committed to achieve the 
Goals by 2030 starting from 2017 which is challenging for developing countries. Chlorination is 
one of the most efficient, low-cost technology which can not only kills most of the pathogens at 
source, it protects or shields the water from further contamination of microbes in the supply 
system and storage tanks (Cristoa, 2015). 
 
What is Chlorination of Drinking Water? 
 
Killing or inactivating harmful microbes in water by the use of chlorine is known as chlorination. 
Chlorine is a gas, heavier than air, due to its strong oxidizing property; it can be used as 
disinfectant for the purification of water and is cheaply available in solid, liquid and gas state. 
The gas state chlorine is called elemental chlorine (Cl2), which consist of 100% available 
chlorine (AC). The liquid state chlorine is available in the compound form and Sodium 
hypochlorite often known as Bleach is a good source of it which contains 12-15% AC. Similarly, 
Calcium hypochlorite (bleaching powder) is solid consisting of 65% AC (American Chemical 
Society, 2018). All the three forms of chlorine have been in practice for disinfection of drinking 
water. 
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Chlorination and its Chemistry 
 
Chlorine (solid, liquid or gases form) when added into water, Cl2(free chlorine), HOCl 
(Hypochlorous acid) and OCl- ions (Hypochlorite ion) are formed depending on the pH of the 
solution. 
 
Cl2+H2O  HOCl + HCl 

HOCl   OCl-  + H+ 

 
Free chlorine is formed at pH <4, between pH4-5, HOCl only forms, as pH rises HOCl 
dissociates to form OCl- ions and above 7.5pH, OCl- formation prevalence. Both HOCl and OCl- 
have water disinfection property via oxidation however, HOCl is more stronger than OCl- and its 
effectiveness occurs at acidic pH(J. pick up, 2010). Studies revealed that due to oxidation, at first 
the slime coatings of the micro organisms ruptures which leads to the breaking of cell wall thus 
prevent further growth and/or reproduction(WHO, 2004).The inorganic pollutants like iron and 
manganese are also removed in water by chlorination as it oxidizes the metals to its insoluble 
form (Chlorine Chemistry Council, 2003) Ammoniated water upon chlorination results 
formation of chloramine, a stable inorganic compound which in itself acts as a weaker 
disinfectant, causing smelly water and is thus undesirable for drinking. 
 
Chlorine Demand and its Dosing 
 

Before disinfection with chlorine, chlorine demand should be calculated which is the amount of 
total chlorine required to disinfectant the specific volume of water. When chlorine is added into 
water, the organic and inorganic substances present in water, react with it. The amount of 
chlorine remaining after the reaction is known as free residual chlorine (FRC) which is very 
significant for killing microbes in the supply system and storage tanks in case of regeneration 
and further contamination. Therefore, existence of FRC is the indicator for the absence of 
microbes in water. WHO recommends 0.2-0.5ppm guideline value maintenance of residual 
chlorine for making water safe from further microbial attack during storage or pipeline supplies 
(WHO, SA Regional office, 2017).The chlorine dosing depends on the quality of water for 
disinfection. If more chlorine reactive organic and inorganic substances are present in the storage 
tanks /pipeline systems, more chlorine is required. In order to minimize chlorine demand; 
preliminary treatment procedures are done which includes sedimentation and filtration (N. 
Kotlarzet.al. 2009). Leakage in the pipelines, water thefting and reduction of water ageing time 
also help to lower the water demand (K. Beataetal.2017) when chlorine is added into water, it 
takes some time to react and kill microbes, which is known as contact time. WHO recommends 
30 minutes contact time for effective disinfection (WHO, 2005). 
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Disinfection Byproducts (DBPs) and its Health Impact 
 
Water when chlorinated, various types of unintended products are formed when impurities which 
comprises organic and inorganic substances reacts with chlorine. These products are known as 
Disinfection Byproducts (DBPs). Various studies showed that more than 600 byproducts are 
identified, out of which halogenated byproducts are dominated and thus more significant for its 
health effect to human beings (WHO, 2003). These are Trihalomethanes (THMs) which includes 
Chloroform, Bromodichloromethane, Dibromochloromethane and Bromoform. Presence of these 
four THMs in total are often called as Total Tri halomethanes (TTHMs) or THM4. Similarly, 
another DBP next to THMs formed is Halogenated Acetic Acids (HAAs) which is inorganic 
product. 
 
In 1976, US National Cancer Institute published a research, claiming that chloroform, one of the 
THMs, causes cancer in laboratory animals, which led the important health risk to public health 
(S.D. Richardson, 2003). Various studies showed that chlorination and DBPs formed are 
carcinogenic when it is taken in large amount, while in drinking water, its amount is very 
negligible to cause any health impact, drinking life-long by individuals (Chlorine Chemistry 
Council, 2003).WHO has established a guideline value of less than 5ppm for chlorine in drinking 
water which indicates the upper limit, amount of DBPs formed is safe to human health. WHO 
also established guidelines for DBPs formed which are Bromodichloromethane: < 0.06 mg/L, 
Bromoform<0.10 mg/L, Chloroform - <0.20 mg/L and Dibromochloromethane< 0.10 mg/L and 
for effective disinfection, there should be a residual concentration of free chlorine of 0.5 mg/L 
(World Chlorine Council, 2008). Toxicological studies of THMs, showed that chloroform is 
carcinogenic to rodents when taken in large amount but in drinking water however, its 
concentration is very low which cannot be sufficient to produce any health impacts to human 
beings (World Chlorine Council, 2003). Another study showed that it is still hypothetical to 
claim that drinking chlorinated water causes cancer to human health (Hrudeya, 2009). 
 
To identify its effect to human health, is a complex process and developing mechanism is a 
challenge to the water researchers though many researches are carried out ((Steve E. Hrudeya, 
2009). The amount of THMs generated during drinking water chlorination is low and its 
formation depends on various factors. For example: amount of pollutants in the raw water, water 
ageing, disinfection time, pH of water, temperature and dosing and materials of tanks and 
pipelines (Guanghuietal.2008). 
 
Conclusion and Recommendations 
 
It is hard to imagine disinfection of drinking water without chlorination for the world. It has 
revolutionized dramatically the control of water borne diseases. In spite of its universal 
acceptance, still care must be taken while dosing as the lower dose may outbreak diseases and 
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higher dose has the risk for more DBPs formation. The case might be more sensitive to the low- 
income communities where people are less aware and ignorant. Though it is still hypothetical 
about the carcinogenic effect of THMs in drinking water, it is highly recommended to consume 
low- dose of chlorine. At the same time, we cannot compromise the invitation of water borne 
diseases by not chlorinating drinking water. Integration of other techniques with chlorination in 
order to lower the chlorine demand would be desirable and better alternative options are always 
the interest to the researchers. DBPs/THMs are still the concern of water researchers, 
practitioners and policy makers for its possible public health impact and to find out more 
convincing methodologies to trace its concentration in the system. 
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Introduction 
 

“Resilience is about people, and not just infrastructure. We have a different way of looking at 
disasters now as we have better understanding and experience of strength of our collective and 
organized actions that is so vital for resilience. God forbid, should any disaster strike now, we 
are prepared to face it with our new found strength (BhairabSedai, 57, President of the 
Kharelthok-Koshidekha Water Supply Scheme, Kavre).” ‘Resilience’ to cope with and post 
natural disasters, as WaterAid Nepal has articulated in its country strategy, is centered on 
people and their capabilities, effective institutions and mechanisms, aided by adequate 
technology and infrastructure. Bhairab’s sensitments captures the spirit of what we are trying to 
drive through our post earthquake WASH interventions.  
 
This view is in stark contrast to what the people of Kharelthok, Kavre districtNepal had said 
when we visited them immediately after the earthquakes of 2015. ‘Why are we and our systems 
not strong and capable enough to deal with such disasters?’ (Harka Maya Tamang, 45).A sense 
of unanimity was seen in most of the people regarding this question raised in Kharelthok during 
an initial interaction to understand the status of water supply schemes in the area aftermath the 
earthquakes in 2015.  
The way the two devastating earthquakes in Nepal have brought ‘resilience’ in the forefront of 
discussion should be taken as an opportunity to address it in our planning. All concern authorities 
are much concern about the resilient community to cope with such disaster. Although many 
stakeholders have been taking about the community resilience, the senses of WASH Resilience 
are communicated very less priorities.     
 
Sustained operation of WASH systems in the midst of disasters has not yet received its deserved 
attention as considerable focus in recent times have been to preparedness measures. More 
responses after math the measures to prevent or mitigate disaster risks system taken at 
community level contributing to the continued operation of WASH. 

WaterAid Nepal and WASH Resilience 
 
With the post-earthquake recovery program supporting rehabilitation of the damaged WASH 
facilities, it was imperative that we planned our future interventions that resonated characters of 



 

resilience
2016-202
WASH r
respond t
enhancin
before, ta
put, what
if not mo
Twigg’s 
resilience
 
The cap
destructi
maintain
after disa
 
WASH i
cause fur
increased
WASH s
Governm
minimum
we believ
character

e. The recov
21is an exte
resilience of
to negative ‘

ng capacity 
ake appropri
t happens be
ore than act
definition 

e in commun

acity of th
ve forces thr
 certain bas

aster); recov

s one of the 
rther disaste
d risks. It is
services dur

ment of Nepa
m characteris
ve contribut
ristics are: 

5. WASH 
prepardness
and respons

team

6. WASH ear
warning 
system

very and res
nsion of our
f communiti
‘events’, or 
of the com
iate respons
efore the eve
tions after t
of commun

nity:  

e communit
rough adapt

sic functions 
ver or ‘bounc

biggest imm
ers, while di
s therefore n
ring routine
al’s flagship 
stics for com
te to ensure 

WA
resili

1. W
Gove

4. WA
a

vulne
redu
mea

s 
e 

ly 

silient WASH
r post-earthq
ies. The em
disaster and 

mmunity for 
e actions du

ent (“anticipa
the event (“
nity resilien

ty to antici
tation or res
and structu

ce back’ afte

mediate prior
isasters can 
necessary to
e developme

4 program o
mmunity resi

WASH resi

ASH 
ience

WASH 
ernance

ASH risk 
and 
erability 
uction 
asures

-46- 

H Program’ 
quake recov

mphasis clear
d recover bac

preparedne
uring and bo
ate” and “red
cope with” 
ce contextu

ipate, minim
sistance (Pre
res during d
er an event (

rities after a 
further deg

o consider d
ent phase o
of communi
ilience and i
ilience in co

e

2. WASH and 
DRR Plan 

based on VCA

3. Community 
managed 
Resilient 

WASH Funds 
and Resources 

in the curre
ery work, no
rly is  not j
ck after the e
ss, adaptatio

ounce back b
duce the imp
and “recove

ualizing into

mize and a
eparedness: 
disastrous ev
(Recovery: s

disaster. Ina
grade WASH
disaster risk 
or emergenc
ity based dis
identified 6 m
ommunities. 

ent WaterAi
ow with a r
ust the imm
events but ra
on and miti
better after d
pact of”) is e
er from”). W
o WASH to

bsorb poten
before disa

vents (Respo
sometime afte

adequate WA
H services; 

reduction w
cy phase. W
saster risk re
minimum ch
The identifi

 

id Nepal stra
enewed focu

mediate abili
ather a proce
igation mea
disasters. Si
equally impo
We refer to 
o define W

ntial stresse
aster); manag
onse: immedi
er disaster).

ASH service
both resultin
while develo

We have ado
eduction and
haracteristics
fied six mini

ategy 
us on 
ity to 
ess of 
asures 
imply 
ortant 
John 

WASH 

es or 
ge or 
iately 
 

es can 
ng in 
oping 
opted 

d its 9 
s that 
imum 



-47- 
 

 
The six characteristics also have measureable indicators that are interlinked and determine 
WASH resilience in the communities.  
 
With our field experiences, we can clearly see that these characteristics are inclined towards 
enhancing resilience in communities. The central part of WASH resilience is the ownership and 
engagement of communities to proactively engage in planning aligning with the identified 
characteristics-- inclusive and DRR informed WASH plans, Water Safety Plan at scheme level, 
understanding potential risks and work towards minimizing them, quality materials, adequate 
resources and funds and awareness about linkages and leverage to these resources in times of 
need.  
 
As such, in Kharelthok VDC, there are communities who have been made aware and capacitated 
to understand how by working towards achieving these characteristics will support them being 
resilient to WASH even in the face of future disasters. The Water and Sanitation Users’ 
Committees (WSUCs) in coordination with the local government are now engaged in ensuring 
these minimum characteristics of WASH resilience. These groups have knowledge, understand 
and have identified potential risks, have their funds, resources and skills, response team, warning 
mechanism all in place should such events occur. ‘The characteristics for WASH resilience, after 
understanding was not something unfamiliar; we didn’t pay enough attention to such things 
earlier. But now we understand and have experienced the aftereffects of disaster and want to be 
prepared for any such events in the years to come. We have now established the mechanisms in 
place. We know we cannot ignore the preparedness as good preparedness reduces the risks at 
source but we are also prepared in case the risks turn out to be disasters. This is the lesson that 
the earthquakes have taught us but can be used for any other potential disasters (Krishna 
Sunuwar,60, local resident and plumber).  
 
The view clearly reflects how the communities are engaged through enhanced skills, resources 
and confidence to reduce the impact, manage the response and ensure a swift recovery whenever 
there are any impacts from hazards. 
 
WASH resilience in communities 
 
“What actually happens in the field that will ensure that what we do is WASH resilient? And how 
is it different from what have we been doing?”Mr. Ram Kaji Kafle, at the Water Supply and 
Sewerage Divisional Office (WSSDO), Kavre, raised concerns regarding our proposed 
characteristics and the indicators. When the characters were being developed and its initial phase 
discussion and research was ongoing, there were some skepticism regarding the practicality of 
the characteristics and the indicators. However, with ample discussions and consultations, when 
they were finalized, the results in the field are encouraging. The WSUCs revealed that the earlier 
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activities were done in an ad hoc basis without proper strategy, planning and resources. 
Similarly, a better understanding of the concept and  significance of peoples’ role in resilience in 
communities have provided the much needed impetus to inbuilt the WASH resilience concept 
into their planning process. In the current planning, disaster risk reduction is at the center aptly 
supported by implementation of Vulnerability Capacity Assessment (VCA) and Water Safety 
Plan (WSP) at the scheme level. When the minimum characters were shared with partners and 
the district level stakeholders, there was unanimity in way forward for resilience as the local 
government bodies were taking the lead in ensuring the characteristics are adhered to at the 
scheme level. 
 
‘The concept puts community at the core of all the intervention. However, it is their capacity to 
cope with future disasters that holds the key to define if the community are WASH resilient or 
not’ (Mr. Mahesh Kharel, mayor, Paanchkhal Municipality). The elected local government 
members, district level stakeholders and communities have also been persuaded by the role that 
these minimum characteristics can play in making their systems and thus investment resilient. 

WASH resilience- the way forward 
 
At its core, the resilience approach is an attempt to engage and capacitate people for protection 
and long term utilization of the developmental gains by reducing the setbacks through disasters.  
The 2015 earthquake tragedy underscores an urgent need to step up our collective efforts to 
improve preparedness, responses to disaster relief, recovery, rehabilitation and reconstruction, 
and for mitigating future disasters through an approach that puts peoples’ engagement in disaster 
risk reduction and resilience at its core. 
 
There is no alternative to sustain the services of a WASH system during any disasters than 
supporting the communities to enhance WASH resilience. This requires enhanced capacity and 
understanding of local context to anticipate disaster risks, take appropriate measures to minimize 
the risks, adapt and meet WASH needs during disasters and bounce back aftermath a disaster to 
build back better WASH schemes. 
 
The significant role that WASH plays at the time of any disasters in order to negate further risks 
of disasters through contaminated water, open defecation and unhygienic practices is well 
established. As such, WASH resilience in communities is of paramount importance to start any 
response and recovery work post-disaster. The resilience framework developed with the six 
minimum characteristics (with further learning and experiences from the field) will go a long 
way in supporting and contributing towards building resilient WASH communities to support 
Nation’s SDG goals. 
 
 

***** 
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 Registration and Arrival of Guest: 10:00-10:30 
 INAUGURAL SESSION(10:30-12:15) 
 

Welcome and Program Highlight  Dr. Deepa Shree Rawal, Coordinator, Env. Research Lab.,NAST 10:30-10:40 
Opening of the Seminar & Remarks by Chief Guest Prof. Dr. Puspa Raj Kadel, Hon'bleVice-chairman, NPC 10:40-11:00 
Keynote Speech Er. Dipak Gyawali,  Academician NAST    11:00-11:25 
Remarks Er. Ganesh Shah, Former Minister,  MoSTE 11:25-11:35 
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